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Developmental changes in hepatic lipid metabolism of chicks
during the embryonic periods and the first week of posthatch
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ABSTRACT The liver is the main site of de novo
lipogenesis in poultry, and hepatic lipid metabolism
disorder will lead to excessive abdominal fat deposition
or fatty liver disease, finally causing huge economic loss.
The present study was conducted to investigate devel-
opmental changes in hepatic lipid metabolism of chicks
from embryonic periods to the first week after hatching.
Liver samples were collected from embryonic day 11
(E11) to the age of day 7 posthatch (D7) for lipid
metabolism analysis. Hematoxylin–eosin and Oil Red O
staining analysis showed that hepatic lipids increased
gradually during embryonic period and declined post-
hatch; The sum of hepatic triglycerides and cholesterol
reached the peak at E19 and D1 by ELISA analysis (P,
0.05). Acetyl-CoA carboxylase, fatty acid synthase, and
acyl-CoA desaturase 1 mRNA expression in the liver
were higher from E17 to D1 with the peak at E19 when
compared with those at E13 and E15 (P, 0.05). Hepatic
elongase of very long-chain fatty acids 6 and microsomal
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triglyceride transfer protein mRNA abundance were
lower during embryonic periods but reached relative
higher level after hatching (P , 0.05). On the contrary,
hepatic carbohydrate response element binding protein
(ChREBP), carnitine palmitoyltransferase 1, and
peroxisome proliferators–activated receptor a expression
were higher during embryonic periods but decreased
posthatch (P , 0.05). The mRNA abundance of sterol-
regulatory element binding protein 1c was the lowest at
E13 and E15, then increased gradually from E17 to D1,
while decreased from D3 to D7 little by little (P, 0.05).
In summary, hepatic lipogenesis genes have different
expression patterns during the embryonic periods and
the first week of posthatch, which might be activated by
ChREBP during embryonic periods; fatty acid oxidation
was enhanced around the hatched day but declined
posthatch. These findings will broaden the understand-
ing of physiological characteristics and dynamic pattern
about hepatic lipid metabolism in chicks.
Key words: chick, hepatic lipid metabolism,
 gene expression, embryonic period, posthatch
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INTRODUCTION

For a long period of time, the genetic breeding goal of
meat-type chickens was to improve the growth rate, but
excessive abdominal fat deposition has also been accom-
panied because of its positive correlation with body
weight (Moreira et al., 2018). Physiologically excessive
fat has negative effects on feed efficiency, meat yield,
and economic benefit, which is a pendent problem to
be settled urgently. There exist differences in the sites
of de novo lipogenesis for different animals; the predom-
inant site is adipose tissue in ruminants (Ingle et al.,
1972); both of liver and adipose tissue all have equal
importance for rodents and rabbit (Chiluard, 1994);
while in birds, the liver is considered as the main site
for de novo fatty acid synthesis, accounting for 95% in
chicks (Leveille et al., 1975). In other words, hepatic
lipid metabolism is closely related to abdominal fat accu-
mulation to some extent in poultry. It was reported that
adipose tissue development during embryonic and early
postnatal periods determines its growth process for the
whole life in chicks (Ailhaud et al., 1992; Guo, 2011).
On the other hand, during the last 7 D of embryonic
period and the first few days of posthatch, 90% energy
requirement for growth development was derived from
lipid fatty acid oxidation (Noble and Cocchi, 1990).
Therefore, it is essential for researcher to understand dy-
namic changes of hepatic lipid metabolism during the
embryonic and starter periods of posthatch, which may
broaden the understanding of physiological characteris-
tics about hepatic lipid metabolism in chickens.

Moreover, fatty liver is 1 of metabolic diseases caused
by lipid metabolism disorder in laying hens, and it is
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Table 1. Forward and reverse primer sequences for PCR analysis.

