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Abstract
The aim of this study was to investigate changes in selected parameters of cellular immune
response in the conditions of endotoxin fever and pyrogenic tolerance in pigeons. On the first day of
observation the experimental birds (n=18) were intravenously injected with Escherichia coli LPS at
a dose of 10 μg/kg b.w., while the control animals (n=6) received apyrogenic physiological saline also
in the form of injection. On the second and the third day of the experiment LPS was injected
additionally at 24 h intervals. Four and a half hours after the saline and pyrogen administration blood
samples were collected from the control and experimental pigeons. The following immunological
assays were performed: WBC, leucogram and immunophenotyping of lymphocyte subsets in peripheral blood, i.e. CD 3+ (T lymphocytes), CD 4+ (T helper lymphocytes) and CD 8+ (T suppressor/cytotoxic lymphocytes) cells. In the conditions of endotoxin fever (i.e. after the first LPS
injection) leucopenia, monocytopenia, heterophilia and eosinophilia were observed. Additionally, the
immunophenotyping of peripheral blood lymphocytes indicated an increase in percentage of CD 3+,
CD 4+ and CD 8+ cells in response to the single injection of LPS. In contrast, the consecutive
injections of LPS, which created a pyrogenic tolerance effect, caused a decrease in WBC value,
heteropenia, eosinopenia and lymphocytosis. Moreover, during this state an increase in percentage of
CD 3+ and CD 8+ cells was demonstrated in contrast to the percentage of CD 4+ lymphocytes. The
general tendencies in cellular immune response of the affected pigeons in the conditions of endotoxin
fever and pyrogenic tolerance aim at activation of defence mechanisms against LPS for its prompt
elimination from the animal’s organism.
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Introduction
Fever is one of the basic reactions of organisms to
infection, and is generally included in immunological
response manifestations (Roberts 1991). Exogenous
pyrogens, such as lipopolysaccharide (LPS) are involved in the induction of febrile rise of internal tem-

perature (Blatteis and Sehic 1997). LPS is isolated
from different species of Gram-negative bacteria e.g.
Escherichia, Salmonella, Pseudomonas, Vibrio (Henderson and Wilson 1996). LPS is effectively able to
induce fever in different species of birds, i.e. chickens
(Jones et al. 1983, Gregorut et al. 1992, Johnson et al.
1993, Macari et al. 1993), quails (Koutsos and Klasing
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2001), ducks (Maloney and Gray 1998) and pigeons
(Nomoto 1996, 1997), depending on pyrogen origin
(Jones et al. 1983, Gregorut et al. 1992), and the time
of administration of pyrogens (Nomoto 1996, 1997),
as well as age (Jones et al. 1983, Gregorut et al. 1992,
Koutsos and Klasing 2001), applied species of birds
(Leshchinsky and Klasing 2001), dose (Johnson et al.
1993, Maloney and Gray 1998, Koutsos and Klasing
2001, Leshchinsky and Klasing 2001), and route (Johnson et al. 1993, Macari et al. 1993, Nomoto 1997).
Apart from thermoregular changes LPS is also responsible for effects connected with behavior, e.g. depression of locomotor activity (Kozak et al. 1995),
somnolence (Cady et al. 1989) or hypophagia and hypodipsia (Kozak et al. 1995). The important group of
changes concerning action of LPS are metabolic alternations, such as: hypoglycaemia (Oguri et al. 2002)
and influence on mineral balance of the organism
(Johnson et al. 1993), as well as endocrinological
changes, including activation of the hypothalamo-pituitary-adrenal axis (Gray and Maloney 1998, Kozak
et al. 1998). Immunological changes constitute a separate group connected with stimulation of synthesis of
some cytokines (Kozak et al. 1998), the effect on the
leukocytic system (Krumrych et al. 1996), participation in lysozyme or laktoferin changes (Bruckmaier
2005), synthesis of antibodies (Mukezamfura et al.
1996), and a number of changes known as acute phase
response (APR) (Johnson et al. 1993), during which
intensification of synthesis of acute phase proteins
(APPs) is observed (Baert et al. 2005). The changes
accompanying APR are involved in the first line of
defense mechanisms, activated during infection (Johnson et al. 1993).
Induction of pyrogenic tolerance is possible in response to bacterial pyrogens (Soszyński et al. 1991),
e.g. LPS (Koutsos and Klasing 2001). Mechanisms of
tolerance to LPS (endotoxin tolerance) are generally
known, but its detailed aspects need further studies.
Two phases of tolerance are distinguished. The first
phase of endotoxin tolerance, known as early-phase
pyrogenic tolerance, is characterized by the reduction
of synthesis and release of proinflammatory cytokines
as a consequence of the changes in the infected cell.
Suppression of tumor necrosis factor synthesis (Matsuura et al. 1994) and inhibition of interleukin-6
(Roth et al. 1994) and nitric oxide (Chang et al. 1996)
production belong to the main effects of the
early-phase pyrogenic tolerance. Additionally, cellular
immunity (Soszyński 2000) is stimulated, as a result of
increased hepatic macrophage activation, responsible
for LPS detoxication (Dinarello et al. 1968).
Very little is known about the immunological
changes in response to LPS in birds, especially in the
context of cellular immunity. So far there have been
no data concerning this subject in pigeons. Therefore,
the aim of the present study was to investigate the
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effect of LPS on cellular immune response in pigeons
in the conditions of endotoxin fever and pyrogenic
tolerance.

