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Cytokine-mediated inflammatory hyperalgesia limited by
interleukin-1 receptor antagonist
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1 The effect of IL-1ra on response to intraplantar (i.pl.) injection of LPS, carrageenin, bradykinin,
TNFa, IL-1p, IL-8, PGE, and dopamine was investigated in a model of mechanical hyperalgesia in
rats.

2 IL-1ra inhibited hyperalgesic response to LPS, carrageenin, bradykinin, TNFa«, and IL-18, but
not responses to 1L-8, PGE, and dopamine.

3 A sheep anti-rat IL-1ra serum potentiated response to LPS, carrageenin, bradykinin, TNF« and
IL-1f but not IL-8.

4 Carrageenin and LPS stimulated and production of immunoreactive TNFa, IL-1 and IL-1ra in
the skin of injected paws.

5 The inhibition by IL-Ira of the hyperalgesic response to carrageenin was not affected by
antibodies neutralizing 1L-4 and IL-10.

6 In mice, IL-1ra inhibited the nociceptive response to i.p. injection of acetic acid.

7 These data suggest that IL-Ira, released at sites of inflammation, limits inflammatory
hyperalgesia. This effect is independent of (IL-1ra-induced) 1L-4 and IL-10 and appears to be the
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result of antagonism by IL-1ra of IL-1f-stimulated eicosanoid production.
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Introduction

There is now a substantial body of evidence to show that
the release of PGs and sympathomimetic amines occurs
subsequent to the release of a cascade of cytokines and
other mediators (Ferreira et al., 1988; 1993; Cunha et al.,
1991; 1992; Safich-Garabedian et al., 1995; Woolf et al.,
1996; 1997; Banner et al., 1998; Poole et al., 1999). For
example, in a model of mechanical hyperalgesia, carragee-
nin and LPS induced tissue formation of bradykinin,
which stimulated the release of TNFa (Ferreira et al.,
1993; Poole et al., 1999). The TNFa stimulated the release
of IL-1f and IL-6, which stimulated the production of
cyclo-oxygenase products, and IL-8, which stimulated the
production of sympathomimetic mediators (Cunha et al.,
1992).

A diverse group of compounds have been described which
inhibit the production or action of pro-inflammatory
cytokines (usually TNFa« and IL-15) and which have
potential as anti-hyperalgesics with which to treat inflam-
matory pain. These include tripeptide analogues of IL-1f
and a-melanocyte stimulating hormone (Ferreira et al., 1988;
Poole et al., 1992; Safieh-Garabedian et al., 1997), and
thalidomine, pentoxifylline and chlorpromazine (Sampaio et
al., 1991; Weinberg et al., 1992; Gorizontova & Mironava,
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1995; Dubost et al., 1997; Ohtsuka et al., 1997, Sommer et
al., 1998). In addition, the ‘anti-inflammatory’ cytokines IL-
10 and IL-4 have also been shown to limit inflammatory
hyperalgesia, by inhibiting the production of hyperalgesic
cytokines and prostaglandins (Poole et al., 1995; Cunha et
al., 1999).

Another ‘anti-inflammatory’ or ‘inhibitory’ cytokine that
is released during the inflammatory process is IL-lra
(Dinarello & Thompson, 1991). IL-1ra is a specific receptor
antagonist of IL-1 that competitively antagonizes binding of
IL-1a and IL-18 to the IL-1 receptor, IL-1RI (Eisenberg et
al., 1990; Granowitz et al., 1991a). It is the IL-1R1 that
transduces the biological effects of IL-1(o and f5), with the
IL-1RII appearing to serve as a decoy receptor (Colotta et
al., 1993). IL-Ira inhibits hypotension caused by both
Gram-negative bacteria/LPS and also by Gram-positive
organisms (Ohlsson et al., 1990; Aiura et al., 1993),
production of PGs and IL-6, induced by IL-1 and LPS,
respectively (Arend et al., 1990; Fischer et al., 1992), 1L-1-
induced fever (Opp & Krueger, 1991), adhesion of
neutrophils and eosinophils to endothelial cells, and LPS-
induced neutrophil accumulation (Mclntyre et al., 1991). In
view of the anti-hyperalgesic effects of other agents that
inhibit the production or action of IL-1 (Ferreira et al.,
1988; Poole et al., 1992; 1995; Watkins et al., 1994; 1995;
Cunha et al., 1999), we have tested the possibility that IL-
Ira limits inflammatory hyperalgesia by diminishing cyto-
kine-mediated hyperalgesic response to carrageenin, brady-
kinin, and pro-inflammatory cytokines.
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Methods
Test of mechanical hyperalgesia

All experiments were conducted in accordance with NIH
guidelines on the welfare of experimental animals and with the
approval of the USP (Ribeirdo Preto) Ethics Committee.