Gene Accession number Primer sequences, 50 to 30 Product size, bp

b-actin L08165 F: ATTGTCCACCGCAAATGCTTC 113
R: AAATAAAGCCATGCCAATCTCGTC

ACC J03541 F: GCTTCCCATTTGCCGTCCTA 185
R: GCCATTCTCACCACCTGATTACTG

FAS J03860 F: TTTGGTGGTTCGAGGTGGTA 215
R: CAAAGGTTGTATTTCGGGAGC

CPT1 AY675193 F: TAGAGGGCGTGGACCAATAA 229
R: TGGGATGCGGGAGGTATT

PPARa AF163809 F: TTTAACGGAGTTCCAATCGC 224
R: AACCCTTACAACCTTCACAAGC

SCD1 NM204890.1 F: GTTTCCACAACTACCACCATACATT 175
R: CCATCTCCAGTCCGCATTTT

SREBP-1c XM015294109 F: GCCCTCTGTGCCTTTGTCTTC 130
R: ACTCAGCCATGATGCTTCTTC

ELOVL6 NM001031539 F: GGTGGTCGGCACCTAATGAA 169
R: TCTGGTCACACACTGACTGC

ChREBP EU152408 F: ATTGACCCGACCCTGACG 160
R: CATACTGGATGTACCACGCTCT

MTTP NM001109784 F: GCAGATGGACAGAGTTGGCT 224
R: ACACCAAAAGTGCAAGGTGC

Abbreviations: ACC, acetyl CoA carboxylase; ChREBP, carbohydrate responsive element binding protein; CPT1,
carnitine palmitoyltransferase 1; ELOVL6, elongase of very long chain fatty acids 6; FAS, fatty acid synthase; MTTP,
microsomal triglyceride transfer protein; PPAR, peroxisome proliferator-activated receptor; SCD1, stearoyl-CoA
desaturase 1; SRRBP, sterol regulatory element binding proteins.
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widespread especially in the period of high-egg-laying-
rate (Trott et al., 2014). However, fatty liver is often
neglected because its symptoms are unapparent and diffi-
cult to diagnose before death, which leads to huge finan-
cial losses in poultry industry (Shini, 2014). Many
studies have established experimental models by dietary
intervention in vivo (Rozenboim et al., 2016; Zhang
et al., 2018; Gao et al., 2019) or by drug-induction
in vitro (Matteo et al., 2010; Chen et al., 2018; Zhou
et al., 2018) to carry out studies for mechanism
exploration about lipid metabolism disorder. Our
previous study has compared hepatic lipid contents
amongnew-born, adult, and fatty liver chickens by hema-
toxylin–eosin (HE) and Oil Red O staining and found
that hepatic characteristics were similar between new-
born and fatty liver chickens, suggesting that the liver
from new-born chicks might model fatty liver in early
stages and be used in vitro to some extent (Liu et al.,
2018). On the other hand, chicks have been widely used
for human fatty liver disease study because ofw70% ho-
mologous to human in their genetic makeup (Shi et al.,
2014). The same as chicks, the main site of lipogenesis
in human is also the liver, thus previous reports pointed
that chicks would be a better model for human nonalco-
holic fatty liver disease (NAFLD) (Ayala et al., 2009;
Makovicky et al., 2011). Laying hens were ever used to
identify potential plasma biomarkers for human
NAFLD (Tsai et al., 2017). But detailed mechanism
and sufficient evidences about fatty liver model using
chicks for human NAFLD are rare.

Therefore, the objective of the current study was to
determine developmental changes of hepatic genes
expression pattern and lipid contents from embryonic
periods to the first week after hatching, aiming to
provide theoretical basis on physiological characteristics
about hepatic lipid metabolism in chickens.
MATERIALS AND METHODS

