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Role of Corticosterone in Lipid Metabolism in Broiler
Chick White Adipose Tissue
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Excessive accumulation of body fat in broiler chickens has become a serious problem in the poultry industry.
However, the molecular mechanism of triglyceride accumulation in chicken white adipose tissue (WAT) has not been
elucidated. In the present study, we investigated the physiological importance of the catabolic hormone corticosterone,
the major glucocorticoid in chickens, in the regulation of chicken WAT lipid metabolism. We first examined the effects
of fasting on the mRNA levels of lipid metabolism-related genes associated with WAT, plasma corticosterone, and non-
esterified fatty acid (NEFA). We then examined the effects of corticosterone on the expression of these genes in vivo
and in vitro. In 10-day-old chicks, 3 h of fasting significantly decreased mRNA levels of lipoprotein lipase (LPL) in
WAT and significantly elevated plasma concentrations of NEFA. Six hours of fasting significantly increased mRNA
levels of adipose triglyceride lipase (A7TGL) in WAT and significantly elevated plasma concentrations of corticosterone.
On the other hand, fasting significantly reduced mRNA levels of LPL in WAT and elevated plasma concentrations of
NEFA in 29-day-old chicks without affecting mRNA levels of ATGL in WAT or plasma corticosterone concentrations.
Oral administration of corticosterone significantly reduced mRNA levels of LPL and significantly increased the mRNA
levels of ATGL in WAT in 29-day-old chicks without affecting plasma NEFA concentrations. The addition of corti-
costerone to primary chicken adipocytes significantly increased mRNA levels of ATGL, whereas mRNA levels of LPL
tended to decrease. NEFA concentrations in the culture medium were not influenced by corticosterone levels. These
results suggest that plasma corticosterone partly regulates the gene expression of lipid metabolism-related genes in

chicken WAT and this regulation is different from the acute elevation of plasma NEFA due to short-term fasting.
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Introduction

Broiler chickens have been intensively selected for pro-
ductive traits over the last half century. As a result, increased
body fat in broiler chickens has led to serious problems in the
poultry industry, such as increases in metabolic diseases in
chickens (Julian 2005; Nijdam et al., 2006) and fat energy in
chicken meat (Wang et al., 2010). Thus, the regulatory
mechanisms of lipid metabolism and body fat accumulation
in chickens have been the focus of research for poultry
nutritionists in recent decades.

Triglyceride (TG) lipases, including lipoprotein lipase (LPL),
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hormone-sensitive lipase (HSL), and adipose triglyceride
lipase (ATGL), play critical roles in TG metabolism in mam-
mals (Lee et al., 2014; Nakamura et al., 2014). LPL hydro-
lyzes blood lipoprotein TG into non-esterified fatty acids
(NEFAs) and promotes the cellular uptake of NEFAs (Lee et
al., 2014; Nakamura et al., 2014). Since de novo lipogenesis
in avian species is centered in the liver (Bergen and Mersmann
2005), the growth of white adipose tissue (WAT) depends
mainly on circulating TG transported from the liver in
chickens (Alvarenga et al., 2011). In fact, a positive corre-
lation has been found between LPL activity and fat deposits in
chickens (Griffin et al., 1987). Chronic administration of
anti-LPL antibodies is effective in reducing the fat content of
broiler chickens (Sato ez al., 1999). These findings suggest
that LPL plays a critical role in TG accumulation in the WAT
of chickens. However, the physiological roles of the lipolytic
enzymes ATGL and HSL in chickens have not yet been
clarified. For example, no homolog of the HSL gene has been
identified in the chicken genome, although an HSL-like
enzyme has been purified from chicken WAT (Anthonsen et
al., 1997). However, we found that 4 h of fasting significantly
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increased mRNA levels of ATGL and reduced mRNA levels
of LPL in chicken WAT (Saneyasu et al., 2013b; Honda et al.,
2017). We also showed that plasma NEFA concentrations
were significantly elevated after 4 h of fasting (Honda et al.,
2017). Therefore, transcriptional regulation of LPL and ATGL
may play important roles in the regulation of body fat accu-
mulation in chickens.