A constant pressure of 20 mmHg was applied to the hind-
paws of rats and discontinued when they presented a typical
freezing reaction (reaction time). This reaction was character-
ized by a reduction in the movements that animals usually
made to escape from the position imposed by the experimental
situation. These were followed by alterations in respiratory
frequency with the onset of a typical shivering reaction. The
intensity of hyperalgesia was quantified as the variation in
reaction time (delta reaction time) obtained by subtracting
values measured 3 h after administration of hyperalgesic
substances from (control) reaction times, measured before
injection at time zero (Ferreira et al., 1978; 1988). Reaction
times were typically 32—34 s (with s.e.mean of 0.5-1.0 s)
before injection and 13—-16 s after stimulation with hyper-
algesic agents. Multiple paw treatments did not alter basal
reaction times. Different individuals prepared the solutions to
be injected, made the injections, and measured the reaction
times.

Hyperalgesia was measured 3 h after injections (in 100 ul,
i.pl.) of hyperalgesic agents. These were: LPS (0.1 ug or 1 ug),
carrageenin (10 or 100 pg), bradykinin (50 or 500 ng), TNFa
(0.25 or 2.5 pg), IL-1§ (0.5 or 0.05 pg), IL-8 (10 pg or 100 pg),
PGE, (100 ng) and dopamine (10 ug) into the hind-paws of
rats. The effects of IL-1ra, anti-IL-1ra serum and other drugs
were tested in Protocols 1—3. Protocol 1: IL-1ra (30—300 ng in
50 ul) or saline was injected in the (same) hind-paws, 30 min
before hyperalgesic agents. Hyperalgesia was measured 3 h
after injections (in 100 ul, i.pl.) of hyperalgesic agents. Protocol
2: Anti-IL-1ra serum or pre-immune serum (50 ul, i.pl) was
injected to hind-paws to be injected with hyperalgesic agents,
30 min before hyperalgesic agents. Hyperalgesia was measured
3 h after injections (in 100 wl, i.pl.) of hyperalgesic agents.
Protocol 3: Rats were injected i.pl. with 50 ug (in 50 ul) of
antibody to IL-4 (BVDG), antibody to IL-10 (JEA-5), or with
(control) antibody to ovalbumin. Fifteen min later, one of the
following was injected (in 50 pul) into the same paws: saline
(50 wl), IL-1ra (100 pg), IL-4 (10 ng) or IL-10 (100 ng). After a
further 15 min, carrageenin (Cg, 100 ug) was injected and the
hyperalgesia measured 3 h after this final injection.

The larger doses of hyperalgesic agents were the smallest
that evoked maximum responses and the time interval of 3 h
was a time at which responses to the chosen doses of
hyperalgesic agents were all at or close to their peak
(Ferreira et al., 1988; 1993; Cunha et al., 1991; 1992; Poole
et al., 1995). The order of potency of the cytokines was IL-
18>TNFo> >IL-8 for these human sequence cytokines in
rats (Cunha er al., 1992). Whether this order of potency
reflects the order of potency of the endogenous cytokines of
the rat is unknown. The rat sequence cytokines were not
available for these studies and certain cytokines exhibit
species preference or specificity (Lumpkin, 1987; Morstyn &
Burgess, 1988; Stefferl er al., 1996) and the native cytokines
remain to be tested.

Abdominal constriction test
The anti-hyperalgesic activity of IL-1ra in mice was assessed

using the abdominal constrictions test (Koster et al., 1959;
Collier et al., 1968). Mice were injected into the peritoneal

cavities (i.p.) with acetic acid (0.8% wv~', 0.1 ml 10 g7 ")
and the abdominal constrictions counted between 0 and
20 min after the injection of the acetic acid. IL-1ra (0.1—
1.2 ng, 0.2 ml, i.p.) or saline was given 30 min before the
acetic acid.

