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Course of  fever response to repeated administrat ion of sublethal doses of  l ipopolysaccharides, 
polyinosinie: polycytidylic acid and muramyl  dipeptide to rabbits  
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Summary. The purpose of the present study was to examine the development of tolerance to three structurally 
dissimilar pyrogens, i.e., lipopolysaccharide (LPS), muramyl dipeptide (MDP) and polyinosinic:polycytidylic acid 
(poly I :C) in rabbits. The possibility of pyrogenic cross-tolerance among these agents has also been studied. It was 
observed that repeated injection of sublethal doses of LPS and MDP was connected with the changing of biphasic 
fever to monophasic. The consequence of this was a drop in the fever index. In contrast to LPS and MDP, the 
repeated administration ofpoly I :C did not result in such changes. Successive injections of this pyrogen always evoked 
biphasic fever. We also demonstrated that pyrogenic cross-tolerance between LPS and MDP did not occur. The 
cross-tolerance between LPS and MDP did not occur. The cross-tolerance among pyrogens was possible if they 
originated from the same class, for example endotoxin from Salmonella abortus eq. and endotoxin from Escherichia 
coli. 
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Exogenous pyrogens, i.e., agents derived from outside 
the host, produce fever by their ability to induce synthesis 
and release of endogenous pyrogen (EP) from the host's 
phagocytic cells 1. The liberated EP is considered to be an 
essential mediator of the action of various exogenous 
pyrogens in the pathogenesis of fever 2. Fever induction 
and other biological functions of EP are related to mobi- 
lization of intracellular calcium which can activate phos- 
pholipase(s) 3. This, in turn, leads to the liberation of 
arachidonic acid from membrane phospholipids and 
then its conversion to eicosanoids4. The weight of the 
available data favours PGE2 as the most important cen- 
trally acting mediator of the fever mechanism 5. 
Of the considerable number of exogenous pyrogens 
known, LPS is the agent most frequently used in studies 
of fever. MDP and poly I :C have also been used in some 
studies. The LPS molecule is an integral part of the cell 
walls of gram-negative bacteria 1. Muramyl peptides, on 
the other hand, are components of the cell walls of gram- 
positive bacteria. Muramyl dipeptide (MDP: N-acetyl- 
muramyl-L-alanyl-D-isoglutamine) is the simplest chem- 
ical structure capable of substituting for killed 
mycobacteria in Freund's complete adjuvant 6. It has 
been established that interleukin-1 (I1-1) is the endoge- 
nous factor which mediates the fever response to LPS 
and MDP 7, 8. 
The pyrogenic poly I:C is a synthetic double-stranded 
RNA, commonly used as an inducer of interferon pro- 
duction 1. This kind of pyrogen has been used in fever 
research as a model of virus infection. It is thought that 
interferon is a potent endogenous pyrogen, and mediates 
the fever response to poly I:C 9,10 
A single intravenous injection of exogenous pyrogen re- 
sults in biphasic fever. The molecular mechanisms indis- 
pensable for the induction of the first and second phases 
of fever are far from being sufficiently understood. Re- 
cent data suggest that the second phase is related to the 

release of EP, which enhances arachidonic acid turnover, 
whereas the first phase of fever is considered to be a result 
of an as yet unknown effect of the exogenous pyrogen 11. 
Fever response to an exogenous pyrogen is a non-specific 
process. This means that irrespective of the chemical 
structure and origin of the exogenous pyrogen the same 
mechanism is involved in inducing fever. This process is 
invariably initiated by the synthesis and release of EP. 
In studies of the mechanism of fever development some 
investigators have reported that repeated aministration 
of bacterial pyrogen at 24-h intervals usually resulted 
in a modification of the course of fever 12, This has been 
termed pyrogenic tolerance, and in general it is character- 
ized by the attenuation of the fever response. We presume 
therefore that some steps of the fever mechanism may 
mediate the induction of pyrogenic tolerance. In the pres- 
ent study we investigated the time-course of changes in 
rectal temperature in response to repeated administra- 
tion of three structurally different exogenous pyrogens in 
rabbits. We also investigated the possibility of transfer- 
ring the tolerance between these pyrogens, in order to 
address the question of whether the fever tolerance is 
specific to a certain pyrogen. 

