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Fever is an immunological (32) and homeostatic (21)
reaction of an organism. It is characterized by a rise of
internal temperature that is a consequence of tempera-
ture control setting (26). Exogenous pyrogens take part
in an induction of internal temperature rise (4). Lipo-
polysaccharide (LPS) is the best known bacterial exo-
genous pyrogen (16) and it is isolated from various
kinds of Gram-negative bacteria genus such as: Esche-
richia, Salmonella, Pseudomonas, Vibrio and the others
(11). It constitutes an integral component (70-75%) of

the peripheral part of the exterior membrane of Gram-
-negative bacteria (16). LPS consists of three basic
components: lipid A, oligosaccharide of core and
antigen O, from which the most important is the first
one determining the biological activity and immuno-
stimulating properties of LPS (7). Exogenous pyro-
gens induce a synthesis and release of endogenous
pyrogens (EPs) from host cells such as polymorph-
nuclear leukocytes (3, 31), monocytes (5, 26), tissue
macrophages (1, 10), phagocytic cells of reticulo-
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Summary

The aim of the study was to investigate changes of internal temperature and locomotor activity of birds in
conditions of endotoxin fever, pyrogenic tolerance and its suppression. The experiment was performed
in pigeons (n = 12). On the first day of the experiment a state of endotoxin fever was evoked. The pigeons
were categorized into two groups: experimental and control. The first group of the animals (n = 8) received
Escherichia coli LPS intravenously once at the dose of 10 µg/kg b.w. whereas the control pigeons (n = 4) were
administered in the apyrogenic saline intravenously once at the dose of 1 ml/kg b.w. On the second and
third day of the experiment the state of pyrogenic tolerance was induced in the pigeons and their internal
temperature and locomotor activity were investigated. To this end the experimental group of birds received
E. coli LPS intravenously twice at 24 h intervals at a dose of 10 µg/kg b.w. Conversely, the control pigeons were
twice treated with saline (1 ml/kg b.w.). On the fourth day of the study an attempt of pyrogenic tolerance
suppression in the pigeons was carried out. The experimental birds with the stable state of pyrogenic tolerance
were then categorized into two subgroups. The first subgroup (n = 4) received Salmonella Abortusequi LPS
intravenously at the dose of 10 µg/kg b.w., whereas the second one (n = 4) � E. coli LPS at a double amount of
the pyrogen (20 µg/kg b.w.). The control pigeons were administered S. Abortusequi LPS in an analogical dose
as the first experimental subgroup.

Results of the study indicated the occurrence of endotoxin fever and depression of locomotor activity of the
pigeons in response to the first injection of E. coli LPS. The third administration of the pyrogen stabilized
the state of pyrogenic tolerance, manifested by the reduction of the increased internal temperature and the
stimulation of pigeon locomotor activity. Whereas in the state of stable pyrogenic tolerance in pigeons the
intravenous injection of the other exogenous pyrogen, i.e. S. Abortusequi LPS, and also the double dose of
E. coli pyrogen caused the suppression of the tolerance and the restoration of endotoxin fever in the birds.
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endothelial system (1) and others. EPs belong to dif-
ferent groups of cytokines. The most important are
interleukin-1â (IL-1â), interleukin-6 (IL-6) and tumor
necrosis factor-á (TNF-á) (19). However, the pyro-
genic function of TNF-á is questionable because it is
actually rather treated as an endogenous anti-pyretic
(8, 24) or cryogen (6) than pyrogenic cytokine (17).

LPS is responsible for an induction of both thermo-
regulatory (9, 13, 15, 20, 23, 25, 27-29) and behavio-
ral changes (2, 13) in birds depending on various fac-
tors such as pyrogen origin (species of Gram-negative
bacteria) (9, 15), dose (13, 20, 23, 27), route (13, 25,
29) and time of pyrogen injection (28, 29), age (9, 15,
20) and genetic type of birds (23).

