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SUMMARY

I. Tite

Identification of chicken stress biomarkers to establish guidelines for animal welfare

IT. Research Objective

The experiments were performed to identify the stress related biomarkers using immune related
genes, gene expression of heat shock proteins, telomere length and the rate of DNA damage in
chickens. This study was also investigated the effects of housing systems, stocking density and
anti-oxidant supplements on the productivity and physiological response as stress indicators in

chickens to suggest the guideline of poultry welfare.

II. Content of Experiments

1. Search and investigate the chicken stress markers

1) Analysis of biochemical characteristics of blood plasma and liver; AST et al.

2) Analysis of immune related (iNOS, IL-4, IL-6 and IFN gamma) gene expression levels.
3) Analysis of telomere length, gene expression of HSPs and DNA damage

2. Effect of housing system on layer

1) Effect of housing system (cage vs. floor pen) on the productivity in layer

2) Comparison of the stress response between cage and floor pen system was analyzed by the
immune related gene expressions, HSP gene expressions, telomere length and the rate of DNA

damage as stress indicators.

3. Effect of stocking density and antioxidant supplements on broiler

1) Analyzed growth performance and stress response under different stocking density.

2) Analyzed growth performance and stress response in different antioxidant supplement treatments.
3) Stress response was analyzed by the immune related gene expressions, HSP gene expressions,

telomere length and the rate of DNA damage.
4. Suggest the guideline for poultry welfare according to the stress response of chickens.

IV. Results

1. Telomeric DNA quantity, DNA damage and heat shock protein gene expression as physiological
stress markers in chickens
In this longitudinal study with Single Comb White Leghorn chickens, we investigated the effects



of stress conditions in birds that were subjected to a high stocking density with feed restrictions on
the quantity of telomeric DNA, the rate of DNA damage and the expression levels of heat shock
proteins (HSPs) and hydroxyl-3-methyl-glutaryl coenzyme A reductase (HMGCR) genes. The
telomere length and telomere shortening rates were analyzed by quantitative fluorescence in situ
hybridization on the nuclei of lymphocytes. The DNA damage rate of lymphocytes was quantified
by the comet assay. The expression levels of HSP70, HSP90 and HMGCR genes were measured by
quantitative real-time polymerase chain reaction in lymphocytes. The telomere-shortening rate of the
lymphocytes was significantly higher in the stress group than the control. The DNA damage also
increased in birds raised under stress conditions, as compared to the control group. The stress
conditions had a significant effect on the expressions of HMGCR and HSP90a in lymphocytes, but
had no significance on HSP70 and HSP90B in blood. We conclude that the telomere length,
especially the telomere-shortening rates, the quantification of total DNA damage and the expression
levels of the HMGCR and HSP90a genes can be used as sensitive physiological stress markers in

chickens.

2. Effect of housing systems of cage and floor on the production performance and stress response

in layer

This study was conducted to investigate the effects of housing systems on the productivity and
physiological response as stress indicators in White Leghorn chickens. The chickens subjected to the
conventional cages had a significantly lower viability, hen-housed egg production, egg weight and
body weight compared with those to the floor pens. However, the hens housed in the conventional
cages had a shorter day of the first egg and a greater egg quality compared with those housed in
the floor pens. In addition, this study was also investigated to identify biological markers for
assessing the physiological response of chickens under stress conditions. As biological markers, the
amount of telomeric DNA was analyzed by quantitative fluorescent in situ hybridization on the
nuclei of cells. The DNA damage rate of lymphocytes was also quantified by the comet assay. The
amount of telomeric DNA of the lymphocytes, kidney and spleen was significantly higher in the
chickens under floor pens than those under conventional cages. The DNA damage also increased in
chickens raised under conventional cages, as compared to the chickens under floor pens. As results,
we conclude that the chickens housed in conventional cages have a greater stressful status than

those housed in floor pens.

3. Effect of stocking density on the growth performance and the gene expressions associated with
stress response in broiler chickens.

Stocking density showed no significant effect on body weight and feed conversion ratio among
the different treatments. However, feed intake was significantly (P<0.05) high in the low density
treatment. The weights of liver, spleen and thymus were not different among the treatments. The
expression levels of cytokines, iNOS, IFN gamma, IL-1, IL-4, IL-6 and TNF alpha were not
different among the treatment, but the expression levels of IL-10 was significantly (P<0.05)

enhanced in high density treatment when blood, bursa, spleen and liver were analyzed. However the

_10_



cytokines, iNOS, IFN gamma, IL-1, IL-4, IL-6 and TNF alpha were significantly enhanced in
thymus for high density treatment. The expression of IL-4 decreased in low density treatment. In
conclusion, high density has very little effect on the immune function. The effect of stocking
density on telomere amount in blood, liver, lung, heart and testes tissues was investigated. We
hypothesized that increased stocking density in broiler chickens causes increase in stress in the birds
and hence would affect the amount of telomere amount in these birds. In results, we found that the
amount of telomere decreases with increase in stocking density in blood lymphocytes. HSP70 and
HMGCR gene expression levels showed the increasing trend with the increase in stocking density.
Though the expression levels were not significantly different among the low and standard group but
were found to be significantly (p<0.05) high in high density stocked group. This clearly indicates

that birds stocked at high density were experiencing stress when analyzed at transcription level.

4. Effect of dietary supplementation of vitamin C and E on the growth performance and the stress
response in broiler chickens.

There is no significant difference among treatments in body weight, weight gain and feed intake.
The blood biochemical profiles, albumin, ALP, triglycerides (TG) and cholesterol in Vit C
supplement groups significantly (P<0.05) increased compared to that of control group. The
expression levels of cytokines (IFN gamma, IL-lbeta, IL-10 and IL-4) of spleen and thymus were
not different among the treated groups. However, the expression levels of IL-1beta, IL-6 and IL-18
in liver were significantly lower in Vit C supplemented birds. The telomere-shortening rate of the
lymphocytes was significantly lower in the vitamin supplemented group than the control. The DNA
damage also decreased in birds supplemented vitamins, as compared to the control group. The stress
conditions had a significant effect on the expressions of HMGCR, HSP90-a and HSP90-(3 in
lymphocytes, but had no significance on HSP70.

V. Achievements and Further Plans

1. Research achievements

1) Technical aspect

(D Provides a basic data regarding to stress related genes and gene expressions in chickens

(2 Identify the stress response in chickens raised under different housing systems and different
stocking density.

@ Finding antioxidant supplements related to decline stress in broiler.

2) Economic and industrial aspect

(D Suggest the guideline of poultry welfare with the analysis of stress response using biomarkers
about raising environment

(2 Improvement of stress decline by supplemented antioxidant materials, vitamin C and E

3) Academic aspect

(D Published papers: 9 papers (SCI 4)

(@ Proceeding results: 16 (international 2, domestics 14)

@ Industrial property 2 (Patent 2)

_11_



2. Further plans

1) Analysis of gene expression on immune, aging and stress-related will provide basic theory of
gene mechanism, involving stress and bioactive response, in chicken

2) Development of the physiological stress markers of chickens using the analysis of telomeric
DNA quantity, DNA damage and heat shock protein gene expression

3) Recommend the housing system with animal welfare in layer

4) Recommend the optimum stocking density with animal welfare in broiler

5) Provide the basic data of the mechanisms of the effect of antioxidant vitamins on physiological

aspect in chicken.
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AbS Axo] wE Az iNOS, IFN-y, IL-18, IL4, IL-6, IL-10 & TNF-ao] & o4 1|
i EA
6) Al E=o W& 75/ DNA Hlw &4

AlS 2o WE Ay fA =Z7F Telomeric DNA $H=F 2 A

4. Aol FAsHAl H7F o7 2EH S gl A= FF

AEE 2 A (RossF)E L2 22U A SIS AR 3LHEFH 3BLdH7A A5
doju A Hol] o3k iz (CON, control)¢} H]E}Fl C (Ascorbic acid, 99.8%)
200mg/kg 2 H]E}] E (Alpha-tocopherol acetate 50%) E%-& 100mg/kg o2 H7l 2
Vit C+E A2 72 " g
) FatsiAl HA7E Fool wE Aisy
AkstAl H7F 5T 3 AT, FAE AARAHE B AIRRES Hla 4
() FAsAl H7F g mE 2E2AH FAA 2 A vln
FALSEA] A7 Fodo] w2 @ ¥ heat shock protein(HSP) 2 3-hydroxil-3-methyl-glutayl

=
coenzyme A reductase (HMGCR) FAAE 2] && 4 Hlw £
4 €4 2 45 =l 43y JEEH

Garat Al FH7E godol w2 AHy¥E ¥ AST (aspartate aminotransferase), ALT (alanine
aminotransferase), albumin, total protein, triglyceride, cholesterol & glucose B|al #4
6) WY fAA) B g 2

ForskAl F7b Folel mE |MHFT(Z, W, FA)ANA AlETR] fdAL, IL-1B, IL-6,
IL-18, IFN-y, Toll-like receptors(TLRs)4<9] & 24
(6) FAsHA H7b Folol WmE 714 DNA Hlx £4

A 78 Q-FISHe| 2|3+ Telomeric DNA 32 24 ® comet assayell &3 DNA £4H8

Hla 24



H23E =Uie 7I=ie o8

MEAdd &4 N4 7143 & 7% Hg3t ©A
2. T
MEAEE @A | v 71943 &A 7l& S+ 3 T

3t AdZS 7lol=eil e AAIFY HEe] 2012WREHe Aol ALS Astete] dis] A%
s FERAYAG W5 94E (Langhout, 2005)
2) AT FH2 79 EA|7|E(EU FP6 Welfare Quality®)S A&t ol& H7b 7|Eo 2
32 918 (Butterworth, 2009)
3) 8 EAF FHA 7IE AolA Als FEiZF JHAlS Ay Fdoh A SHdA
5] >, 2003;
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Albentosa$} Cooper, 2004)

4y 71E AelA AFE9 WAl AMS wFH oz gA o] X (enriched cage), <llH] o] (aviary
system), 7-&7) o] A|(furnished cage), HWAKfloor pen) = WA} T A% FE7E 470H
(Rodenburg 5, 2005; Vits &, 2005 Pohle®} Cheng, 2009; Singh &, 2009; Tactacan %,
2009; Sherwin &, 2010; Lay &, 2011; Tuyttens &, 2011).

5) &Y 2E# £ vk ARE EAY] QA% A d BAZA A A €F =
E] FZ 2~ H| 2(corticosterone) FEE AA| (Mashaly &, 1984; Thaxton &, 2006; Turkyilmaz,
2008)

6) interleukin-4(IL-4), IL-6, lipopolysaccharide-induced tumor necrosis factor-a % inducible
nitric oxide synthase$} -2 Alo]E 7} (cytokine)o] @& o] WY EXEAN 2EfH = FH
of da] o] &1 g (Felten %, 1998; Mashaly 5, 2004; Hangalapura 5, 2005; Kang %,
2011)

7) dEujoje] = o] kzhe] ARET ofuEt A A ZAR dHF (Meekerst
Coffey, 1997; Cottliar9} Slavutsky, 2001)

8) At3tx ~E@ 27l dEno] FA4L 7143 A7tk ¥3 (Von Zglinicki, 2002; Richter 2}
Proctor, 2007)

9) AEA 2E#f 2~ 820L 7etA =W AEe M EAHapoptosis)7t FZF o] DNA dh<=
(fragmentation) =7} F23] F7148 (Chen &, 2007)

10) WA, BHLE, oF, FlAW, ARCY, BEAR Sol He 94 sEdx sy
(Thaxton 5, 2006; Zimmerman -5, 2006; Delezie &, 2007; Keles &, 2010).

11) € 2E# 2 8219] heat shock proteins (HSPs)e] ®+&# = Ftll (Schlesinger, 1986; Zulkifli
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=, 2002).

12) Hydroxyl-3-methyl-glutaryl coenzyme A reductase (HMGCR)+= cholesterol -4
2A AbstA ~Ed 2ot AHS #Ho] 9l (Gornati 5, 2004, Beloor &, 2010)
7F7F HSP A 23 2 telomere ZEHS SAIZ (Beloor 5,

AT B At EFHQ)

CPESOR-E PR

13) B2dy AISEE
2010)
14) 2bdAlel lo] H4 gl "Apel 2 $AFH ~E
dH g 93-S 13 (Kang 5, 2011)
15) Telomeric DNAE 3, DNA £44 = HSP A @&&@-80] Ho o] TF3 AHH 2~
Ef s FAYS Y= (Sohn 5, 2012)
16) 2tAlol] WA dirstder A 7predy B T35 FAq7F A Fikst Zgel mixls 9
&S B (7 5, 2010)
Al AT 2EH 2 whge vXE 4TS 4 (£ F, 2011)

17) AN ALS BT}
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1. 2E#H 2z me AbaA AR B E9 AseE 47 24
H
H

H AP FES AEHA White leghorn F0 24 AFAIHstn 553 o)
=

Al Fglete] ASFR] 257 2 64T F 56575 o] &St AR U|zE AEg 2 e
FolE ZALSHZ] f18te] At ET|(223H) 2 AM#EFU|647H) e FES A ARESST 2
Algol & AEE T-(Control) 2 »<E# 27 (Stress) 5 2709 Fo2 AAste

rlo
=
~ N

FHEEE 1,350em’/ 24 AfFol

do

A

L
_O|L
£
[>
|m
)
[>
fo
ro
filo
)
ol
>
N
>
olr

be Aol
ol
=

Aol Al 2 thiste] AFebAl Abs we] Aol whet

Table 1-1. Chemical composition of experimental diets fed to laying hens

Items Basal diet
——————————————— (%) e
Moisture 13.93
Crude protein 17.98
Nitrogen free extract 44.34
Crude fat 4,03
Crude fiber 495
Crude ash 14.77
Ca 4.03
P 0.84

() g Astebd JEE4, corticosterone Bl Wd ZHE A

W A A (%)E e EFEA7])(Hemavet 500, Dasct)E o]&3te] A3t E4
Y& & Wy (WBQ), ol & T (Heterophil), ¥ 32 F(Lymphocyte), T3 (Monocyte), &
7]7(Eosinophil), &4FAdH(Basophil), Heterophil: lymphocyte(H:L) H]-&& =743}t 3o
A 2Ef 2528 corticosterone 452 corticosterone EIA kit (No 500651, Cayman
chemical Co.)& ©]&35}od AL&AF Ao wmet B4tk @3 AST, ALT, albumin, total

(o5
™
M
I
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protein, triglyceride, cholesterol 2 glucose £4-2 A}gA) 3} 824 7](Hitachi 747, Japan)E A}
&35t AAlsot
8) FAA=

2Ef A fid mE ZAi= Proc-GLM(SAS, 199%)0 &3 #4kEAdS AAjsta A2zt
H I E t-test Mol &) P<0.05 $FA] o4 ARL AAEATh

273 4 bAoA 129 B9k 2EH S Ale] B ¥ UEd AF AEdsTo] YrT

18 AZol Faste AFoE YRPAAE 112259 AF FAS BYAT LEHLETA
t o8l 30ge] AF Fa @4l Umhgth 2 AF 10057 4 z—l %, B4 2 Fdel
2AE & :

3 P
Ed fdel e YL A gt 64FH AFANAE 2F M} FALS)

BHYgort A7 EAE ~EH A w2 x}ol7}) %’i?iﬂ}.

Table 1-2. Effect of induced stress body weight and relative organ weight in White leghorn
aged 22 wks

Ttem Treatment
Control Stress P
Initial BW, g 12544 + 4212 13100 + 19.50 0.179
Final BW, ¢ 1366.6 t 33.38 12800 t+ 26.81 0.063
Liver, g/lOOg BW 1.86 : 0.06 210 + 025 0.364
Spleen, g/ 100g BW 011 + 001 010 t 0.01 0.563
Fabricius, £/100, Bw 0.08 : 0.03 006 : 002 0571
Values(mean+SE).

Table 1-3. Effect of induced stress on body weight and organ weight in White leghorn
aged 64 wks

Ttem Treatment
Control Stress P
Initial BW, g 16264 + 57.77 16102 + 22.08 0.754
Final BW, ¢ 17059 + 5525 15232 + 26.81 0.003
Liver, g/1005 BW 259 + 011 259 + 011 0.975
Spleen, g/100, BwW 008 + 0.05 007 + 0.00 0.120
Values(mean+SE).
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Table 1-4. Effect of induced stress on the composition of blood cells and WBC differential
count in White leghorn aged 22 wks

Ttem Treatment

Control Stress P
WBC (K/ xt) 1920 + 2,08 1939 : 4.36 0.97
Heterophil (x10° cells/ 40) 472 + 091 525 +1.79 0.80
Lymphocyte (x10° cells/ xf) 1189 + 0.73 1147 + 181 0.83
Monocyte (x10° cells/ x0) 213 +0.27 192 + 042 0.69
Eosinophil (x10° cells/ 1) 039 +0.14 062 + 0.30 0.50
Basophil (x10° cells/ ;) 009 +0.04 013 + 0.07 0.66
Heterophil (%) 2381 +1.75 2401 + 345 0.96
Lymphocyte (%) 6294 + 252 63.20 + 4.56 0.96
Monocyte (%) 1101 + 0.34 995 + 041 0.08
Hetero/Lympho ratio 039 ¢ 0.05 040 + 0.09 0.86
RBC (M/ xt) 415 + 0.87 364 + 021 0.59
Hb (g/d0) 1012 + 1.10 894 + 0.79 0.41
Values(mean+SE).

Table 1-5. Effect of induced stress on the composition of blood cells and WBC differential
count in White leghorn aged 64 wks

Item Treatment

Control Stress P
WBC (K/ 1) 311 + 129 3079 + 093 0.07
Heterophil (x10° cells/ 10) 928 + 0.88 817 + 051 0.31
Lymphocyte (x10° cells/ ) 1984 + 098 1803 + 047 013
Monocyte (x10° cells/ x0) 362 = 014 342 + 014 0.33
Eosinophil (x10° cells/ ;0) 101 + 033 0% + 0.09 0.88
Basophil (x10° cells/ 1) 037 + 010 021 + 0.04 0.18
Heterophil (%) 2706 + 1.94 2647 + 112 0.80
Lymphocyte (%) 5836 + 293 5864 + 1.39 0.93
Monocyte (%) 10.63 + 015 1110 + 019 0.09
Hetero/Lympho ratio 048 + 0.06 045 = 0.03 0.75
RBC (M/ xt) 579 + 2.02 362 + 0.26 0.38
Hb (g/ d0) 1740 + 3.60 1270 = 040 0.29
Values(mean+SE).

(2) @ Assta] AR g wWEdF g

2E# 2 fo] w2 AbaAle] "ol Wiy A v g A7 (Table 14 2 1-5)5 &
HEH ool wigy 24 ZAHAFAAN a3, =, ddF, TA7)F 59 did %=
zFol 7t §le A2 yebykt} Heterophil/lymphocyte H]-& o A= (H:L ratio) 22Ed 20 w}&
zlol 7} gldem, = corticosterone FEANAE 22 B 6458 AHA A BE AEH A H
o w2 o]l glE Aoz LFEFTHTable 1-6 2 1-7). Thaxton S(2006)& 20, 25, 30, 35,
40, 45, 50 2 55kg BW/m’ Al AT Z 734 BZ heterophil: lymphocyte(H:L) H]-&,
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corticosterone, glucose, cholesterol, nitric oxide TS ZAISH 23t AlSE T wWE ol A
24 Axoe o 3ol BA & F gdvtz B3k Puvadolpirod9} Thaxon(2000)
o AFted wEm, F4 05 H:IL ¥ &o] 2Eg 28 WA 276 v &2 F78idvta R
ol Qlojul B A @elAE 0.39-048 &2 A Welo] 912tk Turkyilmaz(2008)e 57|
E o]435} 0.04 m*/4, 0.05 m*/S, 0.067 m*/ 59 AFSEE ZAS A ~E# 2~ ¥eS
AFet A3} H:L H]&, corticosterone, Newcastle disease(ND) gA|HE-g-oll 4] Z}ol7} gty B
154tk Feddes $(2002)2 0.042 m’/4%, 0.056 m°/4=, 0.070 m’/5, 0.084 m’/ 5 ALSELE
17401]/‘1 #ES Ay 11T AMSTo] 7 HE ARAFFS EIAT, HAME S 9%
e Bt

BN

f

_:

o

Table 1-6. Effect of induced stress on corticosterone level in White leghorn aged 22 wks

Ttem Treatment
¢ Control Stress P
pg/ml
Corticosterone 8264 + 2690 13851 + 25.19 0.16

Values (Mean+SE).

