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Abstract

The objective of present study was to evaluate the effects of cyclical higher incubation temperatures in different embryonic ages on
liver HSP70 gene expression, plasma T3, T4 and triglyceride (TG) levels, hatchability, body, heart and liver weights of newly hatched
chicks. For this purpose, 2.700 fertile eggs (average weight, 58+1 g) were obtained from Arian broiler breeder at 34 weeks age. In
a completely randomized design, eggs were assigned to three incubation temperature treatments at 60% relative humidity with 6
replicate per each. The treatment groups were: 1) control group that eggs were incubated at 37.6°C during incubation period, 2)
incubation temperature was increased to 39°C for 3 h daily at embryonic ages from 12 to 14 in treatment 1 (TT1) and 3) incubation
temperature was increased to 39°C for 3 h daily at embryonic ages from 15 to 17 in treatment 2 (TT2). All above-mentioned parameters
were assessed at the day of hatch. The results showed that cyclical higher incubation temperatures did not affect body and liver
weights, plasma T3, T4 and TG levels (P>0.05), while heart weights of chicks in TT1 and TT2 were lower (P<0.05) than control group.
Furthermore, TT1 significantly increased liver HSP70 gene expression compared to the control group and TT2. It was concluded that
cyclical higher incubation temperatures at embryonic ages from 12 to 14 could increase liver HSP70 gene expression with no effect on
body and liver weights, plasma T3, T4 and TG levels at day-old chicks.
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Yumurtadan Yeni Cikmis Broiler Civcivlerde Dongiisel Yiiksek
inkiibasyon (Kulucka) Sicakliklarinin Viicut ve Organ Agirliklari,
Tiroit Hormonlari ve HSP70 Gen Ekspresyonu Uzerine Etkileri

Ozet

Bu calismanin amaci; farkli embriyonik yaslardaki déngtsel yiiksek inkiibasyon sicakliklarinin, yumurtadan yeni ¢cikmis civcivlerde
karaciger HSP70 gen ekspresyonu, plazma T3, T4 ve trigliserid (TG) dizeyleri ile ¢cikis glici, viicut, kalp ve karaciger agirliklar
Uzerine etkisini degerlendirmekti. Bu amacla, 34 haftalik etci Arian damizliklardan (ortalama agirlik, 58+1 g) 2.700 adet déllenmis
yumurta elde edildi. Tamamen rasgele bir dizaynla secilen yumurtalar, her biri 6 tekrarli tarzda %60 nispi nemde (¢ farkli kulugka
sicaklik uygulamasi icin ayrildi. Tedavi gruplari sunlardi: 1) kontrol grubu, yumurtalar inkiibasyon siresi icinde 37.6°C'de inklbe
edildi, 2) Tedavi 1 (TT1), inkiibasyon sicakligr 12-14 arasi embriyonik yasta giinde 3 saat siireyle 39°C'ye yiikseltildi ve 3) Tedavi
2 (TT2), inklibasyon sicakligi 15-17 arasi embriyonik yasta glinde 3 saat siireyle 39°C'ye yiikseltildi. Yukarida belirtilen tim
parametreler, kulucka cikis glini degerlendirildi. Sonuclar, déngisel yiksek inkiibasyon sicakliklarinin TT1 ve TT2'deki civcivlerin
vicut ve karaciger agirhklar ile plazma T3, T4 ve TG diizeylerini etkilemezken (P>0.05), kalp agirliklarinin ise kontrol grubuna
gore daha disik (P<0.05) oldugunu gosterdi. Ayrica, TT1 karaciger HSP70 gen ekspresyonunu kontrol grubu ve TT2'ye goére
anlamli diizeyde artirdi. Sonug olarak, 12-14 arasi embriyonik yasta dongusel ylksek inkiibasyon sicakliklarinin, gtinlik civcivlerin
karaciger HSP70 gen ekspresyonunu artirabilmesine karsin, viicut ve karaciger agirhklari ile plazma T3, T4 ve TG seviyeleri tizerine
bir etkisi olmadi.
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& lletisim (Correspondence)
+98 21 44868536
>4 a.sadeghi@srbiau.ac.ir