Tolerance is in exact relation with exogenous pyro-
gens. Tolerance for these substances is called the
pyrogenic tolerance, which depends on the interplay
between immunological and neuroendocrinal system
(34). The tolerance for LPS is the best known and
consists of two phases. The first phase of pyrogenic
tolerance (early phase of pyrogenic tolerance) is
characterized by a reduction of synthesis and releasing
proinflammatory cytokines resulting from changes in
an infected cell (7). A stimulation of both cellular (34)
and humoral (12) defence of an organism accompa-
nies the early stage of tolerance. However, the second
phase of pyrogenic tolerance depends solely on an
activation of mechanisms of the humoral defense of
an organism (34).

It was confirmed that repeated injections of LPS in
some species of birds caused the induction of pyroge-
nic tolerance manifested with a reduction of raised
internal temperature and the stimulation of locomotor
activity. The values of those parameters returned to
the febrile levels after the suppression of that state.
However, it is a little-known problem concerning both
thermoregulatory and behavioral changes in the con-
ditions of pyrogenic tolerance and its suppression in
pigeons and other species of birds, therefore it requires
further complex studies, and a detailed explanation.

Material and methods
The study was performed in adult pigeons (n = 12) with

an average body weight of about 300 g, maintained in
a stable climatic room (room temperature = 22 ± 1°C, air
relative humidity = 60%), and 12 h day/night cycle (the
light on at 06:00 a.m. and off at 06:00 p.m.). The birds
were kept in individual plastic cages and fed with standard
fodder recommended for pigeons with water ad libitum.
The experiment was approved by the Local Ethics Com-
mittee on Animal Experimentation of the Agricultural Uni-
versity of Lublin, Poland.

On the first day of study the state of endotoxin fever was
evoked in pigeons and their internal temperature and loco-
motor activity were recorded. The birds were categorised
into two groups: experimental and control. The first group
of the animals (n = 8) received intravenously once Esche-
richia coli LPS (Serotype O111:B4, Sigma) at the dose of

10 µg/kg b.w. (10 µg LPS suspended in 1 ml saline). Where-
as the control pigeons (n = 4) were administered apyro-
genic saline like the above-mentioned group of birds at the
dose of 1 ml saline/kg b.w. In both cases the final volume
of solutions used was comparable and dependent on the
body weight of individual pigeons.

In the second and the third day of experiment the state of
pyrogenic tolerance in pigeons was induced and their inter-
nal temperature and locomotor activity were investigated.
The experimental group of birds received E. coli LPS
(Serotype O111:B4, Sigma) intravenously twice at a dose
of 10 µg/kg b.w. (10 µg LPS in 1 ml saline) at 24 h intervals.
Conversely, the control pigeons were twice injected with
1 ml of saline per kg b.w.

On the fourth day of the experiment an attempt of pyro-
genic tolerance suppression was made in the experimental
pigeons and the changes of their internal temperature and
locomotor activity were recorded. The experimental birds
from previous day of the experiment (the 3rd d) were cate-
gorised into two subgroups. The first subgroup (n = 4)
received Salmonella Abortusequi LPS (Sigma) at the dose
of 10 µg/kg b.w. (10 µg LPS in 1 ml saline), while the se-
cond one (n = 4) � E. coli LPS (Serotype O111:B4, Sigma)
in the amount of 20 µg/kg b.w. (20 µg LPS in 1 ml saline).
At the same time, the control pigeons were administered
S. Abortusequi LPS (Sigma) in an analogical dose to the
first experimental subgroup.

During the experiment the both kinds of LPS and saline
were intravenously injected into the ulnar vein (vena ulna-
ris) in all pigeons between 09:00 and 09:45 a.m.

Statistical analysis. The obtained results were presen-
ted 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 perform a comparison of several
groups against each other the following were used: a va-
riance analysis of Tukey�s (for different N), LSD Fisher�s
or Dunnett�s test. Value of p < 0.05 was taken for a statisti-
cally significant threshold.