In vitro measurements

Saline (100 ul), carrageenin (100 ug 100 pul=') and LPS
(1 ug 100 pul~")y were injected into the hind-paws of rats and
0.5, 1, 2, 3 or 6h later the animals were terminally
anaesthetized. Skin paw samples were extracted for TNFa,
IL-1$ and IL-1ra measurement as described previously (Safieh-
Garabedian et al., 1995; Woolf et al., 1997). The ELISAs for
rat IL-18 and rat TNFa were as described previously (Safieh-
Garabedian et al., 1995; Rees et al., 1999). The protocol for the
ELISA for rat IL-1ra was similar to the protocols for the
ELISAs for rat IL-1f and rat TNFa. Briefly, sheep polyclonal
anti-rat IL-1ra IgG, raised against rat recombinant IL-1ra
(1 ug ml~"), in 100 ul PBS buffer, was used to coat microtiter
plates (Nunc Maxisorb). After incubation (4°C overnight) and
washing the plates in assay buffer (0.01 M phosphate, 0.05 M
NaCl, 0.1% Tween 20, pH 7.2), 100 ul of standard (rat
recombinant IL-1ra, or sample, was added to each well and
incubated overnight at 4°C. After washing the plates, 100 ul of
biotinylated, sheep polyclonal anti-rat IL-1ra IgG (diluted 1/
1000 with assay buffer + 1% normal sheep serum), was added
to the plates and incubated for 1 h at room temperature.
Subsequent steps were as for the ELISA of rat TNFa (Rees et
al., 1999).

Results are presented as mean with s.e.mean of groups of
five animals for the in vivo measurements and of groups of
three animals for the in vitro cytokine measurements. Three
independent in vitro experiments were performed, each
giving similar results. The results of formal statistical tests
are not reported: for the in vivo experiments (for which
n=35), a mean value described as different from another
mean value differed by more than three times (usually five to
ten times) the larger s.e.mean, for in vitro experiments (for
which n=3), a mean value described as different from
another mean value differed by more than twice the larger
s.e.mean.

Drugs

The following materials were obtained from the sources
indicated. Rat recombinant IL-14, IL-1ra and TNFo, sheep
anti-rat IL-1ra serum and pre-immune serum, human
recombinant IL-1 (ampoule code: 86/680), IL-1ra (92/644),
IL-8 (89/520), IL-10 (92/516), TNFu (87/650), murine IL-4 (91/
656) (NIBSC, the specific activities of the ampouled materials
are IL-1p: 100,000 international units (i.u.) 1 ug~' ampoule™',
IL-Ira: 0.01 iu. 10 pg~' ampoule™!, IL-8: 1000 iu. 1 ug™'
ampoulefl, I1L-10: 5,000 i.u. l,ugf1 ampoulefl, TNFo:
40,000 i.u. 1 ug~"' ampoule ™', murine 1L-4: 10,000 i.u. 1 ug~!
ampoule™'). Carrageenin (FMC Corporation, Philadelphia,
PA, US.A)). PGE, and bradykinin (Sigma, St. Louis, MO,
U.S.A.). Dopamine HCI (USP grade, Research Biochemicals
International). Bacterial endotoxin from E. coli 055:B5
(referred to here as lipopolysaccharide, LPS, Difco Labora-
tories Ltd, West Molsey, Surrey, U.K.). Monoclonal IgG
antibody to murine IL-4, BVDG (Professor F. Liew,
University of Glasgow, U.K.). Monoclonal I1gG antibody to
murine IL-10, JEA-5 (Schering-Plough, U.S.A.). Control
monoclonal antibody was a purified unrelated IgG raised
against ovalbumin in our laboratory. The LPS content of the
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above materials, as measured in a Limulus Amoebocyte Lysate
test, was of the order of 0.25 i.u. mg~', which is equivalent to
a little over 10~'° g of LPS in a hyperalgesic dose of IL-1p
(0.5 pg), for example. The threshold hyperalgesic dose of LPS
in the above model is some 100 ng, i.e. 1077 g (based upon
published data: Ferreira et al., 1993). Therefore, the doses of
the hyperalgesic agents used contained amounts of LPS up to
eight log,y’s less than the threshold hyperalgesic dose of LPS.

Animals

Male Wistar rats and Swiss mice, weighing 130—180 and 25—
30 g, respectively, housed in temperature controlled rooms
(22—-25°C) with water and food ad libitum until use.