614
The Effects of Cyclical ...

INTRODUCTION

When living organisms are exposed to thermal and non-
thermal stressors, the synthesis of most proteins is retarded;
however, a group of highly conserved proteins known
as heat shock proteins (HSPs) are rapidly synthesized ™.
These proteins are essential for organisms living at the
edge of their thermal range. It is well documented that
one of the most important functions of HSPs is to protect
organisms from the toxic effects of heating 2. HSPs may
play important roles in protein assembly and disassembly,
protein folding and unfolding, protein translocation and
the refolding of damaged proteins . Of the many expresses
HSPs, those with a molecular weight of approximately
70 kDa appear to be most closely associated with heat
tolerance. Heat shock 70 kDa proteins (HSP70s) are
ubiquitous molecular chaperones that function in a myriad
of biological processes 2.

Several investigations have demonstrated that heat
shock response occurs in a variety of tissues I'*. Amongst all
members of 70 kDa family, the one that has attracted most
attention is HSP70. However, the mechanisms regulating
HSP70 gene expression in broiler chicken have not been
extensively studied. Being physiologically important tissue,
the liver was selected in order to determine the changes
in the gene expression levels of HSP70 after the process
of cyclic thermal increase.

Embryonic temperature is considered to be the most
important factor during incubation B. Since embryo is not
capable of regulating its own temperature until hatching,
the embryo temperature is regulated by the incubator
air temperature ™. Consequently, the temperature that
the embryo encounters will depend on the incubator
temperature, the ability of heat to transfer between the
incubator and the embryo, and by its own metabolic heat
production &,

There are two parts involved in converting the yolk and
albumen in a fertile egg into an embryo: 1. Differentiation
and 2. Growth ., During the first half of incubation
(embryonic ages from 1 to 10.5) chicken embryos go
through a differentiation phase involving organ formation.
They are capable of absorbing heat from the surrounding
air, since they have a lower temperature than the incubator.
The second half of incubation (embryonic ages from 10.5
to 21) is characterized by growth, and embryos must lose
heat and metabolic rate and heat production increases,
thereby increasing oxygen consumption and CO, levels ",

The thermal conditions during embryonic period may
have a great impact on development of physiological
systems and maybe inducing epigenetic adaptations by
having an effect on the chicks’ development . Thus,
improving incubation conditions may have positive long-
term effects on chicks. During the differentiation phase,
the tissues are formed, and by embryonic ages 12 of

incubation 90% of the organs are already present. Hyper-
thermia in developing tissues or cells has detrimental
consequences for embryonic organogenesis. At a cellular
level, hyperthermia may cause loss of protein function,
which can be attributed to the normal misfolding of
proteins with elevated temperature. A decrease in protein
function, together with abnormal modifications that
include changes in the phosphorylation state of eukaryote
initiation factors and ribosomal proteins, will contribute
to disruption of protein synthesis . Thus, hyperthermia is a
stress factor that, if present during embryonic development,
will disrupt the plasma membrane and membrane protein
function, altering cell structure and negatively impacting
DNA, RNA, and protein synthesis ©. Elevated temperatures
during the avian embryo's early stage of development may
have serious detrimental effects on its development and
viability. For this reason, we used cyclical higher incubation
temperatures in second half of incubation.

Some previous studies suggested that cyclical higher
incubation temperatures can result in long-lasting modifi-
cation to cellular and molecular neuronal mechanisms
of temperature regulation %", Daily cyclical higher
incubation temperatures, depending on the length of
exposure and days of temperature modification, appear
to improve tolerance of chicks to higher ambient
temperatures "2, Plasma T;, which has an important role in
the hatching process and thermoregulatory mechanisms ',
and plasma triglyceride (TG), which are the most abundant
lipid present in birds, may be changed by thermal
conditioning '%; so, we evaluated these two factors.

The objective of this study was to evaluate the effect of
daily higher incubation temperatures between embryonic
ages from 12 to 17 on body, heart and liver weights and
HSP70 relative gene expression in liver. Plasma T, T, and
TG levels of chicks were also evaluated.