The registration method of internal temperature and
locomotor activity of pigeons. The measurement of internal
temperature and locomotor activity was conducted with the
biotelemetry method which depended on an intraperitoneal
implantation of previously calibrated VM-FH (MiniMitter,
Bend OR, USA) sensors. Before the implantation procedure
the sensors were covered with surgical wax and immersed
in liquid for sterilization and then in a saline solution. The
sensor calibration depended on an adjustment of close
waves frequency in temperature of 34 and 38°C. The sensor
implantation was conducted in the conditions of general
anesthesia which was conducted by a simultaneous intra-
muscular injection of xylazine and ketamine. After the im-
plantation experimental and control pigeons were placed
into individual cages at least 7 d before the start of experi-
ment. In these conditions, after the 7 d of acclimatization,
the internal temperature and locomotor activity were regi-
stered. The implanted sensors emitted the beacons which
were collected through radio aerials of a TR-3000 set. Then
the beacons were transmitted to a computer which was
fitted with a system of VitalView 3000 data analysis (Mini-
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Mitter, Bend OR, USA). By this computer software the
received values of the beacon frequency were converted
into the actual internal temperature, which was registered
in the form of absolute values accurate up to ± 0.1°C.

The bird locomotor activity measurement was made on
the basis of implanted sensor dislocation within three points
of radio aerials.

The changes of internal temperature and locomotor acti-
vity in pigeons as a result of LPS injection were registered
in a 5 min interval during a diurnal cycle (06:00 a.m. �
06:00 a.m.). In order attain better imaging of the received
results values of the above-mentioned parameters were
averaged over 15, 30 or 60-min.

Results and discussion
The first injection of LPS caused a high fever in

pigeons (fig. 1). At the initial period after the injec-
tion a small decrease of internal temperature in the
experimental birds was noted preceded by a 30-min
period of latention, and then its systematic increase
was observed. Finally, in comparison with the controls
the internal temperature in the pigeons achieved
significantly (p < 0.05) higher values noted in the after-
noon between 0:45 and 4:45 p.m. The peak of the
internal temperature was observed at 2:00 p.m. and
it reached 41.84 ± 0.16°C. After light-off in the expe-
rimental room it rapidly decreased in both groups of
examined pigeons. Nevertheless, in the experimental

birds at night the internal temperature remained on
a higher, but statistically insignificant level in compa-
red with the controls (fig. 1).

When in the experimental birds the locomotor acti-
vity examinations were included (fig. 2) other depen-
dences than the above-presented were verified. The
first injection of LPS caused its decrease. The loco-
motor activity in experimental pigeons achieved
considerably (p < 0.05) lower values in compared with
the controls. These differences were recorded between
9:15 and 10:15 a.m., 11:15 and 11:45 a.m., 0:45 and
2:30 p.m., and also at 10:45 a.m. and 4:30 p.m. How-
ever, at night higher values of locomotor activity in
the experimental birds than in the control one were
noted. But these differences were not statistically
significant (fig. 2).

The second injection of LPS caused a low intensity
fever in pigeons. However, at the beginning of this state
(between 10:00 and 11:15 a.m.) immediately after the
administration of the injection a short-period fall of
internal temperature in the experimental birds was
observed in comparison with the controls (fig. 3).
Finally, in the pigeons the mean values of the internal
temperature were significantly (p < 0.05) higher be-
tween 0:45 at noon and 2:30 p.m. when compared with
the controls. This temperature reached 41.72 ± 0.20°C
at 1:30 p.m. Whereas in both groups of birds 45 min
before lights-off in the experimental room the decre-