Table 1-7. Effect of induced stress on corticosterone level in White leghorn aged 64 wks

Item Treatment
Control Stress P
pg/ml
Corticosterone 22358 + 18.84 19.15 + 11.13 0.22
Values (Mean+SE).
2. 2E# 20 02 HARAA B2 % TAPY 24

7h g 2
1) 224 RNA £

Z} AT d2 554 Ahd FASE 2H o7 HE RNAsol ™ kit(TEL-TEST, INC)& o]
235} total RNAZE FZ35t9th. =28 RNAzol & A #4313 & chloroform? &3}
T GAET st 2-propanols %35t RNAES AAAIAH £t 22F RNAE 0] §35h
4] (DNAE FAstsirh

(2) RT-PCR-& mRNA =& FA}

T3 RNAZ o]&ste] BFF A4 ODEE F7435t] RNAE 10 pgo = HHF3 &
oligo dT(Invitrogen) 1 9} ddHOZ o FHF FI7} 12 w7l =5F st RTE A3
RT-product 2.5 puf, MgCl(Promega) 2.0 uf, 25mM dNTP (Takara) 25 nf, 10X PCR
buffer(TaKaRa) 2.5u¢, 10 pmol primer 2.5 pf, Taq polymerase(TaKaRa) 0.2 xf, DEPC H:O
103 & Eol HFHRIE 25 wE 93t PCREAL oA 94Tl A 35, *[94 Tl 4] 30
Z, 62T~50Col A 30%, 72Coll A 45%] x 32~35cycle, 72Tl A 108, 4 CAlA co oA HA|s}
Fom, 2HL 9UToA 38, [94Toll A 30%, 59T A 30x, 72Tl A 45z] x 40cycle, 72T
ol A 108&, 4TColA co2 AAIFHTE PCRAME-S 1.5% agarose gelo| A A 7]%9F & EasyDoc

/-\

|
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Gel documentation system(EasyDoc, Korea)2 ©|-835}o] densityE =73 3}¢], B-actingol o) 3t
Ft A densityE Al4Fe] mRNAYS F2lstSith

Table 1-8. The sequences of primer

Item Direction Sequence(5’ to 3') Size(bp)

L4 Forward AACATGCGTCAGCTCCTGAAT 350
Reverse TCTGCTAGGAACTTCTCCATTGAA ‘

TNF-a Forward  GAACTATCCTCACCCCTACC 73
i Reverse TGACTCATAGCAGAGACGTG

iINOS Forward GCATCCAAAATATGAGTGGT 274
Reverse AAGCACAGCCACATTTATCT

L6 Forward  GCTCGCCGGCTTCGA 188
Reverse GGTAGGTCTGAAAGGCGAACAG

Boactin Forward ~GTGGGGCGCCCCAGGCACCAGGGC 510
Reverse  CTCCTTAATGTCACGCACGATTTC

o zAA IL4, TNF-q, IL-6,
1-10 2 Fig 1-13} 12904 A A]
oA wdAE Alo]EF|Q]

z=
GAA wre kS AHET L4, IL-6 2 INOS Ale|EFIQlel wrde =lol7} §1% X2, TNF-
a L2 2EF TN A (P<0.05) F7IE e ASZR JEMET v 2EdH 29
o2 %103% cytokineZ IL-6, iNOSe| Ldol= Aol #FT + YAUA T TNF-a FAAE
2Ef 2ol mEl F9342 2 (P<0.05) FAFHATE FHdAE HEEY AEFRIY] Tdd =
zFo] 7} Oiiiour iNOS &do] 2Ef 7oA F7HESITE F-dolAle 149 22 3AF Af
o|E7IQIT} TNF-aZ Z-2 IFF Alo|EFII] iEﬁﬂ*"—rLOﬂ/ﬂ Jiﬂ?iﬂ 6457 &%ﬁloﬂ
A 2Ed 2 FEHE 7 2F-o A gdlE ALEAR] fAA O e AuEd, D49 2
Holl = zFol7F AT, 8% §4 3¢ TNF-aét iNOS HE-e AE g A7) A Zﬂ-ﬂ-% 7
o2 ebgth v g BEE Alo]EFFole] uty okAhS AW B, 14, 16 2 iNOS 28
2 zpol7t QI A " TNF-a &L stress ol A @A 3] (P<0.05) Z7tse Aoz et
TEAE Wl -9 84 gty AP o RE A L FAske, 53] WAA = W
7ot 7| H(FA 2 oA SolF " v 5old Agukgd wel 1 48E TH
H5o]d WY Rk T2 JF5Hhgo] AR oM o) 4 Fgo] LA A E
H 5o]d Hoguhg2 Ao} T-AX 59 HeA4 vhgS F7IAZT T-AX GA] S5 A
Aeo] FAA ZA3tE = AXE mi7id Yo E cytotoxic T-HEE Al EFIRIS A A5t
AZAF F2 2 A EE {ASt 4 28-S st CD4 == CD8Z 4el %l Helper T-H X
= cytotoxic T-A|E2] &3S Z-85l=dH CD4 Al¥= Thlz Th2 F7H9] subclass® £ 7%
T} Th12 A HEZE @43t HAAE AMgEstL, 95S fFdsty FAE Adsted +
=]

2 IL-29} IFN-y& &u]3t}. Th2& 114, IL-10 2 11L-30S A3ttt £33 9= EFIQ
(pro-inflammatory cytokine) FHX}Z A= IL-6, IFN-y & TNF-a o] EA35tH, o] /AXA}
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= AEESo) AY9AE ES AN 2 EANO)E 459 A5 ERE FEE F
A3 £ AGAdd 48 Fosta whefel AtstAATE BohstAl Aol FAEET ME
ANEE frEsted, old 9% W] W, AT dstdist g Ptk INOS EhE A
ALE Yitale AARA INOSTF dAHR 2etda Aol A

B A7oME Q98 2B 2RISR ESIY ATFNE fttd AEF Al EARIS
o1 IL-6, iNOS & TNF-a¢} FE5 AFo]EFIS 114 mRNA &S W oA xAledh
sEHATAA @27 8 F7] HolA 58] FhF A Al RIS wHo] HA3
F7hEE AoR Ushdth 2y @A @A 2B s fud we Hauy AlolEsL
Aol mAE Gl T ATE ok A9 BuET 9A P AHolrh TR AlolE}
A ATE AYE A PO o]Ro|A o5 ATE AWHEA, A=t vhe2dA oA
A g Aol IL-6, IL-10, IL-12, TNF-a 537 2L J9F AlEFQ] mRNA FE& F7H47
g Busta ok (Muthukumar 5, 2000; Bhattacharya 5, 2006). iNOS 94| IL-19} TNF-a
53 2e AQF wso) Belas AlolEF A Fad J¥E IHGuzik 5, 2003).
B d7dA ASRET S7tEE SAE FAHE Ac® = ARUESG Hol 4 o9
ABBAZE 9Lol Rusm 9r}k. Feddes £(2002) Rilo] wam AMSLE(238, 17.0, 143,
119 /m’)7k 2484 A9 Aade =4 23 7P ATt 58 238 F/m’ MY
AZFo| ZAFRCH 143 F/m’o A 7} A Fo] 2715t Imaeda(2000) dFo] W2 A}
FRE(12, 15 18 #/m’) UM, AF B ARLTEANE FAF o7t gflent &
e AgREe WA DAY Yo Huste] NSRS} B 2EHs 9 HAg
Aol Y& Bt

A Control Stress B Control Stress
L4 i 350bp L4 [ 350bp
s [ 155bp 1Ls [ 138bp
TNF-o [ 223bp TNF-o i 223bp
iNOS [ 274bp iNOS 274bp
B-actin [ 540bp B-actin g 540bp

G Control Stress D Control Stress
L4 [ 350bp 4 350bp
Ls [ 155bp L6 R 158bp
TNF-a 223bp TNF- [ 223bp
iNOS [y 274bp iNOS [ 274bp
B-actin =540bp B-actin =S40bp

Fig 1-1. Effect of induced stress on the expression of cytokine of white leghorn aged 22
wks (A: liver, B: spleen, C:ithymus and D: Fabricius)
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Table 1-9. Effect of induced stress on the expression of cytokine of white leghorn aged 22

wks
Item Treatment
Control Stress P

Liver

L4 089 + 0.10 086 + 0.36 0.830

IL-6 094 + 027 155 + 0.09 0.235

TNF-a 040 + 0.02 050 + 0.02 0.004

iNOS 046 £ 0.05 059 + 0.06 0.162
Spleen

L4 118 + 0.15 115 + 043 0.941

IL-6 089 + 0.14 058 + 0.01 0.051

TNF-a 14 + 0.06 0.77 + 0.09 0.026

iNOS 054 + 0.06 049 + 0.04 0.453
Thymus

L4 079 + 0.07 084 + 0.10 0.678

IL-6 100 £ 0.05 09 + 0.16 0.720

TNF-a 102 + 0.05 111 £ 0.08 0.398

iNOS 0.76 + 0.09 103 £ 0.08 0.053
Fabricius

L4 045 + 0.04 029 + 0.03 0.015

IL-6 045 + 0.07 030 + 0.03 0.077

TNF-a 03 + 003 0.2 + 0.03 0.036

iNOS 030 + 0.04 03 + 0.05 0.358
(Mean * SE).

Table 1-10. Effect of induced stress on the expression of cytokine of 64wks white leghorns

Item Treatment
Control Stress P
Liver
IL4 014 £ 0.01 012 £ 0.02 0.401
IL-6 024 £ 0.06 018 £ 0.05 0.481
TNF-a 039 + 0.04 057 + 0.02° 0.002
iNOS 044 + 0.02 060 + 0.03 0.003
Spleen
IL4 024 £ 0.01 024 £ 0.02 0.953
IL-6 028 + 0.05 024 £ 0.02 0.488
TNF-a 099 £ 0.10 158 + 0.10° 0.001
iNOS 045 + 0.03 056 + 0.07 0.170
(Mean * SE).
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A Control Stress B Control _Stress

1L+ I v 1.+ R 350
iLc | 155bp 1L | 155b)p
TNF-o [ 223bp TNF-0 et 223bp
oy —pr iNos | 274bp
B-actin [Ty 5 (), B-actin e 540bp

Fig 1-2. Effect of induced stress on the expression of cytokine of white leghorn aged 64

wks (A: liver, B: spleen)

231} Thaxton 5(2006)8] Aol ot AMSHEE7E 2Ed 2 #E" Agd AE7F {9
A9l L wHE = Aoz Husyrh AISUES ~2EHAFE nxE Fgd g o
T Bol BuEa A AR AR RV SUFEE A, ¥, T, A 5o FAE ¢
B ZAase AoR BRuwa 9Juh(Pestiet Howarth, 1983; Dafwang 5, 1987). 2o AR
To wEW 7= A AISHEE S dd [gG FEE PAaAA HYU)TS AAE = 3l
2S5 Wt th(Caroprese 5, 2009).

AAA A AL RSl W DAL ALR A FH FAR
64578 ArdA A FAS st 493 2EHAE
}Lﬂ‘ﬂ AFe] Fa Fol vebgth ey 7] FA, Sl A HET 7
Al5=(%), Heterophil/lymphocyte H®]-&, corticosterone FolA= AFGEEZ} Folz A
FEE 2Ed 2o daglo]l txTek H3t 2AE Btk Hadd FrldA
Abo] EFFRI(IL-6, TNF-q, iNOS) T3 72 FHAte] utg o] iEﬁﬂiOﬂ
Aoz Vet wEkA FEEX o #HAFE biomarker AFEA A FH3S
AT AlEZR] &3 e W3l 2B s g HAARERA o &
23T dA7AE o] 7HA] AL A 2Ed L B HoEd AR
of ¥dd 5
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3. Telomeric DNA & B A& o]&3t ATx=3l A F 7N



7h M E

g 2 u]of(telomere) 2 T AMA Q] oF BB T A M E Edo] A wat Zol7} golA
S, o] @ w e ol A(clomerase)] FAo] AW o] LERFE Ayolth ol s Wmnlo]o)
HE ol m3tel ARERE obEt e Al BARA B2 d77F H Ao (Meekerst

Coffey, 1997; Ulaner$} Giudice, 1997; Cottliare} Slavutsky, 2001). & 2 u]ojo] ZHA7} M| EQ] =3}

o] W2 telomeric DNAQ] §Ao) 984 UEh}E AHol7]E 1), ol9 & ATE x| §43
AT @A Sl AR ol 2ol A ol ofT AW BAH 29lo] JANE FE B Aoz
UEhdth ol2ld 973 8915 % 58] 2518 s 27t dzulo] §4¢ st&sh A7t T g
Ak mebd B ATl AE AANEY ATy deuje] go] 2~ B4 AEE o] § s

=
e FES D A 2Ed 2 AT WEATN 4% 27 dzvle] FFL vw ST

o AE 52 A
1 1A ‘%‘ AT

Aol FAE AT 6277 AWM IZTFE 565724 1297 AMSEE 2 F
oA gk wel ~EH AT (368 sq.om/bird, feed restriction 75%)3 tHZT(1350 sq.cm/bird,
ad 11b1tum)2i fAdefuxsta, Mg 282 A&t AMgHE e RS UIAEE
golstglem AGdHer|etstn FE5d Ul 3 AAbdA 2 thste] AehA ALS #E A
ol whe} AFSSIHT Az ulo] FF B4 Qg FAAE AlY FEA AEE A4 1054 =
At 228 g5
2 =7 2 €4 & AR
dz oo F 24 FJH, 7+ 2 HF F
AlE ZFEA AgE JHAY F4 2HEE 4o
Invitrogen Corp. Grand Island, N.Y, USA)&dez A& 3k o3 RPMI 1640 (Gibco,
Invitrogen Corp. Grand Island, N.Y, USA) vjgd o] Eojgle AldFAoz &7 200x gol A
1087 A48 AA. A" A ZFo| 09% sodium citrate (Sigma Chem, St Louis, MO,
USA)&-l-& H7tste] 1527 AFAsta o]F ngdE 10%e HE Hriste] d4liEd] A
£ methanol¥} acetic acid7} 3:12 ZE33F mAHAL o]L3la o]E 33 HiHE A
3~5%E A% "oy Lol TES AZstATh
WYL E FEO A2 A Gl HHezHE oF 5pie] HE ANFsH WPk
L3t o WdT BYe €3 F (1999)7F A4S+ Ficoll (Amersham

AL ez siglen, A8 MAA AHE E
27552 D-PBS (Gibco,

Bioscience, Uppsala, Sweden)2 ©]€3F EzjHoz Algsgar EddE AE= 0.06M KA
(Sigma Chem, St Louis, MO, USA)% o] &3lo] Ao 1587 A% x%als}aiv} A7 2 7}
Z1}™H methanol®} acetic acid’} 3:12 EFH AL 10 HeAE 7{5}7}‘61- T AR F st

ol
o) 75U TANCEA 38 AE WE AP F &
(3) FAHIFFHTEAY (Q-FISH)

FISHE probe A|Z& 95l (CCCTAAyS 2 FAE 42mers ©Y oligomersE primerZ
o]-8-3}e Polymerase Chain Reaction(PCR)& <35l ©]9 FZFH 2HES PCR-DIG Probe
Synthesis Kit (Boehringer Mannheim, Indianapolis, IN, USA)Z 4] digoxigenin labeling& 3}
At
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2 @7old @ FISH 99e = 5050 AN el 27wt 3 24 270 o
% telomeric DNARAS 918 FISHY % £UsbA Axasith ol& ekabA 2/lshe <ok
o]= ®E-& RNase (Boehringer Mannheim, Indianapolis, IN, USA RNAE A|AH3 &= zxA}

)

T2 AHs ez g4 AZAZY. o]&  Hybridization &9 (13 formamide, 5uf
hybridization buffer, 240(100ng/ L) chicken telomeric DNA probe)2 Eojrtdl & WEsla
85CoA 583+ ®A(denaturation)A| 7l & 385TCo A 124]7te] Y A F(hybridization)A] Z] t.
AYg T &aolTE 2x SSCEA 72TolA 587F H@lsta, AL9 PN buffer (0.1% sodium
phosphate, 0.1% Nonidet P-40)2 AHstAtt. 3 HY ©HAES H5te] anti-digoxigenin-
fluorescein (Boehringer Mannheim, Indianapolis, IN, USA)& 2|t AHFet2=2 €L &
385l A 30&7F BHEAIZH T ¥hgo] 4 E8to]=& PN buffer2 AlHstal ¢raola Hx
AT B G2 propidium iodide solution (Sigma Chem, St Louis, MO, USA)S Zojrt
d T A ZE2E Qi gadA AzA F HAASET. 3% A #d A4S 523nm
el "y (WIB filter)E H33 334 Hwu|7A (Model AX-70, Olympus, Tokyo, Japan)<
olg3tdtt. AW Etol=E FFANALE AAI £ 100v] 9] tHEANZ st A HE 570

b7 e 3 =g dez o A (Model DP-70, Olympus, Tokyo, Japan)&
2335l o= AFEA AFSYTE HFE AL olmx A =z I (Image analyzer
program, MetaMorph, UIC, Pennsylvania, USA)% 0|83t &l thH] telomeric DNA EX =
& 249,
W) BARA

2o Ay zHY A EIF telomeric DNA o] H|mEAL SAS E7 712 (SAS,
2000)2] T-testZ o]-&-3}S .

m&;&ﬁ
N
5
Y
Y
é
_rg

o Ay 9 uF

dE A 2Es e JiAY 2EY: SRV dEuo] FFd nAe dFS
HEGT 627 5ol AlgEE 9 FolAgh w2 A9 2Ef 2+ TR FESL
A AFAEE 8 T AHEE 1054 =4t o, 7 g v Axe daujole]
< At

Zt z#Ee dauo] gFL AJHPFHFHAYN (quantitative fluorescence in situ
hybridization; Q-FISH)& ©]&-3}a] 74 1007] o] 42l Al Fo] ths) EAGgon B BA
HHor H5F ey da2vjole HY 77 Axse] 2 Tig 137 20

BA 23 o ) widEF Ax HEno] F{HE2 62FF AP JHAIA BT 147% EA]
g4 thxTole & e ¥H3tE HolA Fovt 2EHAFE 121%=2 Fo3 7
Uetlio] tizTek & tolE Btk (Fig. 14). &9 A8 F5 5 3 2 v A
oo} e 2EH LT thxegtel ol7t gle AR YET (Table 1-11).
Aot ol AES WET W HEvo] FFFe FAFELS UE A dY 2E

R

o 5wk

o| A}

l_,
SO
m&

) 3 ko lt

Aol e Wz Fess Aoz Ut A% UE 8 Folw g 2Ed 2 4914
2 gRg wE oz Boldd. 53 WAL AESS WeW UHF B Y= Ao
SEd s B3 B A8 Qo] 25 WS wEee YIS oI8T Wzslold i3
g BAL A 2L dS2 9% BFF AR AL AR
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(a)

(c) (d)

(e) )

Fig. 1-3. The representative telomere distribution of interphase nuclei in White Leghorn by
FISH using telomeric DNA probe; The amount of telomeric DNA is 1.93(a) and 1.67(b) in
lymphocytes, 1.50(c) and 1.49(d) in liver, 2.60(e) and 2.16(f) in spleen.
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Fig. 1-4. Relative amount of telomeric DNA in White Leghorn lymphocytes under stressed

and non-stressed raising condition.