In mammals, the physiological roles of insulin in adipo-
cytes, such as stimulation of lipogenesis and suppression of
lipolysis, have been well established (Santoro et al., 2021).
However, the role of insulin in chicken WAT is unclear or
questionable (Scanes, 2009; Dupont et al., 2012). Ji et al.
(2012) reported that significant changes in the gene expression
of LPL and ATGL in WAT were not included in the list of
differentially expressed genes in insulin-neutralized vs. fed
chickens. Although glucagon is known to be the major
lipolytic hormone in chickens (Scanes, 2009), it does not
affect mRNA levels of LPL and ATGL in adipocytes in vitro
(Honda et al., 2017). Serr et al. (2011b) reported that injection
of dexamethasone, a synthetic glucocorticoid, upregulates
ATGL gene expression in chicken WAT. There is evidence
that more than 2h of fasting significantly elevates plasma
corticosterone concentration in chicks (Kadhim et al., 2019).
It is therefore possible that the transcriptional changes in LPL
and ATGL are induced by corticosterone in chicks, which in
turn results in metabolic changes in chicken WAT.

The aim of this study was to evaluate the role of corti-
costerone, the major glucocorticoid in chickens, in the regu-
lation of gene expression of LPL and ATGL in chicken WAT.
In addition to LPL and ATGL, comparative gene identifica-
tion-58 (CGI-58), an activator protein of ATGL in mammals
(Zimmermann et al., 2009), was also analyzed.

Materials and Methods

Animals and Diet

This study was approved by the Institutional Animal Care
and Use Committee (permission number: 25-08-01 and 27-
10-07) and was carried out according to the Kobe University
Animal Experimentation Regulations. Day-old male chicks
(Gallus gallus domesticus, Ross 308) were purchased from a
local supplier (Ishii Co., Ltd. Tokushima, Japan) and main-
tained in an electrically heated brooder. The temperature was
maintained at 31£2°C during the first 7 days, and then re-
duced gradually with age to 25£2°C at 21 days. Chicks were
given free access to water and a commercial chick starter diet
(Nippon Formula Feed Mfg. Co., Ltd., Kanagawa, Japan)
with continuous lighting.

Experiment 1: Effects of Fasting on Lipid Metabolism in
10- and 29-day-old Chicks
Sampling and Analysis of Plasma Corticosterone and NEFA
Abdominal fat accumulation in chicks significantly in-
creased after hatching. For example, abdominal adipose tis-
sue weight, as a percentage of body weight, was dramatically
elevated from 4 days to 14 days of age (Bai et al., 2015). We
previously showed that percentages of abdominal adipose
tissue weight at 14, 21, and 28 days of age was significantly

higher than that at 7 days of age in broiler chicks, and there
were no significant differences in the percentages between
14,21, and 28 days of age (Saneyasu et al., 2013a). Therefore,
in order to evaluate the effects of fasting on transcriptional
changes in lipid metabolism-related genes at different stages
of WAT development, we used two differently aged chicks in
Experiment 1. To represent the period of increase, we used
10-day-olds and to represent stabilization period, we used
29-day-olds.

A total of 18 male broiler chicks were weighed and al-
located to three cages (1,725X425X320 mm, six birds in each
group) based on body weight under ad libitum feeding con-
ditions. Chicks in the feeding group were euthanized by de-
capitation by a trained person. Chicks in the fasting groups
were similarly euthanized after 3 and 6h of fasting. Blood
was collected after euthanasia from carotid arteries. Plasma
was separated immediately by centrifugation at 1,910Xg for
10min at 4°C, and NEFA and corticosterone levels were
measured using commercial kits (LabAssayTM NEFA, Wako
Pure Chemical Industries, Ltd., Osaka, Japan; Corticosterone
ELISA Kit, AssayPro LLC, MO, USA). Abdominal WAT
was excised and frozen immediately by using liquid nitrogen
for real-time PCR analyses.

Real-time PCR Analysis

Total RNA was extracted from WAT using Sepazol-RNA I
(Nacalai Tesque, Inc., Kyoto, Japan). First-strand cDNA was
synthesized from total RNA using a ReverTra Ace” qPCR RT
Master Mix with a gDNA remover (Toyobo Co. Ltd., Osaka,
Japan). Complementary DNAs of LPL (NM_205282), ATGL
(NM_001113291), CGI-58 (CGI-58, NR_103454), and ribo-
somal protein S17 (RPS17,NM_204217) were amplified using
the following primers: LPL sense, 5'-GAC AGC TTG GCA
CAG TGC AA-3’, LPL antisense, 5'-CAC CCA TGG ATC
ACC ACA AA-3"; ATGL sense, 5-GCT GAT CCA GGC
CTG TGT CT-3’, ATGL antisense, 5'-TGG AGG TAT CTG
CCC ACA GTA GA-3"; CGI-58 sense, 5'-TGG ACA CAA
TCT GGG TGG ATT-3', CGI-58 antisense, 5'-GGC TTA
GAC CTT GAT GGG TAT TTT AA-3’"; RPSI7 sense, 5'-
GCG GGT GAT CAT CGA GAA GT-3’, and RPS17 antisense,
5’-GCG CTT GTT GGT GTG GAA GT-3’. RPSI17 was used
as an internal standard. All primers were purchased from
Hokkaido System Science Co., Ltd. (Hokkaido, Japan). The
mRNA levels were quantified in duplicate using the Applied
Biosystems 7300 Real-Time PCR system and THUNDERBIRD ™
SYBR" gPCR Mix (Toyobo Co. LTD) according to the supplier’s
recommendations.

