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ABSTRACT

The present study was aimed at finding the effifotsmrly age thermal conditioning on liver HSP 9pka, 70 and
60 mMRNA expression and plasma biochemical parameterolored broiler chicken. Chicks from two bre¢haked
neck and Punjab Broiler-2) were divided in to coht{C) and heat exposed (H). The chicks were gkane
controlled environmental chamber (25€]). H group chicks were exposed to 43+1° C for @raaluring 5-7' day
post hatch. Chicks from H group and a sample otkshirom control group (CE) were exposed to 4@+tor 6
hours on 4% day. On ¥ and 42° day chicks from each group were sacrificed for giengollection and processing.
On 7" day the mRNA expression of all the three genes significantly (P<0.05) higher in H group in bothe
breeds. On 4% day CE group chicks had significantly (P<0.05) ey mRNA expression for all HSP genes
compared to HE birds.slconcentration was significantly (P<0.05) higherHihgroup birds in both the breeds 4t 7
day. The biochemical parameters significantly (F8&). varied between the C and H groups &t day. The
biochemical parameters were significantly lower (P85) in HE group birds compared to CE group biedfter
acute heat exposure on"2iay. Based on the results of this study it carcarecluded that early age thermal
conditioning of chicks improves the thermo toleircpost natal life in colored broiler chicken.
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INTRODUCTION

Adaptation to thermal stress during early life hdsantageous effects in the later stages of |é ithproves the
heat tolerance in broiler chickefihe epigenetic adaptive response has been sugitgsEfmonstrated by early age
thermal manipulation of chicks by exploiting thedamplete maturation of hypothalamic thermoregulagystem
(Labunsky and Meiri, 2006; Yossifoff et al., 200&hav, 2009). Temperature is one of the most ingporiactors
that exerts a negative influence on the performaofcoultry and causes huge losses in terms of tdss
productivity, reduced growth rate, feed efficienegg shell quality, survivability, reduced reprotive efficiency,
reduced immune competence and increased investosetd to mitigate the effects of climate changeirf@iro-
Filho et al., 2010; Rajkumar et al., 2015a). Inseein temperature beyond thermo neutral zone (i8)2due to
environment or other factors will lead to cascadéfifgcts on thermoregulation and could be lethahw birds as
birds are more vulnerable to high temperatures.
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Sudden changes in the environmental temperaturtharearliest and most common phenomenon that lealls to

cope with and have to preserve their structural emzymatic integrity (Nadeau and Landry, 2006). tHeeock

proteins (HSPs) are a set of proteins synthesizedsponse to physical, chemical or biologicalsstes including
heat exposure (Staib et al., 200ASPsare broadly classified into 6 distinct families édson their molecular
weights ranging from 10 to 150 kDa (Benjamin andMilian, 1998). The stimulated thermal tolerance réegis

related with the expression BSPs(Krebs and Bettencourt, 1999) in living organisms.

In tropical countries, summer stress is severeeaally when the environmental temperature goegoug5 °C
which leads to production of excess quantities @dctive oxygen species (ROS) causing damages to cel
phospholipid membrane and other macromoleculesgWas and Halliwell, 1996). Early adaptation to thak
stress will reduce the effects during summer, gapgdn tropical countries where summer temperasuare high.
The change in biochemical indicators and theirdrsnimportant in assessing the stress conditiobirdis and to
implement the effective mitigation strategies tonbat stress. Different studies are there to expgleemechanism
underlying stress response and differential expyessf genes in chicken (Rimoldi et al., 2015; Sairel., 2015).
Very few studies are available in relation to eadye thermal conditioning/manipulation in chicken.

Having known these facts the purpose of the preserdy was to investigate the possible effectshefral
conditioning to high temperature during the eathgss of life orHSP 90 alpha, 7@&nd 60 mRNA expression in
liver tissue and biochemical indicators in plasrhaasored broiler chicken.