39

40

41

42

43

Day Night

0
6

:0
0

0
6

:3
0

0
7

:0
0

0
8

:0
0

0
9

:0
0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

0
0

:0
0

0
1

:0
0

0
2

:0
0

0
3

:0
0

0
4

:0
0

0
5

:0
0

0
6

:0
0

0
7

:3
0

0
8

:3
0

0
9

:3
0

1
0

:3
0

1
1

:3
0

1
2

:3
0

1
3

:3
0

1
4

:3
0

1
5

:3
0

1
6

:3
0

1
7

:3
0

1
8

:3
0

1
9

:3
0

2
0

:3
0

2
1

:3
0

2
2

:3
0

2
3

:3
0

0
0

:3
0

0
1

:3
0

0
2

:3
0

0
3

:3
0

0
4

:3
0

0
5

:3
0

LPS (E. coli O111:B4) i.v. 10 µg/kg b.w. (n = 8)

Saline i.v. 1 ml/kg b.w. (n = 4)

Time (h)

In
te

rn
a

l
te

m
p

e
ra

tu
re

(°
C

)

Fig. 1. Changes of internal temperature (means ± SEM) of pigeons in response to the first injection of E. coli LPS
Explanations: ­ � the first injection of LPS or saline; * � statistically significant differences between groups at p < 0.05
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ase of internal temperature started. However, at night
in the experimental pigeons it still had a visibly higher
level than in the controls. Moreover, one hour before
lights-on in the room a strong rise of the internal tem-
perature in both examined groups of birds was noted
(fig. 3).

In response to the second injection of LPS an insi-
gnificant fall of locomotor activity in treated pigeons
was observed (fig. 4). In spite of this at night it still
remained at a higher level in the birds when compared
with the control ones.

The third injection of LPS did not cause any fever
in pigeons. Immediately after the pyrogen administra-
tion a small fall of internal temperature was noted and
then its low rise from 41.60 ± 0.23 to 41.87 ± 0.33°C
(fig. 5). However, during the day in both groups of
birds their internal temperatures maintained a similar
level in a range from 40.83 ± 0.22 to 41.61 ± 0.06°C.
The observed differences were insignificant. The fall
of internal temperature in both examined groups of
pigeons preceded and deepened considerably after
lights-off in the experimental room. However, in ex-
perimental birds the internal temperature stayed on
a higher level during the night and reached statistically
significant (p < 0.05) values at 3:00 and 4:00 a.m.
in comparison with the controls. At this time the values
averaged respectively: 40.32 ± 0.32 and 40.36 ± 0.31°C.
Whereas in the control pigeons their internal tempera-
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Fig. 2. Changes of locomotor activity (means ± SEM) of pigeons in response to the first injection of E. coli LPS
Explanations: as in fig. 1

ture achieved 39.57 ± 0.05°C at 3:00 a.m. and 39.73
± 0.17°C at 4:00 a.m. However, one hour before
light-on in the experimental room in both groups of
birds a strong rise of internal temperature was noted
(fig. 5).

In response to the third injection of LPS there were
no significant differences regarding the locomotor
activity between both groups of pigeons in the day and
at night after the injection (fig. 6). In this period the
activity was similar in both groups of animals and oscil-
lated between 0.17 ± 0.25 and 50.08 ± 19.25 IU (fig. 6).

The intravenous injection of E. coli LPS in pigeons
at the dose of 20 µg/kg b.w. was made at a state of
settled pyrogenic tolerance in order to attain its sup-
pression. At the beginning it caused the decrease of
internal temperature and then its significant (p < 0.05)
rise in comparison to the third injection of pyrogen.
This administration induced a similar fever in the
affected animals as the first injection of LPS (fig. 7).
Whereas in response to the injection of S. Abortus-
equi LPS administered for the same purpose at the dose
of 10 µg/kg b.w. in pigeons with a settled pyrogenic
tolerance, there was a significant (p < 0.05) fall of
internal temperature observed in comparison with the
administration of E. coli LPS at the dose of 20 µg/kg
b.w. (fig. 7). The S. Abortusequi LPS injection sub-
sequently induced a less intense fever and it occurred
later reaching 41.61 ± 0.13°C at 3:15 p.m. The charac-
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Fig. 3. Changes of internal temperature (means ± SEM) of pigeons in response to the second injection of E. coli LPS
Explanations: ­ � the second injection of LPS or saline; * � statistically significant differences between groups at p < 0.05