Experiment 2: Effects of Oral Corticosterone Administra-
tion on the Expression of Lipid Metabolism-related Genes
in 29-day-old Chicks

Twelve 29-day-old male broiler chicks were weighed and
allocated to two cages (1,725X425X320 mm, six birds in
each group) based on body weight. After 4 h of fasting, either
0 (control) or 2mg/kg body weight corticosterone (Sigma-
Aldrich Japan K.K., Tokyo, Japan) in 0.5% carboxymethyl
cellulose solution was orally administered. After 2h of ad-
ministration, the chicks were euthanized by decapitation, and
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abdominal WAT was excised. The mRNA levels of lipid me-
tabolism-related genes in WAT and plasma NEFA concen-
trations were analyzed as described in Experiment 1.
Experiment 3: Effect of Corticosterone on the Expression of
Lipid Metabolism-related Genes in Primary White Adipo-
cytes Isolated from Chicks

Six 10-day-old chicks were euthanized by decapitation and
abdominal WAT was excised. Adipocytes were isolated as
described previously (Oscar et al., 1991), and then incubated
with Dulbecco’s Modified Eagle Medium (DMEM, 1.0 g/L
glucose with L-glutamine and sodium pyruvate; 08456-65,
Nacalai Tesque, Inc.) containing 25 mM HEPES, 80 ug/m/
kanamycin, and 3% bovine serum albumin, supplemented
with either 0 (control) or 1,040 ng/mL corticosterone (Sigma-
Aldrich Japan K.K., Tokyo, Japan) for 16 h. After removing
the culture medium, the cells were washed twice with PBS
and used for real-time PCR analysis. The mRNA levels of
lipid metabolism-related genes in adipocytes and the NEFA
concentration in the medium were analyzed as described in
Experiment 1.
Data Analysis

Data from Experiment 1 were analyzed using the Tukey-
Kramer test using a commercial package (StatView version 5,
SAS Institute, Cary, NC, USA, 1998). Data from Experiments
2 and 3 were analyzed by Student’s s-test using Excel 2013
(Microsoft Corporation, WA, USA).

Results

As shown in Table 1, three hours of fasting significantly
elevated plasma NEFA concentrations in both 10- and 29-day-
old chicks, suggesting that lipolysis was stimulated. However,
elevated plasma NEFA levels were abolished in 10-day-old
chicks after 6h of fasting. Plasma corticosterone concen-
trations were significantly elevated after 6 h of fasting in
10-day-old chicks, but not in 29-day-old chicks.

Fig. 1a shows the effects of fasting on mRNA levels of
lipid metabolism-related genes in 10-day-old chicken WAT.
Three and six hours of fasting significantly reduced mRNA

Table 1.
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levels of LPL, whereas 6 h of fasting significantly increased
mRNA levels of ATGL and CGI-58. All these significant
changes were abolished by 6 h of refeeding. On the other
hand, fasting and re-feeding did not influence mRNA levels
of ATGL or CGI-58 in 29-day-old chicks, although mRNA
levels of LPL showed similar changes as those in 10-day-old
chicks (Fig. 1b). These results suggest that fasting-increased
plasma corticosterone upregulates the transcription of ATGL
and CGI-58 in the WAT of 10-day-old chicks.

We next examined the effects of oral corticosterone ad-
ministration on the transcription of LPL, ATGL, and CGI-58
genes in the WAT of 29-day-old chicks. For corticosterone
doses, we carried out a screening experiment to examine the
effect of oral corticosterone administration (dose: 0, 2, and
4 mg/kg body weight) on plasma corticosterone concentrations
in 4 h-fasted chicks. We found that 0, 2, and 4 mg of oral
corticosterone administration significantly elevated plasma
corticosterone levels to 8.221+0.97 ng/m/, 40.8+7.0 ng/m/,
and 126.2£12.5 ng/m/, respectively, 2 h after administration.
Based on these data, a 2 mg dose was used in Experiment 2.
As shown in Fig. 2, oral administration of corticosterone sig-
nificantly increased mRNA levels of ATGL and significantly
reduced mRNA levels of LPL, whereas mRNA levels of CGI-
58 were not affected. Plasma concentrations of NEFA were
not affected by corticosterone (control, 534.1+75.6 nEq/L;
corticosterone, 488.3135.2 nEq/L). These results suggest
that the plasma corticosterone elevation is involved in the
upregulation of ATGL and downregulation of LPL gene ex-
pression in chick WAT.