Materials and Methods
Animals
The study was performed on pigeons (n=24) aged
1-2 years with average body weight 246-416 g, maintained in a stable climatic room (room temperature
= 21±1oC, air relative humidity = 60%), and natural
day/night cycle. The birds were kept in wooden cages
(6 pigeons per cage) and fed with standard fodder
recommended for pigeons, with water ad libitum. The
experiment was approved by the Local Ethic Committee on Animal Experimentation of the Agricultural
University of Lublin, Poland.

Designation of endotoxin fever and pyrogenic
tolerance state
The preliminary studies indicated that a single intravenous injection of LPS at a dose of 10 μg/kg b.w.
caused a statistically significant increase of internal
temperature and distinct decrease of locomotor activity in pigeons, evoking a state of endotoxin fever. Four
and a half hours after the first LPS injection the peak
of internal temperature was observed. In contrast, the
injection of pyrogen performed 3 times, at the same
dose, caused a reduction of risen internal temperature, and an increase of locomotor activity of the birds
in comparison to the single injection of LPS, showing
that the 3 injections induce a state of pyrogenic tolerance (Dudek et al. 2010).

Injections
Pigeons were divided into two groups: experimental (n=18) and control (n=6). On the first day of the
study a state of endotoxin fever was evoked in the
experimental birds. The experimental animals (group
I) received Escherichia coli LPS (Serotype O111:B4,
Sigma) at a dose of 10 μg/kg b.w. (10 μg LPS suspended in 1 ml saline) in the form of one intravenous
injection, whereas the control pigeons (group II) were
injected with apyrogenic saline at the dose of 1 ml
saline/kg b.w. In both cases the final volume of the
two solutions used was comparable, and dependent on
the body weight of individual pigeons.
Four and a half hours after the first LPS or saline
injection, blood samples were collected from the control pigeons and from six randomly selected birds
from the experimental group, labeled as LPS1.
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On the following, second and third day of the experiment pyrogenic tolerance was induced in the rest
of the experimental pigeons. In order to induce pyrogenic tolerance twelve experimental birds were injected intravenously with E. coli LPS (Serotype O111:B4,
Sigma) at a dose of 10 μg/kg b.w. (10 μg LPS in 1 ml
saline) on the second day of the experiment. Four and
a half hours after the second LPS injection blood
samples were collected from the next six birds randomly selected from the experimental animals,
labeled as group LPS2. On the third day of the experiment the last six experimental pigeons received intravenously a third dose of E. coli LPS (10 μg LPS in
1 ml saline) and after 4.5 h blood samples were collected from the birds, which were labeled as group
LPS3.
LPS or apyrogenic saline was intravenously injected into the ulnar vein (vena ulnaris) and blood
samples for laboratory investigations were collected
from the same vein at 24 h intervals in pigeons recruited from the LPS1, 2 and 3 subgroups.
In order to determine the chosen cellular immune
parameters the following assays were performed: total
white blood cell count (WBC) with its differentiation
(leucogram), and detailed peripheral lymphocyte immunophenotyping.