Liver Sampling

Hatching embryos and Arbor Acre chicks used in the
current study were bought from the Yangling Julong
Poultry Industry Co. Ltd. (Yangling, China). At embry-
onic day 13 (E13), E15, E17, and E19, 7 eggs with similar
size and weight were selected and taken out from the
incubator every day. Chick embryos were obtained and
weighted after removing surface liquid with a filter pa-
per. Liver tissues were rinsed thoroughly with ice-cold
phosphate-buffered saline to remove blood contamina-
tion on the surface and also weighted for the liver index
calculation. About 1 cm3 liver samples were fixed in 4%
formaldehyde for subsequent histological analysis using
HE and Oil Red O staining. Livers were collected in
centrifuge tubes and stored at 280�C. Likewise, at the
age of 1, 3, 5, and 7 D after hatching (D1, D3, D5,
D7), chicks and liver tissues were weighted and collected
as described in embryonic sampling above. All animal
procedures in the study were approved by the Commit-
tee for the Care and Use of Experimental Animal at
Northwest A&F University (Shaanxi, China).
HE and Oil Red O Staining

After fixing, the liver samples were processed through
a series of procedures including dehydration, paraffin
embedding, sectioning, and staining. All these proced-
ures were performed by Wuhan Goodbio Technology



Figure 1. Hepatic hematoxylin-eosin staining analysis of chicks from
embryonic day 13 to posthatch day 7. White cavities with different sizes
all mean fat droplets (magnification:10 ! 20), which are located in the
cytoplasm. The liver with high lipid contents lost the normal reticular
formation, otherwise, hepatic texture is flexible and has clear reticular
formations with less fat droplets.

Figure 2. Hepatic Oil Red O staining analysis of chicks from embry-
onic day 13 to posthatch day 7. Red circle drops are on behalf of fat drop-
lets (magnification:10 ! 20).
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Co., Ltd. (Wuhan, China). Stained sections were
observed for lipid analysis using the microscope.
Triglyceride and Cholesterol Detection

Liver tissues were firstly defrosted, washed, and ho-
mogenized together with phosphate-buffered saline.
Then, the supernatant was collected after centrifuging
at 3,000 rpm for 15 min at 4�C to examine triglyceride
(TG) and total cholesterol (TC) contents using commer-
cial kits (Enzyme-linked Biotechnology Co., Ltd,
Shanghai, China) based on kits instructions. Meanwhile,
protein level was also determined using BCA Protein
Assay Kit (Thermo Fisher Scientific, Waltham, MA).
The TG and TC contents were expressed by mmol/g
of protein.
Gene Expression

Total RNA extraction and cDNA synthesis in liver
were performed according to reagent protocols using
TRIzol and Primer Script RT Reagent Kits (TaKaRa,
Dalian, China). Genes relative expression was quantified
by real-time quantitative PCR. The assay was carried
out via SYBR Premix Ex Taq kit (TaKaRa) on the
IQ5 (Bio-Rad, Hercules, CA). Detailed reaction system
was referred to our previous publishment (Liu et al.,
2017). Primer sequences used in the current study were
all obtained from GenBank and shown in Table 1. All
samples were run in triplicate, and the average cycle
threshold (Ct) values were calculated for quantification
using the 22DDCt method (Livak and Schmittgen, 2001).

Statistical Analysis

All data were shown as means and analyzed by one-
way ANOVA using the GLM procedure of SPSS 20.0
(SPSS Inc., Chicago, IL). P-values less than 0.05 were
considered to be statistically significant, and the notable
differences between groups were identified by Duncan’s
multiple comparisons test.

RESULTS

Hepatic Morphology

As exhibited in Figures 1 and 2 for HE and Oil Red O
staining, respectively, hepatic texture and reticular
formations was not intact, and there existed some
interstice at E13, suggesting that the liver organ was
not fully developed before E15. In addition, HE
staining results showed that small white cavities
appeared from E15 and became more and more until



Figure 3. Developmental changes of embryo or chick growth parameters and hepatic lipid contents. Embryo or chick body weight (A); liver weight
of embryo or chick (B); liver index relative to body weight of embryo or chick (C); hepatic TC concentration (D); hepatic TG concentration (E); total
TC1TG concentration in the liver (F). Data are expressed as mean 6 SEM (n 57), and bars with different lowercase letters indicated statistically
significant differences (one-way ANOVA, P , 0.05). Abbreviations: TC, total cholesterol; TG, triglycerides.
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the hatched day, then decreased with age during the first
week after hatching. Meanwhile, Oil Red O staining also
revealed the same phenomenon that red circle drops
became more and more from E15 to D1, then declined.
These white cavities or red circle drops all mean fat
droplets.
Hepatic Growth