MATERIAL and METHODS

The study was approved by the Ethics Committee of
Islamic Azad University, Science and Research Branch
(approval date: 25.05.2013; no: 11096).

Eggs and Incubator Condition

A total of 2.700 fertile eggs (with average weight of 58+1
g) were obtained from a 34-wk old Arian broiler breeder
flock. Eggs were incubated in single-stage incubators.
From embryonic ages from days zero to 11, eggs were
incubated under the same condition of 37.6°C and 60%
relative humidity, while being turned once per h. At day 11
of incubation, dead embryos were identified by candling
and removed from the experiment.

In a completely randomized design, eggs with live
embryo (no: 2628) were assigned to three incubation
temperature treatments at 60% relative humidity with 6
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replicate and 146 eggs per each. The treatment groups
were: 1) control group that eggs were incubated at 37.6°C
during incubation period, 2) incubation temperature was
increased to 39°C for 3 h per day at embryonic ages from 12
to 14 in treatment 1 (TT1) and 3) incubation temperature
was increased to 39°C for 3 h per day at embryonic ages
from 15 to 17 in treatment 2 (TT2). On the 18th day of
incubation, the eggs were transferred to a hatcher. The
hatchability was recorded for each treatment. Immediately
after hatching completed (day 21 of incubation, with 8
h interval between the first and the latest hatched chick)
male chicks were selected by vent sexing method in each
treatment. All newly hatched male chicks were weighed
and then three male chicks from each replicate (18 birds
per treatment) were randomly selected. Blood and tissue
sampling was started about two h and finished four h after
hatching completed. Selection of chicks for sampling and
sampling method was the same for all groups.

Sampling and Measurements

The blood sample of selected chicks was collected in
EDTA-gel containing vacuum tubes directly from heart.
Plasma was separated after centrifugation at 2.000 x g for
10 min and stored at -20°C for subsequent measurements
of T;, T,and TG.

The concentration of plasma T; and T, were determined
using commercially available ELISA kits according to
manufacturer recommendations (Biocheck Inc., Foster
City, CA, USA). Plasma total TG level was measured
enzymatically using photometric method by autoanalyser
(BS-120 model, Minbray Co., USA) and commercial kits
(Pars Azmon Co., Tehran, Iran).

Immediately after blood sampling, three chicks from
each replicate were randomly chosen and sacrificed by
cervical dislocation, then liver and heart were removed
and weighed. Liver sample was taken, then frozen quickly
in liquid nitrogen and stored at -70°C until further analysis
for gene expression of HSP70.

Liver HSP70 Relative Gene Expression

Total RNA was extracted using Accuzol reagent (10
ml/g of tissue) from the ground liver segments according
to the manufacturer instructions (Bioneer, Cat. No. K-2102).
Total RNA purity was determined by calculating the ratio of
the absorbance readings at 260 and 280 nm. Additionally,
the quality of RNA was assessed by visualization of distinct
28S and 18S rRNA bands after gel electrophoresis with
ethidium bromide staining. A quantity of 1 ug of each RNA
sample was reverse transcribed to cDNA using the High
Capacity cDNA Reverse Transcriptase kit (Bioneer Co.,
Seoul, South Korea). The 20 uL cDNA synthesis reaction
contained in addition to the RNA template, 2 pL of 10x RT
buffer, 0.8 pL of 25X dNTP mix, 2 uL 10x RT Random Primers
and 1 pL MulitScribe Reverse Transcriptase. A volume of

10 L of nuclease-free water was added bring the reaction
up to final volume. The resulting cDNA was stored at -20°C
prior to use.