MATERIALS AND METHODS

The experiment was conducted at ICAR-DirectoratePalultry Research, Hyderabad in collaboration with
Veterinary College and Research Institute (VCRIgmskkal, Tamilnadu. The experiment was approvedhiey
Institutional Animal Ethics Committee (IAEC).

2.1. Experimental Population

Naked neck (NN) and Punjab Broiler (PB-2) were emogor this study to observe the effect of earle ag
conditioning of chicks on the expressionHfBP genes in liver tissue. The Na gene from NN wa¢hiced in to
broiler population and the base population was ldgesl after four successive generations of backergsand is
maintained under mild selection pressure for siekgebody weight for the last nine generationss & important
ecotype and distributed along the hot humid coastgions of India and is known for its heat tole@nPB-2, a
synthetic coloured broiler line was under long tesetection for high 5 weeks body weight and 40 vsgedt period
egg production which is being utilized for the depenent of improved colored broiler chicken vaesti

A total of 180 day old chicks, 90 each from NN aRB-2 were collected from ICAR-Directorate of Powltr
Research, Hyderabad was transported to VCRI Nanhakika chicks were reared under normal conditiardfdays

to adapt to the local condition and also to redtheetransportation stress. Then, the birds werdaiaty divided in

to two equal halves in each breed as control (@)teat exposed (H On 5", 6" and 7' day H group was exposed
to 43+1° C for 6 hours. On 7th day, 6 chicks froothbbreed and groups from each breed were sadhifiod used
for gene expression studies. The remaining birds f€ and H groups were placed in an automaticalhtrolled
environmental chamber and maintained at 26#&mperature, 70% relative humidity (RH) till"d2lay. The chicks
were offered broiler ration (2,900 K cal: ME, 22@P) ad libitum throughout the experimental period. The chicks
were vaccinated afiday against Marek’s diseasd! d@ay against Newcastle disease, finally df aad 24' day for
infectious bursal disease.

On 42 day chicks from both C and H groups were exposedigh temperature at 43+1° C for 6 hours and non
exposed birds were considered as control makireetroups in each breed control (C), control expp@€%&) and
heat exposed (HE).

2.2. Sample collection

Six birds from each group were sacrificed dhand 42“ day and liver tissue was collected and storedG € for
further use. Blood was collected in tubes contgrortb M EDTA from the brachial vein before slaughilasma
was separated by centrifuging at 2000 rpm for 1Bubeis and used for biochemical and hormonal assay.
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2.3. RNA Isolation and cDNA synthesis

Total RNA was extracted from liver tissue using @®tal RNA isolation system (Promega, USA) accordioghe
standard instruction. The concentration and purftthe RNA was determined by measuring absorbamégenova
nano (Jenway, UK). cDNA was synthesized from fgbof each total RNA samples using a random prinmet a
reverse transcriptase enzyme (Applied Biosysten®A)UThe reverse transcription was processed atC2fst 10
minutes followed by 37° C for 120 minutes and theyene reaction was inhibited at 85° C for 5 minutes

2.4. Quantitative PCR (qPCR)

The first-strand cDNAs were used as a templatertplify gene specific primers fddSP 90 alpha, HSP 70, HSP 60
and Glyceraldehyde-3-phosphate dehydrogen@#d?DH). The reactions were performed in a @5volume of
KAPA SYBR FAST gPCR kit (Kapa biosystems, USA) withh picomole of forward and reverse primer fromheac
gene (Table 1) using Mx-3000P spectro flourometiiermocycler (Stratagene, USABRAPDH was used as an
endogenous control. The amplification protocol uses as follows: initial denaturation at @5or 3 min, followed
by 40 cycles of cyclic denaturation at @4for 20 s, annealing at 9 for 1min and extension at ‘T2 for 15 s.
Standard curve was generated to check the prirfieleaty of the above genes by tenfold dilutiorcBINA.