The total value of white blood cells (WBC)
in peripheral blood of pigeons
To determine WBC the peripheral blood of
pigeons was diluted in Natt-Harrick liquid in the ratio
of 1 to 200. Leukocytes were counted in a Burker’s
chamber and the values were formulated in 103/μl.

The percentage of leukocyte subpopulations
in peripheral blood of pigeons (leucogram)
The blood smear was prepared, dried and stained
using the Pappenheim method. The leukocytes, in
a number not exceeding 100, were then counted with
the use of an optic microscope. The values of the cells,
i.e. granulocytes (heterophils, eosinophils and
basophils) and agranulocytes such as lymphocytes and
monocytes were given as a percentage (%).
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and
CD8
(CT-8
clone)
conjugated
with
fluorescin-5-isothiocyanate (FITC). The chosen antibodies showed specificity for chicken lymphocytes, as
indicated by the producer, however a cross-reactivity
with pigeon lymphocytes has been confirmed experimentally (Dudek 2007). The determination of the
above mentioned cluster of differentiation antigens
(CD) on lymphocytes stained with appropriate antibodies was performed using a flow cytometer (Coulter
Epics XL 4C, Beckam Coulter Company, USA). This
determination was done by working procedure
(Beckam Coulter Guide Procedure), whereas the
SYSTEM II 3.0 and Multigraph program (Beckam
Coulter) was used for archiving data from each acquisition in the form of “list mode”, and for their analysis
and presentation in the form of histograms.

Data analysis
Results were presented as arithmetic means with
standard errors (means ± SEM) after their statistical
analysis with the use of Stat View 512 (Abacus Concepts, Berkeley, CA, USA) or STATISTICA 6.0 software. In order to compare several groups against
each other Tukey’s analysis of variance (for different
N), Fisher’s LSD or Dunnett’s test were performed.
P<0.05 was taken as the statistical significance threshold.

Results
Total value of white blood cells (WBC)
in peripheral blood of pigeons
In response to the first injection of LPS a decrease
in the WBC count in the peripheral blood of pigeons
was observed (Table 1). In contrast, the second injection of LPS caused a statistically significant (P<0.05)
increase in the examined parameter as compared with
group LPS1. A renewed fall in WBC total value was
noted after the third administration of pyrogen. The
differences between LPS3 and LPS2 groups of
pigeons were statistically significant (P<0.05).

The percentage of leukocyte subpopulations
in peripheral blood of pigeons
Immunophenotyping of blood lymphocytes
Immunophenotyping of peripheral blood lymphocytes, i.e. CD 3+ (T lymphocytes), CD 4+ (T helper
lymphocytes, Th), CD 8+ (T suppressor/cytotoxic lymphocytes, Ts/c) was determined using a panel of mice
monoclonal antibodies (monoclonal antibodies, MCAs,
Serotec), i.e. CD3 (CT-3 clone), CD4 (CT-4 clone)

The first injection of LPS caused a statistically significant (P<0.05) increase in the percentage of heterophils in the peripheral blood of pigeons as compared
with the controls (Table 1). The differences between
group LPS2 and control was still significantly higher
(P<0.05) in spite of a small decrease in heterophil
values after the second administration of pyrogen.
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Table 1. Mean values of selected parameters of cellular immune response in conditions of endotoxin fever and pyrogenic
tolerance in pigeons (x̄ ± SEM).
Group
Parameter

Control

3

WBC (10 /μl)

LPS1

31.29 + 4.64

LPS2

26.07 + 3.42

51.14 + 1.24

LPS3
b

24.62 + 2.11c

Leucogram
Heterophils (%)

38.00 ± 1.46

65.00 ± 4.28a

56.66 ± 9.67a

20.83 ± 4.43abc

Eosinophils (%)

0.16 ± 0.16

0.66 ± 0.42

0.16 + 0.16

–

–

–

–

–

Lymphocytes (%)

61.33 ± 1.52

34.16 ± 4.19a

42.16 ± 9.26a

79.00 ± 4.35abc

Monocytes (%)

