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The influence of age and repeated lipopolysaccharide administration on body

temperature and the concentration of interleukin-6 and IeM antibodies against

lipopolysaccharide in broiler chickens

S. De Boeverl*, R. Bevaertz’s, F. Vandemaele4, K. Baertl, L. Duchateaus, B. Goddeeris4,

P. De Backer', S. Croubels’

Abstract

Our objective was to create a standardized and reproducible inflammation model in chickens
in order to study the pharmacodynamics of several anti-pyretic and anti-inflammatory drugs.
We studied the influence of age and repeated lipopolysaccharide (LPS) administration on
body temperature and the correlation of this with concentrations of interleukin 6 (IL-6) and
IgM antibodies against LPS in plasma of chickens. Three and five week old broilers were
injected intravenously with LPS from Escherichia coli O127: B8 at a dose of 1 mg/kg. LPS
administration was repeated after 2 or 7 days. After the first dose of LPS, the body
temperature was initially decreased below normal and then later increased above normal. The
second dose of LPS reduced the level of hypothermia and the duration of the febrile phase.
Three-week-old birds responded to LPS with a higher maximum body temperature and a
greater area under the body temperature versus time curve than five-week-old chickens
(P<0.05). Interleukin-6 reached its highest concentration 3 hours after LPS administration and
returned to baseline levels after 9 hours. A second dose of LPS resulted in a significantly

lower peak in IL-6. Significant higher levels of antibodies against LPS could be detected 7

E-mail: cavanagh@metronet.co.uk URL: http://mc.manuscriptcentral.com/cavp



Page 3 of 25 Avian Pathology

days after LPS administration. However, there appeared to be no correlation between the

reduced response to LPS and the presence of antibodies.
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Our objective was to create a standardized and reproducible inflammation model in chickens

in order to study the pharmacodynamics of several anti-pyretic and anti-inflammatory drugs.
Lipopolysaccharide (LPS), a component of the cell wall of Gram-negative bacteria, is
commonly used to induce an acute phase reaction in humans and animals because of its
proinflammatory properties (Skarnes et al., 1981; Morimoto et al., 1987; Klosterhalfen et al.,
1992; Erroi et al., 1993; Semrad, 1993; Franco et al., 2000; Maxwell et al., 2002; Haudek et
al., 2002). LPS, in combination with CD14, interacts with Toll-Like Receptor 4 (TLR4),
leading to the activation of Nuclear Factor kB and expression of inflammatory genes (Dil and
Qureschi, 2002; Doyle and O’Neill, 2006). Several parameters can be determined to evaluate
the progress of an acute phase reaction, including body temperature, and cytokine and acute
phase protein concentrations. Body temperature responses after LPS administration can vary
dramatically. Jones ef al. (1981) and Baert et al. (2005) described a biphasic temperature
reaction after LPS administration in 5 week old commercial broilers. Leshchinsky and
Klasing (2001) found a significant difference in the body temperature responses after LPS
administration between broilers and layers. Smith et al. (1978) injected 14-day-old chickens
with LPS for one, three or six consecutive days. Body temperature was measured at 1, 2, 3, 4,
6, 24 and 48 hours after the last injection and the patterns seen included hypothermia,
hypothermia followed by hyperthermia, and hyperthermia without hypothermia, respectively.
These variations could be attributable to differences in ambient temperature, dosage, prior
sensitization, age, route of administration or genetic line (Jones et al., 1983; Cheng et al.,
2004). Significantly, higher concentrations of interleukin-6 (IL-6) in plasma, and IL-6, IL-8,
IL-18, IL-1B, myelomonocytic growth factor (MGF) and interferon-y (IFNy) in spleen cells,