Table 1. Heat shock proteins (HSP) and Glyceraldeldg-3-phosphate dehydrogenas&@PDH) primer sequence information used for

this study
Primers Sequence (5'...3) Product Size (bp) Annealing Temperature , °C  Accession Number
5P soapna | SATCIACTICNICSTTOE 127 62 =y
w0 LADASOIOMOTIOMGNS | o o
HSP 60 Eé%gﬁ%?ﬁ?ég?géﬂléco 116 50 NM 001012916.1
GAPDH F-CTGCCGTCCTCTCTGG 105 6C NC 006088

R-GACAGTGCCCTTGAAGTGT

2.5. Lipid peroxidation (LP)

RBC lysate (1:20) was mixed with Tris KCI buffer.3inl) and TBA reagent (1.5 ml) and boiled for 1 hothe
reagents were cooled and pyridine-butanol mixt@ren() and 1N NaOH (1 ml) were added. The absorbaftke
test sample was measured against blank at 548 minthentotal amount of lipid peroxidation presenttire
haemolysate was calculated in terms of moles cbntiéldehyde (MDA)/mg protein (Placer, 1966)

2.6. Reduced Glutathione (GSH)

GSH contents in plasma were determined by reductidEliman’s reagent by SH groups (GSH) to formdithio-
2-nitrobenzoic acid (DTNB) in phosphate buffer (&in 1959). The OD value of the yellow color develbpvas
measured at 412 nm using spectrophotometer (Oplokgo, Japan). GSH was used as a standard solatidn
expressed asmol/g protein.

2.7. Superoxide Dismutase (SOD)

SOD enzyme activity was assessed in a microtitatrep{96 well) using plasma (Madesh and Balasubraman

1998). Reduction of tetrazolium dye MTT [3-(4-5 dimethyldhol 2yl) 2, 5-diphenyl tetrazoium bromide] to its
formazan was generatdy pyrogalol auto- oxidation and super oxide intidn and the reaction was

inhibited by DMSO and read at 570 nm and is exgéss U/ml.

2.8. Nitric oxide (NO)

Nitric oxide level was estimated as nitrite andatié by acidic Griess reaction after reductionitfte to nitrite by
vanadium trichloride according to the method déxtiby Miranda et al. (2001). The Griess reactilies on a
simple colorimetric reaction between nitrite, safionide and N-(1-naphthyl) ethylenediamine to predaiink azo
product with maximum absorbance at 543 nm. The @atnations were determined using a standard cufve o
sodium nitrate and the results were expressed asfjritrate.

2.9. Ferric reducing ability of plasma (FRAP)

The colorimetric assay determines the antioxidamacity of samples and was known to reduce thesetdlue
ferric tripyri —dyltriazine complex to its ferrodferm (Benzie and strain, 1996) and is expressechiaso mole of
FESQ per liter.
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2.10. Alkaline Phosphatase (ALP)

ALP catalyses the hydrolysis of colourless p-Nitrepyl phosphate to yellow coloured p-Nitrophencbgphate at
pH 10.3 and was estimated in the plasma using cooiatly available kit (Autospan, India). The yellosolored
product was kinetically measured at 405 nm ansljiroportional to ALP activity, expressed in 1U/L.

2.11. Triiodothyronine (3
The total & level was determined using commercially availablé& kit (RFCL Ltd, India). The intra assay
coefficient of variation and sensitivity level wa8% and 0.04 ng/ml respectively.

2.12. Statistical Analysis

Relative quantification of gene expression wasnestiéd using Ct values. The Ct value is the fraefiaycle
number at which the amount of amplified target hesca fixed threshold. The level of target genksive to
endogenous control was assessed thf'"Zormulaeand expressed in fold change. The data were athlya a 2-
factorial ANOVA, the main effects (breed and treart) and their interactions were evaluated usimgSRSS 15
software. Treatment means that were significanevierther subjected to Turkey’s post-hoc test.