Table 1-11. The amount of telomeric DNA of interphase nuclei of tissues in 64wks White

Leghorn raised stressed and non-stressed condition

Treatment Lymphocytes Liver Spleen
Non-stressed 1.49+0.39" 1410.25 2.31+0.56
chicken(control) (n=800 cells) (n=500) (n=400)
St d chicken 1.21+0.35" 1.41+0.20 2.15+0.61
ressed: chicke (n=900 cells) (n=400) (n=500)

*>Values (Means£SD) with different superscripts within column significantly differ (p<0.05).
‘Non-stressed chicken were raised under full feeding(110g/day) and low density(1350
sq.cm/bird) but stressed chicken under restricted feeding(83g/day) and high density(368
sq.cm/bird).

=

4 2EH 2 B FAA R B BE P 2

l"‘]
i

7k A E

B BAME SFA2Ed 20 23] fE5%+= heat shock protein(HSP) -+ H RS- (Basu 5,
2002; Schlesinger, 1986)3 2E# 2 mlAE 74 dHtyo g FAlEE 32892 cortisole] A
TEAR olgHE ZduzdHEZ9 ATAY AFEAQ 3-hydroxil-3-methyl-glutayl coenzyme
A reductase (HMGCR) (Gornati 5, 2004)] w3 AL 2oz AISUE B A|SFo
of Wt olF FHAEC] oH FFS mR=A AHEGT
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5 S a =
4171 9HE-E-S 12000g, 4C, 1527 42 s & FF A isopropanol 0.5ml-S
10827 A2 vhgAIFHT §EEAIZ] vh-g-&S 12000g, 4°C, 1027 YA & 45
A A8t RNA Hels 3533tk
3) RTe) ¢J3t ¢<DNAHAS

reverse transcription system(promega)2 ©]-&3l¥ 2™ primer= oligo(dT)S ©]-&3}H T}
HES- A4S RNA  1.5ug buffer 440, MgCl,(25mM) 3ul, dANTP2.5mM) 1ul, reverse
transcriptase 1p0, primer 0.54°]™ total volume-2 DEPCE 202 WFAT} olE wWHgEL
BCelA 527 AHIAT 2CoIM 6087 FITHIL Tl (DNAZ Fasen ol
0CAN 1587 AAE sk QWA BLE BB AT A4T DNAE g ©Ael
Agg 98t 20T BasiAch
(4) real-time PCR

RT PCRS 93+ HMGCR, HSP70 @ HSP90¢] primere] Az Table 1-12¢} #th. PCR
condition ¢cDNA 1y{, primer(5pmole)= Z+Z} 0.54(, SYBR Green 1040, DEPC H,O 8¢ Wh-g
ES UT SEF HxY WS A7, HAT 1623 F HA WA, 242 fAA gte J
255 3027 HEH FFAFE 72T 3027 AASiTh 28l 94T 1830 A Y #8E&
AR F B5CAA 183 A &4 #A4E AT rtAHe g fAAT 443 FF2 =
A 9AT7EA 05TH AsstdA] 94T ol & w7tA19 FFHTEZESQ SYBRo] HojH o=
2= 78S ST

~—~

Table 1-12. Primers used for semi-quantitative reverse transcription polymerase chain
reaction (RT-PCR)

Gene Primer Sequence(5’-3’) size Tm(C)
Forward AATCTATCATCATGTCTGGCAAAGGGCCGG
HSP70 220bp 55
Reverse GCGGCCGATGAGACGCTTGGCATCAAAGAT
Forward ATGCCGGAAGCTGTGCAAACACAGGACCAA
HSPO0 242bp 55
Reverse GGAATCAGGTTAATTTTCAGGTCTTTTCCA
Forward ATGCATGGCCTTTTTGTGGCCTCTCATCCA
HMGCR 270bp 55
Reverse CTTGAGAAGATTGTGAGGAGACCAGCAATA
Forward AGGACATCTCCGTGGAAGAGA
Beta-actin 520bp 55
Reverse TCCTGTAGAGGCACCTTCTCT
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o 23 g uF

4 A3 White Leghorno]] lo] AMSEE 2 A|gtFold mE 2Ef 2 AP {FAXEY
LH F&22 FS = A2 VEET HSP70, HSPOO 2 HMGCRAHAE 9] HE-S
6475 A AT Tk ZH oA 2AF EASIRTE Table 1139 AAJE vie} o] 2Eg 2~
T 7] gk HMGCR, HSP70. HSP909] -2 7+ xZ oA HMGCRS] #H&-& A 93t
TE BRE A7 7t zolrt gleez vEldth. (Fig. 1-5, 1-6). 221} HMGCRe] 3¢ ~E
g 2~ o] <

ol vlal 28] o]de] WHEEES Ho 2EH A oF A FHAARS 7HFA

veER Atk Heat shock proteins2 3732 2Ed 2o o FAHA= 2 HEE vz
A(family) 24 743l AT & J=F #FH 77E5ELS FE23. HMGCRS cortisol 2]
Ao dgs mA=d, 2EH 2 AFSe] 2 HMGCRe 24 S7he HHAHez gy
7 A cortisol®] =712 FHbA st Fota & 4 ot

Table 1-13. The mRNA expression levels of HMGCR, HSP70 and HSP90 in blood and liver

of White Leghorn chickens raised stressed and non-stressed condition

. HMGCR HSP70 HSP90
Treatment
liver blood liver blood liver blood
Non-stressed b
) 0.81+0.3 - 1.35£0.64  0.37£0.08  2.09+0.78  1.18+0.43
chicken(control)
Stressed chicken  1.65+0.89" - 226+0.87  042+020 1.87+0.66  1.11+0.50

*>Values (Means£SD) with different superscripts within column significantly differ (p<0.05).
‘Non-stressed chicken were raised under full feeding(110g/day) and low density(1350
sq.cm/bird) but stressed chicken under restricted feeding(83g/day) and high density(368
sq.cm/bird).

3.0 7

257 2.26
2.09

151 1.35 O control
B stresses

1.0 1 0.81

05 | {

0.0
HMGCR HSP70 HSP90

Fig. 1-5. The mRNA expression levels of HMGCR, HSP70 and HSP90 in liver of White
Leghorn chickens subjected to control and stressed condition. Data were normalized using

beta-actin mRNA levels and expressed as arbitrary units on y-axis.
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1.2 1 1018 1.11
1.0 1
087 ] control
0.6 71
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0.37 0.42 |

0.4 1
0z (
0.0
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Fig. 1-6. The mRNA expression levels of HSP70 and HSP90 in blood of White Leghorn
chickens subjected to control and stressed condition. Data were normalized using beta-actin

mRNA levels and expressed as arbitrary units on y-axis.

HSP703} HSPOO-f-dAte] HHAL2 ZEAToA o4 ZfolE HolA ket AEE
9} HSPe| @del AdAE 7tFFollA AL BuE vl7h glout Sea bass(o]H)E o] &3
| A3} (Gornati et al, 2004)E X ™ A}SH T (stocking density)= HSP7037} HMGCR<] dHd
o] J8ES wlH ur HSP90o = 932 1A 3tk 39tk HSP familye] £33 FAXS

=3 i3
olZtE ~EH 2o wE Id A2 tE2A YEES £ 5 AUt HSP 2 HMGCRe] &
er < & U WA 2B 20
of 9 & 7L o]gsle] T dZo] 7}
273 biomarker24 4 4 9LL HoE

5. COMET assayell €3 DNA £48 £4]

7F A E

Single-cell electrophoresis W o2 A X DNA €44 AEE SHsE Ao=2 Iurzo
2 Comet assay@} 3t} FAL Fof] w2 2Eg 2 8<2lo] MEQ apotosisE FZ ol wel B
718 & ©]€3}e] apotosis F<¢F DNA fragmentation?] HEZE ZH3th wlgbi] B AFoA=
AR 2 A EF ol U?}E ﬁﬂi:rLJJr Tﬂzv—f ko] DNA &85 Hlu £435to ol&

[¢]
B AR sAE AldEE B AEAAE AAsEE g Algkgold e AEf AT o
ZTo R stal U FAEAT
2) Single cell gel electrophoresis (Comet assay)

~—~
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1% agarose geldl £&ol=d g F ol AASE ARAZT 10 BHLS 7540
0.5%LMPA(low melting point agarose made in Dulbecco’s buffered saline)oll Z3ste] <&}
O]‘: flol dojzmg|i AWEaio|ltg e T Wi AH=E I3tk 22 AH A Avstol

| A3t 80yl 1%LMPAS =X35 o:] =3 & 47 lysis solutionof] 60&7F =]k}, lysis
SO]LI’E]OIIE ANA T ZA=HA A7|G9E5F A AR & electrophoresis buffer(pH>13)E A&
ok 1024 = HA F 25V, 300mAR 30—“5:1 d71gEsta dx F T4 buffero] 583 A
sith. AzxE EElol=+ 80ud propidium iodide(0.4ug/ml)2 587 M3t W A=
831:%01 AMS £ ZF FFHuF(AX-70, Olympus, Tokyo, Japan)o. & #A3ich #H=H A

L A gty et #4935t Comet Score software v1.5(TriTek Corp. Sumerduck, VA, USA)

BT BAMEdEo 2= 1) % DNA in tail2 AA] Comet intensity thH] tail intensity
Q H]E, 2) Tail MomentZA] taillf DNARAHE(%) = 3) Olive MomentZ (tail
intensity xhead 7} x| 2] At & A 2])/total Comet intensity S F A} T}

. 2% 8 2

B AToMes AMSEE 9 AdtFold wE ~EH s AT dzE7te DNA &8
& comet assay§ 22 EAste] o]F 7He] Aol HESITL o3 o] 2EH L oA
241 7bsd ke 2 th Comet assayell o3 tiE A FA2 Fig. 1-73 Zrh 2™ dlA
vebt mle} o] 2Ed AT A DNA fragmentation®] FE=7F iz o] vl dZH3 =&

G- el gtk Comet score B4 A3l AA| Comet intensity thH] tail intensitye] H]
& (% DNA in tail), taillt] DNAAAE (Tail Moment) 2 tail intensity xhead7}x] 2] Z3t & A
2] /total Comet intensity (Olive Moment)s EE 24 koA 2EF2Fo] tixzLol vl3)] #

o 5HAl =& DNA £A4-8S Vel ItH(Table 1-14, Fig. 1-8). o] WAL}t A|dhgFo] 5 2EH
2 Qo] MX9] apotosisE PA3] ZXAZIThE A& dnlstes A0=E 2Ed 29 DNA £
et ARG Bdol ASS AAMETE mEka] o2 E JH-2 ME ] apotosisel] WHE DNA
fragmentation®] BEE ZFste ALZE wf-¢ DEstAAE FS A W B40] 7hsstd H

o zEYZ 1 EAZ 484 0§ sb5He] WS Ee oz AR

Table 1-14. The comet score of lymphocytes in White Leghorn raised from stressed and

non-stressed condition

Treatment % DNA in tail Tail Moment Olive Moment
Non-stressed b b b
. 31.55+3.68 28.93+6.85 29.19+4.53
chicken(control)
Stressed chicken 54.28+9.33" 98.82+38.55" 64.6+19.89"

*>Values (Means+SD) with different superscripts within column significantly differ (p<0.05).
‘Non-stressed chicken were raised under full feeding(110g/day) and low density(1350
sq.cm/bird) but stressed chicken under restricted feeding(83g/day) and high density(368
sq.cm/bird).
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(a)
b

Fig. 1-7. Lymphocyte treated by comet assay in White Leghorn raised from non-stressed(a)

and stressed(b) condition

O control
[ stressed

Fig. 1-8. DNA fragmetation by comet assay on lymphocytes in White Leghorn raised from

stressed and non-stressed condition
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1. AR el a2 Aaseel v 24
7t He

B ATAE AN A% el BE A 2EAS RS Tojnr] A% oz w4
HIEF 2L ATAYRE YO AolA A B A Ao Bel F olFY 44 Y
2 Wl 24 Stk A ANEEe ATE, 2UUH, AL, AAAS, BF, ¢ 1
AZe 2AST A% 98 1 5E5L uE AU oebq B FolAE AclA Agd
WE AGRA B BEH YEATe] APAdA 2EH: aQom HesEA A¥E A
o 44 S¥ow Mm FrsT A Sk,

2 A FAE AEFES AEAr|etdta FgEddA Falete] ASF T
MY 2ZE A (Single Comb White Leghorn Pure Line) 5004~ ‘;-l SHEA Y H 58054-S tjAte
£ T 16FHEE AAE ASHAS Aol AFSE(Cage) 2

Ab AR E(Floor) 2 2 Relsle] §Y Algiaog Agsiinh. Ao AL U 29
44 ﬂ]o]z]oﬂ ?} 2 11—’?—”4(5?9:@1) EAVSFY AL (736cm’/ F), HAFEL AAAAL B AL
2,800cm’/ 7). T AR BE ZAfFo] @ AfFE
%7@% sloll, WAL ALz stoll ARSI AitsEe
3 L 4073 2 605 MAES gz 7+ 23S AFsIT

AFEAQA AT W2 2 tista A ANS 3B A4 okt

2
of
ofl
p—\
3
$
NS
=
o>
—
=2
o, Tt
2
ol
o,
a2/
E

Table 2-1. Chemical composition of experimental diet fed to laying hens

Items Diet
——————————————— (%) -
Moisture 14.0
Crude protein 18.0
Nitrogen free extract 442
Crude fat 4.0
Crude fiber 5.0
Crude ash 14.8
Ca 4.0
P 0.8

7h A=

1673 RE 6475714 7 28 B2 Pure] A 4E2Sez E4sgd
(Wb 24hdH

7t ZH W eke] Aghgol 5% ERetE e 2AUPeR stk
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6075 I ZF MAE AFL A
(3) EAAY

Zh 8 ZAF FE 3 ¥]aE SAS packageE o] &3 ttest2 HEIF ol A AAIS

AR4005, Ale]AARI6TF) B FFAWE 5855(FAR400, A olA
& TAStE 167YFEH 64FH A AEZEE AT AMS 23 WA OIS,
A s BT ARG e mE AEE] Aels: UEWIA, F EFF F8 WA AT
AolA] ATl ws) w2 AETES Ho (Table 2-2). & Aol AolA] A% HAIE0]
BAL AR fAIEC wE dEE] =2 HAbE S UEhiR SleH ols 'l AlolA ASIH
7F AAENA A Ao 2 2EH 2 807 Fgae AL 31

fru
=2
o
o
=)

Table 2-2. Viability of White Leghorns and Korean Native Chickens raised on floor and

cage types
Housing types White Leghorn Korean Native Chicken
Floor 90.33+3.14" 92.34+2.50"
Cage 72.34+13.57° 81.82410.94°
p values <0.0001 <0.0001

=
WANIEE A 3975 2 AT FA 41650 B A AASHeE 2adHe
5 2T ASPHd e 249yl Jolg RyEd 33 Aol
= 2 2A93S VERNT (Table 2-3). ©]
2 AL, AT A AdLR GHEZ AN
Th Z, WA} A}S T A Ak A7)7F 79 EEe 7o
<=

o m,°L' =

W dzae APIIF 24 7 78 9oz AEHT. gy PA ALY A
sAde e adoz QFATte] 2aURe F T AFL AAE 2o AR
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AF ARSI AOlA Abge] 2AUHel HAE FFE WIlTlolE tha ojugel Yt Aem

A A

Table 2-3. Age at first egg of White Leghorns and Korean Native Chickens raised on floor
and cage types

Housing types White Leghorn Korean Native Chicken
Floor 149.50+1.73" 174.25+4.19°
Cage 140.75+0.96" 158.67+10.05"

p values 0.0001 0.0001

WA TEF 4965 (AE40057, Aol X ARI6F) ot = Al E 585F(HAR4004, Al o] A
AR1855)l Thaked ZAMARE 64FH 7R LA A& (hen-day egg production) L AtEX] 5
(hen-housed egg production)E ZA}sIHTh Z+ EFE Abgb F4& Fig 21 2 229} 7o}
W2 EF 5 AAE 3 YAzl vlE AolA A% AAEe] Adgoel e ez 1
Bt} B1E 29 AS WAFREE Ate peaks} 40F o] Hol T ok 73%9] peak A
V&L HA F FAD VY HaE 6

Hola A&A Hag Btk Id=AAT YA

O

Ae¢e da1EEY & =& 50F% o|F
o Aok 52%F =9 peak 4t&E&S Holx, Ao|ATL 40FHE 40%9] peak AHHE-S LERY
Ak o5 BF dut AgatgtAo) vl Aket peak’t =A =EEY AL, peak At FI17F #
A Vebgon Atebg w3l ufe 23 Aow HQIL ol B AP FAIE FAAF] B
T+ £Al(pure inbred line)2 A FFFME FUig & dut Adgat#Aobe AAsEHAA B2
zhol 7k ' 4= Brell glth $HH, dAAEE 2 ARG 2R 9y 05 F-2 AT o] Aol
ARl 3 &2 Z2FE YERY O (Table 2-4), St Al B2 AMS FE 2 zko|7) gl=
Ao 2 EGT (Table 2-5). o9 #e Azs wiag 150 AL fxd80a AAAZTY
e} Abegel wAE 48 Q1] 2A AEste v, dAHHS 8§ £ LT
A ABRTOE AE S TS ZA JFgsy] g2 Aoz ALEHT) oAt Az RE
o ALS HE, F WAL 2 AolA ARSHEIL ®He AtsEEd F93 4TS vAE Aoz
APEE T, AFAS] S WAL ARSEo] Alo]A] ARl vl A 2 stesEE Hlt
mraka 2bEAl Q) HAA 2EY L~ glez 2z}

o AlolA] ArsFE|7F A o] AttsHEd
£30e AS AR
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Table 2-4. Egg production of White Leghorns raised on floor and cage types (20~64wks)

Hen-housed

Housing types Hen-day egg production (%) .
’ egg production (eggs)
Floor 60.29+10.44" 177.95+12.97°
Cage 31.83+4.03" 101.85+9.69"
p values 0.006 0.002
(%)
80.0 1
70.0 -+
60.0 -
50.0 o
40.0 - —Cage
= Floor
30.0 o
20.0 o
10.0 +
0.0 T T 1
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 (FH)

Fig. 2-1.

Egg production curve of White Leghorns raised on floor and cage types
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Fig. 2-2.