Materials and methods 
Male New Zealand white rabbits weighing 3 - 5  kg were 
used throughout the study. The animals were housed in 
individual cages in an animal room at 20 ~ and had free 
access to food and water. 
Pyrogenic substances and saline control were adminis- 
tered into the ear marginal vein. All glassware, needles, 
syringes and phosphate-buffered saline (PBS) were pyro- 
gen-free. 
The rectal temperature was measured using a precalibrat- 
ed thermistor probe inserted 10 cm beyond the anus and 
taped to the tail. Temperature measurements were 
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recorded automatically using a digital temperature 
recorder. Recordings were performed on unrestrained 
animals at the ambient temperature, 20 ~ 
Animals were divided into the following three experimen- 
tal groups: 
- in the first group (5 rabbits), pyrogenic tolerance was 

induced in rabbits by four daily repeated injections of 
LPS from Salmonella abortus eq. (Sigma), at a dose of 
0.3 gg/kg; on the 5 th day of the experiment the rabbits 
were injected with LPS from Escherichia coli (Kroeger 
08, Biomed) at a dose of 0.3 gg/kg, and on the 6 th day 
with MDP (Daiichi Pharmaceutical Co.) at a dose of 
100 gg/kg; 

- in the second group (5 rabbits), pyrogenic tolerance 
was induced in animals by four consecutive daily injec- 
tions of MDP (100 gg/kg); on the 5 th day of the exper- 
iment rabbits were injected with LPS S. abortus eq. 
(0.3 gg/kg); 

- in the third group (5 rabbits), pyrogenic tolerance was 
induced by five consecutive daily injections of  poly I:C 
(Sigma) at a dose of 50 gg/kg; on the 6 th day the rab- 
bits were injected with LPS S. abortus eq. (0.3 pg/kg), 
and on the 7 th day with MDP (100 gg/kg). 

The temperature of each rabbit was measured and 
recorded for 30 min before the pyrogen injection and for 
6 h afterwards. 
Changes of the rectal temperature (AT) are expressed as 
a deviation from the base line recorded at the time of 
injection. 
The integrated area under the temperature/time curves, 
the fever index, was expressed in ~ h (for 6 h). 
Statistical analysis of the data was performed using Stu- 
dent's t-test. Data are expressed as mean _+ SD of the 
mean. 

Results 
Induction o f  tolerance to exogenous pyrogens. To examine 
the development of pyrogenic tolerance to LPS S. abor- 
tus eq., the rabbits were injected intravenously with LPS 
for four successive days. As shown in figure 1, significant 
tolerance to LPS was observed. After administration of 
the first dose of  LPS a biphasic rise of temperature was 
observed. The following injections of the same doses of 
LPS at 24-h intervals evoked only a monophasic rise of 
temperature. A significant decrease of the fever index was 
observed as early as the second day of the experiment 
(p < 0.05), and the following injections did not change it 
markedly (fig. 3). 
MDP at a dose of 100 gg/kg produced biphasic fever 
(fig. 2). Comparing the doses used, MDP was less pyro- 
genic than LPS. As shown in fig.2, animals made tolerant 
to MDP produced a monophasic rise of temperature. 
Unlike the situation with LPS, however, we observed a 
gradual decrease of  the fever index in response to repeat- 
ed administration of MDP. The significant reduction in 
febrile responses to this pyrogen was not seen before the 
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Figure I. Changes (mean _ SD, n = 5) of the rectal temperature (AT) 
in rabbits during induction of tolerance to LPS (S. abortus eq., 0.3 gg/kg). 
Respective days of tolerance are as follows: first (A); second (B); third 
(C); fourth (D). Pyrogen was injected at 0 min. 
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Figure 2. Changes (mean +__ SD, n = 5) of the rectal temperature (AT) 
in rabbits during induction of tolerance to MDP (I00 gg/kg). Successive 
days of tolerance are described as in fig. 1. Pyrogen was injected at 0 rain. 

4 tb day of the experiment. There was a significant de- 
crease of the fever index between the first and the fourth 
day of induction of tolerance to MDP (p < 0.01) (fig. 3). 
In the case of repeated administration of poly I:C such 
changes were not observed. Successive injections of this 
pyrogen always evoked a biphasic rise of rectal tempera- 
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Figure 3. Comparison of fever indexes (mean _+ SD, n = 5) during 
repeated administration of LPS (S. abortus eq., 0.3 gg/kg) (open bars) 
and MDP (100 lag/kg) (closed bars). For symbols see fig. 1. * and ** 
significantly different from first injections of MDP (p < 0.01) and LPS 
(p < 0.01), respectively. 
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Figure 4. Changes of the rectal temperature (AT) and fever indexes in 
rabbits during five daily injections of poly I:C (50 p.g/kg). Consecutive 
days of experiment are indicated as follows: first (A); second (B); third 
(C); fourth (D); fifth (E). Pyrogen was injected at 0rain. Mean +_ SD, 
n ~ .  