RESULTS

3.1. Gene expression

The results revealed that the interaction betwkerireatment and breed was not significant for gepeession and
all stress indicators. The mRNA expression of h# three genes in liver vizHSP 90 alpha, 70 and 6@as
significantly (P<0.05) higher in H group in both NiMd PB-2 chickens or"#lay (Fig 1&2). CE group chicks, that
were not exposed to high temperature during eadyread significantly (P<0.05) higher m RNA expressior all
the HSP genes, while earlier exposed birds (HE) had sicguitly (P<0.05) lower gene expression in both Nid a
PB-2 (Fig 3&4) on re exposure to high temperaturét®° day, indicating the lesser stress due to pre atlapt

3.2. Biochemical parameters

The estimates for all the stress indicators Bady are presented in Table 2. The body temperatasesignificantly
(P<0.05) higher in H group in both NN and PB-2 &kits. The Tconcentration was significantly (P<0.05) higher
in C group birds in both the breeds. The stresscatdrs such as NO, SOD, LP and ALP concentrations
significantly (P<0.05) varied between the C andrblugs at 7 days of age (Table 2) in both the bre€ds body
temperature in HE group was significantly (P<0.0&)er than CE and significantly (P<0.05) higherrti@on 4
day in both the breeds (Table 3). HE group hadifsigmtly (P<0.05) lower T concentration in PB-2, while not
varied significantly in NN, though numerically lowthan the CE group. The concentrations of NO, G&H SOD
activity did not show any significant variations amng the treatment groups as well as two chickerotypes. The
LP in HE group was significantly (P<0.05) lower amdhost similar to the C group in both the breéide FRAP
concentration was significantly (P<0.05) higherHE birds in both breeds (Table 3). ALP concentratioas
significantly (P<0.05) lower in HE than the CE gpan PB-2, while not varied in NN chicken.
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Fig. 1. Heat shock protein HSP) gene expression in liver of Naked neck (NN) chiskat 7" day of age. A. HSP 90 alpha, B. HSP 70, C.
HSP 60.%® Means with different superscripts differ significantly (P<0.05)
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Fig. 2. Heat shock protein HSP) gene expression in liver of Punjab broiler-2 (PE2) chicks at 7" day of age. A. HSP 90 alpha, B. HSP 70,
C. HSP 60.* " Means with different superscripts differ significantly (P<0.05)
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Fig. 3. Heat shock protein HSP) gene expression in liver of Naked neck (NN) chiskat 429 day of age. (C- Control; CE- Control exposed;
HE- Heat exposed). A. HSP 90 alpha, B. HSP 70, CSR 602" Means with different superscripts differ significantly (P<0.05)
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exposed; HE- Heat exposed). A. HSP 90 alpha, B. H3B, C. HSP 60%® Means with different superscripts differ significantly (P<0.05).
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Strong positive correlation exists between bodyperature andHSP synthesis (Yahav et al., 1997) which was
similar in the present study also; however, theybtmmperature range was less in the present sflalylg 3).
Thyroid hormone regulates metabolism in birds dygnowth and production (Renden et al., 1994&dfore it is
important in adaptation of chicks to heat. Ghday, the § concentration was significantly lower in heat esqpd
birds due to the stress condition immediately after exposure to high temperature. Afday of age the i
concentration was significantly higher in CE grangicating the stress condition of birds. The HBuyr and C
group had similar Flevels indicating that those birds were adapteligber temperature during pre-exposure 8n 7
day. Similar findings were reported by Rajkuamakt (2015a) in selected broiler chickens, pre-eggoto higher
temperatures during incubation, which were attedub the epigenetic adaptation. Heat streaskedly depress
the activity of the thyrotrophic axis in bérdas reflected by reduced plasma c¢bncentration (Williamson,
1985; Decuypere and Kuhn, 1988) resulting imcfional hypothyroidism (Mitchell and Carlisle, 98. The
improved thermotolerance was indicated by a sigaifily lower metabolic rate and significant dedina T;
concentration (Yahav et al., 2004). Significaddwer levels of F and T, concentration and lower metabolic rate
was observed in thermally conditioned chicken (Riest al., 2011).