To examine the direct effect of corticosterone on white
adipocytes, we examined the effects of corticosterone on the
expression of lipid metabolism-related genes in vitro. As
shown in Fig. 3, mRNA levels of ATGL in primary white
adipocytes were significantly increased by corticosterone.
The mRNA levels of LPL in primary white adipocytes tended
to be reduced by corticosterone (P=0.071). In contrast,
mRNA levels of CGI-58 were not affected by corticosterone.
Medium concentration of NEFA was not affected by corti-

Effects of fasting on the weights of body and abdominal adipose tissue, and plasma con-

centraton of non-esterified fatty acid and corticosterone in different age of chicks

Fasting periods

Oh 3h 6h
Body weight (g) 10-day-old 209.5+5.1 203.7+3.8 198.7+3.6
29-day-old 1519+24 140234 1485+37
Abdominal adipose tissue weight (g) 10-day-old 1.934+0.14 1.8910.16 1.8440.11
29-day-old 18.2+2.1 16.7+1.7 17.7+1.6
Abdominal adipose tissue weight (%) 10-day-old 0.92%0.05 0.93%0.08 0.93%0.05
29-day-old 1.20£0.14 1.20%0.14 1.19£0.09
Non-esterified fatty acid (uEqg/L) 10-day-old 274.5+36.7" 542.3474.2° 320.0%61.9"
29-day-old 126.9+11.7" 529.0£50.9° 543.0£108.9°
Corticosterone (ng/mL) 10-day-old 1.56£0.22" 5.1540.88% 10.8942.77
29-day-old 4.33%+1.76 5.56%3.23 2.43%0.31

Data are the means = S.E.M. of six birds in each group.
letters are significantly different in each age (P<<0.05).

Data were analyzed by Tukey-Kramer test. Groups with different
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Fig. 1. Effects of fasting on mRNA levels of lipid metabolism-related
genes in white adipose tissue in (a) 10-day-old and (b) 29-day-old
chicks. Data are represented as means=SEM of six chicks in each
group. Data were analyzed by Tukey-Kramer #-test (¥, P<0.05).
95 - 25 r O Control
: 0 Control M Corticosterone
% B Corticosterone *
2 t 2r
15 | E15 t
o
£
1+ ';;.:: 1 F ¥
%
05 F 05 r
0 1 1 0 1 1
LPL ATGL CGI58 LPL ATGL CGI58
Fig. 2. Effects of oral administration of corticosterone Fig. 3. Effects of corticosterone on mRNA levels of lipid
on mRNA levels of lipid metabolism-related genes in white metabolism-related genes in adipocytes in vitro. Data are
adipose tissue in chicks. Data are represented as means + represented as means®=SEM of five tubes in each group.
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costerone (Control, 536.61+69.9 nEq/L; Corticosterone, 735.8
1+140.5nEq/L). These results suggest that corticosterone
influences the expression of ATGL and LPL genes in chicken
white adipocytes.

Discussion

Serr et al. (2011b) showed that ATGL mRNA and protein
are stimulated by dexamethasone, contributing to elevated
plasma NEFA levels in chicks. We also showed that corti-
costerone significantly increased the mRNA levels of ATGL
in vivo and in vitro. Six hours of fasting significantly in-
creased mRNA levels of ATGL in WAT and elevated plasma
corticosterone concentrations in 10-day-old chicks. However,
in the present study, 3h of fasting elevated plasma NEFA
concentrations without affecting the plasma corticosterone
concentrations or ATGL mRNA levels in the WAT of 10-day-
old chicks. These results suggest that plasma corticosterone
upregulates ATGL gene expression in chicken WAT, but this
regulatory mechanism does not play an important role in the
acute elevation of plasma NEFA caused by short-term fasting
in 10-day-old chicks.