can be seen after LPS administration (Nakamura et al., 1998; Xie et al., 2000; Sijben et al.,
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2003; Leshchinsky & Klasing, 2003). Alpha-1 acid glycoprotein, ceruloplasmin, transferrin,
fibronectin and serum amyloid A are important acute phase proteins in serum that are known
to increase in concentration in poultry during an inflammatory response (Curtis & Butler,
1980; Nakamura et al., 1998; Takahashi et al., 1998; Chamanza et al., 1999). Repeated
administration of LPS reduces the response, but the mechanisms responsible for this
phenomenon have not yet been elucidated. Several mechanisms have been suggested,
including the suppression of activation of NF«xB and a high proportion of non-transactive p50
homodimers, upregulation of soluble TNF receptor 1, which binds and clears TNF,
modulation of Toll-Like Receptor expression, and increased expression of intracellular
mediators involved in negative regulation of TLR signalling as well as a decrease in TLR4
tyrosine phophorylation (Qu et al., 2003; Wang et al., 2004; Medvedev et al., 2006;
Medvedev et al., 2007). The reduced response to LPS comprises two phases: the early phase,
which is a refractory state evident within hours after LPS administration and which lasts for
up to one week, and the late phase, which occurs only after weeks to months and which is
restricted to the LPS serotype used for initial injection. Experiments in guinea pigs and rats
demonstrate that attenuation of the febrile response after repeated LPS administration is
associated with reduced production of cytokines, such as IL-1p, IL-6 and TNF-a (Zeisberger

& Roth, 1998; Medvedeyv et al., 2006).

Formatted: Indent: First line: 35.4

’ The aims of this study were to investigate the influence of age and repeated LPS Pt
administration on body temperature and the correlation of this with concentrations of IL-6 and

anti-LPS IgM antibodies in the plasma of unvaccinated broiler chickens.
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Materials and methods

’ Animals. Sixty one-day-old, unvaccinated, Ross chicks of both sexes were obtained from a
commercial hatchery. For the first two weeks all chicks were housed together. Temperature
and relative humidity accorded with the requirements of young chickens and temperature was
adjusted to prevent huddling (ETS 123, 2004). Just before the start of the experiment, the
chickens were placed into 5 cages, with each cage containing twelve randomly selected birds.
The cages had a floor area of 1 m? and had a 1 m high wooden frame covered with wire. The
concrete floor was covered with wood shavings, which were changed every 2 days. Before
entering the room containing the cages, staff decontaminated their footwear and put on a clean
laboratory coat. The lighting schedule consisted of 12 hours dark and 12 hours light.
Commercial pullet feed and spring water were available ad libitum. All experiments and
procedures were approved by the Ethics Committee of the Faculty of Veterinary Medicine

(EC 2005/06).

Experimental design The experiment was designed as a split plot, with the cage being a
block. Each block (cage) contained 12 animals, 6 three-week-old chickens and 6 five-week-
old chickens. Within each of the two age groups, two animals were assigned to receive LPS at
day 0 and day 2, two animals were assigned to receive LPS at day 0 and day 7, one control
animal received saline at day 0 and day 2, and a second control animal received saline at day

0 and day 7.

. Formatted: Indent: First line: 35.4
LPS from Escherichia coli O127: B8 (Sigma-Aldrich, Bornem, Belgium) dissolved in pt

0.9% saline was administered by intravenous injection at a dose of 1 mg/kg. The control

animals were injected with the same amount of saline. Freshly dissolved LPS from the same
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batch was used for each experiment. The endotoxin level in this batch was 1,500,000
units/mg. Body temperature was measured by inserting a thermocouple probe (Physitemp
Instruments Inc., Clifton, NJ, USA) 5 cm into the cloaca, before and at 1, 2, 3.5, 5, 6.5, 8, 12
and 24 h after LPS administration. The area under the body temperature versus time curve
(AUCq_,24n) Was calculated in order to evaluate possible effects of age and/or treatment. Other
responses calculated were the mean body temperature (meanT), the maximum temperature
(maxT) and the time at which the maximum temperature was reached (Tmax).

Blood was withdrawn into heparinised tubes (Venoject®, Terumo Corp., Tokyo,
Japan) from the leg vein before and at 3, 6, 9, 12 and 24 h after LPS administration to
determine IL-6 concentrations. Just before the first and second LPS dose, blood was
withdrawn for the determination of the concentration of IgM antibodies against LPS. Plasma
was separated by centrifugation (1100g for 10 min. at 5°C) and samples were stored at -20°C

until assayed.

