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ABSTRACT

The aim of this study was to assess the effects of housing systems on physiological and immunological responses as stress
indicators in laying hens. A total of 500 White Leghorn aged 16 weeks were allotted into ten conventional cages (10 birds/cage
and 810 cm*/bird) and four floor pens (100 birds/pen and 2,800 cm’/bird) for 24 weeks. The hens housed in conventional cages
with higher stocking density resulted in a significantly (P<0.05) lower BW compared with those housed in floor pens with lower
stocking density without affecting the relative weights of immune organs between housing conditions. In plasma biochemical
values, cholesterol and corticosterone were significantly (P<0.05) lower in the hens housed in floor pens compared with those
housed in conventional cages. In pro-inflammatory cytokines, hepatic interleukin (IL)-10 and interferon-gamma (IFN-7 ) levels were
significantly (P<0.05) higher in the hens housed in conventional cages compared with those kept in floor pens. Splenic and thymic
IEN- 7 expression was significantly (P<0.05) up-regulated in the hens kept in conventional cages compared with those kept in
floor pens without affecting IL-1, IL-10, lipopolysaccharide- induced tumor necrosis factor- @ factor (LITAF) and inducible nitric
oxide synthase (iNOS). In the bursa of Fabricius, IL-10 and iNOS expression of the hens housed in conventional cages were
significantly (P<0.05) higher compared with those of the hens housed in floor pens. In conclusion, layers housed in conventional
cages enhanced plasma cholesterol, corticosterone and some pro-inflammatory cytokines in the immune organs compared with
those in floor pens.
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INTRODUCTION

To maximize productivity of laying hens, it is nowadays

common practice to provide the most integrated and
intensified housing conditions such as multiple-cages with
high stocking density. At present, the housing of laying hens
in conventional cages with higher stocking density is the
predominantly applied system in many countries worldwide,
although this system has been criticized for undesirable
effects of social activities, behaviour, health and even the
hen's welfare viewpoint (Nicol, 1987; Baxter, 1994; Freire et
2003; 2004). Today,

concern is focused on housing conditions as it relates to the

al., Albentosa and Cooper, much
serious welfare concern of laying hens (Baxter, 1994). As a
consequence of growing concerns, conventional cages were
banned in the European Union from 2012. Therefore, it is
the

conditions and physiology as precisely as possible from the

crucial to determine relationship between housing

hen’s stress and welfare viewpoint. Thus, a number of
studies have been conducted to assess the effects of housing
conditions on productivity, physiology, stress and welfare in
hens (Rodenburg et al., 2005; Platz et al., 2009; Sherwin et
al., 2010).

There was an evidence that social stressors induced by
housing systems and stocking density affected production
efficiency, physiological responses, susceptibility to harmful
pathogens and mortality (Awadalla, 1998; Platz et al., 2009),
leading to the threat of bird health and welfare in birds. In
fact, the housing of conventional cages restricts naturally
free
moving, perching, nesting and dustbathing, which has been

occurring social and behavioral activities such as

ultimately associated with increasing stress responses as

indicated by blood parameters and corticosterone level in
hens (Mashaly et al, 1984; Shini, 2003). However, the
appropriate way to assess physiological responses to monitor

stress and welfare of hens under various husbandry
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conditions are extremely difficult (Puvadolpirod and Thaxton,
2000) because birds are exposed to a variety of external and
internal stressors. Currently, conflicting studies reported that
housing conditions affected (Siegal, 1985; Shini, 2003) or
unaffected (Gibson et al., 1986; Singh et al., 2009) stress
parameters including hematological values, corticoterone level
and antibody production in birds. There is still a lack of
reliability regarding the effects of housing conditions on
physiological indicators because of a much more complexity
of the design of the studies including the type and stocking
density of housing facilities, the extent of environmental
conditions, the diversities of genetics, and the sort of
physiological indicators (Cook, 1991; Cheng and Muir, 2004;
Buijs et al., 2009).