0.50 ± 0.22

0.16 ± 0.16

1.00 ± 0.44b

0.16 ± 0.16c

Basophils (%)

Phenotyping analysis of T lymphocytes
27.54 ± 0.58

27.57 ± 1.22

27.60 ± 1.04

30.12 ± 1.20

Th lymphocytes (CD 4 ) [%]

13.72 ± 0.74

16.00 ± 0.93

14.90 ± 1.27

12.90 ± 1.36b

Ts/c lymphocytes (CD 8+) [%]

10.68 ± 0.83

14.75 ± 0.72a

14.66 ± 0.75a

15.76 ± 1.21a

T lymphocytes (CD 3+) [%]
+

a
b
c

– statistically significant differences at P<0.05 in comparison with control
– statistically significant differences at P<0.05 in comparison with LPS1
– statistically significant differences at P<0.05 in comparison with LPS2

However, the value decreased further in group LPS3
and finally it was significantly lower in comparison
with control, LPS1 and LPS2 groups of birds at
P<0.05.
The first administration of LPS caused a distinct
increase in the percentage of eosinophils in the peripheral blood of pigeons as compared with the control and LPS2 group of birds (Table 1), in which the
values were similar to each other. However, this rise
was not statistically significant. In contrast, in response to the third injection of pyrogen no eosinophils
in the peripheral blood of birds was observed.
In all experimental groups of pigeons and control
no basophils were noted in the peripheral blood of
birds (Table 1).
The first injection of LPS caused a statistically significant (P<0.05) decrease in the percentage of lymphocytes in the peripheral blood of pigeons (Table 1),
whereas in response to the consecutive injections of
pyrogen a gradual increase in the examined parameter
value was observed. The rise was statistically significant (P<0.05) in LPS3 as compared with the control
and last experimental groups of birds.
The second administration of LPS caused a statistically significant (P<0.05) elevation in the percentage
of monocytes in the peripheral blood of pigeons in
comparison with the first administration of pyrogen
(Table 1). The same value for this parameter was observed in both LPS1 and LPS3 groups of birds.