Results
Effect of IL-1Ira on responses to hyperalgesic agents

Injection (in 100 ul, i.pl.) of IL-1f5 (0.5 pg), LPS (1 ug),
carrageenin (100 ug), bradykinin (500 ng), TNF« (2.5 pg), IL-
8 (100 pg), PGE; (100 ng) and dopamine (10 ug) into the hind-
paws of rats evoked hyperalgesic responses, measured 3 h after
their injection (Figures 1 and 2). Treatment with IL-1ra (30—
300 ng, 50 ul, i.pl.), 30 min before IL-1f, antagonized, in a
dose-dependent manner, hyperalgesic responses to this
cytokine (Figure 1). Similarly, hyperalgesic responses to LPS
(1 pg), carrageenin (100 ug), bradykinin (500 ng) and TNF«
(2.5 pg), but not to IL-8 (100 pg), PGE, (100 ng) and
dopamine (10 ug), were inhibited by treatment with IL-1ra
(100 ng, 50 ul, i.pl.), 30 min before the hyperalgesic stimulus
(Figure 2).

Potentiation by a sheep anti-IL-1ra serum of responses
to hyperalgesic agents

A sheep anti-IL-1ra serum (50 ul, i.pl.), but not a pre-immune
(control) serum (50 ul, i.pl.), injected 30 min before injections
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Figure 1 Antagonism by IL-1ra (30, 100 and 300 pg, 100 x1 =", i.pl.)
of the hyperalgesic responses to IL-18 (IL-18, 0.5 pg 100 ug~', i.pL.).
Saline (0) or IL-1ra was injected into paws to be injected with IL-1p,
30 min before the cytokine injection. The intensity of hyperalgesia
was measured 3 h after injection of IL-1f. Results are expressed as
means +s.e.mean in groups of five rats.
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Figure 2 Effect of saline or IL-Ira (100 pg 100 pug~', ipl) on
hyperalgesic responses to injections (in 100 ul, i.pl.) or LPS (1 ug),
carrageenin (Cg, 100 pg), bradykinin (BK, 500 ng), TNF-o (2.5 pg),
IL-8 (100 pg), PGE, (100 ng) and dopamine (10 ug). IL-Ira was
injected into paws to be injected with one of the hyperalgesic agents,
30 min before the hyperalgesic agent. Hyperalgesia was measured 3 h
after injection of hyperalgesic agents. Results are expressed as
mean +s.e.mean in groups of five rats.

151 CIPIS + Stimuli
© Ml IL-1ra AS + Stimuli
7]

-1
S £ 10-
Q5
£5
w3
o8
F
e
24 9
]
=

0_

LPS Cg BK  TNFa L1 IL-8

Figure 3 Effect of anti-rat IL-lra serum (50 ul, i.pl.), and pre-
immune serum on hyperalgesic responses to LPS (0.1 ug), carragee-
nin (Cg, 10 ug), BK (50 ng), TNFu« (0.25 pg), IL-15 (0.05 pg), 1L-8
(10 pg). The sera were injected into paws to be injected with one of
the hyperalgesic agents, 30 min before the hyperalgesic agent. The
intensity of hyperalgesia was measured 1 h after injection of the
hyperalgesic agents. Results are expressed as means+s.e.mean in
groups of five rats.

(i.pl.) of LPS (0.1 ug), carrageenin (10 ug), bradykinin (50 ng),
TNFa (0.25 pg) and IL-18 (0.05 pg) potentiated responses,
measured 3 h after injection of these hyperalgesic agents
(LPS= +91%, carrageenin= +77%, bradykinin= +72%,
TNFa= +114%, IL-1= +134%). In contrast, hyperalgesic
responses to 1L-8 (10 pg, i.pl.) were little affected by the sheep
anti-IL-1ra serum (Figure 3).

Stimulation by LPS and carrageenin of the production of
TNF-o, IL-15 and IL-1ra in paw skin

Carrageenin (100 ug 100 ul=', i.pl.) and LPS (1 ug 100 pl~',
i.pl.) stimulated the production of TNFa, IL-1f and IL-1ra in
rat paw skin. The pattern of cytokine production was broadly
similar for the two stimuli although there were some
differences in the time courses for production of TNFx and
IL-1p (Figure 4). TNFo: with carrageenin, concentrations of
TNF-o were increased at 30 min (to 0.114+0.02 ng hind
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Figure 4 Concentrations of TNFa« (A, B), IL-1p (C, D) and IL-1ra (E, F) in rat paws injected with carrageenin (Cg, filled columns,
A, C, E) or LPS (B, D, F). Paws were injected (100 ul) with saline, carrageenin (Cg, 100 ug), or LPS (1 ug). At times after injection
of 30 min, 1, 2, 3 and 6 h rats were killed and paw skin samples were extracted for cytokines, which were measured by ELISA. The

results are reported as means+s.e.mean of three rats.