As a result of stress assessment, it is thus necessary to
investigate specific physiological parameters that can be
applied to assess the level of stress and welfare in hens. In
particular, it is evident that cytokines play a crucial role in
the interplay between the immune and endocrine system
during acute and chronic stressors (Felten et al., 1998; Shini
2010a). has that

coricosterone level stressors is involved in

et al, Currently, it been reported
induced by
immune function through their effects on pro-inflammatory
cytokines (Shini and Kaiser, 2009). Previous studies with
laying hens also demonstrated that environmental stressors
such as cold or heat stress and stocking density affected
inflammatory  cytokine expression in system
(Mashaly et al., 2004; Hangalapura et al., 2006; Kang et al.,
2011). We hypothesized that the chronic social stressors

attributed to undesirable housing systems with higher stocking

immune

density could modulate immunity through corticosterone
production to meet the needs of hens to maintain
homeostasis.

Thus, we applied two different housing facilities and
stocking densities, which could differentiate the status of
stress and well-being of hens, to evaluate the combined
effects of two
parameters and multiple pro-inflammatory cytokine expressions

social stressors on blood biochemical

as stress indicators in laying hens.
MATERIALS AND METHODS
1. Chickens and experimental design

White Leghorn chicks produced at the experimental farm
of Gyeongnam National University of Science and Technology,

Korea, were reared under pullet battery cages in a room
equipped with temperature and on a light/dark cycle set. At
16 weeks of age, all birds were weighed and randomly
allocated to two different housing systems (conventional cages
vs. floor pens) as described below for 24 weeks. Hens and
cockerel were mixed at a ratio of 9:1. All hens were
banded in the legs, prior to their release into each housing
system. All birds were daily given the same standard
commercial diet containing 18% crude protein, 10,878 kJ of
ME/kg, 4.0% crude fat, 4.0% Ca and 0.84% P ad libitum in
both housing conditions throughout the entire experiment
period (24 weeks). The animal handling procedures of the
present study were approved by the institutional animal care

and use committee (IACUC) of the university.
2. Housing conditions

Two housing systems including conventional cages and
floor pens were placed in adjacent rooms within the same
facilities. In conventional cages, a total of 100 birds were
randomly housed to 10 conventional cages with a gender
ratio of 9 female to 1 male per cage (810 cm’bird). The size
of conventional cages was 90cm in width by 90cm in
length by 66 cm in height with the wire floor slightly tilted
from the rear to the front. The cages with a feeder in front
and water cup at the back were arranged in 2 tiers in
double-sided rows in a room equipped with a light/dark
cycle (14 h of light). In floor pens, a total of 400 birds were
randomly housed in 4 floor pens with 90 female and 10
male per pen (2,800 cm’/bird) under natural light conditions.
The size of the floor pen was 400 cm in width by 700 cm
in length by 380cm in height with the slatted floor and
sand ground. The floor pen consists of a laying nest area
(400 cm % 300 cm x 380 cm) and a littered ground area (400
cm %X 400 cm % 380 cm). The floor pen was installed with four
central bowel feeders, two bowel drinkers, perches and nests,
which allowed the birds to permit free access to any part of
the pen. The 3 levels of two perches measuring a total
length of 220 cm were provided at one side of the pens. A
laying nest measuring 50cm by 120cm, with the floor
slightly tilted from the rear to the front, was equipped at the
back of pen.

3. Body weight, organ weights and tissue sampling

At the beginning and end of an experiment, forty hens
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representing the average body weight(BW) per housing
system was used to monitor BW. Among them, eight hens
weighing average BW per housing system were sacrificed to
the
Immediately after euthanizing by cervical dislocation, firstly

harvest tissue samples at end of feeding trial.
blood samples were taken by cutting the neck veins of hens
and spilling blood into previously heparin coated sterile
tubes. Next, several immune-related organs including the
liver, spleen, thymus and the bursa of Fabricius were
harvested and weighed immediately following dissection. The
organs were gently soaked into 0.9% ice-cold saline to
remove remaining blood. All harvested tissues were rapidly
frozen in liquid nitrogen and stored at —70°C until further