In the present study, 2mg of corticosterone was admini-
stered to chicks, because this dose significantly elevated
plasma corticosterone (40.8+7.0 ng/m/) after 2 h of admini-
stration in the preliminary experiment. This plasma corti-
costerone concentration was higher than that prevailing under
physiological conditions (Table 1). However, Geris et al.
(1999) reported that intravascular administration of 40 ng of
corticosterone in broiler chicks resulted in a fivefold increase
in plasma corticosterone (17.2£2.6 ng/m/ vs. 98.8+£9.3 ng/
m/) after 15 min, but this increase was no longer present after
1 h. Therefore, the effect of exogenously administered corti-
costerone seems to be immediately reduced in chicks. In ad-
dition, Hassanzadeh et al. (2004) reported that plasma corti-
costerone levels were significantly decreased with age in
broiler chicks (day 7, 42.5£8.9 ng/m/; day 42, 12.14+2.8 ng/
m/). It is therefore possible that the results of Experiment 2
show physiological effects of corticosterone in chicks.

In this study, oral administration of corticosterone signifi-
cantly reduced LPL mRNA levels in the WAT of 29-day-old
chicks. In addition, mRNA levels of LPL in primary chicken
adipocytes tended to be reduced by corticosterone. However,
3 h of fasting significantly reduced mRNA levels of LPL in
WAT without affecting plasma corticosterone concentrations
in both age groups of chicks. It is therefore likely that cor-
ticosterone downregulates LPL gene expression in chicken
WAT, but the role of corticosterone is minor, at least under
these experimental conditions.

In Experiment 3, 1,040 ng/mL of corticosterone was used,
but this concentration was higher than that of plasma cor-
ticosterone in chicks (Table 1), suggesting that the results
may indicate pharmacological effects. However, it is difficult
to incubate primary cells under physiological conditions in
vitro. In general, experimental results from cell cultures are
only one piece of evidence. For example, additional data
from knockdown or knockout experiments targeting the glu-
cocorticoid receptor gene would possibly reinforce the

findings from our experiments. Further studies are needed to
evaluate the physiological importance of corticosterone in the
transcriptional regulation of ATGL.

In mammals, ATGL activity is regulated by the activator
protein CGI-58 (Lass et al., 2006; Schweiger et al., 2008).
For example, CGI-58 significantly increased TG hydrolase
activity in WAT in wild-type and HSL-null mice 1.7- and 2.1-
fold, respectively (Schweiger et al., 2006). There is evidence
that silencing either ATGL or CGI-58 significantly reduced
lipolysis in a human white adipocyte model (Bezaire ef al.,
2009). Serr et al. (2011a) reported that CGI-58 mRNA levels
in WAT were increased by long-term (24 h) fasting in 21-day-
old broiler chicks. We showed that the increase in ATGL
mRNA levels after fasting was accompanied by an increase in
CGI-58 mRNA levels in 10-day-old chicks. These findings
suggest that ATGL and CGI-58 coordinate to regulate WAT
lipolysis in both mammals and birds. However, corticosterone
directly stimulates ATGL expression in chicken WAT without
affecting CGI-58 expression. Serr et al. (2011b) also showed
that dexamethasone injection significantly increased the
mRNA and protein levels of ATGL without affecting CGI-58
mRNA levels in subcutaneous adipose tissue in 25-day-old
broiler chicks. All these findings suggest that both ATGL and
CGI-58 play important roles in fasting-induced lipolysis, but
that the regulatory mechanism underlying fasting-induced
transcriptional changes in WAT is different between ATGL
and CGI-58 genes in chicks.

In chickens, short-term fasting elevates plasma concen-
trations of glucagon (Christensen et al., 2009), corticosterone
(Kadhim et al., 2019), NEFA (Dupont et al., 2008; Honda et
al., 2017), and mRNA levels of ATGL in WAT (Saneyasu et
al.,2013b; Honda et al.,2017). We showed that corticosterone
directly upregulates ATGL gene expression in chicken WAT
without affecting NEFA release in vivo or in vitro. In contrast,
we previously showed that glucagon stimulated NEFA release
in a culture medium without affecting the mRNA level of
ATGL in chicken primary adipocytes (Honda et al., 2017). It
is well known that glucagon injection elevates plasma NEFA
levels in chicks. All these findings suggest that glucagon
plays a more important role compared to corticosterone in the
acute elevation of plasma NEFA levels resulting from short-
term fasting in chicks.

In the present study, 3 h of fasting significantly elevated
plasma NEFA concentrations, but this elevation was not
observed after 6 h of fasting in 10-day-old chicks. We pre-
viously showed that 4h of fasting significantly increased
mRNA levels of carnitine palmitoyltransferase la, a rate-
limiting enzyme of fatty acid oxidation, and PPARa, a
transcription factor of fatty acid oxidation-related genes, in
the livers of 13-day-old chicks (Saneyasu er al., 2013b).
Plasma NEFA released from WAT induces fatty acid oxidation
in the liver and skeletal muscles via PPAR« and PPARO in
mammals (Nakamura et al., 2014). Therefore, it seems likely
that the significant elevation of circulating NEFA was abol-
ished by exhausting plasma NEFA in the liver and other
tissues after 6 h of fasting in 10-day-old chicks.