Egg production curve of Korean Native Chickens raised on floor and cage types
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Table 2-5. Egg production of Korean Native Chickens raised on floor and cage types
(20~64wks)

. . Hen-housed egg production
Housing types Hen-day egg production (%)

(eggs)
Floor 38.10+4.14 112.92+25.55
Cage 39.24+9.36 97.59+12.08
p values 0.82 0.27
(th &4
AL ARG B Aol Ao zRE AAY AR WA WE AT A 07F B
JEFol AHEE ZF 100708 ARS 4 stk BY 23 dFe TFT ZE GE AR
AHS e 7 fol9 Aol LRI (Table 26). W3S Tehdh Bzbdl, ugaz) 2o 9
Hodde] Ae AL AT 2 HEYH ALLE Aol AlolA] AT oZHH AL AP H§)
A4 FE ARE B wE, Baa, FSFUES TS WY Bd 2 BATA, G,
AR et @ dHAAAM = Aol AbgEo]l WAL AbsTol ] AF3 V2 AIE e
WAtk oled Ane Ausd dnE dFo Algols4T ZRE WA U ugAs
S AF AR ARl sk, ARE AR #BEladlel o8 F2E JFE we iR 3E
ot W7kl A Aolx Agzel Aol Hry e AL BT mEA walEe AS
Al Aeddzel 7Idst oF dEo] 53 A B AL

N
it
o

Table 2-6. Egg quality of laying eggs at 40 weeks White Leghorns raised on floor and cage
types

egg shell egg albumin Haugh egg shell egg shell egg shell

) ) ) york color i ) )
color weight height Unit thickness weight density

Floor 77.46%2.66°  66.2624.26°  7.5021.53" 83.79:950°  7.95:0.67° 0.014£0.001°  5.27:0.84° 68.99:10.47°

Cage 75.68+2.96° 63.67+4.96° 7.93+1.46" 87.26+8.44" 7.53+0.74° 0.015+0.001* 5.61+0.86" 75.29+10.44°

P <0.0001 0.0001 0.04 0.007 <0.0001 0.0002 0.006 <0.0001

* Each number of analyzed eggs was 100

6077 HANIEF 9 FIANTE G5 2 4050] I FAF ARS AA S Aol AAL Abg:
of e AW AFE ST (Table 27, 28 23 WA 1S B G5

& AFe By, dFA
132 deiglch 23 F F
b2 ¢ 5 9a. o gL

2 ). &
BT AR AR ARAIS ] ACIA] AL AiAIECl HlE Ay
Ass GAR AL AAEC] AolA A RAIEC HE =&

T 4 &8 AolA AL JHAIES AT Wol=rt HAfel H]

Al

—
=
s

M

0

[¢]
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AIEL A% FET AFT T A SHol APACE JFShE ¥4 2UYS At
Ao AolA] Ab53 22 R &4 8] AASAA AYY LEf 22 2Agste 4FE
o] £312 of7] A7 Ao ARHET
Table 2-7. Body weight at 60 weeks White Leghorns raised on floor and cage types
, 0 2
Housing types (n=40) (n=40)
Floor 2293.90+146.00g 1552.61+133.84¢
Cage 1804.50+446.69¢g 1182.47+109.87¢g
p values <0.0001 <0.0001

Table 2-8. Body weight at 60 weeks Korean Native Chickens raised on floor and cage types

()

Housing types (n=40)

Q
(n=40)

Floor 2230.68+255.45¢

Cage 2123.05+339.89¢g

1598.40+134.76¢g
1245.60+181.59¢g

p values 0.415

<0.0001

;f_:]_

2. AAALSEE o] w2 2B~ o

7} A&

SR

FFol gt A
(Meeker

Aoz Jehdnt o]23 &4 80E
et mEkA 2 AFdAe d
2 HE & vnls
gl 2 @ lo] ME9] apotosisE FX
2Fo] Azle) ulgl 2E# 2 mlARA
Aol 837 ST F, £
Asto A 2Ed 2~ B ddz di
3

BEE Hlustar & skt
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2 n] o] (telomere) = A

=
o
a

371 Slskd 24 ) AESe dzvlo] B3
3ol whe} DNA fragmentation®] %

comet assay S ©]-&3}o] Hlw EAMgo

5 B
2 2 A

ST
X

£gol AFHA me dol7} Fol
ofigl JiAl e AEld EAE dEA

offey, 1997; Ulaner<} Giudice, 1997; Cottliar$} Slavutsky, 2001). & 2 mjo] 9] 7}
=gt wel el Aolrle st ole] #E A =T ARE 34 el &3 A]

=3 84 2EH 27} denlo] §4

53 A Y el thsto] A ol

AZY DNA &8 BAEE

AR M= AllA AL AL AFSTEe] AfA)

24 2EZ A AEE AHHE A} 51Y
‘3—-_}3473 cortisol ] @?%é}_ixﬂ g—ﬂ].}_\_

-hydroxil-3-methyl-glutayl coenzyme A reductase (HMGCR)<9] @& ¢



2 Agd FAE ' SR aEd B AN AClA AR B AL ALS
FEHE A 21 5 ANF 2 e uhek 2o
(2) dzvol FFENE A% 24 2R A

dzvloje] g F4L o, 7 A%, A, vA, AL 5 dh 2HE gAeR gl
o, 4033 2 60FH AY L =4 F 74 5L wo] EHAY APY 2HEL

D-PBS (Gibco, Invitrogen Corp. Grand Island, N.Y, USA)&H ez A3 3 t}& RPMI 1640
(Gibco, Invitrogen Corp. Grand Island, N.Y, USA) ujotdlo] Eojd= Alg#H 2 &7A 200x
goll A 1087 A48 AlFHu ZAE AlXES] 0.9% sodium citrate (Sigma Chem, St Louis,
MO, USA)§9i g H7hstel 1587 A4Aelstn olF mANS 1082 A% Arlste] AL2
] AlF T 28 A= methanol¥} acetic acid7} 312 EFH - YL o] &3, o= 33 Ht

2 A2ld F AENS 3598 A% Wolme) £eo= BRE AGSGT. WAHE ER

A A @714 Buogie of snel WL ARG WY w5 L] o4&
At =4 Wy E]-‘E £33t F (1999)7} A A8+ Ficoll (Amersham Bioscience, Uppsala,
Sweden)-2 0]%‘?} 2z ar A, BE HAE= 006M KO (Sigma Chem, St
Louis, MO, USA)S o] &3l AL 1587 A Hystdtt. A7 €= methanol
7} acetic acid7} 3:112 EFH GRS 10 F2AHE HUIE & dAEHsIAL o] & FY 1A
dozA 33 A& & A3 F Lelol= FES A FSHAUTH
() FHFFHTHA 23t telomeric DNA = B A

Chicken telomeric DNA probeE o]&3sle ©L3 Zo] 7] o IHIFHIH
(quantitative fluorescence in situ hybridization on interphase nuclei ; IQ-FISH)-2 433} it}
<#lo]= EE S RNase (Boehringer Mannheim, Indianapolis, IN, USA)Z RNAZE A| A% &
ZAFE AlFsla ez g4 AZAIFT. o]F  Hybridization 9 (1344 formamide, 5
ul hybridization buffer, 240(100ng/ 10) chicken telomeric DNA probe)& Hoj=dl & &3]
I 85CoA 5&7F WA (denaturation)A]Z] 3 385Col Al 124 7ol 4 A F(hybridization)A]

A T &ato|B=E 2x SSCEA] 72CHA] 587F A sti, AL PN buffer (0.1%

sodium phosphate, 0.1% Nonidet P-40)2 A3t FF HAY "HAEZS 2549
anti—digoxigenin—ﬂuorescein (Boehringer Mannheim, Indianapolis, IN, USA)& A 2|t AW
Zet22 92 T 385TolA 3027 vhEAH T ¥hE-o] £ £eto]|== PN buffer2 A2 s}
I FhoA AZAIHY. 8 H AL propidium iodide solution (Sigma Chem, St Louis, MO,
USA)S Hojzmdd & AW Ze2g ", dadA] dxzA17 & A3 ¥4 Jd 43
dAe A= aFe "=y (WIB filter)E F23F 33 HulZd (Model AX-70, Olympus,
Tokyo, Japan)& ©]-&3t3th A2® Letol=d FFPu|HFoz #FS = HT 570 7]
Ao 3 =z oz 3o tAE i (Model DP-70, Olympus, Tokyo, Japan)& &3}l
o2 AFHA AFsAct AFH AL olnx] EA =z (Image analyzer program,
MetaMorph, UIC, Pennsylvania, USA)-& ©]-835}a] 3 thH] telomeric DNA B X3S B 43¢
o,
(4) Comet assay

kl

l

Hu:

HU

£
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1% agarose geloll £#o|=8 BT T olF AASE AZAIFHTE 10u AL 7540
0.5%LMPA(low melting point agarose made in Dulbecco’s buffered saline)oll Z3ste] <&}
o= flo] Wojxmyal AWETolEE He & %74 JHE Z3o 28 Aol ALl
ZE AAS 80u 1%LMPAE Z=X3le &3 & 47T lysis solutiondll 6083+ A5}
Lysis solutiong A A & ZA2HA A7|95F A AX & electrophoresis buffer(pH>13)2
AP 1083 E AAF 25V, 300mARE 3087 HA7|9Est Ax 5 34 buffere] 5871 3
A&ttt Ax® £etol|=& 80l propidium iodide(0.4pg/mE 5E7F Gty FF ZAF=E
FAE FFHAnF(AX-70, Olympus, Tokyo, Japan)o. 2 A3t #ASH A4S

& TAE 7
2tz #9 o}_T_f Comet Score software v1.5(TriTek Corp. Sumerduck, VA, USA)2 E A3}t
EAggESZE 1) % DNA in tail2 3] Comet intensity THH] tail intensity®] H|-&, 2) Tail

MomentZ 4] taill] DNAAAAE (%) 2 3) Olive Moment (tail intensity xhead7}x] 9] 3t & A
2] /total Comet intensity)E ZA}sI T

(5) HMGCR e ard = B4

(7} RNA &g

Zt WEZL A AL B EHI T Trizol(invitrogen)S P AL A 527t ujokaz]
¥ Trizol 1m% chloroform 0.2m(-& FH7}sta 1527 wHkA7] ALoA 28 w-3A 7.
B Arzalld]] isopropanol 0.5m{-2 H7}staL

184171 ¥H3-E-S 12000g, 4T, 1587 LAE3 & N
087 AN WA T A3 AAST RNA Halg 355t
1} RTol| 23+ cDNAFHA]

reverse transcription system(promega)2 ©]-&3l¥ 2™ primer= oligo(dT)S ©]-&3}H T}
HES- A4S RNA  1.5ug buffer 440, MgCl(25mM) 3ul, dANTP2.5mM) 1ul, reverse
transcriptase 1p0, primer 0.54°]™ total volume-2 DEPCE 202 WFAT} olE wWHgEL
25CelA 53 HEAAH 42TAA 6027 4FFAHE Tt DNAS Fdsten o|F
70CeA 1583 @A E ot JHA a2F EE4s Az A4 DNAE o5 BA <
AL 98kl 20Co)A Zaaieh
(t}) real-time PCR

RT PCRE 93 HMGCRSE primere] AZ-2 Table 2-99} Zt}. PCR condition2 ¢DNA 1
ul, primer(5pmole)= Z+z} 0.54¢, SYBR Green 1040, DEPC H,O 8uf HH-g-E-8 94T 5&7F F
Z9o WAL A7]2, 94C 1527 T WA WA, 242 1A 2= HFger s 3027 A
I FFHAL 72T 3027 AASHT 282 AT 127 A A AA-HLS AR T 55TAA
27 A %% e AU sATe 4Rt 4P HRLEANA MR 05T
4 g5erRA 94Tl olE W7l BRUFEA SYBROl oA et miAg 7R
s,
(6) TAEA
o Had =Y M EZ7F telomeric DNA #3, DNA fragmentation % = HMGCR
e HlaREAEy] 91ste] SAS FA #F1A] (SAS, 200005 &5t ttestz A HEt

N
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Table 2-9. Primers used for semi-quantitative reverse transcription polymerase chain reaction
(RT-PCR)

Gene Primer Sequence(5’-3") size Tm(C)
Forward ~ ATGCATGGCCTTTTTGTGGCCTCTCATCCA
HMGCR 270bp 55
Reverse CTTGAGAAGATTGTGAGGAGACCAGCAATA
Forward AGGACATCTCCGTGGAAGAGA
Beta-actin 520bp 55
Reverse TCCTGTAGAGGCACCTTCTCT

2
(1) A5 REol e dano] g vz 24

g AE IEES RO AolA A% D A A% el AA 2EY S FEEd]
MAE e devlol FFoE wm LU 1653 o F ASFHS sty 4073
Wz AR 2054 Sastel Fol, 7, A%, A, WP, 34 L vd 252 A skl
% AESS dErlole] FHEL BASYL, 0FY Bt ¥ Az o B3
sich.

7 2250 Wave] ¥ 7] A FHFFPWY (QFSH)L ol g3tel A8 1007)
o1l AZel el TASYAh B4 23, P U BIT AT Dzvlo] FHEL 1657
NG AN BE 258%2A Aol Z7hgel wek T AL Ful 33 Azulo] FRsol @
£3e B3tk aeg 8 Az A% AolA ALT AMEY dzvle] FFol PAAET
o s AR Ee FAEL Holm, Aol F7Hgel weh old Aot HE AAE Aoz
e (Table 2-10). 38 4073 AAES 21, A%, A, v, A4 B va z79 d=
Alol gHege ASFHel weh A wge Adsns 2 Fels Helx ekttt (Table
211). olel® ABER ¥H WAL ALSY Wzuo] FRFe OB 27 Py 2y
of Wi MPsA FeHE ACE Ut A P gL 2Eds add 2 9L BE
Aoz Heldth & WET AZES BYR WHI BHo| UE Ao 2EH2% L 9
4 oo e} Rzgshl wesy] B Aoz ARELh B3 F44 AZA 4G A
o el 2 BB WA A GAMEY A2 AL Feo] we} dzvlo] P
o Aoz BYoms AH ~EHsrt dunlole] g HPH GFL AT 2AYL
g+ A

Table 2-10. The relative amount of telomeric DNA of lymphocytes in White Leghorns raised

on cage and floor types

Relative amount of telomeric DNA of lymphocytes at

Housing types

40 weeks 60 weeks
Cage 1.65+0.17"(n=20) 1.36+0.22°(n=23)
Floor 1.76+0.14* (n=20) 1.52+0.19*(n=38)
p value 0.02 <0.01
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Table 2-11. The relative amount of telomeric DNA of tissues at 40 weeks White Leghorns

raised on cage and floor types

Relative amount of Telomeric DNA(%)

Housing
type liver heart kidney spleen testis ovary
c 156+0.21  146+0.20  1.59+0.18"  151+0.13"  210+019  201+0.15
e
8 (n=16) (n=16) (n=13) (n=14) (n=7) (n=10)
- 1.66+0.20 1.50+0.22 1.73+0.13° 1.63+0.14" 2.07£0.15 2.02+0.16
oor
(n=18) (n=12) (n=14) (n=15) n=9) (n=8)
p values 0.16 0.64 0.02 0.03 0.57 0.82
(2) A

o7 AolA Als JHATI AL
= 19 AolE HESY ALY

>
Ho
=
ri
o
g
Z
2>
rbr
o
o Mo ©
mlo
8
%
%
&
<
it
lo
fru
Hr
1%
ol
fJ
o,

B 7F 7hA ] ’“Eﬁﬂ* 8oz Agste 7He AW EGH.
Fig. 2-32 A|X 52| DNA £/48 2 comet assayZ 243+ T )

Hie}l Zro] DNA fragmentation®] HE7} (a), (b)7} #A3] & %‘?_PQEHE 2 o] 7}

e, 7<% DNAS(% DNA in tail)o] (a)e] -9 34%FEolx, (b 20%HEo|th ALS

el ¥ comet score= A Y| tail intensitye] H]E(% DNA in tail), taillf DNAZAE

(T ail Moment) 2 tail intensityxhead7} =] 2] 3t & A 7] /total Comet intensity(Olive Moment)
BEAsth E4 23 BE FHA Aol S wet B4 gho] sobAs AR o

F/P/‘r dzujo] g7 o] A#d wEl DNA &80 Eolxs Aoz AZdnt. 2o

%
ol

N—
2 dazulo] 487 % DNA in tail7tols 0244 59] H(f)9] Awo] st Aoz 2
Yok @8, AN AL AMEl WAL A% AAE va olrge] B4 FgAH B
DNA £488 Wehia Qlom, 4053 vs) 0534 olefd Hol7l neh AZstA b
BgoE Aol F/hgel mek 2Ed 29 BREs U F7EE Ag BYT (Table 212,

-
2
e
e
:(I)LL
Y

l:l

Table 2-13). ©]/d<] 7374-52 Aol AL AFS JNAS o] HIAL AFS )= z
apotosis7} @A3] Erh= Z& Au|steE o2 HO A% FHIF AASA F43 2E
2 29192 AANITH

Table 2-12. The rates of DNA fragmentation of lymphocytes at 40 weeks White Leghorns

raised on cage and floor types by commet assay

Housing types  No of chickens %DNA in tail tail moment olive moment
Cage 20 24.94+5.70" 16.32+8.82 21.66+8.66
Floor 18 21.20+4.39 12.83+6.63 18.17+6.21

p values 0.03 0.19 0.17
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Table 2-13. The rates of DNA fragmentation of lymphocytes at 60 weeks White Leghorns

raised on cage and floor types by commet assay

Housing types  No of chickens %DNA in tail tail moment olive moment
Cage 22 33.15+6.84" 53.58+9.91" 42.52+12.29*
Floor 36 30.64+5.73" 42.81+26.78° 39.71+8.84°

p values 0.03 <0.001 0.006

Fig. 2-3. Representative patterns of lymphocyte treated by comet assay in White Leghorns;
(@) 34.1% DNA in tail and (b) 20.2% DNA in tail
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(3) AFSFEle] W2 HMGCR 23z vl £4
2 dAFoAes 2EH 2~ nAR /M duby oz ZAEE $2E<Q] cortisole] ATEAR
A ZE =9 AFA AFTFAEALQ 3-hydroxil-3-methyl-glutayl coenzyme A reductase
(HMGCR)®] & s AlolAA} /‘Ptr THA &b AL AL 7H%ﬂ 7}°ﬂ vl AT Add

2kl ~Ed 2 #AY FAx g B AFdA H AMSEE 2 Algkgolo] mEl heat
shock protein &7 ZHHSP70, HSP90) gl HMGCRTxa z}o] ute aoka BA3 Ay EX 4R}
of ol FEZA LAFY o7l e AR JRgn 2Ef 2T gixde diE
HMGCR, HSP70, HSP909] w&-2 7+ == m HMGCRA 1P Astne BE A b
zhel7b gle Ao E UEEt oy HMGCRE A-¢- 2Ed 7o iz vl 28] o]4o] &

e
re
2
2,
>

dee Ho 2EfHE A4F FA {FAAZE JhedS UEAT. wEbA
HMGCRZHS thAalo g AR 3o wE drg okAS ulw o]—‘}iﬂ- 4057 White Leghorn
Yoz Aolx AL Al A% AAITrel el 9 7 zAe|A HMGCRY wa%
g A3 G AMRE HARLS ATl AlolA] A JHAITC HE] fFolFHoR =2
BT (Table 2-14). o]2]3t ZAate= Ad AxtelA E47 Zapek vf¢ Fol3t Fej=
e Smds oAZ QBT WA 45T Al AT N o5 2
@7olele Aeolth ol 4v] A4kseel 2rel danlo) §3 2 DNA &4
5| A

rlo
el
Moo de > o oo 2 ode frow

T

m:[o
(o
=
5 M

=
A AFEF= w9 utE ZFteltt. weta o]# 3 Ax= HMGCR H*?ﬂ_%‘: B Ao
EAZE QAU BB FE2] Hol(bias)E ALEHECL. 238y B B A3yl AAFHA kol
™ HMGCR 98 3e & ~Ef 2~ nFA 2 By)dE i EA7F s Aoz omo

Table 2-14. The mRNA expression levels of HMGCR in blood and liver at 40 weeks White

Leghorn chickens raised on cage and floor types

Housing types Blood Liver
Cage 1.98+0.93 1.34+0.56
Floor 3.53+1.68" 1.50+0.35

p value <0.001 0.3519

3. kAl AlpAe] WE Al 2 WAEHA AE B4

2

£ White Leghorn AF&HA|F o8 A o]R| AlS & WAL ALS &
A 2 A AT AFAAE dE3 vkel 2o

M

943 100g & ATAQ FFer Barste] F71TAS AU
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(W) d At AR, sy E Al 2 corticosterone £

g7 AST, ALT, total protein, triglyceride, cholesterol % glucose #2418 2FA) 3} 55 A
7] (IDEXX-vet test, USA)E Abg3ste] AAlstdth WIS FEAST (%)= s ETE47I
(Hemavet 500, Dasct)Z ©|&3led 2435 ot. E4UE&2 F #IF 5 (WBC), o3+
(Heterophil), #=F (Lymphocyte), T35 (Monocyte), < ¢ 7]|7(Eosinophil), ZAiHdT
(Basophil), Heterophil : Lymphocyte (H:L) H]-&S Z33lgth dAFqA 2Ef 2322l
corticosterone - corticosterone EIA kit (Catalog No ADI-901-097, Enzo Life Science,
USA)S o|&3le] AFgA} x| ulg} ELISA reader EA] 405nmojl Al A5t}
3) A

AbSbalol whel E78e A Eo] AT= Proc-GLM(SAS, 1996)0l] o] 3] 2AHEA& A4
A7 vl e ttest Y 93] P<0.05 FEAA F4H HAHS HAASHATH

2
O

O

ofr

F

. 2% 2 12
1) 9 Aol AF 2 WgFr) FA s 4F
& (7ﬂ o2 A% B HAMALS)o] wE 4078 2 60573 AbgAlY AFFAgH 2 A

) X
%74] of tha Zx= Table 2-15 2 2-160] el vle} 2ok 40FH oM Am R 9}
Fejol Aol wis] of 328g Aol AlFol FUHE foHom
a g% A 7, vE 5 P FAs AR EE
whel gere A koot Ao A FAE AIAAET (Cage)dll A @S] (P<0.05)

Table 2-15. Effect of housing system (cage vs floor) on body weight and relative organ
weight in sacrificed White Leghorn aged 40 wks

Ttem Treatment
Cage Floor P
Body weight, g 14339 + 789 17575 + 33.85 0.01
Liver, g/IOOg BW 291 + 014 267 1+ 016 0.29
Spleen, g/10s BW 010 : 001 0.09 + 0.004 0.36
Thymus, g/ 100, Bw 0.04 + 0.005 001 + 0002 0.01
Bursa of Fabricius, /100, Bw 0.02 : 0.004 0.03 + 001 0.38
Values(mean+SE).