Measurement of IL-6. Concentrations of IL-6 were measured using IL-6 dependent murine
7TD1 hybridoma cells (Van Snick et al., 1986). Briefly, cells were cultured in 96 well
microtitre plates for 72 h in medium containing different dilutions of the plasma samples. A
colorimetric hexosaminidase assay was used to assess the number of living cells, which is
related to the amount of IL-6 in the media (Landegren, 1984). The concentration of IL-6 in
plasma samples was calculated from a standard curve obtained using dilutions of recombinant
mouse IL-6. The results were corrected for differences in the responses of the 7TD1 cells to
mouse and chicken IL-6 standards, with mouse IL-6 being twice as active as chicken IL-6
(data not shown). The IL-6 data were logarithmically transformed to normalise the

distribution (Snedecor & Cochran, 1989). The plasma IL-6 concentrations were compared 3 h
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after the administration of LPS or saline, as this was the time point at which the IL-6

concentration was highest.

Measurement of anti-LPS IgM antibodies. ELISA plates containing 150 ul LPS solution
per well (30 pg/ml in bicarbonate buffer at pH 9.6, using the same LPS that was used to
inoculate the birds) were incubated overnight at 4 °C. Plates were washed three times with
PBST (phosphate buffered saline (PBS) containing 0.01 % (v/v) Tween 20) and blocked with
5 % bovine serum albumin (BSA) in PBS for 1 h at 37 °C. Plates were washed and plasma
from experimental birds (at 1/100 and 1/400 dilutions in 0.5 % BSA-PBST) added to the
wells, then incubated for 1 h at room temperature. Subsequently, the plates were washed three
times with PBST and horseradish peroxidase (HRP)-labelled goat-anti-chicken IgM antibody
added to each well (Bethyl, Montgommery Texas, USA; 1/5000 in 0.5 % BSA-PBST), and
incubated for 1 h at room temperature. After washing, bound HRP was detected using 2,2'-
azino-di(3-ethylbenzythiazolin-6-sulfinic) acid (ABTS) (KPL, Gaithersburg, Maryland, USA)
and absorbances were measured at 405 nm using a Titertek microplate reader (MCC/340
Multiskan, Titertek, Alabama, USA). Negative controls (no chicken plasma, 0.5% BSA-
PBST) were included on each plate. The mean of duplicate wells was determined and the

value obtained for the negative control was subtracted from this.

Statistical analysis. All analyses of the different body temperature variables (AUCy_,24p ,
meanT, maxT and Tmax), IL-6 (log transformed) and IgM were based on a mixed model with
cage and animal within cage as the random effect and treatment, age and their interaction as
categorical fixed effects (SAS Version 9.1). The treatment factors included saline at day 0,
saline at day 2, saline at day 7, LPS at day O, LPS at day 2 and LPS at day 7. A global test was

performed at the 5% significance level for the treatment and age effects and their interaction.
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If the interaction was significant, separate analyses were performed for the two age categories.
The following contrasts were of interest: the overall difference between controls and LPS
treated birds, the difference between controls and LPS treated birds at day 0, the difference
between controls and LPS treated birds at day 2, between controls and LPS treated birds at
day 7, between birds treated with LPS at day 0 and day 2, between birds treated with LPS at
day 0 and day 7 and between birds treated with LPS at day 2 and day 7. Each of these
comparisons was tested within the framework of the mixed model at a comparison wise
Bonferroni-adjusted significance level of 0.0071 (0.05/7). The use of the mixed model implies
that the contrasts are tested at the appropriate level. For example, the effect of age is tested by
comparing chickens of different ages using cage as a block factor, whereas the difference
between LPS administration at day O and day 2 is tested within a chicken, as these two
treatments were applied to the same chicken. Additional analyses, also based on the mixed
model, were done to investigate whether IgM concentrations at day 0 differed significantly

between three- and five-week-old chickens.