Quantitative PCR was performed with a specific primer
pairs (Gallus gallus, AY; 372 bp-763790; forward: 5-AGC
GTAACACCACCATTCC-3'; reverse: 5-ACGCTCCTGCAAGAT
AGTGAT-3') using Quanti Fast SYBER Green PCR kit (QIAGEN,
Cat. No. 204052). GAPDH (M-32599; 230 bp; forward: 5’
TGAAAGTCGGAGTCAACGGAT-3) reverse: 5'-ACGCTCCTG
GAAGATAGTGAT-3’) was chosen as a reference gene.
Amplification of the day-old chicks liver HSP70 gene was
performed for 45 cycles, which consisted of an initial
activations step (95°C, 5 min), denaturation cycle (95°C,
10s) and combined annealing and extension (60°C, 30s).
The GAPDH reference gene was amplified at 45 cycles
under the same conditions in a different tube. After each
run, preparation of standard curve was performed by
serial dilution of pooled cDNA from samples. The relative
expression ratio of HSP70 as a target gene was normalized
to GAPDH gene using 2% method as previously described
by Livak and Schmittgen U, Quantification for each
treatment group was performed in triplicates.

Statistical Analysis

Statistical analysis was performed using SAS software
(version 9.1; SAS Institute, Cary, NC, USA I'*)), Statistical
analysis were performed using the one-way ANOVA to
determine the effects of treatments on HSP70 gene
expression, body and organs weights, hatchability, plasma
T;, T, and TG levels on newly hatched male broiler chicks.
Mean comparison was done using the Duncan’s multiple
range test. Probability values of less than 0.05 (P<0.05)
were considered significant.

RESULTS

The effects of cyclical higher incubation temperatures
on body, liver and heart weights and hatchability are
presented in Table 1. The results showed that cyclical
higher incubation temperatures did not significantly affect
body and liver weights (P>0.05), while heart weight of
chicks in TT1 and TT2 were significantly lower than control
group (P<0.05). Also, there was no significant difference
in hatchability among treatments (P>0.05).

The effects of thermal manipulation during incubation
on plasma TG, T;, T, levels are presented in Table 2. TG, T,
and T, levels at the day of hatch were not influence by
thermal treatments (P>0.05).

The effects of different cyclical thermal manipulation
during incubation period on HSP70 gene expression
are shown in Fig. 1. The expression of liver HSP70 gene
were quantified by qPCR assay and expressed relative to
expression of the GAPDH gene. TT1 significantly increased
gene expression compared to TT2 and control group
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Table 1. Effect of cyclical higher incubation temperatures on body, liver
and heart weights and hatchability on newly hatched male broiler chicks

Tablo 1. Yumurtadan yeni ¢cikmis erkek etlik civcivlerde déngisel ytiiksek
inkiibasyon sicakliklarinin viicut, karaciger ve kalp agirliklan ve kulucka
randimani tizerine etkisi

Experimental Treatments
Parameter SEM P-Value
C TT1 TT2
Body weight (g) | 40.33 40.20 40.48 0.24 0.8309
Liver weight (g) 1.255 1.194 1.178 0.01 0.2653
Heart weight (g) | 0.332? 0.293° 0.295° 0.01 0.0474
Hatchability (%) | 98.67 98 98 1.58 0.7247

% Means in row that possess different superscripts differ significantly
(P<0.05); C: Incubated at 37.6°C throughout; TT1: exposed to heat at 39°C
3 h/d from EA 12 to 14 of incubation; TT2: exposed to heat at 39°C 3 h/d
from EA 15 to 17 of incubation

Table 2. Effect of cyclical higher incubation temperatures on some blood
parameters levels on newly hatched male broiler chicks

Tablo 2. Yumurtadan yeni ¢ikmis erkek etlik civcivlerde déngisel yiiksek
inkiibasyon sicakliklarinin bazi kan parametreleri (izerine etkisi

Experimental Treatments
Parameter SEM P-Value
C T TT2
Ts (ng/ml) 1.65 1.15 1.78 0.09 0.31
Ta (ng/ml) 1.88 1.55 2.51 0.19 0.37
TG (mg/dl) 42.67 47.83 45.17 13.51 0.28

Means with a row superscript letter did not differ (P>0.05); C: incubated
at 37.6°C throughout; TT1: exposed to heat at 39°C 3 h/d from EA 12 to
14 of incubation; TT2: exposed to heat at 39°C, 3 h/d from EA 15 to 17 of
incubation; TG: Triglycerides, Ts: 3,5,3-triiodothyronine, T4 L-thyroxine

(P<0.05). The expression of HSP70 mRNA was numerically
lower in TT1 than control group.

