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1 Adenosine 50-triphosphate (ATP) has been shown to induce release of cytokines implicated in
fever, including interleukin(IL)-1b, IL-6, and tumour necrosis factor-a (TNF-a). The role of ATP-
mediated purinergic signalling in fever and cytokine release during systemic inflammation was
investigated by studying the effects of P2 receptor antagonists suramin, pyridoxal-50-phosphate-6-
azophenyl-20,40-disulphonic acid (PPADS), and Brilliant Blue G (BBG) on changes in body
temperature and the increases in plasma levels of IL-1b, IL-6, and TNFa induced by bacterial lipo-
polysaccharide (LPS) in rats.

2 LPS (Escherichia coli; 50 mg kg�1)-induced febrile response was attenuated by suramin (25mg kg�1

and 100mgkg�1), PPADS (25mg kg�1), and a more selective P2X7 receptor antagonist BBG
(100mgkg�1) injected intraperitoneally before the induction of fever.

3 The increase in plasma concentrations of IL-1b and IL-6, measured 1 h after LPS treatment, was
reduced by PPADS (25mgkg�1) and BBG (100mgkg�1). LPS-induced increase in plasma TNF-a
concentration was also markedly attenuated by BBG (100mg kg�1), but not by PPADS (25mgkg�1).

4 These data indicate that purinergic signalling plays an important role in the mechanisms
responsible for the LPS-induced febrile response and increases in the levels of circulating cytokines.
We suggest that ATP acting via P2X7 receptors induces release of pyrogenic cytokines to mediate fever
during systemic inflammation.
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Introduction

Systemic inflammation during infection is accompanied by

a number of specific behavioural and autonomic adaptive

responses aimed at facilitating host resistance and slowing the

growth of the pathogen. Fever – a regulated rise in body

temperature (Tb) – is one of these adaptive responses.

There is ample of evidence indicating that circulating

cytokines, such as interleukin (IL)-1b, IL-6, tumour necrosis
factor-a (TNF-a), and others, act as endogenous pyrogens and
play an important role in the mechanisms responsible for the

development of the febrile response during infection and

inflammation (Kluger, 1991; Kluger et al., 1995; Conti et al.,

2004). Several potential mechanisms of cytokine involvement

in fever have been proposed including their peripheral (e.g.

activation of the subdiaphragmatic afferent fibres of the vagus

nerve, which is believed to be responsible for the induction of

the febrile response) and central (e.g. penetration into the brain

or production within the brain and modification of the activity

of temperature-sensitive neurones in the preoptic hypothala-

mic region involved in thermoregulation) action (for a recent

review, see Conti et al., 2004). At present, there is a general con-

sensus that circulating cytokines are essential for the develop-

ment of the febrile response in inflammatory conditions.

Taking into the account the central role of cytokines in fever,

we proposed earlier (Gourine et al., 2002a) that any endogenous

factor involved in the mechanisms of cytokine production and/

or clearance may also play an important role in fever.

The role of adenosine 50-triphosphate (ATP)-mediated

purinergic signalling in the immunological and inflammatory

responses have been under intense scrutiny in recent years

(Dubyak, 2000; la Sala et al., 2003). Particular attention has

been paid to the close interaction between extracellular ATP

and cytokines. In different in vitro models ATP has been

shown to induce release of IL-1b (Perregaux & Gabel, 1998,

Perregaux et al., 2000; Mehta et al., 2001; Chakfe et al., 2002),

IL-6 (Inoue, 2002), IL-8 (Idzko et al., 2003), IL-18 (Mehta

et al., 2001), and TNF-a (Hide et al., 2000; Suzuki et al., 2004;
Kucher & Neary, 2005) by various cell types, including

monocytes/macrophages, microglial cells, and others. There*Author for correspondence; E-mail: a.gourine@rfc.ucl.ac.uk
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is evidence that ATP induces cytokine release by these cells

through action at ionotropic P2X7 receptors (Hide et al., 2000;

Mehta et al., 2001; Solle et al., 2001; Chakfe et al., 2002; North,

2002, Colomar et al., 2003; Idzko et al., 2003; Suzuki et al.,

2004). In mice lacking P2X7 receptors, peritoneal macrophages

are unable to release IL-1b in response to ATP (Solle et al.,

2001) while collagen-induced arthritis results in a significantly

attenuated systemic inflammatory response (Labasi et al., 2002).