Fig. 4. Changes of locomotor activity (means ± SEM) of pigeons in response to the second injection of E. coli LPS
Explanations: ­ � the second injection of LPS or saline
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Fig. 5. Changes of internal temperature (means ± SEM) of pigeons in response to the third injection of E. coli LPS
Explanations: ­ � the third injection of LPS or saline; * � statistically significant differences between groups at p < 0.05

Fig. 6. Changes of locomotor activity (means ± SEM) of pigeons in response to the third injection of E. coli LPS
Explanations: ­ � the third injection of LPS or saline
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Fig. 7. Changes of internal temperature (means ± SEM) of pigeons after suppression of pyrogenic tolerance
Explanations: ­ � LPS injections; * � statistically significant differences between E. coli LPS (20 µg/kg b.w.) and S. Abortusequi LPS
group (pyrogenic tolerance suppression) at p < 0.05; * � statistically significant differences between E. coli LPS (20 µg/kg b.w.) and
S. Abortusequi LPS group (endotoxin fever) at p < 0.05; * � statistically significant differences between E. coli LPS (20 µg/kg b.w.)
and E. coli LPS (pyrogenic tolerance)

39

40

41

42

43

Day Night

0
6

:0
0

0
6

:3
0

0
7

:0
0

0
8

:0
0

0
9

:0
0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

0
0

:0
0

0
1

:0
0

0
2

:0
0

0
3

:0
0

0
4

:0
0

0
5

:0
0

0
6

:0
0

0
7

:3
0

0
8

:3
0

0
9

:3
0

1
0

:3
0

1
1

:3
0

1
2

:3
0

1
3

:3
0

1
4

:3
0

1
5

:3
0

1
6

:3
0

1
7

:3
0

1
8

:3
0

1
9

:3
0

2
0

:3
0

2
1

:3
0

2
2

:3
0

2
3

:3
0

0
0

:3
0

0
1

:3
0

0
2

:3
0

0
3

:3
0

0
4

:3
0

0
5

:3
0

Time (h)

In
te

rn
a

l
te

m
p

e
ra

tu
re

(°
C

)

LPS (E. coli O111:B4) i.v. 10 µg/kg b.w. (n = 8)
– endotoxin fever

LPS (E. coli O111:B4) i.v. 10 µg/kg b.w. (n = 8)
– pyrogenic tolerance

LPS (E. coli) i.v. 20 µg/kg (n = 4)
– pyrogenic tolerance suppression

LPS (S. Abortusequi) i.v. 10 µg/kg (n = 4)
– endotoxin fever

LPS (S. Abortusequi) i.v. 10 µg/kg (n = 4)
– pyrogenic tolerance suppression

ter of the fever was similar to the rise of internal tem-
perature after the pyrogen administration in conditions
of endotoxin fever (a maximum value = 41.69 ± 0.13°C
at 01:30 p.m.). Whereas the values were visibly
higher when compared with those noted after the third
administration of E. coli LPS. The injections of both
kinds of LPS caused for the first 2 hr a fall of internal
temperature and then its rise in all the examined birds
(fig. 7).