Results

The global statistical analysis revealed a significant influence of the age of the birds on the

reaction to LPS (P<0.05). Therefore, more detailed analyses were performed for each of the

two age categories.

Body temperature. After LPS administration, the body temperature was initially below

normal and then was later above normal after both the first and second LPS doses in both

three- and five-week-old birds. The second LPS administration reduced the hypothermic
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phase of the temperature curve and the duration of the fever phase, as shown in Figure 1. The
graph of the body temperature of the control birds was obtained by averaging the
measurements for all three-week-old control birds. Although similar results were obtained for
both age groups, three-week-old birds had a higher maxT after LPS administration. The

AUCy_,o4n and maxT of three-week-old and five-week-old birds are shown in Tables 1 and 2.

IL-6. The concentrations of IL-6 in plasma after the first and second doses of LPS in three-
week-old birds are shown in Figure 2. The graph of IL-6 concentrations in control birds was
obtained by averaging the measurements for all three-week-old control birds.

The concentration of IL-6 was significantly higher after the first dose of LPS, peaking 3 h
after administration and returning to baseline levels 9 h after administration in both three-
week-old and five-week-old birds (P<0.0001). IL-6 concentrations were significant lower
after the second dose of LPS in both ages of birds, irrespective of whether the LPS was

administered after a 2 or 7 day interval.

IgM concentrations. Significantly higher concentrations of IgM antibodies against LPS
could be detected 7 days after the first dose of LPS in both age groups (P<0.0001). Before the
first dose of LPS three-week-old birds did not have detectable concentrations of IgM against
LPS, with the absorbances in the ELISA below the threshold level of 0.222. Two days after
the first dose there was a detectable increase in IgM antibodies against LPS, although the
concentrations were not significantly different from those seen in the control group.

Before the second dose at day 7 the three-week-old control birds had detectable
concentrations of IgM against LPS. The five-week-old birds had detectable concentrations of

IgM against LPS before the first dose of LPS was administered.

_ ‘| Deleted: |
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Discussion

Intravascular administration of minimal doses of LPS elicits monophasic fevers, a moderate
dose is known to produce biphasic fevers, and high doses of endotoxin elicit persistent
hypothermia (Skarnes et al., 1981; Lang et al., 1985; Morimoto et al., 1987; Massart-Leén et
al., 1992). Chickens are very resistant to the deleterious effects of LPS and since ambient
temperature, dosage, prior sensitization, age, route of administration, serotype and genetic line
may be involved in the febrile response to endotoxin, it is very difficult to compare different
studies (Berczi et al., 1966; Adler & Damassa, 1978; Jones et al., 1983; Dogan et al., 2000;

Cheng et al., 2004).

- Formatted: Indent: First line: 35.4
Smith et al. (1978) reported the attenuation of hypothermia after repeated intravenous Pt

injection of 14 day old chickens with endotoxin from Salmonella gallinarum at a dose of 15
mg/kg. The first injection of LPS produced hypothermia. When LPS was given for 3
consecutive days, hypothermia was followed by hyperthermia. After six consecutive doses of
LPS there was no hypothermia, only hyperthermia. A fall in body temperature was also
demonstrated by Pittman et al. (1976) after intravenous administration of endotoxin from
Salmonella abortus equi to female Leghorn chickens, but the temperature was only recorded
for 180 min after administration. Jones et al. (1981) injected five-week-old commercial
broiler cockerels intravenously with LPS from the same serotype of E. coli that we used in our
study and demonstrated a biphasic febrile response. Baert et al. (2005) saw similar response.
Fraifeld et al. (1995) saw a peak in body temperature 3 hours after intraperitoneal
administration of 1 mg of E. coli O127:B8 LPS (corresponding to 0.8 mg/kg) to three-week-
old chickens. In our study the same serotype and dose of LPS as was used by Jones ef al. and
Baert et al. was injected into broiler chickens. In contrast to their findings, we saw a

monophasic febrile response that was preceded by hypothermia. After the second dose of