The evidence that ATP, acting via P2X7 receptors, induces

production of cytokines suggested that purinergic signalling

may play an important role in cytokine release and the

development of the febrile response during infection and

inflammation. However, most of the studies mentioned above

only described the effect of ATP on cytokine production by

different immune cells in vitro. The functional role of ATP in

‘in vivo’ cytokine release remains largely unknown. In this

study, experiments have been designed to investigate the

putative role of ATP-mediated purinergic signalling in febrile

and cytokine responses during systemic inflammation. This

role was investigated by determining the effects of P2 receptor

antagonists suramin, pyridoxal-50-phosphate-6-azophenyl-
20,40-disulphonic acid (PPADS), and Brilliant Blue G (BBG,

selective P2X7 receptor blocker) on changes in Tb and increases

in plasma levels of IL-1b, IL-6, and TNFa induced by bacterial
endotoxin lipopolysaccharide (LPS) in rats. Some of the results

obtained have been reported previously in a preliminary

abstract (Gourine et al., 2004).

Methods

Animals

Adult male Wistar rats weighing 280–320 g were used in this

study. They were housed in a room maintained at a constant

temperature of 25711C and in a 12 : 12 h light–dark cycle with
light onset at 0600 hours. Drinking water and Laboratory

Rodent Chow were provided ad libitum. All studies on

conscious rats were conducted in facilities of the Institute of

Physiology, National Academy of Sciences of Belarus and

were approved by the Institutional Animal Care and Use

Committee.

Surgery

Rats were anaesthetised with a mixture of ketamine hydro-

chloride (87.0mgkg�1) and xylazine hydrochloride

(13.0mg kg�1) injected intramuscularly. A miniature tempera-

ture-sensitive telemetry transmitter (model E-mitter, Minimit-

ter, Sunriver, OR, U.S.A.) was implanted into the abdominal

cavity of each rat for continuous monitoring of Tb. After the

surgery, animals were housed one per cage and were allowed to

recover for at least 7 days before any experiment. At the end of

the experiment, the animals were killed humanely by an

overdose of pentobarbitone sodium (200mgkg�1) injected

intraperitoneally (i.p.).

Tb measurements

Deep Tb (70.11C) was monitored with implanted telemetry
units (Minimitter). Recordings were made at 1-min intervals

by the use of a peripheral processor (VitalView System,

Minimitter) connected to an IBM PC.

Induction of fever

Purified LPS (Escherichia coli endotoxin 0111 : B4, Sigma

Chemical, St Louis, MO, U.S.A.) was dissolved in pyrogen-

free saline and injected i.p. at a dose of 50mg kg�1 and in a
volume of B0.3ml. Control rats received an equivalent

volume of sterile pyrogen-free saline.

Drugs

As selective rat P2X7 receptor antagonists are not readily

available (Baraldi et al., 2004), we used the generic P2 blockers

suramin and PPADS as well as the compound widely used to

antagonize P2X7 receptors – BBG. Currents evoked at rat

P2X7 receptors are to some extent sensitive to block by

PPADS (IC50B50 mM) and suramin (IC504300mM) (Surpre-
nant et al., 1996). BBG is significantly more potent and

produces a noncompetitive inhibition of the rat P2X7 receptors

with IC50 B10 nM (Jiang et al., 2000). The other subtypes of

the rat P2X receptors are blocked in the micromolar range or

unaffected by BBG (Jiang et al., 2000). PPADS, suramin, and

BBG were obtained from Sigma Chemical and were dissolved

in saline for injections.

ELISA

Blood for cytokine analysis was collected rapidly from

terminally anaesthetised (pentobarbitone sodium, 100mg kg�1,

i.p.) rats by cardiac puncture. Blood was drawn into

heparinised syringes and plasma was separated by centrifuga-

tion (12,000 r.p.m., 5min, 201C) of the freshly drawn blood

and stored at �201C until assayed. Cytokines were not

separated from the plasma carrier proteins before assays. IL-

1b, IL-6, and TNFa concentrations in plasma were measured
using rat-IL-1b, rat-IL-6, and rat-TNFa immunoassay kits

(R&D Systems, Minneapolis, U.S.A.) according to the

manufacturer’s instructions. These assays detect IL-1b, IL-6,
and TNFa at concentrations as low as 5 pgml�1, 14 pgml�1,

and 5 pgml�1, respectively.