DISCUSSION

The objective of this study was to evaluate the effect
of cyclical higher incubation temperature on hatchability,
body and organs weights. A broiler chick spends up 30-40%
of its life inside the egg. Thus, each factor or condition that
enhance the growth and development during embryonic
period can positively affect the post hatch performance
of the broiler chicks '), There are some evidences that
showed the embryonic temperature during the last 5
days of incubation could significantly affect post hatch
growth and performance 1"%'®2%; however, previous studies
reported that thermal manipulation had no effect on body
weight of both sex 2122,

In the present study, cyclical higher temperature had
no effect on hatchability, body and liver weights of chicks.
These observations are in agreement with the findings of
Lournes et al.™ and Leksrisompong et al.?*], who showed
that slight changes in incubation temperature cannot affect
body weight of chicks and hatchability. The application

HSP70 gene expression
(fold increase relative to control)

Control

Fig 1. Result of the HSP70 gene expression data (mean * SD) using
real time gPCR according to 22 method. Means with different
superscripts differ significantly (P<0.05). Control group (incubated
at 37.6°C throughout); TT1: exposed to heat at 39°C, 3 h/d from EA
(embryonic age) 12 to 14 of incubation; TT2: exposed to heat at 39°C,
3 h/d from EA 15 to 17 of incubation. " Means that possess different
superscripts differ significantly (P<0.05)

Sekil 1. HSP70 gen ekspresyon verilerinin (ortalama + SD) 2-AAct
yontemine gore gercek zamanli gPCR kullanim sonucu. Farkli Gst
harf tasiyan ortalamalar arasindaki fark énemlidir (P<0.05). Kontrol
grubu (37.6°C'de daimi inkiibasyon); TT1: 39°C sicakliga maruziyet, EY
(embriyonik yasi) 12-14 arasi 3 saat/gtin inkiibasyon; TT2: 39°C sicakliga
maruziyet, EY 15-17 arasi 3 saat/glin inkiibasyon. #* Farkli harf tagyan
ortalamalar arasindaki fark 6nemlidir (P<0.05)

of higher temperature in this study had no effect on liver
weight, whereas application of higher temperature in
the study of Leksrisompong et al.?¥! resulted in change
of liver weight. In our study, cyclical higher temperature
was applied, whereas in previous studies *'®%! constant
higher temperature was applied throughout incubation.
This difference may be the reason of conflict between our
study and other studies “'®21 concerning liver weight. It
was reported 2 that deviation from optimum incubation
temperature suppresses the development of organs
and growth, but in our study, deviation from optimum
incubation temperature was cyclical and low, which could
not affect body and liver weights.

In this study, heart weight of chicks in control group
was significantly higher than heart weight of chicks in
TT1 and TT2. Inconsistent with our finding, Yalcin and
Siegel ¥ reported that heart weight of chicks exposed to
higher temperature during embryonic ages from days 10
to 18 of incubation was higher than control numerically.
The findings of Leksrisompong et al.”*’ and Yalcin et al.?”!
concerning heart weight of chicks exposed to higher
temperature are in agreement to our result. The lower
heart weight in chicks exposed to higher incubation
temperatures compared to control group may be explained
by low rate of cell division in heart of embryos. These data
suggested that certain organs in a critical period during
second half of incubation was more sensitive to high
temperatures, whereas heart exhibited sensitivity from
embryonic ages from 12 to 17 of incubation.
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Thyroid hormones are essential for the normal
development and differentiation of the embryo. These
hormones also have an important role in temperature
regulation in chicks by regulating basal metabolic rate.
Thyroid hormones are important in several organismal
level processes such as hatching 2. The high perihatch
concentrations of thyroid hormones appear to be
stimulating a variety of developmental and metabolic
processes necessary for successful hatching '*2¢, Plasma
thyroid hormone concentrations increase dramatically
during late stages of incubation *?., After perihatch peak,
plasma thyroid hormones decrease markedly, and then
gradually increase during post-hatch life to reach adult
concentrations ?. Thermoregulation is under the control
of thyroid hormones. One the mechanisms that induce
thermotolerance involves the modulation of heat pro-
duction through changes in circulating Ts. The ability to
reduce plasma T; concentration, especially during a thermal
challenge, has been suggested to be an improvement in
thermotolerance "2,

