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SUMMARY

. TitleⅠ

Identification of chicken stress biomarkers to establish guidelines for animal welfare

. Research ObjectiveⅡ

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.

. Content of ExperimentsⅢ

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.

. ResultsⅣ

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
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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 HSP90 in lymphocytes, butα

had no significance on HSP70 and HSP90 in blood. We conclude that the telomere length,β

especially the telomere-shortening rates, the quantification of total DNA damage and the expression

levels of the HMGCR and HSP90 genesα 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
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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-1beta, 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- and HSP90- inα β

lymphocytes, but had no significance on HSP70.

. Achievements and Further PlansⅤ

1. Research achievements

1) Technical aspect

Provides a basic data regarding to stress related genes and gene expressions in chickens①

Identify the stress response in chickens raised under different housing systems and different②

stocking density.

Finding antioxidant supplements related to decline stress in broiler.③

2) Economic and industrial aspect

Suggest the guideline of poultry welfare with the analysis of stress response using biomarkers①

about raising environment

Improvement of stress decline by supplemented antioxidant materials, vitamin C and E②

3) Academic aspect

Published papers: 9 papers (SCI 4)①

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

Industrial property 2 (Patent 2)③
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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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Non-vitamin C diet Vitamin C added diet Pooled SE Significance (P-valve)
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