Experimental design

Experiment 1. Effect of the generic P2 receptor
antagonist suramin on Tb during LPS-induced fever in
rats Suramin (5mgkg�1 (n¼ 7), 25mg kg�1 (n¼ 9), or

100mgkg�1 (n¼ 11)) was injected i.p. 5min prior to LPS

administration and the effect of this treatment on the

development of fever in conscious freely moving rats was

determined. Control animals (n¼ 10) received an equivalent
volume of sterile pyrogen-free saline 5min before LPS

injection. There were two additional control groups of

animals: six rats injected i.p. with suramin (100mg kg�1) and

saline, and nine rats that received two successive i.p. injections

of saline. Tb was monitored for 2 h before and 9 h after the

injections, which were performed between 0900 and 1000

hours.

Experiment 2. Effect of the generic P2 receptor
antagonist PPADS on Tb during LPS-induced fever in
rats The design of this experiment was similar to the

Experiment 1. In conscious freely moving rats, PPADS

(5mg kg�1 (n¼ 6), or 25mgkg�1 (n¼ 12)) or sterile pyrogen-
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free saline (n¼ 12) were given i.p. 5min prior to LPS

treatment. Nine rats were injected i.p. with PPADS

(25mg kg�1) and saline, and 10 rats received two successive

i.p. injections of saline.

Experiment 3. Effect of P2X7 receptor blocker BBG on
Tb during LPS-induced fever in rats The design of this

experiment was similar to the Experiments 1 and 2. The effect

of BBG (40mgkg�1 (n¼ 6), or 100mgkg�1 (n¼ 6)) on LPS-
induced fever in conscious freely moving rats was determined.

Experiment 4. Effect of the generic P2 receptor
antagonist PPADS and P2X7 receptor blocker BBG on
LPS-induced increases in plasma levels of IL-1b, IL-6,
and TNF-a in rats From two generic P2 receptor antago-

nists used in this study, PPADS was chosen for this experiment

because it is a more selective antagonist of P2 receptors than

suramin. In addition, PPADS is significantly more potent than

suramin in terms of blockade of P2X7 receptors (Surprenant

et al., 1996; North, 2002). The effect of PPADS on LPS-

induced increases in plasma levels of IL-1b, IL-6, and TNF-a
was compared to that of BBG – the most potent rat P2X7
receptor antagonist that is readily available (Jiang et al., 2000).

Plasma concentrations of IL-1b, IL-6, and TNF-a were

measured at 1 h after injection of LPS because at this time

point high plasma levels of all these cytokines are observed,

while TNFa level is at or near its peak (Waage, 1987; Chensue
et al., 1991).

In a separate experiment conscious rats were injected i.p.

with PPADS (25mgkg�1) or BBG (100mgkg�1) 5min prior to

LPS administration. Control animals received an equivalent

volume of pyrogen-free saline 5min before LPS injection.

There were two additional control groups of animals in each

experiment: rats injected i.p. with PPADS or BBG followed by

injection of saline, and rats that received two successive i.p.

injections of saline. Blood was collected from terminally

anaesthetised animals by cardiac puncture 1 h after LPS

administration.

Statistical analysis

Data are reported as mean7standard error (s.e.). The Tb data
were analysed using two-way analysis of variance (ANOVA)

with Tukey’s post hoc test to determine main group and time

effects. IL-1b, IL-6, and TNF-a levels in plasma were com-
pared by one-way ANOVA followed by the post hoc Fisher’s

test. Values of Po0.05 were considered to be significant.

Results

Experiment 1. Effect of the generic P2 receptor
antagonist suramin on Tb during LPS-induced fever in
rats Following i.p. injection of LPS, fever reached a

maximal Tb (around 391C) B2.5 h after the injection

(Po0.01, compared to saline-treated controls) (Figures 1–3).
Suramin (5mg kg�1) injected i.p. 5min prior to LPS admin-

istration had no significant effect on the febrile response

(Figure 1a). However, LPS-induced fever was significantly

attenuated when suramin was given at a dose of 25mg kg�1

(Po0.05, compared to the saline/LPS group; Figure 1b). LPS

failed to induce fever in rats pretreated i.p. with suramin at a

dose of 100mgkg�1 (Po0.01, compared to the saline/LPS

group; Figure 1c). No significant changes in Tb were evoked by

suramin in afebrile animals. The Tb of rats injected with

suramin (100mg kg�1) and saline was similar to that of rats

injected with saline and saline (Figure 1c).