11
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LPS, the hypothermia, and the length of the febrile phase, was attenuated. A possible
explanation for these differences could be variation in the endotoxin concentration in the
different batches of LPS. The concentration of endotoxin in LPS from E. coli O127:B8
(Sigma-Aldrich) can vary from 500,000 to 2,250,000 units per mg. For this reason we used
LPS from the same batch for the whole experiment. The febrile response following endotoxin
administration is also affected by age. In the study of Jones et al. (1983) broiler cockerels of
1-8 weeks of age received an intravenous injection of E. coli O127:B8. Seven and eight week
old birds developed the highest and most persistent fever. Younger birds had lower increases
in body temperature, after an initial hypothermic response. In contrast we found that older
birds had a less pronounced reaction to LPS. Gregorut ef al. (1992) injected 10- to 50-day-old
birds with LPS from E. coli O122:B8 and S. typhimurium. They found no significant effect of
age on the febrile response, but there was a slight tendency towards a reduced peak in fever
and a more rapid response with increasing age.

In our study, ambient temperature was adjusted according to animal behaviour and
ethical guidelines. Three-week-old chickens housed at temperatures below their thermoneutral
zone did not develop fever (unpublished data).

Repeated administration of LPS results in a reduced response, characterized by a
decrease in immune responses (e.g. the production of a variety of cytokines) and metabolic
changes (e.g. fever, weight loss, shock and mortality). The reduced response to LPS
comprises two phases. The early phase results in a down-regulation of monocyte and
macrophage function and is evident within hours after LPS administration. Repeated
administration of LPS leads to attenuation of almost all pathophysiological effects mediated
by proinflammatory cytokines. In guinea pigs and rats, the reduced response to LPS consists
of attenuation of the febrile response and is associated with a reduced production of cytokines

(Zeisberger & Roth, 1998; Medvedev et al., 2006). IL-6, IL-1 and TNF-a have been

12
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implicated as key mediators of fever in several animal models. IL-1p, IL-6 and other
cytokines have been characterized as endogenous pyrogens or fever-inducers (Leon et al.,
1999). Changes in IL-6 concentration are believed to follow the course of the body
temperature changes. In guinea-pigs the peak of the IL-6 activity and the febrile phase
coincide (Roth ez al., 1994). In our study the concentration of IL-6 peaked at 3 hours after
LPS administration and preceded the febrile phase, returning to baseline concentrations 9
hours after LPS administration. The peak IL-6 concentration in plasma was significantly
lower after the second dose of LPS, demonstrating a reduced response to LPS. Nakamura et
al. (1998) injected 2 week old birds with LPS from E. coli and detected the highest
concentrations of IL-6 at 3 h after LPS administration, but the concentrations remained high
for 2 days after LPS administration. After administration of LPS from S. typhimurium at a
dose of 5 mg/kg to broiler chickens, the IL-6 concentration in plasma was elevated at 12 and
24 hours (Xie et al., 2000). The attenuation of the IL-6 concentrations in plasma in LPS-
tolerant chickens is similar to that seen in LPS-tolerant mice, in which the induction of IL-6
and other cytokines is extremely low (Erroi et al., 1993). In guinea-pigs repeated
intramuscular injection of LPS reduced the peak in IL-6 concentrations in plasma at 3 hours
after administration (Roth et al., 1994).

The late phase is characterized by the production of anti-LPS antibodies and occurs
weeks or months after LPS administration. The antibodies are directed against the O chain of
LPS, so in the late phase there is no cross-tolerance between different LPS serotypes
(Zeisberger & Roth, 1998; Medvedeyv et al., 2006). In our study, the first dose of LPS induced
the production of IgM antibodies in plasma. The five-week-old birds had IgM antibodies
against LPS prior to administration of LPS. These antibodies were most probably induced by
intestinal E. coli, which are present in every animal. The existence of such naturally occurring