Changes of locomotor activity in pigeons with the
suppression of pyrogenic tolerance are presented in
fig. 8. It was proved that in the pigeons injected with
S. Abortusequi LPS for the abolishment of settled
pyrogenic tolerance a significant (p < 0.05) fall of
locomotor activity (after 3 hr) to 5.42 ± 2.71 IU was
observed in comparison with the first administration
of the pyrogen (36.25 ± 17.54 IU). This state did not
change after 4.5 h from the injection when the mean
value of locomotor activity was 11.42 ± 5.08 IU and
58.33 ± 25.17 IU as a result of the first administration
of S. Abortusequi LPS, respectively. However, these
differences were statistically significant (p < 0.05).
Generally, the locomotor activity in birds after the first
injection of S. Abortusequi LPS remained for a day
and night at a higher level when compared with the
administration of this LPS for pyrogenic tolerance

suppression, and also with the groups of pigeons re-
ceiving E. coli LPS. During the day statistically signi-
ficant differences between those groups of pigeons
were observed 3 h (36.25 ± 17.54 IU) and 4.5 h (58.33
± 25.17 IU) after the administration, and at night 10.5 h
(23.25 ± 10.88 IU), 11 h (20.92 ± 13.38 IU), 11.5 h
(29.08 ± 9.25 IU) and 19.5 h (26.92 ± 14.25 IU) after-
ward (fig. 8).

Thermoregular mechanisms in birds constitute an
interesting investigative subject. Lipopolysaccharide
(LPS) belongs to the most often used exogenous pyro-
gens in animals. In response to its administration
a number of changes accompanied with fever and
pyrogenic tolerance have been observed in different
species of animals. One of the most important is ther-
moregularity and principles of its function in host
organisms during the pyrogen action. Both peripheral
and central LPS injections cause fever. Usually it has
different courses depending on many factors such as
a pyrogen origin (e.g. species of Gram-negative bacte-
ria) (9, 15), age (9, 15, 20) and genetic type of birds
(23), dose (13, 20, 23, 27), route (13, 25, 29) and time
of pyrogen injection (28, 29). The results of our own
studies demonstrated the significant (p < 0.05) incre-
ase of internal temperature of pigeons in response to
intravenous injection of E. coli LPS (Serotype O111:B4,
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Sigma). Our results are analogical to those obtained
by Nomoto (28-30) who used the same pyrogen, dose
and route of administration in pigeons.

After the injection Nomoto noted the significant in-
crease of the internal temperature of the birds prece-
ded a short period of latention (28-30). In other spe-
cies of birds, such as chickens (13, 14, 25) and Peking
ducks, similar changes were also affirmed (27). How-
ever, in the above-presented birds a fall of internal
temperature preceded the fever. In this case the fever
peak was 270.00 ± 34.15 min after the pyrogen injec-
tion and achieved 41.84 ± 0.16°C. Whereas Nomoto�s
other experiment (28) the peak was noted at 295.00
± 13.50 min and at that time internal temperature
averaged 42.91 ± 0.21°C. Similar results were also ob-
tained Nomoto�s second study (30). In this investiga-
tion the highest internal temperature was measured
5 h after the administration of E. coli LPS and it
averaged 42.37 ± 0.12°C. Generally, the higher values
of internal temperature noted in Nomoto�s experiments
probably resulted from time of pyrogen injection be-
cause it was made at 1:00 p.m. (28, 30). On the other
hand, the maximal fall in temperature was recorded at

6:00 p.m. Whereas in our own study the injection of
LPS was performed at 9:30 a.m., and the maximum
values of internal temperature were noted at 2:00 p.m.
In contrast, at an analogical time there were observed
the highest values of internal temperature in the phy-
siological conditions (28) or in control animals (30)
which received the placebo. A probable cause of
those differences was the time of light on and off in
an experimental room because in our own studies
they were at 6:00 a.m. and 6:00 p.m. which was three
hours earlier than in Nomoto�s experiments (09:00 a.m.
and 09:00 p.m.) (28, 30). A difference in the control
group was the final possible cause. In the case of our
own studies it constituted newly-ushered birds which
received apyrogenic saline. Whereas in the one of
Nomoto�s study (28) there were the same pigeons as
the experimental ones without the administration of
LPS, and internal temperature was registered for two
days before pyrogen injection. On the other hand, in
the other study of Nomoto (30) in which the control
group constituted independent pigeons assigned only
for this aim, the peak of internal temperature achieved
similar values as in our own studies. Moreover, our