Table 2-16. Effect of housing system (cage vs floor) on body weight and relative organ
weight in sacrificed White Leghorn aged 60 wks (mean+SE)

Ttem Treatment
Cage Floor P
Body weight, g 11952 + 43.68 14832 + 68.66 0.01
Liver, g/100g W 148 + 0.05 286 + 013 0.01
Thymus, g/100. Bw 010 + 0.01 010 + 0.01 0.78
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BHo] AAA BHEE ZAE AHEDA AT A Ao|AAS T v HAAS T
oA 288g BT oA (P<0.05)o2 =A ekt 1 FAls WARS T (Floor)ol A =7
Ve m (P<0.05), A4 ZAE xpol7F gl
(2) g A3t JE, My JAF 2 corticosterone A

4053 2k %ﬁ]oﬂfﬂ AR Aol wE 8 SRS AHEW (Table 2-17) HA EF
ALT 9 cholesterol &2 Alo|X|ALSTolA @A3] (P<0.05) F7HEJAvh 2} AST,
glucose, triglyceride @ total protein & 1’4—% Ager RS AL W2 2ol gle A

©2 bt

6055 AtAANA ALgHEEA mE FFe AT dES AHET (Table 2-18) EF
glucose = triglyceride 32 A o|X|AMSTol HWH WARALS o A @A E] FTFE AT

(P<0.05). 7+ QAT ALT $3& Ao ATl @A 27150k (P<0.05).

Table 2-17. Effect of housing system (cage vs floor) on the biochemical composition of

plasma in White Leghorn aged 40 wks

Ttem Treatment
Cage Floor P
ALT (IU/ u0) 31.88 310 21.00 =+ 1.86 0.01
AST (IU/ ub) 153.75 t 6.30 155.88 = 6.42 0.82
Cholesterol (g/ db) 132.88 + 1893 7825 + 942 0.02
Glucose (mg/ df) 28138 + 6.67 26225 + 10.62 0.15
Triglyceride (mg/ dt) 1327.80 + 2745 12576 + 289.0 0.86
Total protein (g/ df) 546 + 0.08 548 + 012 0.93

Values (Mean =+ SE).

Table 2-18. Effect of housing system (cage vs floor) on the biochemical composition of

plasma in White Leghorn aged 60 wks

Ttom Treatment

Cage Floor P
ALT (IU/ u0) 36.00 + 299 200 + 304 0.01
AST (IU/ u0) 16738 + 716 15825 + 686 037
Cholesterol (g/ db) 9825 + 422 11188 + 693 012
Glucose (mg/ de) 23638 + 1.65 26075 + 256 0.01
Triglyceride (mg/ dt) 108963 + 5121 204475 +  186.60° 0.01
Total protein (g/ df) 574 + 011 564 + 015 0.61

Values (Mean =+ SE).

ARSHEEA O] E ARRbAle] Fo Wi g vlgo] thE 27 (Table 2-19)& ’%}Tﬂi”ﬂ g
Nol WP A HEAFAA =T, G, o]FF Fo A = zo|7F gl R
Ve T 31 Heterophil/lymphocyte (H:L) H] &A= AFSHE2lo] w2 {294 Zol7l ¢l
o detzoz ASFE 9 AMSEET MEEAs 8 HL BE&S @A A WEA7]A]
E ¥ Aew HuEw vt (Thaxton 5, 2006). Puvadolpirod$} Thaxon (2000)e] 3719
w2, 4 05 HL H]go] 2EH2E BgA] 276 B2 F7Isgtta Bkl Qlof £
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AP e 0.36-040 B]EE FAZAQ Hol Utk Turkyilmaz (2008)-2 = o
0.04 m’/5, 005 m*/<, 0067 m*/5¢ AAFEE ZAs A 2B ¥He-& 2AG A
H:L H]&, corticosterone, Newcastle disease (ND) aA|uH--o| A z}o]7} @it X uslch.
&%, Shini (2003) Aol w2 ATAZS battery cage, HE cage T WA}

free-range system) & 3F {9 AsHA A HL B&E SAS A3 YA
free-range system) AlAoA] ALSEH HolA 7HF G HL &S Ho 7Y 9o 2Ef X~

FFe Bt Bastiith

Table 2-19. Effect of housing system (cage vs floor) on the composition of WBC differential
count in White Leghorn aged 60 wks

Ttem Treatment

Cage Floor P
WBC (K/ u0) 1440 + 4.03 1661 + 0.94 0.01
Lymphocyte (%) 6484 + 1.57 6757 + 1.62 0.67
Monocyte (%) 432+ 0.21 514 + 0.32 0.62
Heterocyte (%) 2237 + 1.89 2499 + 192 0.62
Hetero/Lympho (H:L) 036 + 0.04 039 + 0.04 0.92
RBC (M/ ) 415 + 0.09 399 + 0.20 0.78
Hb (g/ d0) 1421 + 0.64 1340 + 067 0.77
Values (Mean =+ SE).

40 2 60FH AlHA oA 2EF L TEEORA FQ3F A FEQl corticosterone FEE
5—/‘]'5_ A37}E Table 2-20 2 2-210] VJeRUTE B A8 A3 2Ef 2 A EQ corticosterone
© W0FFIA AANEE] WAAETA va) o 59ue & FEL Hal Fola
(P<o.o5) $34Th 0T HAAE Aol AA gzl FANLZRT o 1989 +E3718 ek
Aot F94 zol= gAY AF7HA] B2 AFEIY 2EY 2 AF2A BF corticosterone
T2 7 gy gEHA vlolentA ot o7 A thFdt Ao A] corticosterone FEE
sty 2EH2AEZA  EBEASYen, X3 HolAl Z2EH2E FAAZ AE

corticosterone T E2F-S FYSTh ASEE 2 AMSEA w} o] AFEIANA G
corticosterone®] z}tel7l Wrix ojm] df HuwHIT v} (Mashaly &, 1984) &}
Turkyilmaz (2008)& Boll 4] AFSHEAD (0.04 m?/<, 005 m’/2, 0.067 m’/3) ~E@ 2~ whg
S ZASE A3 H:L H]E&, corticosterone, Newcastle disease (ND) &A|Hk-S-o A Z}o]7} ¢l

O Bsyoh.

= rlo

Table 2-20. Effect of housing system (cage vs floor) on plasma corticosterone level in
White Leghorn aged 40 wks

Ttem Treatment
Cage Floor P
ng/ml
Corticosterone 936 + 337 163 + 039 0.038

Values (Mean+SE).
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Table 2-21. Effect of housing system (cage vs floor) on plasma corticosterone level in White

Leghorn aged 60 wks

Ttom Treatment
Cage Floor P
ng/ml
Corticosterone 1158 + 3.36 59 + 1.79 0.166

Values (Mean+SE).

A
B Aol A" FAAS AgdAls AT vket 2o

b |9 §AAIL-1B, 1.4, 1L-6, IL-10, iNOS, LITNF-a, TLRs4) mRNA 23 24
(4) =34 RNA £

Zt AT d2 A3 FAFES] 23 o2 2E RNAsol " kit (TEL -TEST, INC)-& ©]-&3}
o] total RNAS F&3}19th 228 RNAzol £ A FZA3}3 & chloroforme Z33 &
A 223t 2-propanold& ZFHate] RNAZ HAAAH E23tn 228 RNAS o] &3l =
cDNAZ TAsIYTH

._/\]

Table 2-22. The primer sequence of genes

Item Direction Sequence(5” to 3) Size(bp)  Accession No.

Forward GCT CTA CAT GTC GTIG TGT GA
IL-16 Reverse TGT CGA TGT CCC GCA TGA 167 AJ245728

Forward  AAC ATG CGT CAG CTIC CTG AA
IL-4 Reverse TCT GCT AGG AAC TTC TCC AT 350 AJ621735

Forward GCT CGG AAC AAC CTC AAC CT
1L-6 Reverse CTG GGA TGA CCA CIT CAT CG 247 EU17068

Forward  GCA GAC CAG CAC CAG TCA TC
IL-10 Reverse ACT CCC CCA TGG CIT TGT AG 185 XM425823

Forward GAA CTA TCC TCA CCC CTA CC
LITNF-a peverse  TGA CTC ATA GCA GAG ACG TG 223 AY765397

. Forward GCA TCC AAA ATA TGA GTG GT
iNOS Reverse AAG CAC AGC CAC ATT TAT CT 274 U34045

Forward ~ TTC CTT CAT TTT CCT CTT GA
IEN-Y " Reverse ~ ACT GGA AAA CAC AAG GTC AC 294 Y07922

Forward AGT CTG AAA TIG CTG AGC TCA AAT
TLRsd Reverse GCG ACG TTA AGC CAT GGA AG 190 NMO01030693

. Forward GTG GGG CGC CCC AGG CAC CA
Bractin p erse  CTC CTT AAT GTC ACG CAC GA 540 NMOO0T101

(th) RT-PCRE o] &% mRNA 8 2A}
2% RNAZ o|§sle] 2320 ODge Z4ste RNAZ 10 pow FFY F
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oligo dT (Invitrogen) 1 g¢<} dH,OZ Yol FHF B3V} 12 w7l HEF sl RTE A ZRsHY
t}. RT-product 2.5 0, MgCl, (Promega) 2.0 pf, 25mM dNTP (Takara) 2.5 pf, 10X PCR
buffer (TaKaRa) 2.54¢, 10 pmol primer 2.5 uf, Taq polymerase (TaKaRa) 0.2 ¢, DEPC HO
103 S go] HAFHIE 25 =2 wErh PCREALS Aol 94ToA 32, [94ToA 30
Z, 62T ~50CANA 30%, 72CANA 45%] x 32~35cycle, 72 CANA 108, 4CANA oz HAS}
dom, ZF A= 9MTAA 3E, [94TollA 30x%, 59Tl 30%, 72CoA 45%] x 40cycle,
72ColA 108, 4ColA «& AAsHT. PCRAES 15% agarose gelolA A79F &
EasyDoc Gel documentation system (EasyDoc, Korea)2 ©]-&3}] densityE Z743}le] B-actin
ZFoll thek 4t A densityE Al4ste] mRNAYS sttt
(3) SAAE

Aol wE AR ATE Proc-GLM (SAS, 1996)0] o)) 2AEAL A
23k WmE thest WYl S8l P<005 FENA fo14 ARE A,

1} A g 2
(1) 2H@ANA A4 (Fol A vs HADo] B2 Wl Apo|EF §HA w

[
T =
4077 & 6073 At&EA A ARSH2] (A o]A] vs FAP wE o] HY ZA A IL-1B,
IL-4, IL-6, IL-10, LITNF-qa, IFN-y, iNOS % TLRs4 T3 Z2 Alo]E7I] wdl thsl ZAap=
Table 2-237} 2-240]| 4] Z4z} A|AJ € uhe} 2o}
B3l &3 3 16FHRE 40FH7A Aol (Cage)N A AMSE Aol A7 ¥AF (Floor)ol
A ARSE AFEAA T 2HA A EHE AL EF] fHA Ed e AvEE (L8,
v F ¢ A=k, 1L-10, IFN-y % TLRs4 3
2 FEAL AolA Tl A BAB] (P<0.05) F7HE= ZoR Vet vz o As A
of mat ZANE E-EO FHA EHLE Ao|7t glUAIR, IFN-y& Al o] A|ALFToll Al & A3
(P<0.05) F7H=EAT. FAx oAl Z7}E 93, TLRsd §AAE
AT A Z7hEE (P<0.05 Al o] A AFSTol| Al TL-107} INOS
A gHo] FUHEN L™ (P<0.05) FAFAFIEFFIQ IL48 FAFA|EFIES] L1
B, IL-6, LITNF-a 2 TRLs4¢] %4

607 ArRANA A

=~ N
N =
o X
.
&
sLoe
2ot

flo
=1
Y
< o
oA
fr

oN

e 7F A THEE Alo|EFR] fFAA TE Y
A EY, IL-62 A the IL Ad AtelErtd Zo)7k gigiA|w, LITNF-ast iNOS
AR WAREA A F7HE= (P<0.05) o2 AZET vl A Alo]EFFle] wd &4
AHEY, IL-1B2 AlolA AMSAl A3 F7iHEe Az #RHUoY, 114, IL-6, IL-10
TRLs4:= ZFol7F @1t 28vh 7+2A 3 §AFSHA] LITNF-a 2 iNOS g2Hd e wpalo) A &
3 F7hHE (P<0.05) Aoz veigt FAZFAAE 8447 TNF-a 2 iNOS 2d-& 1
Z7tEE (P<0.05) Ao Z =

N2> 2 yE g o o
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Table 2-23. Effect of housing system (cage vs floor) on the expression of cytokines in
White Leghorn aged 40 wks

Ttem Treatment
Cage Floor P
Liver
IL-18 047 + 0.03 037 + 0.04 0.08
L4 043 + 0.02 040 + 0.04 0.51
IL-6 020 + 0.06 009 + 0.03 0.10
IL-10 034 + 0.05 018 + 0.04 0.03
LITNF-a 048 + 0.02 042 + 0.03 0.17
IFN-y 05 + 011 017 + 0.04 0.01
iNOS 045 £ 0.05 044 + 0.03 0.86
TLRs4 038 + 0.03 023 + 001 0.01
Spleen
IL-18 034 + 0.03 028 + 0.03 0.14
L4 035 + 0.03 044 + 0.04 0.12
IL-6 027 + 0.05 023 + 0.04 048
IL-10 055 + 0.04 060 + 0.04 0.34
LITNF-a 053 + 0.06 054 + 0.08 0.87
IFN-y 084 + 0.18 018 + 0.02 0.01
iNOS 044 + 007 035 + 0.05 0.34
TLRs4 065 £ 0.05 044 + 0.09 0.06
Thymus
IL-18 058 + 0.06 055 + 0.10 0.80
L4 057 + 0.06 055 + 0.07 0.81
IL-6 022 + 0.07 034 + 0.07 0.10
IL-10 052 + 0.8 069 + 011 0.11
LITNF-a 067 £ 0.09 055 + 0.06 0.24
IFN-y 09 + 0.18 046 + 0.16 0.05
iNOS 079 + 0.06 075 + 0.05 0.63
TLRs4 064 + 0.04 098 + 0.08 0.01
Bursa of Fabricius
IL-18 060 £ 0.09 072 + 0.8 0.37
L4 075 + 0.22 091 + 0.08 0.46
IL-6 058 + 0.06 072 + 0.8 0.19
IL-10 072 + 016 017 + 0.07 0.01
LITNF-a 083 + 0.10 058 + 0.06 0.06
IFN-y 065 + 0.26 059 + 0.09 0.83
iNOS 098 + 010 044 + 005 0.01
TLRs4 069 + 011 044 + 0.04 0.06

(Mean * SE). The values were expressed as the intensity of genes relative to that of B

-actin,
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Table 2-24. Effect of housing system (cage vs floor) on the expression of cytokines in White

Leghorn aged 60 wks

Treatment
Item
Cage Floor P
Liver
IL-18 014 + 0.02 015 + 0.03 0.77
L4 016 + 0.04 009 + 0.01 0.09
IL-6 013 + 020 007 + 0.02 0.05
IL-10 049 + 012 069 + 021 043
LITNF-a 016 + 0.01 029 + 0.03 0.01
IFN-y 009 + 0.01 015 + 0.04 0.16
TLRs4 032 + 0.05 024 + 0.04 0.25
iNOS 014 + 0.02 038 + 004 0.01
Spleen
IL-18 037 + 0.03 019 + 0.03 0.01
L4 014 + 0.03 010 + 0.02 0.07
IL-6 008 + 001 008 + 0.02 0.80
IL-10 023 + 011 010 + 0.04 0.30
LITNF-a 007 + 0.02 029 + 006 0.01
IFN-y 016 + 0.05 014 + 003 0.77
TLRs4 043 + 0.04 051 + 0.10 049
iNOS 030 + 0.03 040 + 0.03 0.03
Thymus
IL-13 054 + 004 035 + 0.04 0.01
L4 012 + 0.02 014 + 001 0.35
IL-6 015 + 0.04 022 + 005 0.32
IL-10 023 + 0.06 031 + 0.08 046
LITNF-a 018 + 0.03 031 + 0.03 0.02
IFN-y 007 + 0.01 006 + 0.01 0.57
TLRs4 027 + 0.02 069 + 012 0.01
iNOS 025 + 0.04 063 + 0.08 0.01

(Mean * SE). The values were expressed as the intensity of genes relative to that of B

-actin.