In 29-day-old chicks, significant elevation of plasma NEFA
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concentrations was observed in both the 3 and 6h fasting
groups, although a significant elevation of plasma NEFA
concentrations in 10-day-old chicks was not observed in the 6
h fasting group. One possible explanation is that the ability to
supply NEFAs from adipocytes in 29-day-old chicks was
higher than that in 10-day-old chicks. Bai et al. (2015) showed
that most adipocytes (82.88%) had a mean diameter of 5-15
um in 4-day-old chicks, whereas larger adipocytes (mean
diameter > 15 um) comprised 51.89% of the total number of
adipocytes in 14-day-old chicks. A similar phenomenon was
observed in a 10- and 29-day-old chicks in our laboratory
(unpublished data). In addition, after 6 h of fasting, the per-
centage of abdominal adipose tissue in 29-day-old chicks was
significantly higher than that in 10-day-old chicks (Student’s
t-test; P<<0.05). It is therefore likely that sufficient NEFA
could be supplied from WAT to the circulation after 6h of
fasting in 29-day-old chicks.

In the present study, 6 h of fasting increased mRNA levels
of ATGL in WAT in 10-day-old chicks. Similar results have
been reported in 10- (Honda et al., 2017) and 13-day-old
chicks (Saneyasu et al., 2013b). However, Wang et al. (2017)
reported that 3 h of fasting significantly reduced mRNA levels
of ATGL in clavicular fat in 4-day-old broiler chicks fed a
high-carbohydrate diet. One possible explanation is that the
decrease in mRNA levels of ATGL may result from the
suppression of adipocyte differentiation. The mRNA levels
of adipocyte-specific genes are increased after adipocyte
differentiation (Kim et al., 2020). Bai et al. (2015) reported
adipose tissue histology that indicated a low level of dif-
ferentiation in 4-day-old compared to 14-day-old chicks. Lee
et al. (2009) reported that mRNA levels of ATGL in the
adipocyte fraction were approximately 30-fold higher than
those in a preadipocyte fraction prepared to WAT. All these
findings suggest that changes in mRNA levels of WAT in
10-day-old chicks could be influenced not only by lipid
metabolism, but also by adipocyte differentiation. Further
studies are required to examine the effects of fasting on
adipocyte differentiation in chicken WAT during the neonatal
period.

In the present study, plasma corticosterone concentrations
were elevated by fasting in 10-day-old, but not in 29-day-old
chicks. The reasons for the different responses between the
age groups are not clear. However, Delezie et al. (2007)
reported that 3 and 13 h of fasting did not influence plasma
corticosterone concentrations in 6-week-old broiler chicks.
Plasma corticosterone levels significantly decreased with age
in broiler chicks (Decuypere et al., 1989; Hassanzadeh ef al.,
2004). A single injection of ACTH significantly elevated
plasma corticosterone concentration in 4- and 10-day-old
chicks, but not in 17-day-old chicks, indicating an apparent
failure of the ACTH response (Kalliecharan 1981). Therefore,
it is possible that the hypothalamic-pituitary-adrenal axis is
inactivated in an age-dependent manner in broiler chicks.

In conclusion, mRNA levels of ATGL in chicken WAT were
affected by 6h of fasting and corticosterone in vivo and in
vitro. However, plasma NEFA concentrations could be ele-
vated by 3h of fasting without elevation of plasma corti-

costerone concentrations. These results suggest that cortico-
sterone upregulates gene expression of ATGL in chicken
WAT, but that this regulation is not involved in the acute
stimulation of lipolysis by fasting.

Conflict of Interest
The authors declare no conflict of interest.
References

Alvarenga RR, Zangeronimo MG, Pereira LJ, Rodrigues PB and
Gomide EM. Lipoprotein metabolism in poultry. World’s Poul-
try Science Journal, 67: 431-440. 2011.

Anthonsen MW, Degerman E and Holm C. Partial purification and
identification of hormone-sensitive lipase from chicken adipose
tissue. Biochemical and Biophysical Research Communications,
236: 94-99. 1997.

Bai S, Wang G, Zhang W, Zhang S, Rice BB, Cline MA and Gilbert
ER. Broiler chicken adipose tissue dynamics during the first
two weeks post-hatch. Comparative Biochemistry and Physi-
ology Part A, Molecular and Integrative Physiology, 189: 115-
123. 2015.