Fig. 8. Changes of locomotor activity (means ± SEM) of pigeons after suppression of pyrogenic tolerance
Explanations: ­ � LPS injections * � statistically significant differences between E. coli LPS (20 µg/kg b.w.) and S. Abortusequi LPS
group (pyrogenic tolerance suppression) at p < 0.05; * � statistically significant differences between E. coli LPS (20 µg/kg b.w.) and
S. Abortusequi LPS group (endotoxin fever) at p < 0.05; * � statistically significant differences between S. Abortusequi LPS (pyroge-
nic tolerance suppression) and E. coli LPS group (pyrogenic tolerance); * � statistically significant differences between S. Abortus-
equi LPS (endotoxin fever) and S. Abortusequi LPS group (pyrogenic tolerance suppression) at p < 0.05; * � statistically significant
differences between S. Abortusequi LPS (endotoxin fever) and E. coli LPS group (endotoxin fever); * � statistically significant
differences between S. Abortusequi LPS (endotoxin fever) and E. coli LPS group (pyrogenic tolerance)
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own results also demonstrated that the characteristic
fall of internal temperature in conditions of endotoxin
fever preceded the night-time. This decrease deepe-
ned after the lights off and was in accordance with the
physiological curve of internal temperature. Nomoto
also obtained similar data (28-30). Nomoto�s results
and our own study indicated higher values of internal
temperature in birds during the life conditions imita-
ted the night. Moreover, the characteristic rise of in-
ternal temperature preceded the light on in the experi-
mental room was also demonstrated. The increase was
registered as well in the physiological conditions and
in control animals both in our own study and other
authors too (28-30).

LPS is responsible for behavioral changes in birds.
Our own results indicated a significant (p < 0.05) de-
pression of locomotor activity in conditions of endo-
toxin fever of pigeons. The above-mentioned results
were in an accordance with those noted in chickens
which became recumbent in response to E. coli injec-
tion (2). Other behavioral changes also accompany
endotoxin fever, such as: hypophagia (2, 13), anorexia
(13), adipsia or increase of somnolence (2, 13).

Repeated administrations of LPS in birds resulted
in a state of tolerance for this pyrogen. Our own stu-
dies pointed to a low intensity fever after the second
E. coli injection in pigeons. Whereas, the third admi-
nistration of this pyrogen did not evoke the fever in
birds. Similar observations were recorded in Japanese
quail (Coturnix coturnix japonica) at 5 hr after Salmo-
nella Typhimurium injection (20). In response to the
second administration of this pyrogen there were regi-
stered significantly (p < 0.01) lower values of internal
temperature in comparison with the first injection (20).
Whereas after the third LPS administration, those
values remained on a similar level as the controls (20).
The reduction of internal temperature probably resul-
ted from a depression of pyrogenic cytokine synthesis
(7), because in the conditions of LPS tolerance a sti-
mulation of hypothalamo-pituitary-adrenal axis and
production of glucocorticosteroids occur (34). This
activation caused on the way of nuclear factor kB ex-
pression (20) leads to the decrease of cytokine synthesis
responsible for febrile increase of internal temperatu-
re (7). On the other hand, the depression of febrile re-
action also observed during the pyrogenic tolerance
depends on an endogenous antipyresis mechanism
which �protects an organism from a life threatening
temperature rise� (18). In these conditions a cerebral
activity of arginine vasopressin is switched on, and it is
probably responsible for an endogenous antipyresis (38).

The behavioral changes caused by LPS reflect a state
of pyrogenic tolerance. Results of our own studies
indicated that the second pyrogen injection evoked
a lower decrease of locomotor activity in pigeons than
its first administration. Whereas in response to the third
injection of LPS at night the locomotor activity was
similar to the controls.