Table 2. Biochemical stress indicators Nitric oxidéNO), Reduced glutathione (GSH), Super oxide disntase (SOD), Lipid per oxidation
(LP), Ferric reducing ability of plasma (FRAP), Alkaline phosphatase (ALP) and Triiodothyronine () hormone in plasma of Naked
neck (NN) and Punjab broiler-2 (PB-2) chicks at ¥ day of age

Parameters NN PB-2
Control (C) Heat (H) Control (C) Heat (H)

Body temperature 41.13+0/09  41.55+0.16 41.12+0.11 41.19+0.18
Ts (ng/ml) 2.17+0.05% 1.89+0.08 2.16x0.08 2.14+0.0%7
NO (UM /L) 242.3649.22 297.21+2551 245.52+16.7% 267.91+12.23
GSH (uM/g proteir 0.13£0.0: 0.14+0.0: 0.13£0.0: 0.13£0.0:
SOD (U/ml) 151.87+42.38 84.83+26.385 144.31+11.28 99.77+4.14
LP (moles of MDA/g protein) ~ 0.54+0.87  0.65+0.04 0.45+0.08 0.72+0.16
FRAP (umol/L) 437.00£96.0 372.64+62.0 465.00+132.8 429.00+68.3
ALP (IU/L) 74.78+11.18  97.38+8.30  66.46+14.51  113.23+1.32

3P Means with different superscripts in a row diffégnificantly within a breed (P<0.05).

In the present study, the NO, ALP and LP levelsenggnificantly higher and SOD activity was sigo#tly lower
in heat exposed birds ol Hay indicating the stress condition in the birfilke results were similar to that of
Ramnath et al. (2008) where egg type chicken exptsdigh environmental temperature had lower bl&&@D
activity. On 42° day, the levels of LP, FRAP and ALP in HE group atmost similar to the C and significantly
lower than the CE group indicating stress free etmrdin HE group which was pre exposed to therstagss on 7
day. Similar observations for lipid peroxidatiomdaSOD were reported by Vinoth et al. (2015) irocoéd broilers.
This finding is contrast with Rimoldi et. al. (201 fast and slow growing broiler strain where S@Rs not
affected by heat stress. A positive effect of ithadr conditioning could be observed in the HE grbinds which
might be due to the epigenetic adaptation to héghperature. Thermal manipulation has been reptotelécrease
the intensity of liver energy metabolism and thgrédwer heat production (Loyau et al., 2014). A @ese in
energy metabolism leads to reduced oxidative stteego lower production of free radicals in liver.

Table 3. Biochemical stress indicators Nitric oxidéNO), Reduced glutathione (GSH), Super oxide disntase (SOD), Lipid per oxidation
(LP), Ferric reducing ability of plasma (FRAP), Alkaline phosphatase (ALP) and Triiodothyronine (&) hormone in plasma of Naked
neck (NN) and Punjab broiler-2 (PB-2) chicks at 4% day of age. (C- Control; CE- Control exposed; HE-ldat exposed

&b ¢Means with different superscripts in a row dif§égnificantly within a breed (P<0.05).