assay.
4. Assays for physiological and immunological parameters

Whole blood was used for the isolation of plasma to
analyze biochemical profiles, corticosterone and IgG. Blood
total
alanine aminotransferase

biochemical components including glucose, protein,

albumin, cholesterol, triglyceride,
(ALT) and aspartate aminotransferase (AST) were assayed
with the procedure and corresponding kit supplied by
manufacturer using Automatic Biochemical Analyzer (IDEXX-
VET TEST, ME, USA). Corticosterone (CORT) was assayed
by enzyme-immunoassay using a commercial kit (901-0907,
Assay Designs Inc., Ann Arbor, MI. USA) according to the
instructions provided with kit. Briefly, 100 ul of standard
solutions and appropriately diluted plasma were loaded into
an individual test well. Fifty pl of conjugate and antibody
were pipetted into each well and incubated for 2h. After
incubation, the contents of the wells were discarded and
washed 3 times with washing solution. A solution of
added to

incubated for 1 h. Immediately after adding 50 ul of stop

p-nitrophenyl phosphate was each well and
solution, absorbance was determined using an ELISA reader
(Vimax Molecular Device, CA, USA) with its wavelength set
at 405nm. Plasma IgG was assayed by the Chicken IgG
plate kit (ECOS Institute, Miyagi, Japan). In brief, 5l of
standard solutions (A and B) and appropriately diluted plasma
were loaded into an individual test well of chicken IgG
plate. After firmly securing the plate cover, the plate was
placed in a humidified incubator at room temperature for 48
After

precipitin ring was measured. Next, the IgG concentration of

hours. incubation, the external diameter of each

diluted plasma was calculated from the reference curve of

standard solutions.

To extract total RNA from the liver and spleen, the
method of RNAsol™ B (Tel-Test Inc, Friendswood, TX) was
applied. Briefly, 100 mg of tissue was removed from each
organ and added to 1ml of RNAsol solution. The tissues
were homogenized using glass-glass homogenizer. The lysate
was transferred to microcentrifuge tube and added to 1/10
vol. of chloroform to remove protein extract. The aqueous
phase was separated by centrifugation for 15 min at 15,000
rpm. Total RNA was precipitated with the same vol. of
isopropanol and centrifuged for 15 min at 15,000 rpm. The
precipitated total RNA was washed with 75% ethyl alcohol,
dried and diluted with diethylpyrocarbonate (DEPC) treated
mRNA  was
determined by spectrophotometer (GeneQuant pro, Amersham,

water. The concentration of isolated total
USA) and confirmed on a 1.0% agarose gel stained with
Ethidium bromide (EtBr).

Quantification of mRNA using reverse transcriptase PCR
(RT-PCR) was performed to quantify mRNA of the cytokines
such as interleukin-1$3 (IL-18), IL-6, IL-10, interferon-gamma
(IFN- 7), lipopolysaccharide- induced tumor necrosis factor-a
factor (LITAF) and inducible nitric oxide synthase (iNOS).
The cDNA primers used to amplify each gene are listed in
Table 1. Briefly, for synthesis of the first strand cDNA, 1.0
pg of total RNA was incubated at 62°C for 10 min with 1.0
pg of oligo dT (Invitrogen Inc, Carlsbad, Ca). Next, the
resulting solution was incubated at 42°C for 50 min in a
reaction mixture containing 2.5 mM dNTP and 200 units
reverse transcriptase (Takara Inc, Shiga, Japan). After that,
3.2 units RNAase H was used to remove RNA hybridized
with ¢DNA for 30 min at 37C. The amplification of
obtained RNA was performed for 32 cycles of denaturation
at 94°C for 30 sec, annealing at 62°C for 30 sec and
extension at 72°C for 10 min. The reaction mixture consisted
of 10 pmol primers, 2.5 pg c¢cDNA, 2.5 mM dNTP and 1
We

determined the number of cycles and kept the products

unit Taq polymerase (Takara Inc, Shiga, Japan).

within the exponential phase. The density of each product in

agarose gel electrophoresis (1.5%) containing EtBr was

measured using densitometer (Gel documentation system,
EasyDoc, Korea). Levels of all mRNAs were expressed as
the ratio of signal intensity for genes relative to that for 3-

actin.