Experiment 2. Effect of the generic P2 receptor
antagonist PPADS on Tb during LPS-induced fever in
rats I.p. injection of PPADS at a dose of 5mg kg�1 had no

significant effect on LPS-induced fever (Figure 2a). However,

PPADS administered at a dose of 25mg kg�1 attenuated

significantly the febrile response evoked by LPS (Po0.05,
compared to the saline/LPS group; Figure 2b). No significant

changes in Tb were induced by PPADS in afebrile animals. The

Figure 1 Effect of the P2 receptor antagonist suramin on Tb during
fever induced by E. coli lipopolysaccharide (LPS, 50 mg kg�1) in rats.
Suramin (5mgkg�1 (a), 25mgkg�1 (b), or 100mgkg�1 (c)) was
injected i.p. 5min prior to LPS administration. Data are presented
as means7s.e. Numbers in parentheses indicate sample sizes.
Arrowhead indicates time of injections.
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Tb of rats treated with PPADS (25mg kg
�1) and saline was

similar to that of rats which received two successive injections

of saline (Figure 2b).

Experiment 3. Effect of P2X7 receptor blocker BBG on Tb

during LPS-induced fever in rats BBG injected at a dose

of 40mg kg�1 appeared to slightly attenuate the early LPS-

induced increases in Tb (Figure 3a); however, the differences in

the overall febrile response between BBG (40mgkg�1)/LPS

and saline/LPS groups failed to reach statistical significance

(P40.05). However, LPS-induced fever was blocked comple-
tely when BBG was given at a dose of 100mg kg�1 (Po0.01,
compared to the saline/LPS group; Figure 2b). Note that BBG

at this dose (100mg kg�1) evoked a marked (B11C) decrease in
Tb shortly after injection (Figure 3b). A similar decrease in the

resting Tb was evoked by BBG (100mg kg�1) in afebrile rats

(Po0.05, compared to the saline/saline group; Figure 3b).

Note that the Tb of rats injected with BBG (100mgkg�1) and

LPS was similar to that of rats injected with BBG and saline

(Figure 3b) – indicating complete blockade of the febrile

response by the action of BBG.

Experiment 4. Effect of the generic P2 receptor
antagonist PPADS and P2X7 receptor blocker BBG on
LPS-induced increases in plasma levels of IL-1b, IL-6,
and TNF-a in rats Plasma IL-1b, IL-6, and TNF-a levels
were measured in rats treated with either PPADS or BBG

at 1 h following injection of LPS or saline (Figures 4 and 5).

LPS injection resulted in a profound and rapid elevation in

plasma levels of all cytokines. BBG (100mg kg�1) significantly

attenuated while PPADS (25mg kg�1) completely blocked

LPS-induced increase in plasma level of IL-1b (Figures 4 and
5). Similarly, concentration of IL-6 in plasma of rats

injected with PPADS or BBG followed by LPS treatment

was significantly (Po0.05) lower compared to that of rats
injected with saline and LPS (Figures 4 and 5). LPS-induced

increase in plasma TNF-a concentration was also dramatically
attenuated by BBG (Po0.05; Figure 5), but not by PPADS
(Figure 4).

Discussion

The data obtained in the present study indicate that ATP-

mediated purinergic signalling plays an important role in the

mechanisms responsible for the febrile response and increases

in the levels of circulating cytokines during systemic inflam-

mation. Considering the central role of IL-1b, IL-6, and TNF-
a in fever, we suggest that ATP induces release of pyrogenic
cytokines by the cells of the immune system to mediate the

febrile response during systemic inflammation.

Figure 2 Effect of the P2 receptor antagonist pyridoxal-phosphate-
6-azophenyl-20,40-disulphonic acid (PPADS) on Tb during fever
induced by E. coli lipopolysaccharide (LPS, 50 mg kg�1) in rats.
PPADS (5mgkg�1 (a), or 25mgkg�1 (b) was injected i.p. 5min prior
to LPS administration. Data are presented as means7s.e. Numbers
in parentheses indicate sample sizes. Arrowhead indicates time of
injections.