b ; NN PB-2

arameters C CE HE C CE HE
Body temperatui 41.63+0.0° 42.18+0.1° 42.03+0.1° 41.60+0.1° 42.25+0.07 41.83+0.1°
Ts (ng/ml) 2.11+0.10 1.55+0.1¢ 1.59+0.0% 1.84+0.18 1.54+0.36 1.44+0.08
NO (uM /L) 287.00+26.89  294.67+12.69  291.55+30.29 19.33+28.13  334.34192.92  284.00+48.66
GSH (uM/g protein) 0.19+0.05 0.11£0.01 0.11#0.02  0980.01 0.08+0.01 0.15%0.02
SOD (U/ml) 216.96+40.44  182.22+37.58  204.32+50.67 17.13+18.28  107.23+20.54  127.55%8.60
LP (moles of MDA/g protein) ~ 0.38+0.85 0.51+0.08 0.37+0.08 0.32+0.08 0.60+0.08 0.39+0.08
FRAP (umol/L) 516.50+40.60 304.71+24.09 519.00+44.51 484.00+49.51 339.00+48.00 357.33+54.25
ALP (IU/L) 20.26+2.74 27.6245.18  22.43x1.28 20.52+#2.98  41.04+10.88  25.47+2.6%
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DISCUSSION

Adaptation to increased temperature in early pathe life improves the thermo tolerance in latexges of life
accompanied by alteration in sensible heat logsutiit convection and radiation (Yahav et al., 200&juction in
corticosterone concentration and reduction in h&aick proteins (Yahav et al., 1997). The H groug ha
significantly higheHSP levels immediately after exposure to high tempeeatue to increased stress condition of
the birds in order to maintain the thermoregulatmgchanisms in the body off day. Higher HSP (HSP 90 alpha,
70 and 27) protein concentrations were observelgrailers on exposure to high temperature (36°C @80 %
relative humidity) on 8 day of post hatch (Yahav, 1997). The advantageéfests of thermal conditioning during
incubation and early age reflected during latersagf life in broilers was well documented in therhture (Surai,
2015; Rajkumar et al., 2015a & b; Vinoth et al.120Yahav, 2009). Pre-exposure to high temperanoaces
physiological memory due to epigenetic adaptatiorhigh temperature resulting in improved thermecerahce
during the post-natal life (Yahav, 2009). Under ihituence of stressful conditions, heat shockdect{HSFs) are
responsible for the activation of the heat shoekngint (HSE), which is an upstream promoter sequienite heat
shock gene (Mizuno et al., 1997). The birds onx@esure to thermal stress on'4day showed significantly lower
HSP levels in HE group indicating the adaptation ofdbito high temperature because of pre-conditiomingd
reducing the stress condition and resulting in lovexels of expression. In CE group, thtSP levels were
significantly higher indicating the effect of theatrstress in the birds. This clearly substantigeshypothesis of
pre-thermal conditioning has advantageous effaatig later stages of life due to epigenetic ad#gtan chicken
(Yahav, 2009; Vinoth et al., 2015).

In general, all cells respond to increased tempegdty rapid gene transcription and subsequent mRal#slation
to yield highly conserved HSPs to protect them frd@mmage due to heat stress (Locke and Noble, 1@@Hular
mechanisms to the long term thermal conditioning @mplex and contradicting observations were tegoin
earlier studies. One school of thought suggestieghighHSP expression is associated with better heat tolerance
(Wang and Edens, 1993; 1998) while the other isloxel of expression (Yahav et al., 1997). The @nédindings
conforms to the reports of Yahav et al. (1997);kRajar et al. (2015a); Vinoth et al. (2015) wheré#iermal
conditioning during early age induced thermo tatemby adaptation and subsequent low levéi ®P expression.
The mechanism to combat heat stress involves negugiperthermia, which might be partly due to ttabgity of
tissues to hyperthermia due to earlier conditior{Rgjkumar et al., 2015a) which was true in thespné¢ study also.
On re-exposure to high temperature’@3on 42° day the HE birds perceived it as a lesser stagsif at cellular
level due to pre-adaptation to increased tempezraturing early age resulting in redudé8PmRNA expression in
the birds.

CONCLUSION

The study concludes that thermal conditioning oitkh during early age had positive effect and impsothe
thermo tolerance ability of the chicks in post héifa as revealed by the reduced expressiot8P genes and
stress indicators in colored broiler chickens.
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