A Hogukgo] ot O A4S ST HFolH WY w2 FE FFu3o] TAHT
Azl o3 4 2Zgo] WAEH Alze] HEold HAELS FA S} T-HE 54 484
S FIIARIT T-AEZ JA] oA AAE FAHAM 4= A2 mi/id "Hde
2 cytotoxic T-HEZE ALo|E7IIS st AZAL 8 2 tAAZE fdste] 4 28
sith. CD4 =+ CD8E ¥# % Helper T-A|E = cytotoxic T-A £ &3S 2H8-3l=d CD4
MXE= Thlz} Th2 F709] subclass2 EFEc) Thle thAAEE A3 st HAASE AE
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Al A ok INOS The 2 AALE AMSteE E4Z A INOS7F A =™
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‘:‘P%g o]-gste] ThFE wpolemtA & H §& dATE

th A2

B AT 298 Foelel B w, 4077 2 6057 AANA 84 GHIA vs A
of Mt Hel AF T 22 APAHA AFot A WIAA N e 2EHLE {Ed A
o2 eyt Z2FAE AHEW Ao|A] AbKd H|E WAL ARSOlA AlFol {9F (P<0.05)
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(IL-6, TNF-q, iNOS) 57 Z-& 32 &3] A wel A3 zol7t e AL = 1}
Ebytth. A o] AALS T (Cage)S HWAALSF (Floor)oll ®3] 7t v1F 5
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2 AgEd 57 2e Ugd ade] pofEmz FF ool hF WF dAFvh aTEn
EUS] FEEAA ] utg} 201295E A3AE AolA AgE Y FAINE stn FolA
= 2008 BEETHE AW AHs FERE ¥ BAAAG Fsdenzg, ASY o
Fel7t FEEA S} pEE 2EFH 20 Aoztgel e dFERE EANEY BEXE B
T FEAL e @3F AEA ARRAEH dE A e AR VE ARE o
48 £ 9le Acz Ardn

1) AAF ALS Gl 2 A9 ~2EH 2~ AEE Golry] 9% Zloz WAy aEg 9 &

TANHS Wz AolA AL H ° < ¥
stith Al o] Aabsde] Qlo] AEE, 2behg, 4HER
o] AlolA] ALK A vlE} Koo =L HHE BT,
A AR AAZE G238 A7E JeRgo] Al Ay E =

v 3 B} vl e AASFE 2 ALSEE T
2) AAAFSZE Al T2 E){fﬂ iEﬁﬂi A KA 2 wd SR Ao A dZuo]
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o zHelA IL-10, FN-y 57 2
2} AT T,
7]—E4_1_ FAo A TRLs49]
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1:11 _g_/\
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FAARHE] FAHE Aow BAHYT 2 AW Aoz Ho}

B8 9 2Edss BAY biomarker2 A 2% A AE, B Al EF, FEol m
£ =3 41 m TE 5 Holq AWHA AFAAS WA N AE2A §E F 9
N
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38 SA AEEEC wE 2E#HS #d B4 24 T S
AgA}/H Bl FHA

B AELE 193 &7 (Ross 308)& FUEE 18442 (F)SFA FFel 7¢3 (BW
185.6320.53¢) 7} A 4—%717&% AR F AR e ot MYUE(ISD), FUEMSD) 2 ndw
(HSD) 370 Aztz dAstdrt. #elg] Aolxe] Z7]E 60cm(L)x77cm(W)x40cm(H) 2 A

AYET 45 /cage(12¥HE, 0116m*/ %), FUET 65 /cage(10¥HE-, 0.077m’/5) @ TLET
= 84:/cage(8¥HE, 0.0578m?%/<) 24 A el Wit 7UHEE 3B5UHAA ] AR
| mhe Al Ee A st Al AMEE AEE 498 SAXEE olgsigen
—“5: AtdEle 2E 2 FHZRELE 2E AMFAIAL A 2 st % A AR B A whet
AR ALSS AAsTh e 4T A4 s}g}oq /R]- c=

A3t 5 3 Fult) 2CH AAAA AE ZEA
£ Table 3-10] Eldulel 2o}
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Table 3-1. Chemical composition of basal diets'

Items Starter Finisher
Crude protein, % 20.0 18.0
Crude fat, % 3.0 3.0
Crude fiber, % 6.5 6.0
Crude ash, % 8.0 8.0
Ca, % 0.8 0.70
P, % 1.00 1.00
MEn Mcal/kg 3.05 3.15

'calculated basis (%)

h A8 AEARF

AFFAIEel FEE F 4 APT 7 85 EF 45 ARAES Ariste gy FH
AEAE At G55 FHLS mRNA FE8 9 ¥ AYFPE B8 A7) ¢
ol BEsteY. @AY E 3,000 rpmdTC)ollA 1587 94 HeElste €3S 5% & 7
0Ce] Easte] 24 ARSIt 2+ F71& F55t7] fste] 848 7H9e= Adlsta 9%
o FEFANA BFL BEZA ddste £2FL 53t 7, v, F4 2 Fd 59 23
£ AHAStA FAE FASIAUTE olojA] BRAAATEA 7 FUE AFHste A @ AF
o £E-& AASIE A AL FYS T 70T st E4o A& ATH



¥ AST(aspartate aminotransferase), ALT(alanine aminotransferase), albumin, total
protein, triglyceride, cholesterol 2 glucose B2 A}FA) 3} 824 7](Hitachi 747, Japan)E A}
A aia
(= FA7A 57

53 7 v, A4 B g 53 22 AIFAle AAFT 100g 7 dHA) TEHeE

@ %QMH tﬂ%? L total RNA%E]
Z A 54 doAe AHE F 3wl B AHE A4S A7 0.9% Nadls £33}
1 Lymphocyte Separation Medium (LSM) A]<F Ea
Ad A BYSATE oloA RFE AAS F, WHFFIH LSMF 50%
09% NaClE thA] ¥ F 200x goll A 202 <t 44 Eastint 45
S22 o) gol 94 Baldtel AlHste] pellet(M W T)E Eelakd HsraA
Wy Total RNA= GIAmp mini kitES AR&sle] £ 3T
buffer o] WETE st 4TAA 108 Bt AdHdEst] FFdL
bufferE 9L § Wy HXE T35ty 9 8]] Z =23t 9o EFAHES QlAshredder
spin columnd] ¥-& ¥ 14,000rpmo] A 28 & 13}stgch 2] 70% Alcoholo =iy
Z T3l g QlAamp spin columnol] ¥-2 F 8,000x gollA 18 &<k dAEZ T RW1
buffer2 A3} 8,000x golAl 18 &< ThA| ]7&]8}9}5} o]o] Al RPE bufferE 218 44

O r—|-4
=N
mN

B3} RNase free waterE membraned] &3] EF3 T thA] 10,000rpm 18 & &=
3l total RNAE FZ3}9 ).
@ FA, Fd, v 2 7k 22 4] total RNA £

zt X%EHL Ha 554 Age FAFES] 4, F, uF 2 7t E_Z}iil‘i—ﬂ RNAsol™

_:

Kit(TEL-TEST, INC)< ©]-83}4] total RNAZ %2314tk A3 =
g2} AA]slA Y. 23S RNAzol reagent-£2 ol A homogenizationgh =
QARSI aqueous phaseo] 2-propanol2 Z3sle RNAE HAAA Estz EId
RNAE ©| &35t ZA| (DNAE st W Eastsich

3 Real Time-PCRE ©]-€3F mRNA =& FA}

RT-product 2 pf, SYBR Green supermix (Bio-Rad Laboratories, Hercules, CA, USA) 10
ul, 5 pmole] primer 2 pl, dH,O 6 & 2ol HFHET 20 2 LF v} real-time PCR
(Bio-Rad Laboratories, USA)E AA|stHT. PCR ZHL 9HMAToA 58, [94TolA 15%
(denaturation), 59C ¢l 4] 30Z(annealing), 72°C |4l 30%(extension)] x 40 cycle, 94Tl A 1&,
55TCellAl 94T7HA] 05TH =& AA8] S8l 2z 2=rit)t 1024 §RAIZ o™, 4Tl A
coF BEREATE AATto Z Wlste FFo S dEste CighE 78k mRNA LA T
2 AU B AP AFEE Alo]EFLQl FF/ 9 RT-PCRel AL&E primere] sequence
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= Table 3-2¢ 1}e}dule} 2o

Table 3-2. Sequences of primers used in real-time PCR

Item Direction Sequence(5” to 3') Size(bp)
Forward GAA CTA TCC TCA CCC CTA CC
TNF-a peverse TGA CTC ATA GCA GAG ACG TG 223
_ Forward GCA TCC AAA ATA TGA GTG GT
INO5 Reverse AAG CAC AGC CAC ATT TAT CT 274
Forward TTC CTT CAT TTT CCT CTT GA
N peverse ACT GGA AAA CAC AAG GTC AC 223
Lgp [Forward GCT CTA CAT GTC GTG TGT GA o
Reverse TGT CGA TGT CCC GCA TGA
i,  Forward AAC ATG CGT CAG CTC CTG AA -
Reverse TCT GCT AGG AAC TTC TCC AT
1  Forward GCT CGC CGG CTT CGA 158
Reverse GGT AGG TCT GAA AGG CGA AC
Lo  Forward GCA GAC CAG CAC CAG TCA TC .
Reverse ACT CCC CCA TGG CTT TGT AG
~ Forward CAA AGC GCT CGATTT CAT CGC
Bractin ¢ verse TCT CTT CCA CGG AGA TGT CCT 180
(3) BAAE

A REG G AT S 2o AN, I4GH, Z7IRA D Aol e —%o T
& Proc-GLM(SAS, 1999)¢] <] 3} NS AdAstlen, 27t HlZE= Duncan %ol 2
3 P<0.05 oA F4d HAHE dAlstth

[ SR L
(1) AR R B SA, AARAAT R AR 878
ARz 2§49 Al Aube Table 337 2ok A ARS7|ZE BH7-35U H)ol

Hed 2E AZFodA F2A3 Aeols AT AL EF(LSD)
g FAES JEAth AFPnA ALEFE FEEMSD)
gol 7tz 648% B 61% AF =712 BHYTh AR

ki
i
il
T
92}
)
S
=

2y T HE feolF (P<.05)e 2 F7lE= Ao E e
AHEHE §FolF zlole fIUA T AEEFTE thE Fol B3 HAF

Az Hol "“'1‘7"”01 A AUETFASS AT 2 AR _TE S5l
HEFS F7HEE A2 YEyT 2y ¥E R
= 1 vl 3l oF 6% ol FAIEol FUEHI AR
= ASEZ o2 A2EFH A gRlo] A”-E AMS
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Table 3-3. Effect of stocking density on growth performance, feed intake, and feed

conversion ratio (FCR) in broiler chickens

Treatments’
Items
LSD MSD HSD
Initial BW (g/bird) 185.08 + 0.87 18588 + 053 18593 + 0.18
Final BW (g/bird) 2098.38 + 67.63 1970.72 + 53.69 197775 + 44.43

42.72° 209335 + 42.47°

I+

Feed intake (g/bird) 330838 + 61.63° 294188

Gain (g/bird) 191329 + 67.92 1784.83 + 53.50 1791.83 + 4437
ADG (g/bird/day) 6598 + 235 6155 + 1.85 6179 + 153
ADFI (g/bird/day) 11408 + 213° 10145 + 147° 10322 + 146"
FER (gain/feed) 058 + 0.02 061 + 0.02 060 + 001
FCR (feed/ gain) 174 + 005 166 + 005 167 + 0.02

Mean+SE. ~ 1SD: 0.116m’/bird, MSD : 0.077m?/bird, and HSD : 0.0578m’/bird.
ab

Values with different superscripts in the same row differ significantly(p<0.05)among

treatments.

@) B2 =7 W

AgEEe] mE g4 #4% gy] TAe WS A AL Table 349 2T AF
A7 A% 100g 2 4719 AH 2AS 22 2 1 wF 2 FAY TAE AU £
Z3} Angel BE FolA fA AoE AT ol9h Zol B g4 ALY
Mg WMol B P15 FAN AHHA o

Table 3-4. Effect of stocking density on weights of organs in broiler chickens

Treatments
Item
LSD MSD HSD
Liver, g/100g BW 1830 =+ 0.019 1840 <+ 0.021 1839 <+ 0.015
Spleen, g/100g BW 0124 <+ 0.002 0125 + 0.002 0125 £ 0.002
Fabricius, g/100g BW 0261 =+ 0.003 0260 + 0.003 0.263 £ 0.002
Thymus, g/100g BW 0127 <+ 0.002 0128 <+ 0.001 0129 + 0.001

Mean+SE. = LSD: 0.116m”/bird, MSD : 0.077m?”/bird, and HSD : 0.0578m”/bird.
ab

Values with different superscripts in the same row differ significantly(p<0.05)among

treatments.
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AbSE T mE &4 9 FoA At i thdk A= Table 3-59 Zrh WA A
Az LB A AY Z8 o) % 23S AHEWE albumin, total protein, F
AR, glucose T3 e WFE A5 HJES AMSEE AHgle]l 25 H=g £XE
Rt B ALDES we B A5 FA FoH BE TolA fAMR
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Table 3-5. Effect of stocking density on blood biochemical profiles in broiler chickens.

Treatments
Items
LSD MSD HSD
Albumin (g/ d0) 1.04 = 0.04 1.0 + 0.03 1.09 + 0.03
AST (IU/ ub) 3668 + 135 316.0 + 232 3249 + 799
ALT (IU/ u) 119 + 094 110 + 157 104 + 075
Total protein (g/ dt) 29 + 012 30 : 0.16 309 + 012
Triglyceride (mg/ df) 220 + 159 196 + 341 199 + 184
Cholesterol (g/ df) 1224 + 523 1206 + 6.34 1244 :+ 354
Glucose (mg/ df) 2220 + 629 2237 + 116 226.0 : 8.02
Mean+SE.
" 1SD: 0.116m”/bird, MSD : 0.077m’/bird, and HSD : 0.0578m?/bird.
*® Values with different superscripts in the same row differ significantly(p<0.05)among
freatments.
@) ASEE Aslo] BE wdnd fAd 2
WAurge FEAY U - % 97 Mzl Hstel AW golo] FaW 482 HE A
o WPT YZB (FA L DA Sold B wSold By wgo] meh e
o] Zg-2 JABiT) E3 HY e ZFoA= Bursa of Fabriciuso|4 B g =372 B3z
HEold Wee F2 dZwgo] BAHD AME So os Azgo] BAH olelF v
Sold Welwrg-e S TAHE 5o 444 Wee A7 He4 Sold e T4
AM AAEE E71EHAEAA T-dat+ 3 B-du77F 8% 7lse 3T 59 A
T A 7HE X B-AZE AGAY HEgoz du FA4stE T-AHE Y g4 &4sEd #
AFA(g)E A3 T-AHE JA| FFolA A FAdAA Z43t= AlE i Bz
$O2 cyotoxic T-AEE AR EFNS GAste] AZAE Fsa RYAZE 5] 4
2182 §89h Suppressor T-AZE AEY Hdol Af¥W BALEL FEAAL CD4
= CD8E ¢ R Helper T-HEZE cytotoxic T-HE] EA3E 2ZE3t=dH CD4 A EE=
th Thl12 tAAZ2E 2/dslete] WHAE AMEsta, ¢

Thlz} Th2 F71¢] subclassz &5

=
< 23t A= AAs=dHl T2 Interleukin-2, (IL-2)¢} Interferon-gammaZ £ 4] $+},
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Table 3-6. Effect of stocking density on mRNA expression of cytokines with RT(Real-time)

PCR in various tissues of broiler chickens

Treatment
ftem 1SD MSD HSD
Blood
TNF-a 509 £ 115 785 + 457 177 + 025
iNOS 432 + 094 848 + 1.02 267 + 051
IFN-y 299 + 049 503 £ 1.92 194 + 034
.18 542 + 113 481 £ 1.15 283 + 025
L4 600 + 155 2499 £ 19.82 363 + 1.26
-6 407 £ 1.09 678 + 2.96 250 + 0.89
IL-10 1136 + 3.08 85 + 292 154 + 028
Fabricius
TNF-a 240 £ 049 192 + 055 232+ 017
iNOS 257 + 0.18 22+ 023 286 + 028
IFN-y 247 + 048 287 + 094 183 + 0.36
.18 155 + 024 269 + 044 181 + 040
L4 240 £ 022 177 + 0.39 311 + 061
-6 219 + 033 184 + 0.10 157 + 016
110 132 £ 021 2% + 1.03 163 + 018
Liver
TNF-a 241 + 068 284 + 0.63 29 + 058
iNOS 211 £ 032 123 + 0.04 184 + 047
IFN-y 663 + 213 216 £ 0.72 684 + 072
IL-1B 553 + 049 373 = 042 423 + 118
L4 440 £ 035 193 + 062 440 + 1.60
-6 520 + 018 405 £ 036 638 + 1.99
IL-10 487 + 098° 1816 + 6.02° 167 + 0.10°
Spleen
TNF-a 214 + 048 179 + 0.28 210 + 084
iNOS 257 + 034 17 + 029 177 + 019
IFN-y 491 + 1.05 601 + 3.74 386 + 0.66
IL-1B 317 + 1.00 681 + 3.06 364 + 128
L4 273 + 065 166 + 0.32 158 + 026
-6 401 £ 195 794 + 276 278 + 1.74
IL-10 1288 + 224° 613 = 1.95° 175 + 0.64°
Thymus
TNF-a 1877 + 535° 1870 + 8.06° 7179 + 17.18
iNOS 1139 + 200" 872 + 1.18° 5369 + 847°
IFN-y 8011 + 24.28 4969 + 1850 962 + 25.30
IL-18 8059 + 4.66° 11007 + 13.22° 25920 + 72.08°
L4 7607 + 49.01 6645 + 3827 9097 + 2411
-6 6378 + 21.91° 6953 + 17.69° 14384 + 24.02°
.10 6276 + 2314 10826 + 63.3 2425 + 889
Mean+SE.

" 1SD: 0.116m”/bird, MSD : 0.077m’/bird, and HSD : 0.0578m?/bird.