Figure 3 Effect of the P2X7 receptor blocker Brilliant Blue G
(BBG) on Tb during fever induced by E. coli lipopolysaccharide
(LPS, 50 mg kg�1) in rats. BBG (40mgkg�1 (a), or 100mgkg�1 (b)
was injected i.p. 5min prior to LPS administration. Data are
presented as means7s.e. Numbers in parentheses indicate sample
sizes. Arrowhead indicates time of injections.
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Taking into the account the evidence that ATP induces

cytokine release by acting at ionotropic P2X7 receptors, we

suggested initially that this mechanism may have an important

role in the development of cytokine and febrile responses

during inflammatory process. To test this hypothesis, P2X7
receptors had to be blocked and the effect of this blockade on

changes in Tb and plasma cytokine levels during the immune

challenge had to be determined. However, the lack of selective

P2X7 receptor antagonists is the major caveat in the studies of

the functional role of ATP-mediated purinergic signalling at

‘immunological synapses’ (Baraldi et al., 2004).

Here, we used two generic P2 receptor blockers suramin and

PPADS as well as the compound widely used to antagonize

rat P2X7 receptors – BBG. As mentioned above, rat P2X7
receptors in the expression systems are to some extent sensitive

to blockade by both PPADS (IC50B50 mM) and suramin

(IC504300 mM) (Surprenant et al., 1996). Thus, PPADS

appears to be significantly more potent than suramin in terms

of P2X7 receptor blockade. There is, however, evidence

showing that suramin blocks effectively native P2X7 receptors

in human lymphocytes (Wiley et al., 1993). The third

compound used in this study – BBG – produces a non-

competitive inhibition of the rat P2X7 receptors with IC50
B10 nM (Jiang et al., 2000). The other subtypes of the rat P2X

receptors are blocked in the micromolar range or unaffected

by BBG (Jiang et al., 2000).

All three antagonists (suramin, PPADS, and BBG) attenu-

ated (although to a different extent) the febrile response

evoked by systemic treatment with LPS. The exact duration of

the P2 receptor blockade and the actual concentration of the

drugs at their target sites (e.g. liver – one of the major sources

of circulating cytokines) following i.p. injections of suramin,

PPADS, or BBG are difficult to estimate. Note that suramin

and BBG in a high dose completely blocked any LPS-induced

increases in Tb. Obviously, when administered in a high dose,

the duration of action of these antagonists and their

concentrations at target sites are sufficient to ablate the whole

febrile response. However, both compounds have other actions

in addition to their ability to block P2 receptors (e.g. BBG is

known for its ability to bind various proteins). Note a decrease

in resting Tb in afebrile rats following administration of BBG.

PPADS is more selective, but it produced only partial

inhibition of the febrile response. Considering together the

data from the use of suramin, PPADS, and BBG the

hypothesis that attenuation of fever following administration

of P2 receptor antagonists could be due to the inhibition of

P2X7 receptors is sustained.

The mechanisms responsible for a decrease in resting Tb in

afebrile rats in response to BBG are unknown. We also

observed a slight decrease in Tb below the baseline in the

experimental group treated with suramin (25mg kg�1) and

LPS (although, suramin in a significantly higher dose of

100mgkg�1 did not affect resting Tb in afebrile rats). These

decreases in Tb are unlikely to be mediated by the action of

these compounds within the central nervous system. We have

shown previously that P2 receptor antagonists injected into the

Figure 4 Effect of the P2 receptor antagonist pyridoxal-phosphate-
6-azophenyl-20,40-disulphonic acid (PPADS) on interleukin-1b (IL-
1b), interleukin-6 (IL-6), and tumour necrosis factor-a (TNFa)
concentrations in blood plasma during the development of fever
induced by E. coli lipopolysaccharide (LPS, 50 mg kg�1) in rats.
PPADS (25mgkg�1) was injected i.p. 5min prior to LPS adminis-
tration. Plasma IL-1b, IL-6, and TNFa levels were measured at
60min following injection of LPS or saline. Data are presented
as means7s.e. Numbers in parentheses indicate sample sizes.
*Significant difference between LPS-treated groups (salineþLPS
vs PPADSþLPS), Po0.05.

Figure 5 Effect of the P2X7 receptor blocker Brilliant Blue G
(BBG) on interleukin-1b (IL-1b), interleukin-6 (IL-6), and tumour
necrosis factor-a (TNFa) concentrations in blood plasma during the
development of fever induced by E. coli lipopolysaccharide (LPS,
50 mg kg�1) in rats. BBG (100mgkg�1) was injected i.p. 5min prior
to LPS administration. Plasma IL-1b, IL-6, and TNFa levels were
measured at 60min following injection of LPS or saline. Data are
presented as means7s.e. Numbers in parentheses indicate sample
sizes. *Significant difference between LPS-treated groups (sali-
neþLPS vs BBGþLPS), Po0.05.
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brain induce increase in Tb in afebrile rats and facilitate fever

in rats treated with LPS (Gourine et al., 2002b). Thus, it is

most likely that the action of P2 receptor antagonists on as

yet unidentified peripheral targets may trigger a decrease in

normal Tb.