Figure 6. Changes (mean +_ SD, n = 5) of the rectal temperature (AT) 
and fever indexes (closed bars) in rabbits on the fourth day of induction 
of tolerance to MDP (100 gg/kg) (I) and after injection of LPS (S. abortus 
eq., 0.3 gg/kg) (II) on the fifth day of experiment. Open bars represent the 
fever indexes of fresh rabbits in response to these pyrogens. Pyrogen was 
injected at 0 rain. 
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Figure 5. Changes (mean + SD, n = 5) of the rectal temperature (AT) 
and fever indexes (closed bars) in rabbits on the fourth day of induction 
of tolerance to LPS (S. abortus eq., 0.3 p_g/kg) (I) followed by injection of 
LPS (E. coli, 0.3 gg/kg) (II) and MDP (100 p~g/kg) (IIl) on the fifth and 
the sixth days of the experiment, respectively. Open bars represent the 
fever indexes of fresh rabbits in response to these pyrogens. Pyrogen was 
injected at 0 min. * significantly different from control value (p < 0.001). 
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ture (fig. 4). An increased value of the fever index was 
noticed on the second day of the experiment. During the 
following days, the fever index showed a stepwise de- 
crease to the level of the first day. 
Induction of  pyrogenic cross-tolerance. Intravenous injec- 
tion of LPS E. coli (0.3 gg/kg) evoked a monophasic rise 
of rectal temperature in rabbits tolerant to LPS from S. 
abortus eq. On the other hand, animals which had been 
made tolerant to LPS from S. abortus eq. responded with 
biphasic fever to MDP administration (fig. 5). Similarly, 
the rabbits tolerant to MDP which were given endotoxin 
afterwards developed the biphasic fever characteristic for 
fresh animals (fig. 6). 
These results suggest the absence of pyrogenic cross-tol- 
erance between LPS and MDP. Repeated administration 
of poly I :C did not interfere with fever responses to LPS 
and MDP given afterwards (data not shown). 

D&cussion 
The results of this study show that fever indexes were 
decreased significantly during induction of tolerance to 
LPS and MDP. Analysis of changes of temperature as a 
function of time indicates that the decrease of the fever 
index accompanying the reduction of tolerance to these 
agents (fig. 3) is related to a reduction of the second 
phase of fever (figs. 1, 2). The latency of fever onset after 
consecutive injections of pyrogen remained unchanged. 
The first peak of rectal temperature during repeated ad- 
ministration was reached at the same time. In the period 
of 3 h after injection the rectal temperatur e approximat- 
ed to the normal temperature. 
We assume that the changes in time-course of the rectal 
temperature and fever indexes described above are con- 
comitant with tolerance-induction and are characteristic 
for this process. However, the changes were only ob- 
served in experiments with LPS and MDP. In contrast to 
this, repeated daily injections of the same dose of poly 
I:C invariably induced biphasic fever (fig. 4). This sug- 
gests that, at least during the period of the experiment, 
the rabbits did not become tolerant to this pyrogen. 
The convergence of the time-courses of tolerance to LPS 
and MDP, as well as the non-specific character of fever 
in general, might suggest the possibility of transferring 
tolerance between these pyrogens. It became apparent, 
however, that cross-tolerance among pyrogens was only 
possible if they were of the same class, eg. endotoxin from 
S. abortus eq. and endotoxin from E. coli (fig. 5), indicat- 
ing that tolerance has a specific character. 
With respect to the course of fever it is possible to con- 
clude that the specificity of tolerance is related to the 
second phase of fever, since the first phase was observed 
instantly, both during induction of tolerance and in 
cross-tolerance experiments. It is thought that EP is re- 
sponsible for induction of the second phase of fever. 
Reduction of this phase in tolerant rabbits may suggest 
either (i) the inhibition of EP synthesis or (ii) adaptive 