In our own study the attempt of E. coli LPS tolerance
suppression was made using a double dose of the same
pyrogen or a comparable amount of LPS derived from
another kind of Gram-negative bacteria (S. Abortus-
equi). Our results indicated that birds with settled pyro-
genic tolerance had �a normal� reactivity to the next
injection of LPS. It was manifested with typical changes
of endotoxin fever, i.e. a rise of internal temperature
and depression of locomotor activity. In response to
the administration of S. Abortusequi LPS in pigeons
with the pyrogenic tolerance the occurrence of fever
was observed, in contrast to the injected animals with-
out previous administrations of LPS. This was probably
connected with the time injection of pyrogen (30 min
later) in the case of the first discussed group of ani-
mals. Whereas at night in these animals there were
observed similar and sometimes lower values of inter-
nal temperature. They were noted both after the settle-
ment of pyrogenic tolerance, and also in the condi-
tions of fever in response to S. Abortusequi injection.
It is worth mentioning that the suppression of pyro-
genic tolerance for E. coli LPS was more intensive
in response to the double E. coli injection than after
S. Abortusequi administration, it was especially more
visible regarding the changes of internal temperature.
In the first group of pigeons the earlier rise and higher
values of internal temperature were observed for the
whole duration of the experiment if it would be com-
pared with E. coli LPS administration at a dose of
10 µg/kg b.w. Those changes occurred the most inten-
sively immediately after the pyrogen injection.

On the other hand, dependences with respect to the
pigeon locomotor activity developed rather differently.
In response to S. Abortusequi injection in animals with
the settled pyrogenic tolerance the intense depression
of locomotor activity within the first hour after the
pyrogen administration was observed, with reference
to the third injection of LPS. That depression was still
noted during the day in spite of unequivocal rise of
locomotor activity in birds. Whereas the E. coli injec-
tion made for the settlement of pyrogenic tolerance
finally caused the reduction of locomotor activity in
pigeons in comparison with the third LPS injection.
At night both E. coli and S. Abortusequi LPS injec-
tions in pigeons with pyrogenic tolerance caused the
distinct reduction of locomotor activity, especially for
the second discussed group of animals. In contrast, in
the state of endotoxin fever the intense rise of loco-
motor activity in animals when compared with the third
injection of LPS was observed. A lack of the possibi-
lity of tolerance transmission between different exo-
genous pyrogens was known earlier (36, 37). It also
was confirmed that the state is possible to transfer only
between pyrogens which belong to the same class
(a specific character of tolerance). For example in
rabbits this possibility has been recorded when E. coli
LPS was injected in a comparable dose like another
pyrogen from Gram-negative bacteria (S. Abortusequi)
which was administered at a fourfold dose (36).
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Different results in our own studies probably resulted
from specific changes that depended on the kind of
pyrogen and amount of repeations of its injection for the
induction of pyrogenic tolerance. Probably it exerted
an influence on the level of neuronal signal activation
which informs a brain about the actual situation on
a periphery (33). It constitutes the basis of the probable
explanation for our own observations regarding the
more intense febrile response to E. coli LPS in ani-
mals with settled pyrogenic tolerance. To date it is not
known which factor is responsible for the activation
of neuronal signals. On the other hand, the occurrence
of peripheral tolerance and the possibility of its sup-
pression presented in our own studies demonstrate the
constant reactivity of the brain on injections of �new�
pyrogen (35). Moreover, it has probably resulted from
the lack of pyrogenic tolerance transmission between
the brain and a periphery (22).

Changes of internal temperature and locomotor
activity associated with endotoxin fever of pigeons
constitute one of the visible proofs of an organism�s
defence against the harmful influence of LPS. On the
other hand, the reduction of internal temperature rise
and partial return of physiological locomotor activity
in conditions of pyrogenic tolerance of the animals
indicate the increase of pathogenic factor elimination
in the affected organisms. Conversely, the suppression
of pyrogenic tolerance in the pigeons effectively
restores the state of endotoxin fever. It visibly con-
firms the lack of tolerance transmission even between
pyrogens belonging to the same class.
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