Both PPADS and BBG attenuated significantly increases in

plasma levels of IL-1b and IL-6 during systemic inflammation.
Interestingly, the increase in plasma level of TNF-a was

blocked only by BBG, while PPADS was without any effect.

This was rather unexpected, because PPADS was found to

effectively block any LPS-induced increase in plasma level of

the other key proinflammatory cytokine – IL-1b. Presumably,
the highest dose of PPADS used (25mg kg�1) was still

insufficient to influence the release of TNF-a induced by

LPS. Note that treatment with BBG resulted in a complete

blockade of the LPS-induced fever, while administration of

PPADS (25mgkg�1) just attenuated the febrile response. It is

possible, therefore, that TNF-a may be responsible for this
residual rise in Tb at the time when LPS-induced production

and (or) release of pyrogenic IL-1b and IL-6 was diminished
by PPADS.

In an earlier study from our laboratories, we demonstrated

that extracellular ATP, acting through as yet unidentified P2

receptors, is involved in the brain mechanisms of Tb regulation

(Gourine et al., 2002b). We suggested that ATP modulates

transmission in the hypothalamic neural pathway from

peripheral warm-receptors to the neurones responsible for

the stimulation of heat loss and proposed that hypothalamic

warm-sensitive neurones are the likely site of ATP action in

relation to regulation of Tb (Gourine et al., 2002b; 2004).

From the results presented here it appears that ATP-

mediated purinergic signalling in the periphery plays an

important role in the mechanisms of the febrile response

during systemic inflammation. This action of ATP is likely to

be achieved via P2X7 receptor-mediated production and (or)

release of pyrogenic cytokines. It is well known that activated

immune cells such as lymphocytes, macrophages, and others

release large amounts of ATP into the extracellular space

(Filippini et al., 1990; Dubyak & el-Moatassim, 1993; Beigi

et al., 1999; Sikora et al., 1999). Marked increase in

extracellular ATP concentrations under inflammatory condi-

tions has been shown in vivo (Lazarowski et al., 2000).

Considering the crucial role of IL-1b, IL-6, and TNF-a in
fever, we suggest that during systemic inflammation ATP

released by the activated immune cells induces release of

pyrogenic cytokines to mediate the febrile response. The data

obtained in the in vitro models demonstrating that ATP is a

potent inducer of all cytokines implicated in fever (see

Introduction), as well as the results from the current study

strongly support this hypothesis.

There is, however, evidence that blockade of cytokine (IL-1b
and TNF-a) release or action often results in attenuation of
the late phase of the febrile response, while the earlier LPS-

induced increases in Tb are not affected (for a review, see Roth

& de Souza, 2001). These data suggest that circulating

cytokines are more important for maintenance rather then

for induction of fever. In the present study, the whole LPS-

induced febrile response was completely blocked by suramin or

BBG injected in the dose of 100mgkg�1. However, P2 receptor

antagonists administered in lower doses tended to attenuate

the earlier phase of the LPS-induced febrile response. Thus,

if circulating cytokines are indeed predominantly responsible

for maintenance rather then early induction of the febrile

response, then in addition to the blockade of cytokine

production and (or) release, P2 receptor antagonists also

block the mechanisms, responsible for early initiation of fever.

It is believed that rapid activation of the subdiaphragmatic

afferent fibres of the vagus nerve may be responsible for the

induction of the febrile response (for a review, see Roma-

novsky, 2004). If so, it would be of a great interest to

determine in a separate study whether release of ATP

contributes to the LPS-induced changes in the activity of the

abdominal vagal afferents.

Nevertheless, from the data obtained in the present study,

we suggest that compounds that selectively block P2X7
receptors could potentially be used in the future as antipyretic

and antiinflammatory drugs in cases when high fever and (or)

excessive production of proinflammatory cytokines is harmful

for the host.

This study was supported by The Wellcome Trust and International
Association for the promotion of cooperation with scientists from the
New Independent States of the former Soviet Union (INTAS).
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