paw ! +110%), peaked at 3 h (at 0.14+0.01 ng hind paw ',
+174%), and remained elevated at 6 h (0.12+0.02 ng hind
paw ', +135%); with LPS, concentrations of TNFo were not
increased at 30 min but peaked earlier, at 1 h (at 0.33+0.09 ng
hind paw™', +547%), and had essentially returned to pre-
injection concentrations at 6 h (0.074+0.01 ng hind paw ™',
+37%). IL-1f: with carrageenin, concentrations of IL-1f were
not increased at 30 min and 1h but peaked at 2h (at
1.90+0.22 ng hind paw !, +164%), and remained elevated at
6h (1.47+0.45 ng hind paw~!, +105%); with LPS, con-
centrations of IL-f similarly were not increased at 30 min and
1 h, but were increased at 2 h (at 1.26+0.83 ng hind paw ',
+75%), peaked later, at 3 h (at 2.2540.14 ng hind paw ™/,
+213%), and remained elevated at 6 h (1.44+0.19 ng hind
paw ', +100%). IL-1ra: with carrageenin and LPS, IL-1ra
concentrations were increased at 30 min (5.02+0.21 ng hind
paw~!, +252%, and 3.25+0.23 ng hind paw™', +128%,
respectively), peaked at 2h (5.940.12 ng hind paw~!,
+313%, and 3.614+0.33 ng hind paw~', +153%, respec-
tively) and remained elevated at 6 h (5.02+0.12 ng hind
paw~!, +252%, and 3.78+0.12 ng hind paw™!, +165%,
respectively).

Failure of anti-1L-4 antibodies and anti-IL-10 antibodies
to reverse the effect of IL-1ra

The inhibition (—39%) by IL-1ra (100 ng 50 ug~',1i.pl.) of the
hyperalgesic response to carrageenin (100 ug 100 ug™', i.pl.)
was unaffected by the presence of antibodies neutralizing rat
IL-4 (BVDG, —41%) and rat IL-10 JEA-5, —38%, Figure 5).
In contrast, BVDG essentially reversed the inhibitory effect of
IL-4 (from —47 to —10%) and JEA-5 reversed the inhibitory
effects of IL-10 (from —55 to —5%, Figure 5).

Inhibition by IL-Ira of acetic acid-induced abdominal
constrictions

In mice, acetic acid (0.8%, wv~', 0.1 ml 10 g~") caused
abdominal constrictions. The cumulative total number of
constrictions was 64+ 5 (mean +s.e.mean) during the 20 min
period following injection (Figure 6). IL-1ra (0.1-1.2 ng
mouse~!, 0.2 ml, i.p.), given 30 min before the acetic acid,
inhibited, in a dose-dependent manner, this response (Figure
6). IL-1ra (1.2 ng mouse™") reduced the number of constric-
tions from 64+5 to 21+7 (—67%).
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Figure 5 Effect of antibodies neutralizing 1L-4 and IL-10 on the anti-hyperalgesic effect of IL-1ra. Rats were injected i.pl. with
50 ug (in 50 ul) of antibody to 1L-4 (IL-4Ab, BVDG), IL-10 (IL-10Ab, JEA-S), or with (control) antibody to ovalbumin. Fifteen
min later, one of the following was injected (in 50 ul) into the same paws: saline (50 ul), IL-1ra (100 pg, A), IL-4 (10 ng, B) or IL-10
(100 ng, B). After a further 15 min, carrageenin (Cg, 100 pg (in 100 ul)) was injected and the hyperalgesia measured 3 h after this
final injection. Results are expressed as means+s.e.mean in groups of five rats.
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Figure 6 The anti-hyperalgesic effect of IL-1ra. Mice were injected
into the peritoneal cavities (i.p.) with acetic acid (0.8% w v~"', 0.1 ml
10 g~ ") and the cumulative abdominal constrictions counted between
0 and 20 min after the injection of the acetic acid. IL-1ra (0.1 ng,
open circles; 0.3 ng, open triangles; 0.6 ng, filled triangles; 0.9 ng,
open squares, 1.2 ng, filled circles; 0.2 ml, i.p.) or saline was given
30 min before the acetic acid. Results are expressed as means
+s.e.mean in groups of at last six mice.