5. Statistical analysis
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Table 1. Primers used for quantification of RT-PCR

Target Cytokines

Primer sequences

Product size (bp) Gene bank Accession No.

5’-GCT CTA CAT GTC GTG TGT GA-3’

IL-13 167 AJ245728
5’-TGT CGA TGT CCC GCA TGA-3’
5’-GCT CGG AAC AAC CTC AAC CT-3

IL-6 247 EU170468
5’-CTG GGA TGA CCA CTT CAT CG-3’
5’-GCA GAC CAG CAC CAG TCA TC-3

IL-10 185 XM425823
5’-ACT CCC CCA TGG CIT TGT AG-3’
5’-TTC CTIT CAT TTIT CCT CIT GA-3’

IFN- 7 294 Y07922
5’-ACT GGA AAA CAC AAG GTC AC-3’
5’-GAA CTA TCC TCA CCC CTA CC-3

LITAF 223 AY765397
5’-TGA CTC ATA GCA GAG ACG TG-3’

. 5’-GCA TCC AAA ATA TGA GTG GT-3’

iNOS 274 U34045
5’-AAG CAC AGC CAC ATT TAT CT-3’

. 5’-GTG GGG CGC CCC AGG CAC CA-¥»
[-actin 540 NMO001101

5’-CTC CTT AAT GTC ACG CAC GA-3’

The effects of the two different housing conditions on
BW, organ weights, blood biochemical values and cytokine
expression were analyzed by Proc t-test (SAS Institute Inc.,
1989). The level of probability for statistical difference was
established at P<0.05. Data are presented as means = SE.

RESULTS
1. BW and organ weights

The effects of the two different housing conditions from
puberty (16 weeks old) until the age of 40 weeks of laying
hens on BW and organ weights are presented in Table 2.
The hens housed in floor pens with lower stocking density
had significantly (P<0.05) higher BW compared with those
housed in conventional cages with higher stocking density.
Final BW of the hens reared in floor pens and conventional
cages resulted in 189% and 154% increases, respectively
when compared with their initial BW aged 16 weeks.
However, there was no statistical difference in relative
immune-related organ weights including the liver, spleen,
thymus and bursa of Fabricius between two groups, although
absolute organ weights of the hens housed in floor pens
tended to increase. Overall, the hens housed in conventional
cages with higher stocking density resulted in a significantly
(P<0.05) lower BW without affecting relative organ weights
compared with those housed in floor pens with lower

stocking density for 24 weeks period.

Table 2. Effects of different housing systems on body
weight and organ weights in White Leghorn
hens

Housing Systems

Conventional Floor pen
cage
Initial BW, g 929.8 + 8.49 930.1 + 7.17
Final BW, g 1,433.9 +£31.14 1,757.5 =+14.33*
Liver, g 41.73 £ 2.58 46.89 + 2.52
Liver, g/100g BW 291 + 0.14 2.67 £ 0.11
Spleen, g 1.43 £ 0.10 1.60 + 0.06
Spleen, g/100g BW 0.10 + 0.009 0.09 + 0.004
Thymus, g 0395+ 0.046 0.328+ 0.041
Thymus, g/100g BW 0.028+ 0.003 0.023+ 0.004
Bursa of Fabricius, g 031 + 0.05 0.39 + 0.07
Bursa of Fabricius, 0.022+ 0.004  0.030= 0.008

g/100g BW

Values of BW are means per housing system (n=40) with SE.
Values of organ weight are means per housing system (n=8) with SE.
The treatment groups contained 810 em’/bird and 2,800 cm*/bird in
conventional ages and floor pens, respectively.

Asterisk (*) indicates significant difference between the two housing
systems at P<0.05.