As shown in Figures 3A-3C, the weight of embryo or
chick increased gradually with age as well as the liver
weight (P , 0.05), and growth rate was higher during
the first week posthatch than that during embryonic
period (P , 0.05). Liver index first increased from E15
to E17, then keep relative steady until D1, next ascended
rapidly from D1 to D5 (P , 0.05).

Hepatic TG and TC Contents

Developmental changes of hepatic TG and TC in em-
bryos or chicks were demonstrated in Figures 3D-3F. TC
contents in the liver raised gradually from chick embry-
onic period to D1, then declined during the first week
posthatch (P , 0.05). Hepatic TG levels also increased
during embryonic periods but decreased at D3, then
increased from D3 to D7 (P, 0.05). Total lipid contents
(the sum of TG and TC) in the liver of chicks reached
higher levels around the hatched day (P , 0.05).
Developmental Expression Pattern of
Genes

As shown in Figure 4, developmental changes of he-
patic genes expression about lipid metabolism were indi-
cated. The acetyl CoA carboxylase (ACC) mRNA level
were higher with the peak at E19 from E17 to D1 than
that at other observed age, and the same phenomenon
was found about hepatic fatty acid synthase (FAS)
expression pattern (P , 0.05). The highest abundance
of stearoyl-CoA desaturase 1 (SCD1) was also observed
at E19, then declined from E19 to D3 and hold steady
from D3 to D7 (P , 0.05). Different from ACC and
FAS, elongase of very long-chain fatty acids 6 (ELOVL6)
mRNA expression is lower during embryonic periods but
at relative higher level after hatching (P , 0.05). Devel-
opmental microsomal triglyceride transfer protein
(MTTP) expression was similar with ELOVL6
(P , 0.05). On the contrary, hepatic carbohydrate
responsive element binding protein (ChREBP), carni-
tine palmitoyltransferase 1 (CPT1), and peroxisome
proliferator-activated receptor a (PPARa) expressions
were higher at the age of embryonic periods but
decreased posthatch (P , 0.05). The mRNA abundance
of sterol regulatory element binding proteins 1c was the
lowest at E13 and E15, then increased gradually from
E17 to E19, but decreased little by little from D3 to
D7 (P , 0.05).
DISCUSSION

In the present study, we analyzed the developmental
pattern of hepatic lipid metabolism in chicks during em-
bryonic periods and the first week after hatching. We
found that hepatic lipid contents in chicks increased
with age from E15 to the hatched day then decreased
gradually from D1 to D7 based on HE and Oil Red O
staining; total contents of TG and TC reached the
peak around the hatched day. The previous study has re-
ported that the liver accumulated very high lipid levels
with cholesterol eaters accounting for 70% of the total
before hatching (Noble and Ogunyemi, 1989), which