Immunophenotyping of peripheral blood
lymphocytes in pigeons
Consecutive injections of LPS caused an increase
in T lymphocytes (CD 3+) as compared with the controls (Table 1). The rise was small at the beginning of
the study because the percentage of CD 3+ cells after
the first and the second administration of pyrogen remained at a similar level to the controls. However, in
response to the third injection of LPS a distinct increase in this parameter was observed. No statistically
significant differences between examined groups of
pigeons was noted.
A gradual decrease in the percentage of Th lymphocytes (CD 4+) was observed in response to consecutive administrations of LPS when compared to
group LPS1 (Table 1). Statistically significant
(P<0.05) differences were observed only between
LPS1 and LPS3 groups of pigeons.
The percentage of Ts/c lymphocytes (CD 8+) increased after the first injection of pyrogen and remained at a higher level until the end of the study as
compared with the controls (Table 1). The percentage
of CD 8+ cells after the second administration of LPS
was similar to that observed in group LPS1. Statistically significant differences (P<0.05) between experimental and control groups were noted in regard to
this parameter.
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Discussion
In conditions of endotoxin fever in the affected
pigeons leucopenia was observed as a result of a significant (P<0.05) lymphopenia, monocytopenia and
a lack of basophils in the peripheral blood. In contrast, the single injection of LPS caused considerable
(p<0.05) heterophilia and an increase in eosinophil
percentage. A distinct rise in the percentage of heterophils in the peripheral blood probably resulted
from the production of these cells in bone marrow,
accelerated migration of heterophils from marrow to
peripheral blood, or from the marginal pool of blood
vessels (Sitarska et al. 2000). In contrast to mammals,
heterophils in birds derive from stem cells in the extravascular spaces of bone marrow (Campbell 1967),
although this area is predominantly adapted for erythroid cell production and maturation in some birds
(Glick and Rosse 1976). The cells probably descend
from extramedullary sources too (Lawn 1979). In
some birds, heterophilia appears as a control indicator
of an interaction between bone marrow and the hypothalamic-pituitary adrenal cortical axis during different pathological states, such as hypoxia (Vanhooser
et al. 1995) or riboflavin deficiency (Goff et al. 1953).
Heterophils play an important role in phagocytosis,
using factors included in cytoplasma granulations
(Macrae and Spitznagel 1975), such as hydrolytic enzymes (Maxwell and Robertson 1998), i.e. phosphorylase,
acid
phosphatase
(Nair
1973),
β-glucuronidase (Nair 1973, Rausch and Moore
1975), alkaline phosphatase or lysozyme (Rausch and
Moore 1975). However, heterophil granulations are
peroxidase-deficient in contrast to mammalian
counterparts (Bainton and Farquhar 1968, Egami and
Sasso 1991). It is worth recording that these cells
probably take part in the first-line host defence (Ziprin 1997) and seem to be “efficient killers” with reference to Escherichia coli and other bacterial infections
in chickens (Maxwell and Robertson 1998) and turkeys. The predominant immunological role of heterophils was seen after their opsonisation, when their
phagocytic activity was noted to be enhanced in response to different species of bacteria (Harmon et al.
1992, Andreasen et al. 1996). Eosinophils also take
part in the process of foreign cell destruction, and
their increased percentage was observed in response
to a single injection of LPS. The cells appear as “early
natural modulators of inflammation” in birds (Maxwell 1987). However, their participation in phagocytosis is less important in comparison with neutrophils,
considering the lack of lysozyme and phagocytin in
heterophil granulations. In contrast a decrease in the
percentage of monocytes in the pigeons after the
single injection of LPS was observed, which probably
resulted from cell migration into the site of infection,
where the monocyte transformation to macrophages
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(responsible for phagocytosis) is present (Traczyk and
Trzebski 2001). In response to LPS a similar activation of macrophages and neutrophils is noted. Usually
the activated cells stimulate the release of proinflammatory cytokines, i.e. IL-1α and β, IL-6, TNF-α or
IFN-α2 (Toth and Blatteis 1996), known as mediators
of fever response. Additionally, the cells are able to
generate oxygen radicals following the activation of