2. Plasma biochemical profiles, CORT and IgG

Changes in plasma biochemical profiles and the levels of
IgG and CORT in the hens housed in different housing
conditions are shown in Table 3 and Fig. 1, respectively.
protein and AST were not

Glucose, triglyceride, total
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Table 3. Effects of different housing systems on plasma
biochemical profiles in White Leghorn hens

Housing Systems

Conventional cage Floor pen
Glucose, mg/d ¢ 2814 £ 6.67 262.3 + 10.62
Triglyceride, mg/d ¢ 1,327.8 £274.5 1,257.6 £289.0
Cholesterol, mg/d ¢ 132.9 + 18.9*% 783 £ 9.42
Total protein, g/d ¢ 546+ 0.08 548+ 0.12
ALT, U/ /Y 31.88+ 3.10* 21.00+ 1.86
AST, U/ ¢ 10.63+ 0.15 11.10+ 0.19

Values are means per housing system (n=8) with SE.

The treatment groups contained 810 cm’/bird and 2,800 cm’bird in
conventional ages and floor pens, respectively.

ALT and AST indicated Alanine aminotransferase and aspartate
aminotransferase, respectively.

Asterisk (*) indicates significant difference between the two
housing systems at P<0.05.

affected by different housing conditions. However, plasma
cholesterol and ALT levels were significantly (P<0.05)
lowered in the hens housed in floor pens compared with

14

O19G M Corticosterone

12

10 4

] an

Conventional cage Floor pen

Fig. 1. The levels of plasma IgG(mg/m¢, []) and

corticosterone (ng/m ¢, M) of White Leghorn
hens housed in conventional cages (810 cm?/
bird) and floor pens (2,800 cm?/bird). Values
are means per housing system (n=8) with SE
shown by vertical bars. Asterisk (* ) indicates
significant difference between two housing
systems at P<0.05.
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Fig. 2. Semi-quantification of mRNA expressions of IL-13, IL-6, IL-10, IFN-y, LITAF and iNOS of the liver (A),

spleen (B), thymus (C) and bursa of Fabricius (D) in White Leghorn hens housed in conventional cages
(C1, 810 cm?/bird) and floor pens (M, 2,800 cm?bird). Levels of all mRNA transcript ratios were expressed
as the value of signal intensity for genes relative to that for [B-actin. Values are means per housing
system (n=8) with SE shown by vertical bars. Asterisk (*) indicates significant difference between housing

systems at P<0.05.
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those in conventional cages (Table 3). Compared with the
plasma CORT
significantly higher (P<0.05) in the hens kept in conventional

hens housed in floor pens, level was
cages as depicted in Fig. 1. In addition, IgG level seemed to
be not affected by the housing systems after 24 weeks of

housing period in White Leghorn hens (Fig. 1).

3. Expression of pro-inflammatory cytokines in the
immune organs

The mRNA expression levels of IL-103, IL-6, IL-10, IFN-
7, LITAF and iNOS in non-lymphoid (liver) and lymphoid
(spleen, thymus and the bursa of Fabricius) organs of the
hens housed in two different conditions are shown in Figure
2. The hepatic expression levels of IL-10 and IFN-7y were
significantly (P<0.05) the
conventional cages than those kept in floor pens (Fig. 2A).

higher in hens housed in
However, no significant difference in the expression levels of
hepatic IL-6, LITAF and iNOS was observed between the
two housing conditions. In the spleen, which is a secondary
lymphoid organ that stimulates the immune response against
acquired antigens, housing floor pens significantly (P<0.05)
up-regulated the expressional level of IFN-7y, whereas the
other cytokines were not affected by housing conditions in
hens (Fig. 2B). In the thymus, a primary lymphoid organ, the
expression level of IFN-7 but not the other cytokines was
remarkably (P<0.05) the

conventional cages compared with those in floor pens (Fig.

enhanced in hens housed in
2C). In regard to the cytokine expression of the Bursa of
Fabricius, housing in conventional cages significantly (P <
0.05) increased the expression of pro-inflammatory cytokines
including IL-10 and iNOS compared with housing in floor

pens (Fig. 2D).