Discussion

Interleukin-1ra is a cytokine with anti-inflammatory activity
because it is a receptor antagonist of the pro-inflammatory
cytokine IL-1p. In the present study, a model of inflammatory
hyperalgesia (a rat paw pressure test) was used to assess
whether or not IL-1ra was able to exert an anti-hyperalgesic
effect. In this test, carrageenin and LPS cause hyperalgesia by
stimulating the release of bradykinin, which initiates two
pathways, each of which involves the release of cytokines and
other mediators. The two pathways are: (i) carrageenin/

LPS—bradykinin—»IL-6—IL-1—-PGs and (ii) carrageenin/
LPS—bradykinin>TNFa—IL-8 »sympathomimetics  (Fer-
reira et al., 1978; 1988; 1993; Cunha et al., 1991; 1992; Poole
et al., 1999).

Local injection of IL-1ra inhibited hyperalgesic responses to
the inflammatory stimuli carrageenin and LPS and responses
to the endogenous hyperalgesic mediators bradykinin, TNFa
and IL-1p, which are induced by carrageenin and LPS. That
the inhibition by IL-1ra of the hyperalgesic effects of mediators
other than IL-1§ was only partial is consistent with the
contribution of the IL-1f-independent pathway (carrageenin/
LPS—bradykinin—>TNFo—IL-8 -»sympathomimetics) to the
hyperalgesic responses to carrageenin, LPS, bradykinin and
TNFo. Similarly, the absence of an effect of IL-lra on
hyperalgesic responses to IL-8, PGE, and dopamine was
predicted because the mode of action of these mediators is not
IL-1p-dependent. IL-8 evokes local production of sympathetic
amines, and sympathetic amines and PGE, sensitize nocicep-
tors, as shown in the pathways shown above.

The enhancement of hyperalgesic responses to carrageenin,
LPS, bradykinin TNF-« and IL-1f by treatment with an anti-
IL-1ra serum suggest that endogenous IL-1ra serves to limit
inflammatory hyperalgesia. The absence of an effect of the
anti-IL-1ra serum on hyperalgesic responses to IL-8 was
predicted because, as noted above, the mode of action of I1L-8
is not IL-1f-dependent. IL-8 evokes local production of
sympathetic amines which sensitize nociceptors (Ferreira et
al., 1978). The restriction of an anti-hyperalgesic effect of IL-
Ira to mediators involved in the IL-1p5-dependent pathway
(carrageenin/LPS—bradykinin->IL-6—>IL-1—PGs) suggests
that the mechanism of action of IL-lra was (competitive)
antagonism of IL-1 receptors.

The cytokines IL-10 and IL-4 also have a role in limiting the
development of inflammatory hyperalgesia triggered by
carrageenin, bradykinin and TNF-o (Poole et al., 1995; Cunha
et al., 1999). Since IL-1ra can induce the production of I1L-10
and IL-4, the possibility that the anti-hyperalgesic effect of IL-
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Ira was secondary to the production of IL-10 and IL-4 was
tested in experiments in which antibodies neutralizing rat IL-
10 and IL-4 failed to reverse the inhibition by IL-1ra of
carrageenin-evoked hyperalgesia (while reversing inhibition by
IL-10 and IL-4, respectively). So, although IL-1ra joins IL-10
and IL-4 in the class of anti-hyperalgesic cytokines, its mode of
action is different. It is a competitive receptor-antagonist of a
pro-inflammatory cytokine (IL-1), rather than a functional
antagonist, like IL-10 and IL-4, which inhibit production of
pro-inflammatory cytokines.

Consistent with the anti-hyperalgesic effect of exogenous
IL-1ra and the hyperalgesic effect of an anti-IL-1ra serum,
endogenous concentrations of immunoreactive IL-1ra were
found to be elevated in rat paw skin at all time intervals
between 30 min and 6 h subsequent to the injection (i.pl.) of
carrageenin and LPS. Interestingly the increase in skin
concentrations of immunoreactive IL-1ra preceded increases
in skin immunoreactive IL-1f, which is a prime stimulus for
the production of IL-1ra (Arend et al., 1998). The time-course
of the production of IL-1 and IL-1ra accords with the results
of Granowitz et al. (1991b), who reported that, following i.v.
injection of LPS in human volunteers, plasma concentrations
of IL-lra remained elevated for 24 h whereas plasma
concentrations of IL-18 fell to pre-injection values between 6
and 12 h. Consistent with the role of TNFa and IL-1f in
inflammatory hyperalgesia, paw skin concentrations of these
cytokines increased markedly following injection of carragee-
nin and LPS, with increases in TNFo preceding increases in IL-
18, in agreement with the literature (Safieh-Garabedian et al.,
1995; Woolf et al., 1997; Miller et al., 1997).
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