membrane-bound NADPH oxidase in order to eliminate the pathological microorganism (Rossi 1986, Cadenas 1989). In response to LPS the enhanced production of oxygen reactive forms, i.e. superoxide radical or hydrogen peroxide, by avian polymorphonuclear leucocytes is also present, similarly to mammalian
counterparts (Dri et al. 1978). Therefore both heterophils and macrophages are probably involved in the
first-line host defence (Cadenas 1989, Ziprin 1997).
A significant (P<0.05) lymphopenia was observed in
the conditions of endotoxin fever in the pigeons. This
probably resulted from the recirculation of lymphocytes from blood to regions dependent on thymus
and marrow in peripheral lymphoid organs (Traczyk
and Trzebski 2001). The immunophenotyping of peripheral blood lymphocytes in the pigeons demonstrated a small increase in the percentage of CD 3+
cells in response to the single injection of LPS. This
was mainly a result of an elevated percentage of both
CD 4+ and CD 8+ cells in these conditions. The rise in
percentage of Th lymphocytes (CD 4+) indicated the
mobilisation of immunological processes, i.e. the
stimulation of proliferation and differentiation of
B lymphocytes, and production of immunoglobins as
a consequence of this state, whereas the increased
Ts/c lymphocyte percentage suggests the activation of
the ability to destroy and eliminate damaged or infected cells by means of antibody dependent cytotoxicity
(Traczyk and Trzebski 2001, Gołąb et al. 2002). It is
worth mentioning that two subpopulations of Th lymphocytes, i.e. Th1 and Th2 are discerned. Th1 lymphocytes are mainly responsible for the mechanisms
of cellular immunity, whereas Th2 only for humoral
immunity. The first subpopulation possesses the ability to synthesize interleukin-2 and interferon-γ, and in
this manner it intensifies the cytotoxicity of the lymphocytes and activates macrophages. Tc lymphocytes
possess a secretory ability regarding cytokines similar
to Th1 cells. The active mechanism of Tc lymphocytes
mainly comes down to the cytotoxicity, which progresses through one of the two apoptotic pathways
(Gołąb et al. 2002). Therefore the increase in the percentage of Tc lymphocytes in conditions of experimental endotoxin fever may be proof of the direct
participation of the cells in the control of endotoxemia. However, Ts lymphocytes are responsible
for regulation of the functions of the remaining subpopulations of T lymphocytes (Traczyk and Trzebski
2001).
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The state of pyrogenic tolerance after consecutive
injections of LPS had a distinct effect on immunological response. Double administration of LPS caused
a significant (P<0.05) increase in WBC in peripheral
blood in comparison with group LPS1. This was a result of a considerable (P<0.05) increase in the percentage of monocytes and lymphocytes in the peripheral
blood. Similarly, immunophenotyping of peripheral
blood lymphocytes demonstrated a small rise of CD 3+
cells in group LPS2 as compared with the single injection of the pyrogen. This resulted from an increase in
the percentage of other subpopulations of lymphocytes rather than Th and Ts/c cells, whose values
decreased in these conditions. In contrast, heteropenia and eosinopenia were observed in this group of
pigeons in comparison to the state observed after
a single injection of LPS. This was probably a result of
migration of heterophils and eosinophils from peripheral blood into tissues (Traczyk and Trzebski 2001).
Additionally, a significant (P<0.05) decrease in WBC
in peripheral blood was observed in response to the
third injection of the pyrogen in comparison with
LPS2. This resulted from distinct (P<0.05) heteropenia and monocytopenia and the lack of eosinophils
in the blood as compared with the double administration of LPS. This probably indicates increased migration of most of the cells into tissues as a consequence
of intense phagocytosis. In contrast, three injections
of the pyrogen caused a significant (P<0.05) rise in the
percentage of lymphocytes in peripheral blood as
compared with group LPS2. This was probably a result of the increased percentage of CD 3+ in the peripheral blood as a consequence of Ts/c cell rise. The
increase in the percentage of Tc lymphocytes indicates the activation of cytotoxicity against infected
cells (Traczyk and Trzebski 2001) as one of the components of immunological mechanisms (Gołąb et al.
2002).
The activation of components of APR in conditions of endotoxin fever in the pigeons, such as cellular immunity, indicates the defence of the organism
against the damaging influence of LPS. Additionally,
the reactivity of these immunological mechanisms accompanying pyrogenic tolerance in the birds led to
increased elimination of the pathogenic factor from
the pigeon organism.