DISCUSSION

Social stressors caused by housing conditions including
multiple tier cages with overcrowding resulted in laying hens
with more susceptibility to pathogens and the occurrence of
abnormal behaviors, leading to the treat of bird health and
welfare (Awadalla, 1998; Freire et al., 2003; Zimmerman et
al., 2006). In the present study, we applied two different
housing conditions (conventional cages with higher stocking
density vs. floor pens with lower stocking density) to
effects of two chronic

stressors on physiological and immunological responses. As

investigate the combined social

expected, the hens housed in conventional cages with higher
stocking density for 24 weeks resulted in a significantly
lower BW, showing that housing conditions induced severe
social stressors in laying hens. A similar result conducted by
Pohle and Cheng (2009) reported that the hens kept in
conventional cages were significantly lower in BW compared
with those kept in furnished cages.

We continuously examined plasma biochemical parameters
including cholesterol and CORT to clarify whether social
stressors caused by housing conditions could affect these
parameters in hens. In the present data, the hens housed in
floor pens with lower stocking density showed lower plasma
and CORT than
cages with higher stocking density. Hyper-

cholesterol levels those housed in
conventional
cholesterolemia is an indicator of hyperactivity of the adrenal
gland (Siegal, 1995). A significantly lower serum cholesterol
level was observed in the heat stressed birds compared with
the control group (Sohail et al., 2010). Furthermore, CORT,
widely recognized as a criterion of stress response, has been
shown to increase when the birds were exposed to various
heat,

deprivation and severe competition via the stimulation of

stressors such as transportation, feed and water
hypothalamic-pituitary-adrenal  axis (Tempel and Leibowitz,
1994; Cheng and Muir, 2004; Rettenbache and Palme, 2009).
Pohle and Cheng (2009) demonstrated that CORT level
increased in the hens housed in the conventional cages, but
not in those housed in the furnished cages, suggesting that
social stressor induced by housing conditions have a
significant impact on the stress responses. Gibson et al.
(1986) reported that plasma CORT level was lower in the
hens from straw yards than in those from cages and range,
albeit plasma CORT was not effective indicator of long-term
stress or welfare. In laying hens, there also seems to exist a
positive correlation between social fear and CORT levels in
birds. Cheng and Muir (2004) reported that laying hens
showed a significantly lower plasma CORT level in single
bird cages (525 cm”/bird) than in the 10-bird cages (419 cm’/
bird), indicating that social stressor could be a factor to
produce high CORT in hens. This result is somewhat in
agreement with our observation that CORT level was lower
in the hens housed in floor pens with much lower stocking
density, because they had enough space and facilities to
avoid from fear and attack. It is now evident that CORT
has multifunctional roles in the regulation of behavior,
endocrine and immunity for coping strategy against stressors

(Haller et al., 2000; Fahey and Cheng, 2008). On the other
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hand, several studies reported that social stressors or stocking
density alone had no significant effect on plasma CORT
level (Cheng and Muir, 2004; Nicol et al., 2006), although
various instances of abnormal behavior of birds have been
related to social stress or stocking density (Zimmerman et al.,
2006; Platz et al., 2009).

Furthermore, it is necessary to investigate humoral and
cellular immune parameters that can be applied to assess the
effect of different housing conditions on immune responses
as stress indicators because increased CORT production
attributed to a variety of stressors may cause the adaptive
responses of immune functions (Felten et al., 1998; Shini et
al., 2010b). The most important effects of stressors on the
adaptive immunity are associated with two different cell
types; B-lymphocytes (IgG production for humoral immunity)
and T-lymphocytes (CD4 and CD8 which are associated with
inflammatory cytokines for cellular immunity) (Janeway et al.
2001). In the present data, we did not see difference in IgG
level between the two housing conditions, although plasma
CORT level increased in the hens housed in conventional
cages. Our results are consistent with those of the previous
study in that different housing systems (furnished cages vs.
battery cages) did not affect the circulating IgG level in
hens (Pohle and Cheng, 2009). It could be thought that much
more severe and prolonged stressors or the exposure of a
variety of antigens might affect the modulation of apparent
humoral immune responses in laying hens.