*® Values with different superscripts in the same row differ significantly at (p<0.05).
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Th2& IL4, IL-6, IL-10 2 IL-30 Alo]E7F1S AA3Hh o] Alo]E7Ie 427
Ze g gE AR Anti-inflammatory), IFN-y, ILlB IL-6, IL-12B 53 #Z2 IEF
(Pro-inflamatory) 2 B F& & lon, o]l FAAE ZFgE o AIME7} Roj=
A ZITE HF ALl BRI He] gl Fel 22 o] 7] WM E A F2

AtdaE 9% AE BR2 24 A4 £F& WA (immune system)o] 4E o

stal HME F3 qTS FIIh Tt Thefol] ARstE 4T HostAl AlZolA FAEH
HOME AMEE fEsed, old I dEe] WY, i, dxstoln¥m wH
(Parkinson’s disease)?] fdtolT 4k3}A 47 T3 INOS E4E A EAE AEHE

>[~>

=
283 o) SHEA] INOS7E AAFHA Atgtd A4 Aol AdE e Zo=z Hiusa gt
Hol INOS= o8] 7tx] dle=z Qs o o] #Fez gold 7 thAME FollA
A== superoxide anion 53 72 ROS(Reactive oxygen substance)o} & 2802 AL
& ENNAY Fole FEE 3t ASoE 4#HA AUt
meta B AFes AMSEEY o2 SA9 A dAd(d ), 4, - iR 2 2§

A71Z Ao A iNOS, IFN-y, IL-18, IL4, IL-6 & TNF-a 5¢ Alo]EFIS FAA S ¢dS
Real Time-PCRE mRNA 23S ZAlSt AR E 2E# 27 WP ZEof
Halnzt gt AFZ2HE AHEE, Wi dd, 7 v 23 A e
o] wde A Ax) iNOS, IFN-y, IL-1B, 114, IL-6 2 TNF-a9] &A=} =
zpol7b @it IL-10 §AAE U EANSF(HSD)ol A & A 81 A(P<0.05) A=Atk F-
(fabricius)| A = Alo] E7}IS] oE %ﬂ/\l BE FoAA AR fel A zpol7t ¢l
AFSEEZE "9, 31, Fd 2 B Z2FA o]& Alo]EFRl(cytokine) ] W
& v A FUTh FAd(thymus)oll Al Aol EFFQ] f-xbe] & FE ZARSH
B, TNF-q, iNOS, IL-6, IFN-y, IL-1B9} Z2 1dZ &
(P<005)2.2 F7tsle AR etk g tEF 5
cytokine)$l IL-4+= xi‘?:lE?LOﬂH TAEF HE Ko Z (P<0.05) TAEHUTH A &

rL~

il

[-'O

4% AT AolEA KA DR AR AW, AT A%e F, B, 1 53 2
2 gIlelE RAAA Aot WASA ko), shFe] WG] FaP 4TVL FARE
FAA 093 A EA BEL F/7EE ndEe] G2 A9y A5t 24 £ 9
&2 AArt

ARFREZE A A mAe dFe v Bt A lov), "YEgd mAe o
Foll B = obF TrFoiA HuH A @t 53] AlsEErF AAEE Alo]EQl Td
m A e FFE AR A= AR AL Higo] A @= Aotk B2 ATl At
SHUE7E F7HETE SAs AAFHE JeE F ASEES SA9 AFe Ao AEBATT 3
So] Huww 0, 143, 119 F/m’)7}

& 2ith. Feddes 5(2002) E e ma= /\}%‘?:_1_._(238 17.
29X A AR 2AS AT 7MY UErF 2L 238 F/m’ HE AFo] HAaFHS
om 143 F/miA 7 AFol S Ak whebA 49 45UE £AD A5 AT 3

E AdHos 442 5 3tz e $A9 =4 48 ¢ AAgdE ASEEd o
2 zo7 gtk B ustgdrh Imaeda(2000) AFE o] maw ARSEE(12, 15, 18 4/md)
ZAs A FAHE ABAFAF D AABRTEE AR Bn, AF, 7He, AAGAA AF
2 AR TEAME 94 oyt guvtm Hustdnh. Iy olE SACA FAM
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(sudden death syndrome)> AlSREES} BHI AA7E JS5& EHisted AMSEE7E SA4 9
AEaﬂ* 2 Wzt d@Aol LS HuEgrt. 22y} Thaxton 5(2006)8] AFH 1
| G2w ASUES} 2B s BAR MDA ABA §1H dFe AL P A
i;o}&iu}, SAANA AASEE7 AHRE Fol vAE @ 3 dF= thdstA ®el
AEI UAA vk 2R AFolA AMSEET FUHEW A, WA, B, A4 F
(g/100g)7} <8 HAFe= Aoz Buma ot (Pesti®t Howarth, 1983; Dafwang &, 1987).
7P A2 AR mER wgelA AR S7E Al A9l (g6 wEE

%o oz Aze zzrom e 2ok ALE ASL
qAF 2AE4L HolAT AlE EEolAE TUEASTHD e oz
47 24, A4 5 AsAE} @%gio] ¥2:3 23S Uehjn

Ao}, HH Ao|EFR] F AEF ARIETIRIS DT ALSA] 53] FAA grdFe] dA
3] F7tEe ALE UERT dAZMAE o8 JHA] ARSHRAA 2EH 2 2 A9AHE AR
A4S B3 BEEX #HE biomarkerE Jidtsta gAlste A= 29 A &tk 19
U EUS FEEXFA we} 2012dFH AsAs AlolA] AFSS AW FA72 st =
ANAE 2008d FEEIHES AW /MASt SERS @ EXAAE Hgsigoeng, 53] A
SHUEY AR 2 2Ef A HAZE 58 2ASHY FEEX 9 BEE biomarker
& st AEH] AT B A48 a7

2. 8§49 AMS WEo) WE telomere T 2 AEF A #AHA AR @ kA

B A A8 AFEELS 48 B2de £ (RossT) 18452 78 H7A] 2377
S AR F ASA R ot 2EEFHD; 575 sq.cm/bird), ¥FE ET(SD; 770 sq.cm/bird)
2 AU EF(LD; 1150sq.cm/bird) 370 2|72 A dJulR|sta, Al 8~120HE 0 2 AlS
Sith 7B FH BLFAA S AgBE = AL FAAMEE ol&stien FEAre

T Wl T AAA 2 gt SA4 AbS #E A met ARSSHT "5
A eH, AMSLEE AP 34+1CE ZHE3E F & Frjth 2TCH FaAA
o 24CE At dZno] I B4& 42} SAAIE A1 7RAAL 105
Hg Ak, 35U AlF FEA AHYE 74 854 At 2HE 5

@ =4 3 g4 T2 A7
davolel g3 BAS ¥, 7 o, 4% 2 3L 29 tdoz sgom, A A
79% 2 AQ FE 3590l WAL AE AAY 4 2HE5L

Hof EAMstTh A" =3
£-& D-PBS (Gibco, Invitrogen Corp. Grand Island, N.Y, USA)-& o g2 A& 3+ t}2 RPMI
1640 (Gibco, Invitrogen Corp. Grand Island, N.Y, USA) vjefjo] EojlE= Alg#Hez &A
200x gollA 1027 A& A|HY. JAE AlE 09% sodium citrate (Sigma Chem, St
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Louis, MO, USA)&-g FH7lste] 1587 AZAAE s o]F NS 10
AARZ A FHT. 1A X8l = methanol¥} acetic acid’} 312 &% o
3 wE A T AZAL 359 HT "ojriy LElolz RES A}

WYL E FEO A2 A Gl HHezHE oF 5pie] HE ANFsH WPk

ol &3t ¢ W BEe £33 F (1999)7F A A3+ Ficoll (Amersham

Bioscience, Uppsala, Sweden)2- 23l Be|atHo g Asstgn 2 EH AMEE 0.06M KA
(Sigma Chem, St Louis, MO, USA)& ©]§-3te] Ao 1587 A% x%a]o}aiu} A7 A2 7}
Eu™ methanold} acetic acid7} 3712 E¢E ZAHAE 10 AT FJ718E & 4852
o) F 5Y nANCEA 35 A% WE AYP F Lol EEE AFsArh
(3) Q-FISH

FISHE probe A|Z2 95l (CCCTAA)7L.2 FAE 42mers @Y oligomersE  primerz
o]-8-3}e Polymerase Chain Reaction(PCR)& <35l ©]9 FZFH 2HES PCR-DIG Probe
Synthesis Kit (Boehringer Mannheim, Indianapolis, IN, USA)Z 4] digoxigenin labeling& 3}
Act.

B AFoa 33 FISH WS o3 o £#lol= FE-L RNase (Boehringer
Mannheim, Indianapolis, IN, USA)Z RNAE A A T X2 AlHst gz g4 A
ZAZ e} ©]%  Hybridization &9 (1340 formamide, 540 hybridization buffer, 2,{(100ng/
¢0) chicken telomeric DNA probe)S Hojrmgl F ®E3FIT 85T A] 51'?—21' H
(denaturation)A]Z1 & 385TCol A 12A]7o] A A Tr(hybridization)A| HTE A & &Elo|=&
2xSSCZ Al 72CA A 5EZE AH#ysta L9 PN buffer (0.1% sodium phosphate, 0.1%
Nonidet P-40)2 AH3HTh FF HIT #EAE Hstd anti-digoxigenin-fluorescein
(Boehringer Mannheim, Indianapolis, IN, USA)S @3l AWIH2E & 5 385TColA
3027t v A FTE ¥hgo] B &efo] == PN buffer2 MHsta taolA] dxAIZ T v A
A& propidium iodide solution (Sigma Chem, St Louis, MO, USA)& Zoj:dd & AW
25 93 gadA AxAZ & HAsA B3 FE $d S-S 528nm mgtie] A
23 g3 vl (Model AX-70, Olympus, Tokyo, Japan)g ©]-&3}%t}. A
FFAn Aoz #FAS T 1008]] thEAZ StoA Ha 5709 7] A
ddeoz 3o txgd i (Model DP-70, Olympus, Tokyo, Japan)& #%93}al o=
AFH AFASIG. AFHE AL olmx] B4 =z (Image analyzer program,
MetaMorph, UIC, Pennsylvania, USA)-& ©]-835}a] 3 thH] telomeric DNA B X3S B 43¢
o,

(4) RTol| 2]+ (DNAFA % real-time PCR

reverse transcription system(promega)2 ©]-&3l¥ 2™ primer= oligo(dT)S ©]-&3}H T}
HES- A4S RNA  1.5ug buffer 440, MgCl,(25mM) 3ul, dANTP2.5mM) 1ul, reverse
transcriptase 1p0, primer 0.54°]™ total volume-2 DEPCE 202 WFAT} olE wWHgEL
25ColA 527 AFAFa 42TCollA 603 74 e Tt (DNASE FAsiem o=
70CollA 1583 A8 & st GHAL E4E B4 /\]731‘3} 4" (DNAE T ©A 9
AHES 95t 20CoA BHAstYTE HSP §4A ddEAS 95te] primer (Table 3-7)2 A
Z+ & real-time PCRE 35ttt PCRY condition& CDNA 140, primer(5pmole)= Z}z};
0.540, SYBR Green 10p¢, DEPC H,O 8pf WH-ES 94T 587 Hx9 HAL Al7]aL, 4T 15
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27t 7 WA WA, 44 fRA g JEREE 30&& A Fg77ge 72C 0= A
Alstach 28z AT 1—?:7& A AT ABE AR T 55CoA 187 A &% A4S AAs
Aok mRA o2 {FHALG AGS JF2T oA 9MCTHEA] 05CH d5stas 94T ol& o

72 9] BFHFEAQ SYBRe] Holx o mix|T nAH S St

2 7+ A Z1 telomeric DNA e v mEA35}7] ¢35t SAS &
A HF)A (SAS, 200002 ©]&35te] ANOVA/TukeyH o2 EAs1¢ch

Table 3-7. Primers used for semi-quantitative reverse transcription polymerase chain reaction
(RT-PCR)

Gene Primer Sequence(5’-3’) size Tm(C)
Forward AATCTATCATCATGTCTGGCAAAGGGCCGG
HSP70 220bp 55
Reverse GCGGCCGATGAGACGCTTGGCATCAAAGAT

Forward ATGCCGGAAGCTGTGCAAACACAGGACCAA

HSP90 242bp 55
Reverse GGAATCAGGTTAATTTTCAGGTCTTTTCCA
Forward ATGCATGGCCTTTTTGTGGCCTCTCATCCA
HMGCR 270bp 55
Reverse CTTGAGAAGATTGTGAGGAGACCAGCAATA
Forward ATGCTTTGCCGGATGCACCTCGCTCATTTC
HSP25 220bp 65.5

Reverse CGAAGTTCTTCACATCCTGGCAGACGGAGA

Forward ATGTCCAGCAGTAACCGGGAGTTAGTGATT

Bcl-X 200bp 68
Reverse AGCGCCTGCCTCACGTCGGATGCTCGAACA

Forward CGCTGCTTCCCCTCGGAAACCATGGCTCAC

Bcl-2 200bp 67.5
Reverse ~ GCCGGGGGCACCACTCTAGCAGCAGCCGAG

B S R T

1) &4 ALz W2 telomeric DNA 3 24
A8 HEAdHE WELE AMS EE7F iAo 2Ef X J%Eoﬂ H X PSS A¥ET
Zb 22 A ZE gk dzujo] FFS BASIYT 7B EH ASEEY g 18E

A}
THD; 575 sq.cm/bird), EFLZ=T(SD; 770 sq. cm/blrd) A =T(LD; 1150sq.com/bird) 2
i x)ste] 35U /A AT AlE AWAA i RES Sl 1075 =4dste] Adsta,
354

<

ABFEEA AHS BEE 854 E4se B, 7 oA, 4% L B AES] PRu]ofy

Zr zZAE9 d"Hzuo e JHPYFH T HE QAW (quantitative fluorescence in  situ
hybridization; Q-FISH)®] &4 ®y-& o] &3tk 4T MAES 4 222 B4 $ Ax7
< Y5ty A F TES A2 v FISHE Fd590h Azd TEEL F3dnH
o = AF
= [e]

stell 4] 5~670e] AE ZH714E & e ZE oz olnAE FESUrh F53 307 |4
o u] 2] & Olﬂlzl B =2 3% Metamorph®)& o] 4351e] zF 22w AZu "Hzno] 3
S BASAT 4 AN HEE ANS T danold HE S vl 2457 flste AlE
NAIAL 718 Fhe Q3 A 7498 JHAIES] @ ] WEF Axe] dauo] FFES 243
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v} o]¢] HHZEE 2.43% Y tHTable 3-8).

Table 3-8. The relative amount of telomeric DNA of the intephase nuclei of lymphocytes in
7d broiler chickens

Age No. chicks No. analyzed cells Amount of telomeric DNA

7 days 10 160 2.428+0.570*

*Value is mean+standard deviation

Table 3-9. The amount of telomeric DNA of intephase nuclei of tissues in 35d broiler

chickens raised different stocking density

Low density Standard density High density

Tissues
(1150 sq.cm/bird) (770 sq.cm/bird) (575 sq.cm/bird)
2.286+0.456" 2.273+0.511° 2.151+0.479"
blood
(n=160) (n=160) (n=160)
y 2.263+0.541 2.211+0.445 2.101+0.521
iver
(n=60) (n=59) (n=60)
| 2.283+0.526 2.243+0.478 2.188+0.383
un
8 (n=59) (n=60) (n=60)
2.082+0.535 2.023+0.595 1.940+0.468
heart
(n=40) (n=50) (n=40)
) 2.184+0.525 2.141+0.472 2.020+0.485
festis
(n=60) (n=60) (n=60)

“®Values (Means+SE) with different superscripts differ significantly among treatments.
(p<0.05)

ALY AE F AAEY 8 5 2HE st ol 74 &
st o] THE&S BASAUTE AIE TEA JHAES E o W Ax H=
mlo] TS BWo 224%2 7Pl vs] dAE HALHE B dZ A7t age-dependent
& w3t AXYE A FAsAh B AL DE P Wy dznjo] IR AR T f

5o 2 et (Table 3-9). A™=7(LD; 1150sq.cm/bird) 2 %5 = +(SD;
770 sq.cm/bird)oll A A3 JHAIES] #WET | "HEwW|o] Ffigo] LA=HD; 575
sq.cm/bird)e]l 1] 3} %ﬂ%x—‘lii =2 dE2no] FHEL Holed ol HErofY FEEo
A AR mEt & FTFE TS AALET stk MET AlZES Wod AT F-E
JE Aog 2EFH % 2 aQldl WsHA wgehe AER A Urk. B2 A A
AL AEel 2E oA &7 QQle] & 2Eg~ 8Q1de] BE BRuE FI o3 4#A 9
ok olelg M-S ETE 2 dAFAE =3t 3 AgEd IAE 4 d2uoY FEFS
o] &3t 2EH 2 7 A4 AHEF vt AbS 2o B2 fold dag A =HAG. o=
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o
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Fig. 3-1. The histogram of telomere quantities of liver, lung, heart, and testis cells of
35d-broiler chickens raising at high density(575 sq.cm/bird), standard density(770
sq.cm/bird) and low density(1150 sq.cm/bird)
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ATD 2.151

ATD 2.273

ATD 2.286

Fig. 3-2. The representative telomere distribution patterns of lymphocytes interphase nuclei
in broiler by FISH using telomeric DNA probe; ATD(Amount of Telomeric DNA)

2 A4 /\P% ‘?:l':d | WE 2Ef2 BE fRA dd FA
SAY ASREE AT, ARAAYT AEEE T ALY AZEY oty S w
O

2 29 f, %"da ozt gl 2E A Sl IS vk mEA B FHAld A= 7§i5
g 2o 93] FE5+= heat shock protein(HSP) %@X]—% (Basu et al., 2002; Schlesinger, 1986)
I AE ﬁﬂi AR 7 dubd oz FAEE 3282 cortisole] AFEAZ ol&E= 4
2H 22 AP ATFAAQ 3-hydroxil-3-methyl-glutayl coenzyme A reductase (HMGCR)



(Gornati et al, 2004)¢] W P& BHFO=M SA ASUR we olF FAAEo|
oW Fae A=A ARRTh AFAE BE £79 A4EHL AsHATL At
£ 2 Aot gt Aoz Ushigey) 2Eds #Y fHAE] BHANE 2 TS e
9lth HSPsh HMGCRAAAES] e 3593 74 doxt 2 o)A 2AL 2480
J@elM RE uhsh o] HSPT0sh HMGCRS] e delst 7t 2% EFold AL§UEo

wal gL WoreS o 4 Quh(P<0.05) (Fig. 3-3, 34). HSP707+ HMGCREST mHWE AL
TFoA & BEE Bion, AR TFAMS EE Alolde HEY Aol B F YUTh
TAE A AYToIAS olE fuAe] wHe AUE W EEAGUES] wHge o

& YER)SIth Heat shock proteing 2
HA Al(family) 24 SFWHS}] oA

T JEE #FH 7FES FE3H. HMGCRE
cortisol®] AFFdell FAFS v A=H, TEE AlFeo| WE HMGCRS od F7ie A=
A3} 7hol A cortisole] 715 SRSt Foa & 4 Utk
A) (B)

? "
G r b
g5 [ £ 55 b
.% 5| a 3 L ézi .
§ 5L Q 1.? )
Bk
2 LD 3D HD ” TREA?II;ENTS "

treatments

Fig. 3-3. The mRNA expression levels of HSP70 in Blood(A) and Liver(B) of broiler
chickens subjected to low stocking density (LD), standard stocking density(SD) and high
stocking density(HD). Data were normalized using beta-actin mRNA levels and expressed
as arbitrary units on y-axis. The graphical data represent mean + S.D of eight samples per
treatment. The bars representing the treatment with different superscripts (a,b)are
significantly different with P<0.05.
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Fig. 3-4. The mRNA expression levels of HMGCR in blood(A) and liver(B) of broiler
chickens subjected to low stocking density (LD), standard stocking density(SD) and high
stocking density(HD).
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B Aol = HSPOFAA =3 99} 22 o g zAL B4t HSPIOF-A At &
A EF AIEE AMSAlY] AEE 2 BFEEERT =4 UEigou f942 slth (Fig.
3-5). AT} HSPo #Hdo] AadAl= 7taFollAl A g v §le1} Sea bass(o] /)
Z 0|83 APZF (Gornati et al, 20042 HH A& % (stocking density)= HSP703}
HMGCR®] 2&of] 3FS m o1} HSPIA = ke 1A £33 A7 FAEE 27ees &
F Utk HSPSHARE Zhelld ZAF £43 2 Aol Aol7k At (Fig. 3-6). HSP
familyo] <3 FAAEIHE AMGAE wWE od
HSP 2! HMGCR®| o3d-& %QM Zrell Aol Eg vme Az F AE
4 = AT mE >

A 2E
galel 23 & dee %}

O

At B A8 HSP9} HMGCRE ~AEH A~
Ed &st /‘1]_‘11_4 A} (apoptosis) 7}2] o‘j%/‘o
—Er }3315} (Fig. 3- 7) ZH

S % zHolne AZAE GAAel SRl GBe AA Wt azi ekt

(A) B)

I
[

N 15
o w o

EXPRESSION VALUES
N
EXPRESSION VALUES
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.
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o = o
o h
[N

o

o

LD SD HD
TREATMENTS

LD SD HD
TREATMENTS

Figure 3-5. The mRNA expression levels of HSP90 in blood(A) and liver(B) of broiler
chickens subjected to low stocking density (LD), standard stocking density(SD) and high
stocking density(HD).