References
Andreasen CB, Andreasen JR Jr, Sonn AE, Oughton JA
(1996) Comparison of the effect of different opsonins on
the phagocytosis of fluorescein-labeled staphylococcal
bacteria by chicken heterophils. Avian Dis 40: 778-782.
Baert K, Duchateau L, De Boever S, Cherlet M, De Backer
P (2005) Antipyretic effect of oral sodium salicylate after
an intravenous E. coli LPS injection in broiler chickens.
Br Poult Sci 46: 137-143.

Bainton DF, Farquhar MG (1968) Differences in enzyme
content of azurophil and specific granules of polymorphonuclear leukocytes. II. Cytochemistry and electron
microscopy of bone marrow cells. J Cell Biol 39: 299-317.
Blatteis CM, Sehic E (1997) Fever: How may circulating
pyrogens signal the brain? News Physiol Sci 12: 1-9.
Bruckmaier RM (2005) Gene expression of factors related
to the immune reaction in response to intramammary Escherichia coli lipopolysaccharide challenge. J Dairy Res
72: 120-124.
Cadenas E (1989) Biochemistry of oxygen toxicity. Annu
Rev Biochem 58: 79-110.
Cady AB, Kotani S, Shiba T, Kusumoto S, Krueger JM
(1989) Somnogenic activities of synthetic lipid A. Infect
Immun 57: 396-403.
Campbell F (1967) Fine structure of the bone marrow of the
chicken and pigeon. J Morphol 123: 405-439.
Chang CC, McCormick CC, Lin AW, Dietert RR, Sung YJ
(1996) Inhibition of nitric oxide synthase gene expression
in vivo and in vitro by repeated doses of endotoxin. Am
J Physiol 271: G539-G548.
Dinarello CA, Bodel PT, Atkins E (1968) The role of liver in
the production of fever and in pyrogenic tolerance. Trans
Assoc Am Physicians 81: 334-344.
Dri P, Bisiacchi B, Cramer R, Bellavite P, de Nicola G, Patriarca P (1978) Oxidative metabolism of chicken polymorphonuclear leucocytes during phagocytosis. Mol Cell Biochem 22: 159-166.
Dudek K (2007) Wpływ lipopolisacharydu na wystąpienie
i przebieg gorączki, kształtowanie się tolerancji pirogenowej
oraz wskaźniki immunologiczne i zapalne u gołębi. Doctoral
Thesis, Akademia Rolnicza, Lublin, Poland.
Dudek K, Bednarek D, Soszynski D, Kozlowska M (2010)
Changes of internal temperature and locomotor activity
in the conditions of endotoxin fever, pyrogenic tolerance
and its suppression in pigeons. Medycyna Wet 67: 38-47.
Egami MI, Sasso WS (1991) Topochemistry of blood cells of
the Gallus domesticus (Aves, Galliforme). Rev Bras Biol
51: 211-214.
Glick B, Rosse C (1976) Cellular composition of the bone
marrow in the chicken. 1. Identification of cells. Anat
Rec 185: 235-245.
Goff S, Russel WC, Taylor MW (1953) Hematology of the
chick in vitamin deficiencies. 1. Riboflavine. Poult Sci
32: 54-60.
Gołąb J, Jakóbisiak M, Lasek W (2002) Immunologia, 1ed.,
Wydawnictwo Naukowe PWN, Warszawa.
Gray DA, Maloney SK (1998) Antidiuretic hormone and
angiotensin II plasma concentrations in febrile Pekin
ducks. J Physiol 511: 605-610.
Gregorut FP, Baptista LC, Paulim AS, Guerreiro JR, Secato
ER, Macari M (1992) Influence of age on the febrile
response to E. coli and S. typhimurium endotoxins in
growing pullets. Br Poult Sci 33: 769-774.
Harmon BG, Glisson JR, Nunnally JC (1992) Turkey macrophage and heterophil bactericidal activity against Pasteurella multocida. Avian Dis 36: 986-991.
Henderson B, Wilson M (1996) Cytokine induction by bacteria: beyond lipopolysaccharide. Cytokine 8: 269-282.
Johnson RW, Curtis SE, Dantzer R, Bahr JM, Kelley KW
(1993) Sickness behavior in birds caused by peripheral
and central injection of endotoxin. Physiol Behav
53: 343-348.

Cellular immune response of pigeons in the conditions...
Jones CA, Edens FW, Denbow DM (1983) Influence of age
on the temperature response of chickens to Escherichia
coli and Salmonella typhimurium endotoxins. Poult Sci
62: 1553-1558.
Koutsos EA, Klasing KC (2001) The acute phase response
in Japanese quail (Coturnix coturnix japonica). Comp
Biochem Physiol C Toxicol Pharmacol 128: 255-263.
Kozak W, Kluger MJ, Soszynski D, Conn CA, Rudolph K,
Leon LR, Zheng H (1998) IL-6 and IL-1 beta in fever.
Studies using cytokine-deficient (knockout) mice. Ann
N Y Acad Sci 856: 33-47.
Kozak W, Zheng H, Conn CA, Soszynski D, Van der Ploeg
LH, Kluger MJ (1995) Thermal and behavioral effects of
lipopolysaccharide and influenza in interleukin-1f-deficient mice. Am J Physiol 269: R969-R977.
Krumrych W, Wiśniewski E, Danek J (1996) The effect of
lipopolysaccharide on the phagocytic activity of neutrophilic granulocytes in horses. Medycyna Wet 52: 584-586.
Lawn AM (1979) Haemopoietic cells in peripheral nerves of
SPF chickens. Avian Pathol 8: 477-481.
Leshchinsky TV, Klasing KC (2001) Divergence of the inflammatory response in two types of chickens. Dev Comp
Immunol 25: 629-638.
Macari M, Furlan RL, Gregorut FP, Secato ER, Guerreiro
JR (1993) Effects of endotoxin, interleukin-1 beta and
prostaglandin injections on fever response in broilers. Br
Poult Sci 34: 1035-1042.
Macrae EK, Spitznagel JK (1975) Ultrastructural localization of cationic proteins in cytoplasmic granules of
chicken and rabbit polymorphonuclear leukocytes. J Cell
Sci 17: 79-94.
Maloney SK, Gray DA (1998) Characteristics of the febrile
response in Pekin ducks. J Comp Physiol B 168: 177-182.
Matsuura M, Kiso M, Hasegawa A, Nakano M (1994) Multistep regulation mechanisms for tolerance induction to
lipopolysaccharide lethality in the tumor-necrosis-factor-alpha-mediated pathway. Application of non-toxic
monosaccharide lipid A analogues for elucidation of
mechanisms. Eur J Biochem 221: 335-341.
Maxwell MH (1987) The avian eosinophil – a review. World
Poultry Sci J 43: 190-207.
Maxwell MH, Robertson GW (1998) The avian heterophil
leucocyte: a review. World Poultry Sci J 54: 155-178.
Mukezamfura P, Fiołka M, Zięba P, Studziński T (1996)
The influence of KLP and LPS on temperature regulation and on the humoral immune response of rabbits.
Medycyna Wet 52: 783-785.
Nair MK (1973) The early inflammatory reaction in the
fowl. A light microscopical, ultrastructural and autoradiographic study. Acta Vet Scand Suppl 42: 1-103.