Figure 4. Developmental changes of genes expression related to lipogenesis and lipolysis in the liver. Results of hepatic ACC, FAS, SCD1,
ELOVL6, ChREBP, SREBP-1c, CPT1, PPARa, and MTTP mRNA expression, respectively (A-I). Data are expressed as mean 6 SEM (n 5 7),
and bars with different lowercase letters indicated statistically significant differences (one-way ANOVA, P , 0.05). Abbreviations: ACC, acetyl
CoA carboxylase; ChREBP, carbohydrate responsive element binding protein; CPT1, carnitine palmitoyltransferase 1; ELOVL6, elongase of very
long chain fatty acids 6; FAS, fatty acid synthase; MTTP, microsomal triglyceride transfer protein; PPAR, peroxisome proliferator-activated recep-
tor; SCD1, stearoyl-CoA desaturase 1; SRRBP, sterol regulatory element binding proteins.
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was consistent with our data in this study that hepatic
TC levels were well above the TG concentration. In
addition, hepatic TC contents declined quickly, while
the TG level increased in the study during the first
week posthatch, indicating that hepatic TC provided
main energy maintenance for rapid growth development
of chicks in the immediate posthatch period, and newly
TG were also accumulated in the liver from the diets
or de novo lipogenesis (Noy and Sklan, 1999). As we
all know, adipose cell number and size contribute to
abdominal fat weight. It was reported that adipocyte hy-
perplasia occurred from 3 D posthatch to 42 D, and the
hypertrophic growth occurred before 35 D in chickens
(Guo, 2011). The endogenous body lipids are mainly
from hepatic origin (O’Hea and Leveille, 1968); hence,
it is important to do dietary nutrition management
well in the energy utilization switch period from hepatic
lipid storage to feeds intake to avoid excessive fat depo-
sition in the starter chicks.
To deeply understand the molecular mechanism of

lipid metabolism changes, we also detected hepatic genes
expression about lipogenesis and lipolysis. ACC, FAS,
SCD1, and ELOVL6 are involved in hepatic de novo
lipogenesis directly and could be activated by ChREBP
and sterol regulatory element binding proteins 1c
transcription factors (Ntambi, 2016). As the rate-
limiting enzyme in fatty acid synthesis, ACC is respon-
sible for catalyzing the carboxylation of acetyl-CoA to
malonyl-CoA; FAS utilizes acetyl-CoA and malonyl-
CoA to produce palmitate (C16:0) through a complex
seven-step reaction (Kim et al., 2017). In the current
study, hepatic ACC and FAS expression began to in-
crease from E17 and reached the peak at E19 but
declined at D1, which agreed with previous findings
that FAS mRNA level peaked just before hatching, fol-
lowed by a decline at hatching (Zhao et al., 2010b).
These results suggested that embryonic liver possess
the ability of de novo fatty acid synthesis during late em-
bryonic growth. In addition, ChREBP showed higher
abundance during embryonic periods than those after
hatching, implying that fatty acid synthesis might be
activated by ChREBP before hatching. Near the
hatched day, SREBP mRNA levels were also higher at
E19 and D1, indicating that ChREBP and SREBP
might all contribute to hepatic de novo fatty acid syn-
thesis around the hatched day.

SCD1 preferred palmitoyl-CoA (C16:0) substrates for
the biosynthesis of monounsaturated fatty acids
(C16:1), which were key sources for the formation of
TC or TG esters (Mauvoisin and Mounier, 2011).
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ELOVL6 was involved in the elongation of saturated
and monounsaturated fatty acids (Matsuzaka et al.,
2012). Developmental changes of hepatic SCD1 expres-
sion was the same with ACC and FAS in the study,
but ELOVL6 expression pattern showed the difference
from other genes about lipogenesis. Higher ELOVL6
mRNA abundance in the liver was detected after hatch-
ing. These results could account for the phenomenon of
increasing hepatic TG contents gradually from embry-
onic periods to the first week posthatch. In addition,
different genes expression patterns related to lipogenesis
in the current study also support the report that there
were changes in the compositions and proportions of he-
patic fatty acid during embryos and newly hatched
chicks (Noble and Ogunyemi, 1989).