Bergen WG and Mersmann HJ. Comparative aspects of lipid metabo-
lism: impact on contemporary research and use of animal
models. Journal of Nutrition, 135: 2499-2502. 2005.

Bezaire V, Mairal A, Ribet C, Lefort C, Girousse A, Jocken J,
Laurencikiene J, Anesia R, Rodriguez AM, Ryden M, Stenson
BM, Dani C, Ailhaud G, Arner P and Langin D. Contribution of
adipose triglyceride lipase and hormone-sensitive lipase to
lipolysis in hMADS adipocytes. Journal of Biological Chemis-
try, 284: 18282-18291. 2009.

Christensen K, McMutry JP, Thaxton YV, Thaxton JP, Corzo A,
Mecdaniel C and Scanes CG. Metabolic and hormonal responses
of growing modern meat-type chickens to fasting. British Poul-
try Science, 54: 199-205. 2013.

Decuypere E, Darras VM, Vermijlen K and Kiihn ER. Developmental
changes in the corticosterone response to corticotrophin and in
the adrenal corticosterone content of rapid and slow growing
strains of chickens (Gallus domesticus). British Poultry Science,
30: 699-709. 1989.

Delezie E, Swennen Q, Buyse J and Decuypere E. The effect of feed
withdrawal and crating density in transit on metabolism and
meat quality of broilers at slaughter weight. Poultry Science, 86:
1414-1423. 2007.

Dupont J, Métayer-Coustard S, Ji B, Ramé C, Gespach C, Voy B and
Simon J. Characterization of major elements of insulin signal-
ing cascade in chicken adipose tissue: apparent insulin refrac-
toriness. General and Comparative Endocrinology, 176: 86-93.
2012.

Dupont J, Tesseraud S, Derouet M, Collin A, Rideau N, Crochet S,
Godet E, Cailleau-Audouin E, Métayer-Coustard S, Duclos MJ,
Gespach C, Porter TE, Cogburn LA, Simon J. Insulin immuno-
neutralization in chicken: effects on insulin signaling and gene
expression in liver and muscle. Journal of Endocrinology, 197:
531-542.2008.

Griffin HD, Butterwith SC and Goddard C. Contribution of lipo-
protein lipase to differences in fatness between broiler and
layer-strain chickens. British Poultry Science, 28: 197-206.
1987.

Geris KL, Berghman LR, Kithn ER and Darras VM. The drop in
plasma thyrotropin concentrations in fasted chickens is caused
by an action at the level of the hypothalamus: role of corti-



158 Journal of Poultry Science, 59 (2)

costerone. Domestic Animal Endocrinology, 16: 231-237. 1999.

Hassanzadeh M, Fard MH, Buyse J, Bruggeman V and Decuypere E.
Effect of chronic hypoxia during embryonic development on
physiological functioning and on hatching and post-hatching
parameters related to ascites syndrome in broiler chickens.
Avian Pathology, 33: 558-64. 2004.

Honda K, Takagi S, Kurachi K, Sugimoto H, Saneyasu T and
Kamisoyama H. Fasting and glucagon stimulate gene expression
of pyruvate dehydrogenase kinase 4 in chicks. Journal Poultry
Science, 54:292-295. 2017.

Ji B, Emest B, Gooding JR, Das S, Saxton AM, Simon J, Dupont J,
Métayer-Coustard S, Campagna SR and Voy BH. Transcriptomic
and metabolomic profiling of chicken adipose tissue in response
to insulin neutralization and fasting. BMC Genomics, 13: 441.
2012.

Julian RJ. Production and growth related disorders and other
metabolic diseases of poultry - A review. Veterinary Journal,
169: 350-369. 2005.

Kadhim HJ, Kang SW and Kuenzel WJ. Differential and temporal
expression of corticotropin releasing hormone and its receptors
in the nucleus of the hippocampal commissure and paraven-
tricular nucleus during the stress response in chickens (Gallus
gallus). Brain Research, 1714: 1-7. 2019.

Kalliecharan R. The influence of exogenous ACTH on the levels of
corticosterone and cortisol in the plasma of young chicks
(Gallus domesticus). General and Comparative Endocrinology,
44:249-251. 1981.

Kim DH, Lee J, Suh Y, Cressman M, Lee SS and Lee K. Adipogenic
and myogenic potentials of chicken embryonic fibroblasts in
vitro: combination of fatty acids and insulin induces adipo-
genesis. Lipids, 55: 163-171. 2020.