133
Nomoto S (1996) Diurnal variations in fever induced by intravenous LPS injection in pigeons. Pflugers Arch
431: 987-989.
Nomoto S (1997) LPS fever in pigeons. Ann N Y Acad Sci
813: 508-511.
Oguri S, Motegi K, Iwakura Y, Endo Y (2002) Primary role
of interleukin-1 alpha and interleukin-1 beta in
lipopolysaccharide-induced hypoglycemia in mice. Clin
Diagn Lab Immunol 9: 1307-1312.
Rausch PG, Moore TG (1975) Granule enzymes of polymorphonuclear neutrophils: a phylogenetic comparison.
Blood 46: 913-919.
Roberts NJ Jr (1991) The immunological consequences of
fever. In: Mackowiak PA (ed) Fever: Basic Mechanisms
and Management. Raven Press Ltd, New York, pp 125-142.
Rossi F (1986) The O2-forming NADPH oxidase of the
phagocytes: nature, mechanisms of activation and function. Biochim Biophys Acta 853: 65-89.
Roth J, McClellan JL, Kluger MJ, Zeisberger E (1994) Attenuation of fever and release of cytokines after repeated
injections of lipopolysaccharide in guinea-pigs. J Physiol
477: 177-185.
Sitarska E, Winnicka A, Kluciński W (2000) Wykorzystanie
diagnostyki laboratoryjnej w praktyce Cz. II. Badanie
układu białokrwinkowego. Magazyn Wet 9: 36-38.
Soszyński D (2000) Mechanizmy wzbudzania tolerancji na
powtarzane iniekcje pirogenów egzogennych. Postępy
Hig Med Dosw 54: 537-551.
Soszyński D, Kozak W, Szewczenko M (1991) Course of
fever response to repeated administration of sublethal
doses of lipopolysaccharides, polyinosinic: polycytidylic
acid and muramyl dipeptide to rabbits. Experientia
47: 43-47.
Toth LA, Blatteis CM (1996) Adaptation to the microbial
environment. In: Fregly MJ, Blatteis CM (eds) Handbook of Physiology, section 4, Environmental Physiology,
Vol I. Oxford University Press, New York, pp 1489-1519.
Traczyk WZ, Trzebski A (2001) Fizjologia człowieka z elementami fizjologii stosowanej i klinicznej, 3rd ed.,
Wydawnictwo Lekarskie PZWL, Warszawa.
Vanhooser SL, Beker A, Teeter RG (1995) Bronchodilator,
oxygen level, and temperature effects on ascites incidence
in broiler chickens. Poult Sci 74: 1586-1590.
Ziprin RL (1997) Heterophil response to intraperitoneal
challenge with invasion-deficient Salmonella enteritidis
and Salmonella-immune lymphokines. Avian Dis
41: 438-441.