antibodies against LPS has been demonstrated in several animal species, including chickens
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and mice (Reid et al., 1997; Hangalapura et al., 2003; Siwek et al., 2006), with the
concentration increasing with age (Parmentier et al., 2004). Siwek et al. (2006) demonstrated
an increase in antibodies against LPS between the ages of 5 and 18 weeks in layer birds. This
is in accordance with our findings in three- and five-week-old broilers. These antibodies are
often dismissed in immunological analyses as “background” and their role remains unclear.
One of the possibilities is that they may be involved in the clearance of LPS (Ochsenbein et
al., 1999). However, in our experiment there seemed to be no correlation between the reduced
response to LPS and the presence of antibodies, as a second dose of LPS reduced the reaction
against LPS irrespective of whether it was administered after 2 or 7 days. As in mice, it could
be suggested that factors other than antibodies play a critical role in this reduced response
against endotoxin, including the production of anti-inflammatory cytokines and upregulation
of inhibitory molecules that prevent intracellular Toll-Like receptor 4 signalling (Cavaillon &
Adib-Conquy, 2006).

In conclusion, we developed a reproducible and standardized model of LPS-induced
inflammation in broiler chickens. A second administration of LPS reduced the hypothermic
phase of the body temperature-time curve and the duration of the febrile phase, at both three
and five weeks of age. Moreover, after a second challenge with LPS the peak in concentration
of IL-6 was significantly decreased. Antibodies did not seem to play a role in the reduced

response to LPS.
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Table 1. Differences in AUCo_24y and maxT after the first and second dose of LPS in . q
.t
N

chickens at the age of 3 weeks.

{ Formatted: Font: Bold

{ Formatted: Font: Italic

| AUCy_24n £SD (°C x h) maxT £+ SD (°C) - { Formatted Table
LPS Control LPS Control
Day 0 10029 +1.1%  994.6 + 1.5 42.39 +0.06% 41.85 +0.08°
(n=20)
Day2 992.8 +1.6° 993.6 +2.1° 42.03 +0.09° 41.64 £0.11€
(n=10)
Day7 996.7 +1.5° 992.8 +2.1° 42.34 +0.08* 41.56 £0.11°€
(n=10)

Means with different superscript letters are significantly different at P<0.0071 (0.05/7)
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Table 2: Differences in AUCy.24n and maxT after a first and second LPS challenge in -~ { Formatted: Font: Italic )
chickens at the age of 5 weeks.
AUC_on + SD (°C x h) maxT + SD (°C) <~ { Formatted Table )
LPS Control LPS Control
Day 0 995.1 +1.0% 987.9 +1.5° 42.16 +0.06* 41.55 +0.08"
(n=20)
Day2 995.5+1.5% 993.4 +2.14 42.08 +0.08* 41.75 +0.11%
(n=10)
Day7 992.0+1.5% 9893 +2.14 42.15 £0.08* 41.62+0.11°
(n=10)
Means with different superscript letters are significantly different at P<0.0071 (0.05/7)
1 Deleted: |
P 1
27, . - q
1
I
q
q
q
1
1
I
q
q
22

E-mail: cavanagh@metronet.co.uk URL: http://mc.manuscriptcentral.com/cavp



Page 23 of 25 Avian Pathology

LPS in chickens at the age of 3 weeks (1" challenge n=20, 2 challenge n=10, control n=

20). The second dose of LPS was administered 2 or 7 days after the first dose of LPS.

chickens at the age of 3 weeks (I challenge n=20, 2 challenge n=10, control n= 20).
Means with an asterisk differ significantly from those of the control group (P<0.0001). The

second LPS dose was administered 2 or 7 days after the first dose.
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Figure 1. Mean (+ SD) body temperature versus time plot after a first and second dose of LPS
in chickens at the age of 3 weeks (1% challenge n=20, 2™ challenge n=10, control n= 20). The

second dose of LPS was administered 2 or 7 days after the first dose of LPS.
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Figure 2. Plasma IL-6 concentrations (mean + SD) after a first and second dose of LPS in
chickens at the age of 3 weeks (1* challenge n=20, 2" challenge n=10, control n= 20). Means
with an asterisk differ significantly from those of the control group (P<0.0001). The second

LPS dose was administered 2 or 7 days after the first dose.
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