Lass A, Zimmermann R, Haemmerle G, Riederer M, Schoiswohl G,
Schweiger M, Kienesberger P, Strauss JG, Gorkiewicz G and
Zechner R. Adipose triglyceride lipase-mediated lipolysis of
cellular fat stores is activated by CGI-58 and defective in
Chanarin-Dorfman Syndrome. Cell Metabolism, 3: 309-319.
2006.

Lee MJ, Pramyothin P, Karastergiou K and Fried SK. Deconstructing
the roles of glucocorticoids in adipose tissue biology and the
development of central obesity. Biochimica et Biophysica Acta,
1842: 473-481. 2014.

Lee K, Shin J, Latshaw JD, Suh Y and Serr J. Cloning of adipose
triglyceride lipase complementary deoxyribonucleic acid in
poultry and expression of adipose triglyceride lipase during
development of adipose in chickens. Poultry Science, 88: 620—
630. 2009.

Nakamura MT, Yudell BE and Loor JJ. Regulation of energy metabo-
lism by long-chain fatty acids. Progress in Lipid Research, 53:
124-144.2014.

Nijdam E, Zailan AR, van Eck JH, Decuypere E and Stegeman JA.
Pathological features in dead on arrival broilers with special

reference to heart disorders. Poultry Science, 85: 1303-1308.
2006.

Oscar TP. Glucagon-stimulated lipolysis of primary cultured broiler
adipocyte. Poultry Science, 70: 326-332. 1991.

Santoro A, McGraw TE and Kahn BB. Insulin action in adipocytes,
adipose remodeling, and systemic effects. Cell Metabolism, 33:
748-757.2021.

Saneyasu T, Nakanishi K, Atsuta H, lkura A, Hasegawa S,
Kamisoyama H and Honda K. Age-dependent changes in the
mRNA levels of neuropeptide Y, proopiomelanocortin, and
corticotropin-releasing factor in the hypothalamus in growing
broiler chicks. Journal of Poultry Science, 50: 364-369, 2013a.

Saneyasu T, Shiragaki M, Nakanishi K, Kamisoyama H and Honda
K. Effects of short term fasting on the expression of genes
involved in lipid metabolism in chicks, Comparative Biochem-
istry and Physiology Part B Biochemistry & Molecular Biology,
165: 114-118. 2013b.

Sato K, Akiba Y, Chida Y and Takahashi K. Lipoprotein hydrolysis
and fat accumulation in chicken adipose tissues are reduced by
chronic administration of lipoprotein lipase monoclonal anti-
bodies. Poultry Science, 78: 1286-1291. 1999.

Scanes CG. Perspectives on the endocrinology of poultry growth and
metabolism. General and Comparative Endocrinology, 163: 24—
32.2009.

Schweiger M, Schoiswohl G, Lass A, Radner FP, Haemmerle G,
Malli R, Graier W, Cornaciu I, Oberer M, Salvayre R, Fischer J,
Zechner R and Zimmermann R. The C-terminal region of
human adipose triglyceride lipase affects enzyme activity and
lipid droplet binding. Journal of Biological Chemistry, 283:
17211-17220. 2008.

Schweiger M, Schreiber R, Haemmerle G, Lass A, Fledelius C,
Jacobsen P, Tornqvist H, Zechner R and Zimmermann R.
Adipose triglyceride lipase and hormone-sensitive lipase are the
major enzymes in adipose tissue triacylglycerol catabolism.
Journal of Biological Chemistry, 281: 40236-40241. 2006.

SerrJ, SuhY and Lee K. Cloning of comparative gene identification-58
gene in avian species and investigation of its developmental and
nutritional regulation in chicken adipose tissue. Journal of
Animal Science, 89: 3490-3500. 2011a.

Serr J, Suh Y, Oh SA, Shin S, Kim M, Latshaw JD and Lee K. Acute
up-regulation of adipose triglyceride lipase and release of non-
esterified fatty acids by dexamethasone in chicken adipose
tissue. Lipids, 46: 813-820. 2011b.

Wang G, McConn BR, Liu D, Cline MA and Gilbert ER. The effects
of dietary macronutrient composition on lipid metabolism-
associated factor gene expression in the adipose tissue of
chickens are influenced by fasting and refeeding. BMC Obesity,
4:14.2017.

Zimmermann R, Lass A, Haemmerle G, and Zechner R. 2009. Fate
of fat: the role of adipose triglyceride lipase in lipolysis. Bio-
chimica et Biophysica Acta, 1791: 494-500. 2009.