Meanwhile, genes expression about lipolysis in the
liver was evaluated. CPT1 is a rate-limiting enzyme
which transfers the long-chain fatty acyl group from
CoA to carnitine for subsequent fatty acid oxidation
(Yao et al., 2018). PPARa was reported to regulate
genes transcription about lipolysis and be in negative
correlation with fatty acid oxidation (Larter et al.,
2010). The previous study estimated that more than
90% energy requirement was derived from fatty acid
oxidation during chick embryonic development (Noble
and Cocchi, 1990). In this study, hepatic CPT1 and
PPARa expression reached a peak before hatching,
which agreed with other report (Zhao et al., 2010a).
This finding implied that fatty acid oxidation was
improved based on the aerobic respiratory way to pro-
vide more energy for pipping eggshell. However, these
2 gene expression declined after hatching, and hepatic
MTTP mRNA level was found to significantly improve
gradually from D1 to D7. The MTTP subunit has lipid
transfer activity and owns the ability to transfer lipids
to apoB for subsequent processing, leading to chylomi-
crons and VLDL secretion in the liver (Gordon et al.,
1995; Rubin et al., 2010). To our knowledge, on the
basis of these findings, we raise a presumption that
energy requirement for new-born chick growth is not
from hepatic fatty acid oxidation because of lower
CPT1 and PPARa expression; it is possible that hepatic
lipids are transferred to developmental organs for energy
usage, after all total lipids in the liver declined rapidly,
and MTTP showed an obvious increase in the first
week of posthatch.

It acknowledged NAFLD is considered as a patholog-
ical ranging from simple steatosis through to steatohepa-
titis and cirrhosis of varying severity (Mann et al., 2016).
Hepatic simple steatosis is the initial step and the early
stage with increased lipogenesis, decreased fatty acid
oxidation, and more TG or cholesterol deposition; then
the liver progresses from steatosis to steatohepatitis
with increased inflammation and oxidative stress;
finally, the steatohepatitis can ultimately lead to
cirrhosis, and the pathogenesis among these different
stages are involved in a multistep process (Imajo et al.,
2013). It was reported that about 10-20% with each
phase of disease could develop into the following stage,
whereas, there is also a possibility of reversibility
especially in the first 2 stages (Fan and Farrell, 2009;
Ekstedt et al., 2015). Our results showed much lipids
accumulation in the liver around the chick birth day
such as E19 and D1. In addition, higher gene
expression about lipogenesis and lower gene levels
about fatty acid oxidation were found at D1. These
characteristics are similar to those in NAFLD with
simple steatosis (Bertola, 2018) and the adult fatty hen
reported by previous studies (Hu et al., 2017; Zhou
et al., 2018). The previous study has employed adult
laying hens as the model to identify potential
biomarkers for human NAFLD (Tsai et al., 2017).
Owing to the difficulty of collecting enough patient sam-
ples and individual differences, rodent models were used
to imitate particular characteristics of NAFLD by die-
tary induction or genetic manipulations (Maher, 2011;
Imajo et al., 2013). But no rodent model could
encompass the full spectrum of disease progression.
Primary human hepatocytes are regarded as “gold
standard” for lipid metabolism studies, but there exist
many shortcomings such as interdonor differences and
inability to proliferate (Pramfalk et al., 2016). Primary
hepatocytes from new-born chicks are full of lipid drop-
lets based on Oil Red O staining and electron microscopy
analysis (Liu et al., 2018). On the other hand, chicks also
showed the same site for de novo lipogenesis as human
90% mainly in the liver (Leveille et al., 1975), but for
mouse or pigs, their adipose tissues and livers contrib-
uted equally to de novo lipogenesis (Laliotis et al.,
2010). Therefore, we consider that the new-born chick
is likely to be a better model for primary hepatocytes
isolation to carry out research in vitro about NAFLD
during earlier stage.
In conclusion, we demonstrated dynamic patterns of

hepatic lipid metabolism including genes expression
about lipogenesis and lipolysis in chicks from embryonic
periods to the first week after hatching. Our results
found lipid accumulation reached a peak around the
hatched day; hepatic lipogenesis genes have different
expression patterns; fatty acid oxidation was enhanced
before hatching but declined posthatch. These findings
provide a theoretical basis for physiological characteris-
tics and dynamic pattern about hepatic lipid metabolism
in chickens. In addition, it might be worthy of consider-
ation that newly hatched chicks could be used for pri-
mary hepatocytes isolation to carry out studies about
human NAFLD diseases or fatty liver in poultry
in vitro, which will need to be verified in the future.
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