EXPRESSION VALUES
o

LD SD HD
TREATMENTS

Fig. 3-6. The mRNA expression levels of HSP25 in liver of broiler chickens subjected to
low stocking density (LD), standard stocking density(SD) and high stocking density(HD).
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Fig. 3-7. The mRNA expression levels of Bcl-2(A) and Bcl-X(B) in liver of broiler chickens
subjected to low stocking density (LD), standard stocking density(SD) and high stocking
density (HD).
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s=< FA T3 198 RossF 162 +& EF(F)A FYste] 243 A
£ AHA 393 (HAAIF, 44.212048g)dl £ A @l FASATE AP TFE & AHTZ

, HHEG 95 (AT 54 B HHY9 vixste] thxTF (CON, control)¢} H]EFEl C
(Ascorbic acid, 99.8%, VC) 200mg/kg 2 H|E}Y] E (Alpha-tocopherol acetate 50%, VE) &2
& 100mg/kg $Eo2 A7M 3 AEoz AHard BYHRAA APANEL sk 2
FEEH 2 e 2EHX AR 3 AYBHELo] 2EHE H5Ed nAE dFE =
ALsl7] Q18 AFEAIE o]l ¢85 H & 27 (1297)9) vitamin C F(125)0l A4 HA ol 717
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Table 4-1. Diet composition

Composition Starter Finisher
Corn 3242 27.72
Wheat 32 35

Wheat meal - 3

animal fats 21 3

Corn gluten 2 -

Soybean meal 8.25 11.875

Dehulled soybean 8 -
Rapeseed meal 2 4
DDGS 6 8

Animal fat 3 35

Salts 0.15 0.125

Limestone 1.35 14

MDCP 0.775 0.45

Lysine-50% 0.65 0.65

Methionine-100% 0.2 0.225

Thereonine-100% 0.075 0.125

HCl-choline-50% 0.08 0.08

Vitamin Premix 0.15 0.15

Mineral Premix 0.15 0.15

Enzymes 0.05 0.05

Functional Feed additives 0.45 04
Probiotics 0.1

Salinomycin 0.05 0.1

Chemical composition 100 100

Protein 19.62 18.22

Fat 454 5.51

Fiber 3.01 3.31

Ash 591 5.68

Ca 0.96 0.94

P 0.64 0.60

o Azt 4R 2 PFE BA
gl ) AFEFAHE 5 dF AST, ALT, total protein, triglyceride, cholesterol % glucose
HDL (high-density lipoprotein cholesterol) & LDLC (low-density lipoprotein cholesterol) &
L AF HHEMI|(HI System, Technicon, USA)E Al&3ste EAFHTE N total
antioxidant status (TAS)= Randox kit (NX 2332)Z2 o]g&3}le] Agxl wrle] uwia} ELISA
readere]] #8353} 600 nmol| A =A 3T}

(th g8 2Eg X ST EE (corticosterone) £ 4]
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oA 2E#H2EZ2EQ corticosterone -2  corticosterone EIA kit (Catalog No
ADI-901-097, Enzo Life Science, USA)& ©o]&35ts] A&zt A3 o] wa} ELISA reader &4
405nmol| A B 35}9 T}
(2}) Real-Time PCR (Real-time Polymerase Chain Reaction)&- ©]-8-3F mRNA =3
@O Total RNA =

Total RNA F&& 93] -70Co] H#AEH = WY 7 (liver, spleen, thymus) 100 mg
7} RNAzol 2 m{ (TRI zol Reagent, Invitrogen)E centrifuge tubeo] ¥-& T}-2, homogenizerE
o]-g3te] ZHo| &3 Z4d w7tA] Al B4 Stvh Z4® 22wy FHHE
eppendorf-tubed] }Fo] & th&, Zzte] tubeo] 100 u2] chloroform& ¥Wil EE50]
Aol 5 £ FAs T d4E 712 15000 rpm 4 T)olA 1587 ALY A1 o
2§ eppendorf-tubed] FEN 400 W= 7ot A=A} FFH2] isopropanolS @
o ool 1527 A EET. oA A4 E 712 15000 rpm (4°C)oll A 157 4
NEA S, A=dg AASE Clean bencholA EZHE pellets AZAHT 01%
DEPC-treated H,O (Diehylpyrocarbonate, Amresco) 50 plE 22 & RNA pelleto] =2 w7}
A dgol wAsHTh. B53 total RNAZA ZHFZ RT mixtureE AZ23Pom & RNA
= -70Ce 2astgich
@ Reverse Transcription

FZ3 total RNAE ©]-83} spectrophotometeroll A OSZES 43t RNAE 5 g2
A3 thg olio ddt (Invitrogen) 1 x0¢} 0.1% DEPCE 9ol 12 = @& thg RT mixES A
Z3l9t RT 274 70CoANA 108, 4ColA 5822 Fol w-gAlH RT-mixtureE: FE35HY
). thA] RT-mixtureo]] 5X Ist strand buffer (Invitrogen) 4 pf, 25mM dNTP (TaKaRa) 4 .,
0.IM DTT(Invitrogen) 2 u{, super script Il (Invitrogen) 1 xf, RT-mixture 9 & Yo HF
g 20 2 e vhy A4 1083 A %, thg 274 mhak RT 2& AASiTh
PCR Z7 42Tl A 50%, 90Tl A 108, 4TolH o2 gao] vkgAzl ¥, 4
Hx]slty, RNase H (Invitrogen) 0.5 wE FH7lste] 37ColA 2083 HE-gA]AH DNA
(RT-product) & =3}

o

i

E

o> ol
E?l_[ ~

Table 4-2. Real-time PCR primer used in the experiment

Item Direction Sequence(5’ to 3') Size(bp)  Accession No.

Forward CTG TGG TTG TCT GTA GCA
TLR4 Reverse CGT TCA TCC TCA TAT CTC TTC A &6 NM_001030653

Forward ~ ACA GGC AAA CAA TGG AAG T
INTY Reverse  CAG GTC AAC AAA CAT ACA ACA G %6 NM_205149

Forward ~ TTC ATT ACC GTC CCG TTG
) 2
718 Reverse  GCT TTT ATT TCT CCA GTC ACA 121 NM_204524

Forward ~ GGT GAT AAA TCC CGA TGA AGT
L6 Reverse  TCT CCA TAA ACG AAG TAA AGT cTC 40 NM_204628

Forward ~ AGC GTC CAG GTA GAA GAT AA

I.-18 AAT ATG ATG TTA CTT TCA CCA 122 NM_204608
Reverse -
GGA
RPL7 Farward CAG CAA TGG GCA AGA AGA sl NM._205337

Reverse GCA TCA GGT GGT TGT AGT T
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Fig 4-1. Real-time PCR expression pattern

@ Real-time PCR

Template (cDNA) 5uf, SYBR green supermix (Bio-Rad) 10xf, 10 pmol forward primer 0.5
ul, 10 pmol reverse primer 0540, dH0 4 wZ Z+ Z} do] HF K3y 20 W= 93 & o2
94CAA 5, (94TAA 15%, 62TAA 30%, 72Tl A 30%) x 40cycle, 94Tl A 12, 55Tel
A 9AT7HA] 05TH 225 AA3] &8 Z 2&rttt 1024 ¥hg, 4TollA 8] e =w gt
0] Real-time PCR(Bio-Rad)S 33ttt AA7te g Walste ] F4S &5t Ct
e s}gao o, o] Ctgte 2 2°°“ZA72 et} (Livak and Schmittgen, 2001).

sowﬁ} A2 B4 WEY C 9 E G0l e AL§4HE Proc-GLM(SAS, 199)0] o)
|m= Tukey ol e 9ERAL AAssth LPS Fol
o & AEAEoR $A M stel WEE C LPS B FEE g
e ol AAe AAsEh fod BAFEL P05 FEA LASAL

%
Mo
Mo r
Mo
1
o

>
>
olr
ol
=
2l
AC)
dr =
jus)

SAALE WElY C 2 vl EE ZH2Z 200 mg/kg & 100 mg/kg FFo2 FH71EH
35U H7A] Fo] T 2ALE ALF A AL Table 437 2ol AFFAY] 3~21¢ )] AQEAARE
AHEE HER C (VO 2 HER E (VE) A7t @& A5, SAHFS iz vla A
oA o7 (P0.05) HAaHE ZoZ Ueut 53] ALRAFAFANAE HER E FogolA o
2 T 2o HlF] foFRoz (P<0.05) ZAsA v AR A FEAAE 2Folvt fiYTh. A
k57 (22~354 )] AdZARE ArEd vty C (VO 2 vEed E (VE) 3H7te A%, ¢
FAZFY AR QTN 2T vl Al FA A Aelrt glo] BF H=E W—-la
Atk 3BBbLAH7AA S AA AFFIZE FlAE HER E Vbl A ot ¥e AT EAA

Fl

ofl o2

% BE A FNA BAF Ho] glo] BF Hgh 40““—10 i&it} Jelsl C (VO) 2 H]
El7l E (VE) &7 39 &, =AM 53 71, Hl 2, 742 53 2o WG9 A
& FA (Table 4-4) FA| Aol dHgle] ZF HE=3HL *M A d FAE
HulElR] (C & E) A7l fF982oz2 (P<0.05) 71 7;6& DA E Yt AFEAE EoF
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Fatsh ek Folol W HAS G4 £ G| glE 5|
Ge B AETE Ho} Bus WE FHC L BT 44 A4H 2 AAE 5
Hol JPL vjAA wekort, FHY FAE @A 3

Table 4-3. The effects of vitamin C and vitamin E supplementation on the growth

performance and mortality in broiler chicks

Ttem Treatment

Control Vitamin C Vitamin E
Initial body weight, g 4436 + 041 4400 + 046 428 + 058
3-21 days
BW, g 84074 + 28.69° 78222 + 16.85° 78000 + 1826
Gain, g 79685 + 28.69° 73822 + 16.98" 7600 + 18.28"
Feed intake 108711 + 19.71° 105431 + 4936 103653 : 237"
Feed conversion ratio 137 + 0.06 143 + 0.05 141 + 04
22-35 days
BW, g 169055 + 89.11 168756 + 129.05 161733 + 90.77
Gain, g 84981 + 68.62 90533 + 130.44 77667 + 12535
Feed intake 144452+ 128.79 1391.87 + 17842 137249 + 17121
Feed conversion ratio 170 + 011 156 + 0.33 182 + 048
3-35 days
Total gain, g 164667 + 89.10 164355 + 12926 157333 + 9059
Total feed intake 253163 + 137.33 244618 + 221.04 240258 + 184.03
Total feed conversion ratio 154 <+ 0.05 150 + 0.19 160 £ 022
Mortality (%) 3.7% 3.7% 3.7%

Values (Mean+SD, n=6)
Values With different superscripts differ significantly (p<0.05) among dietary groups.

Table 4-4. The effects of vitamin C and vitamin E supplementation on the relative weight

of immune organs in broiler chicks

Treatment
Item
Control Vitamin C Vitamin E
Liver, g/100; BW 232 + 0.28 222 £ 043 211 + 017
Spleen, g/1mg Bw 012 + 0.04 010 + 0.05 010 : 0.03
Thymus, g/1mg sw 013 + 0.04° 019 + 0.05° 023 + 0.07°
Fabricius, g/100; 8w 009 +.0.03 012 + 0.08 013 + 0.07

Values (Mean+SD, n=6)
Values With different superscripts differ significantly (p<0.05) among dietary groups.

(2) ol Az}t Eiﬂi =R
gaEA H7F AYgAFoe]l FEH T thx T (Non-vitamin C diet) @ HE} C FoF

-
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(Vitamin C added diet) ol X 2z} 658 25T 1255 A¥sle] LPSE AHYstn 4L dAd
A Agtst B2 ALY (Table 4-5). ALP, albumin, triglyceride % HDL-cholesterol 52
vitamin C Fofo] e} fFoHe=r (P<0.05) W3tE<= 2oz Ueisth 334 LIPS A=
AST, ALT, BUN, glucose, total protein, calcium, F7]€j<l, triglyceride, uric acid, y-GTP,
HDL-cholesterol 53 Z& AES fo¥oz (P<0.05) ®HIAI= Aoz el x4
(Non-vitamin C diet) & B]E}® C F7 (Vitamin C added diet) oA LPS A7 & d& &
ol 4] corticosterone 2 total antioxidant status (TAS)E ZA}SIH T (Table 4-6). A8 ZAx}
vitamin C % LPS @] wa} corticosterone % total antioxidant status”7} 24 (P<0.05)2]

M3 Hol: Aoz Uehd.

Table 4-5. The effects of vitamin C supplementation and LPS challenges on blood

biochemical profiles in broiler chicks

Treatment
Item” Non-vitamin C diet Vitamin C added diet Pooled SE Significance (P-valve)
Non-LPS LPS Non-LPS LPS Vitamin C  LPS Interaction
ALP (UL) 6963.25 6240.25 9685.75  10240.00 755.9 0.006 0.74 0.57
AST (UL) 210.75 1083.75 308.13 657.33 67.93 0.16 0.001 0.02
ALT (UL) 1.88 6.13 1.88 4.33 0.32 0.10 0.0001 0.07
BUN (mg/d?) 0.36 1.36 0.44 1.00 0.11 0.43 0.0001 0.18
GLU (mg/df) 220.88 153.13 220.63 180.83 9.30 0.36 0.0004 0.32
TP (mg/df) 3.35 2.61 2.98 2.73 0.16 0.53 0.039 0.29
ALB (mg/d?) 0.86 0.96 1.01 1.15 0.04 0.02 0.12 0.78
CA (mg/d?) 10.53 13.93 10.43 14.77 0.16 0.18 0.0001 0.06
CHO (mg/d?) 99.88 84.75 108.25 103.83 4.78 0.07 0.12 0.45
IP (mg/d?) 6.85 15.65 6.76 14.58 1.41 0.80 0.0004 0.82
TG (g/df) 43.88 57.38 31.88 41.17 3.16 0.006 0.01 0.66
rGTP (mg/df) 18.50 26.38 19.50 21.00 1.01 0.2 0.002 0.04
CK (mg/d?) 5115.71 9236.63 10523.50 9496.17 778.0 0.35 0.17 0.31
CRE (mg/d?) 0.29 0.30 0.29 0.35 0.02 0.78 0.80 0.77
UA (mg/d?) 4.53 20.55 4.98 17.58 0.95 0.42 0.0001 0.23
HDLC (mg/d?)  64.38 45.88 72.63 68.00 433 0.03 0.05 0.29
LDLC (mg/df) 29.00 19.75 22.75 21.00 2.09 0.37 0.08 0.23

Values (Mean%SD, n=6).

"ALP(Alkaline Phosphatase), AST(Aspartic acid transaminase), ALT(Alanine
Aminotransfererase), BUN(Blood wurea nitrogen), GLU(Glucose), TP(Total Protein),
ALB(Albumin), CA(Calcium), CHO(Cholesterol), IP(Inorganic Phosphorus), TG(Triglyceride),
rGTP(y-glutamyl  transpeptidase), ~CK(Creatine Kinase), CRE(Creatine), UA(Uric acid),

HDLC(High-density lipoprotein cholesterol), LDLC(Low-density lipoprotein cholesterol).
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A AE SAdA FA2Ed 224 LPS Halo uwal corticosterone] BuH|7} & A&
(P<0.05) F7tEem, LPSAzE & vlEtwl CE 9T 7A-¢ corticosterone FE7} @A 517
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Table 4-6. The effects of vitamin C supplementation and LPS challenges on blood

corticosterone and total status of antioxidant in broiler chicks

Treatment
Vitamin C added Pooled
. Non-vitamin C diet . Significance (P-valve)
Item diet SE
Vitamin
Non-LPS LPS Non-LPS LPS c LPS Interaction
Corticosterone 1.40 6.91 116 3.66 0.54 0.05 0.001 0.07
(mg/ df)
Total
antioxidant 0.33 0.27 0.39 031 0.01 0.01 0.01 010
status(mM/ /)

Values (Mean%SD, n=6).

G) SANA BB AAS o] &3 WY BH &
SACl BE C FrF 2 LIPS Ay F AHT
JHFZALO|EFIQ] (pro-inflammatory cytokine)9] ¥+&-2 Table 4-73F Zt}h WA H

o ng

i 7 C FdE 2 JAGZAlo|EFICIE A IL-1beta, 1L-6 2 IL-18 7 22 HAA
of wds RAHLE (P<0.05) HaAZ= Aoz YEiETh LPS A2 HA] TLR4,

AAZF Al E7F F3 28] mRN
ey LIPS A & A B
| FYHom (p<0.05) ZAEE A
LPSAH 7} o5 JAAFTAIETIRIY] wdo=
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<
F2EH2(LPS)ot A EAMER O F9o mE ARkES ZASINT. 79 594 22
S0 A mAz8-S JfAIStE CD4 == CD8E ¥ Helper T-AlE = cytotoxic T-A] E 2]
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gA3E 83l CD4 AlZ+= Thlz Th2 F71¢ subcasszZ2 EFFH T}t ThlL M TE
BAsiste] BUAE AL, JF5E FUSH FAE A4S F2 129} FNyZ 2o
Sttt Th-22 IL4, IL-10 58 AAsith. =3 A5 Alo]E7Y] (pro-inflammatory cytokine
4ARZ A= [L-1beta, IL-6, [FN-y @ IL-18 So] ZA|51H, o]S GAR= 7HEH oo W oy
¥ 28-S ZA3tA 7Tt Tolllike receptors (TLRs) §dAE MAA HAgA Z438 9L
Pole FHAREA dirzozm nAdE T Al o] AT FUHET. JFEFAIIETIY
boade] sl 22 WEE Fed FAEE AL Zhao 5 (010)0] W ES Bl
HolddS W 238 LT AlelEIIIQ 1L v@X}Q Hde F7H712 Newcastle
disease virus (NDV) &Al7} F7lEle ZAoz Haslth. E3 Puthpongsiriporn 5 (2001)2
v} C (1,000 mg/kg)st E@B5 IU)S 2t@Ald F98 Z7 ConA 2 LPS & Lo] =42 o]
gatsl HE FoAl @A3] FUtEE o2 Rttt 2Ev ® o2 dFdAE §4
AA HER E F97F LPS Foo] @& JAHF AlolEFJIS 22 (IFN-gamma, [L-Tbeta,
IL6) 9 FAFACIEIA (L4) BFE FoAATT BT
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gk 2E#H 2 fo Al A il o2 FEE fAsk=E, BA
HPA (hypothalamus-pituitary axis)F& &3} AAA @A ZA7E &L &< 4371 9
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A4S FAF 3AdE dFedAME 2EH S A=A RA F4E HERI(C B E)S Fo 5t
ALEAI RS AAISEAL AL Al 3 HER C §o SAdA LPS 4 2EfAE A4

2 e A L WYuge At 2Ed s P ARSI B
AT AvI A FAANGAY A3 vE C @ E Fole B AF ARES, AAE 53 2
oN E)

v, FAe AdA A= dAtsulERE (C 2
H7FFoA fFoHez (P<0.05) F7Fe Aoz Jelgth. d@doA] ALP, albumin, cholesterol,
triglyceride, HDL-cholesterol 5-& vitamin C Foo wa} 2o xo g2 (P<0.05) ¥3t= 1 LPS
o] wa} AST, ALT, BUN, glucose, Ca, P, wuric acid, y-GTP, HDL-cholesterol,
LDL-cholesterol &3 &2 4E£2 FoHoz (P<0.05) ¥W3HUY. SANM FF2EH LR
A LPS @ ol wa} corticosterone2] HH]7}F #A 3] (P<0.05) F7FE9e™, LPSAH7 & wvlEl
o C2 Fog A$ corticosterone FE7F A SHA (P<0.05) HAEHE Aoz Hol HEHY C
7V FE2EH2E $3ste 29U e Aoz ZidEn dgr)add

v

s F3A &3tzgo] F33 Aoz Hol 7 3 &3Ad 5 3
O 2o siAdEn. mebd HolA FAE2Ed 27t oA #4F HAIE 2 2EH A ©
22 9 3t JEFAIEFRR] ol dFS A dH G 2EAE ofrlsts LR Hol
o, HlEt Cok 2 isHEtel Fole dF 2EHEARE g3etes AR veh Y
2EH A APEEEA 7heAel =0

AEHORE HHLEH 2 WME 2EHL AR2A WA AN JAFF AlETIQIY T
Hy gollo] 5 A|HE (corticosterone,