In our study, cyclical higher incubation temperatures
had no significant effect on plasma T; and T, concentrations.
These findings are in agreement with the study of Tona et
al?8, Also, an interesting study " showed that plasma T;
and T, concentrations were not affected by high incubation
temperatures from embryonic ages from 16 to 18.5 of
incubation. Of course, they reported that higher thermal
condition resulted in decrease of plasma T; concentration
at embryonic ages 18 of incubation. Our results were in
conflict with previous reports of Wineland et al.?®, who
observed a reduction in plasma T; at day of hatch in chicks
exposed to higher constant incubation temperatures from
embryonic age from 17 to hatch. It was demonstrated 2
that continuously or 12 h/day higher temperature during
embryonic age from 7 to 16 could significantly reduce
thyroid hormones concentrations.

The difference in length of exposure and level of heat
leaded to different responses. It can be speculated that
thermal challenge caused a decrease in plasma thyroid
hormones concentrations but in our study heat challenges
were slight and cyclical. In other hand, time interval in the
end of heat challenge and day of hatch, in both treatments,
was sufficient to compensate this decline. Also the half-
lives of T; and T, are essentially identical and are short (3-9
h) in birds 5% Response of thyroid hormones to heat takes
much time and in this study the length of exposure was
not enough for stimulating thyroid hormones. It suggests
that slight and cyclical thermal changes during second
half of incubation may have no significant effect on plasma
T; and T, concentrations in newly hatched chicks.

Plasma TG levels were slightly higher at the day of hatch
in heat treated groups, which were in agreement with
Yalcin et al.B", Cyclical higher incubation temperature in
our study did not affect plasma TG levels of day-old chicks
significantly. Our results were in conflict with the findings of

Yalcin et al.?? and Willemsen et al."®, Sensitivity of plasma
TG levels to changes in thyroid hormones is high 3, hence
decrease in plasma T; levels leaded to increase of plasma
TG levels. As plasma thyroid hormone concentrations had
no differences among treatments, hence there were no
changes in plasma TG levels.

Of the many HSPs, HSP70 appear to be most closely
associated with heat tolerance 2. Under normal growth
conditions, HSP70 is synthesized constitutively; however, its
expression increases following thermal challenge. Heart,
liver and kidney of broilers are more sensitive to heat stress
and HSP70 gene expression increases after 2 h exposure
to elevated temperatures . It was showed that the
stress-induced responses vary among different tissues [,
Also, It is clear that after heat preconditioning HSPs are
induced during the recovery from the heat stressed period
and can work as a repair system in the recovery phase .
It was indicated that enhancement in HSP70 expression
is evident for periods up to four weeks after termination
of the daily heat conditioning episodes &3,

Cyclical higher temperature at embryonic age of 12 to
14 significantly increased liver HSP70gene expression. This
indicates embryos in earlier ages have higher capability
for synthesis of HSP70 than embryos near hatching. HSP70
gene expression varies in different tissues 3%, therefore
HSP70 gene expression in broiler chicken embryos is tissue
and age dependent. In contrast to our result, Givisiez et
al®! reported that heat-stress had no effect on liver HSP70
gene expression; however, significant effect on HSP70
gene expression of brain and kidney was observed.

The results of this study suggest that cyclical higher
incubation temperatures (39°C) for 3 days (embryonic age
from 12 to 14) could induce the HSP70 gene expression
without negative effects on day-old chicks. It is advisable
to industry; however, from the practical viewpoint, the
application of cyclical higher temperature need to fully
automated, programmable incubators. More detailed
studies taking account of different incubation conditions
are needed to define the effects of these conditions on
thermotolerance and other important health parameters,
especially immunity and its related gene expression.
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