changes in the reactivity of EP-producing cells to exoge- 
nous pyrogens. With respect to the former, it has been 
demonstrated in in vitro studies that macrophages isolat- 
ed from tolerant animals revealed an unchanging capac- 
ity for EP production 1 The biphasic fever observed in 
our experiments during cross-tolerance studies using dif- 
ferent classes of exogenous pyrogens seems to be consis- 
tent with this. This observation, together with the fact 
that there was no second phase of fever in cross-tolerance 
experiments using a pyrogen that was structurally the 
same, suggests that each class of pyrogen can stimulate 
its specific receptor-like and adaptable route for EP pro- 
duction. 
Available experimental data have provided evidence for 
the existence of receptors for exogenous pyrogens on 
membranes of immunocompetent cells 13-15. It is possi- 
ble, therefore, that both the induction of tolerance and 
the quenching of EP synthesis suggested here are the 
result of a decrease in the accessibility of receptors 
specific for certain pyrogens. Glucocorticoids are potent 
endogenous factors which can modulate receptor accessi- 
bility16,17. It has been found that during induction of 
tolerance the blood level of these hormones increas- 
es 18,19. The physiological significance of such an adap- 
tation may be related to protection of the host against 
hyperreactivity of its defence system to certain antigens, 
whilst maintaining the reactivity to another pyrogen. 
Lack of tolerance to poly I :C suggests that this pyrogen 
may generate fever through mechanisms which do not 
interfere with the adaptive changes observed during in- 
duction of tolerance to LPS and MDP. Fever induced by 
all three of these structurally different pyrogens is abol- 
ished by non-steroidal antipyretics which can inhibit 
prostaglandin synthesis 5. This suggests that the different 
characteristics of poly I :C fever may relate to earlier steps 
in the fever-inducing mechanism, i.e., at the level of re- 
ceptor signalling or EP production. It is as yet uncertain 
whether the EP is a single protein or represents a group 
of fever-inducing proteins. Available evidence attributes 
the ability to act as an endogenous pyrogen not only to 
I1-1, but also to IFN 9, tumor necrosis factor 2~ and 
interleukin-6 21 
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Summary. The regular periodic activity patterns of mammal ian  cold receptors have been quantitatively studied. 
Analysis of the timing of either single impulses or impulse groups demonstrated that the periodic receptor process 
is maintained independently of impulse generation and continues to operate under  condit ions when afferent impulses 
are not initiated. These results imply that the underlying conductances must be operational at threshold potentials 
related to impulse generation. In addition to temperature, the periodic process is considerably sensitive to calcium, 
which affects mainly the probability of impulse generation during each cycle. Reduction of external calcium and 
application of calcium entry blockers with relative selectivity for low-threshold calcium channels are similarly 
effective in modulat ing cold receptor activity. The data imply the existence of a low-threshold calcium conductance 
at the sensory terminal. 
Key words. Cold receptor; periodic discharge pattern;  transducer process; low-threshold calcium channel. 

Relatively little is known about the nature of the cellular 
processes which in cold receptors convert patterns of heat 
energy into afferent neuronal signals. These sensors are 
considered to be 'free' nerve endings 1 and their small size 
and low distribution density have so far not  allowed us 
to study their transducer processes directly. However, 
periodic components  have been observed in the temporal 
pattern of afferent activity in all mammal ian  cold recep- 
tor populations 2. Several studies provide evidence that a 
temperature- and calcium-sensitive receptor potential os- 
cillation generates afferent impulses when it exceeds a 
threshold value 3-s .  Since the stimulating effect of re- 
duced external calcium can be exactly mimicked by men- 
thol 6, which selectively impairs calcium channel conduc- 
tance 7, 8, the existence of a specific calcium channel at 
the sensory terminal has been postulated 6, 9. Menthol  
interferes with calcium entry through two of the calcium 
channels present in dorsal root ganglion (DRG) cells 7. 
These conductances differ in their physical and pharma- 

10 11 cological characteristics ' . Here we present evidence 

that the receptor potential oscillation is maintained at 
threshold potentials related to impulse generation, indi- 
cating the existence of a low-threshold channel. This view 
is supported by the observation that calcium entry block- 
ers affecting preferentially low-threshold channels are ef- 
fective in modulat ing cold receptor activity. 

Material and methods 
Isolated preparations of the tongues of cats were pre- 
pared and perfused as previously described 1 z. The nor- 
mal perfusing medium contained 118.40mM NaC1, 
26.60 mM NaHCO3,  2.83 mM KC1, 1.32 mM KHzPO4,  
1.46 mM MgSO4, 1.53 mM CaCI2, and 11.60 mM glu- 
cose. In some experiments, the calcium concentrat ion 
was changed to 0.5 mM. Calcium channel modulators  
were applied by addit ion to the perfusing medium. The 
lingual nerve was dissected into fine strands, which were 
placed on a plat inum electrode for the recording of single 
unit  activity. Cold receptors were stimulated by a water- 