In particular, there is as of yet little known about the
effects of housing conditions on the cellular immune
indicators such as pro-inflammatory cytokines in birds. The
pro-inflammatory cytokines, IL-1(B, IL-6, IL-10, IFN-7 and
LITAF, which are widely expressed in lymphoid and non-
lymphoid tissues of birds, are the most powerful cognitive
pathways in response to inflammatory process (Hong et al.,
2006; Kaiser et al., 2009). Moreover, iNOS

important gene that might be associated with the inflammatory

is another

process, since nitric oxide formed by iNOS has emerged as
a multifunctional molecule that plays an important role in
the regulation of pro-inflammatory cytokines (Guzik et al.,
2003). In the present data, hepatic IL-10 and IFN-y, pro-
inflammatory cytokines, were elevated in the hens housed in
conventional cages compared with those kept in floor pens.
Moreover, IFN-7y expression in the spleen and thymus was
also higher in the hens kept in conventional cages. The
expression of IL-10 and iNOS in the bursa of Fabricius was

also up-regulated in the hens housed in conventional cages.

Based upon our observations, particularly up-regulated IFN-
7y and IL-10 might be effective cytokines to assess housing
stressor of hens under our circumstances. IFN- 7, a powerful
cytokine which is involved in differentiation of cytotoxic
T-cells, has an important role in the amplification of immune
response against certain inductors including bacterial species
(Sadeyen et al., 2004). IL-10, mainly produced by activated
macrophages in the bursa of Fabricius, is also involved in
1999).
Thus, it might be speculated that social stressors caused by

cell-mediated immune functions (Groux and Powrie,

housing conditions activated the expression of certain pro-
inflammatory cytokines in immune organs possibly through
increased adrenal activity via CORT production. In agreement
with our study, several studies reported that the expressions
of pro-inflammatory cytokines including IL-13, IL-6 and
IL-10 mRNA of blood and splenic lymphocytes in laying
hens were markedly enhanced during CORT-induced stress,
suggesting that increased CORT might modulate the immune
function by activating pro-inflammatory cytokines (Shini and
Kaiser, 2009; Shini et al., 2010b). Cold stress in birds has
been reported to increase pro-inflammatory cytokines such as
IL-183, IL-6 and IL-12[3 (Hangalapura et al., 2006) and iNOS
in intestinal tissue (Zhang et al., 2011). A recent study
conducted by our group reported that the combined stressor
induced by stocking density and feed restriction significantly
increased the expression of pro-inflammatory cytokines
including IL-6 and iNOS in hens (Kang et al., 2011). In
contrast, a significant decreased expression of pro-inflammatory
cytokines by chronic treatment of CORT from the birds
suggested that chronic and severe stress could suppress the
2009). It also seemed that each

against

immunity (Shini and Kaiser,
cytokine
differently, depending upon

pro-inflammatory stressors  responded
the sort of stressors, nutritional
status, genetic background, etc. (Hangalapura, et al., 2006;
Kang et al, 2011). Even,

inflammatory cytokine expression in peripheral blood was

it was reported that pro-
different from that in the spleen in response to stressors
(Shini and Kaiser, 2009). Therefore, the underlying mechanism
of pro-inflammatory cytokine responses caused by stressors is
inherently complex in the fact that cytokine expression is
affected by all external and internal living conditions as well
as interacting stressors. According to various approaches,
thus, it is postulated that either up- or down-regulation of
certain pro-inflammatory cytokine expression is associated
with integrated stress-induced responses in birds to cope with
to maintain homeostasis through

environmental stressors
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immune mechanism (Shini et al., 2010a).

In summary, housing hens in conventional cages with
higher density markedly affected BW, cholesterol, CORT
production and some pro-inflammatory cytokine expression in
immune organs, leading to potential social stress-related
responses in laying hens. Thus, it can be drawn that an
increased cholesterol and CORT levels in the hens exposed
to chronic social stressors may be associated with activated
expression of pro-inflammatory cytokines under these circum-
stances. More detailed studies under various circumstances
are still needed to explore the ways of assessing stress and

welfare in birds.
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