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1 The e�ect of IL-4 on responses to intraplantar (i.pl.) carrageenin, bradykinin, TNFa, IL-1b, IL-8
and PGE2 was investigated in a model of mechanical hyperalgesia in rats. Also, the cellular source
of the IL-4 was investigated.

2 IL-4, 30 min before the stimulus, inhibited responses to carrageenin, bradykinin, and TNFa, but
not responses to IL-1b, IL-8 and PGE2.

3 IL-4, 2 h before the injection of IL-1b, did not a�ect the response to IL-1b, whereas IL-4, 12 or
12+2 h before the IL-1b, inhibited the hyperalgesia (730%, 774%, respectively).

4 In murine peritoneal macrophages, murine IL-4 for 2 h before stimulation with LPS, inhibited
(740%) the production of IL-1b but not PGE2. Murine IL-4 (for 16 h before stimulation with LPS)
inhibited LPS-stimulated PGE2 but not IL-1b.
5 Anti-murine IL-4 antibodies potentiated responses to carrageenin, bradykinin and TNFa, but
not IL-1b and IL-8, as well as responses to bradykinin in athymic rats but not in rats depleted of
mast cells with compound 40/80.

6 These data suggest that IL-4 released by mast cells limits in¯ammatory hyperalgesia. During the
early phase of the in¯ammatory response the mode of action of the IL-4 appears to be inhibition of
the production TNFa, IL-1b and IL-8. In the later phase of the response, in addition to inhibiting
the production of pro-in¯ammatory cytokines, IL-4 also may inhibit the release of PGs.
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prostaglandin E2

Abbreviations: BK, bradykinin; Cg, carrageenin; Con-A, concanavalin A; o.p.m., counts per minute; 8C, degrees centigrade; h,
hour; IFNg, interferon g; IL, interleukin; IU, international unit; IgG, immunoglobulin G; i.pl., intraplantar;
LPS, lipopolysaccharide; mg, microgram; ml, microlitre; mg, milligram; min, minutes; MAb, monoclonal
antibody; ng, nanogram; pg, picogram; PGE2, prostaglandin E2; TNFa, tumour necrosis factor a; Th, T helper;
U, unit; 3H, tritiated; w/v, weight per volume.

Introduction

Cytokines constitute a link between cellular injury and
recognition of non-self and the development of local and

systemic signs and symptoms of in¯ammation, such as cell
migration, oedema, fever and hyperalgesia (Dinarello et al.,
1986; Ferreira et al., 1988, Faccioli et al., 1990, Dinarello,

1991). In this context, it was shown, in a model of mechanical
hyperalgesia, that carrageenin-evoked hyperalgesia results
from the combined e�ects of the release of cyclo-oxygenase
products and sympathomimetic amines (Nakamura & Fer-

reira, 1987). A cascade of cytokine release preceded the
generation of these mediators (Cunha et al., 1992). Carragee-
nin and LPS caused the release of bradykinin, which

stimulated the release of TNFa. TNFa induced the release of
IL-1b and IL-6, which stimulated the production of cyclo-
oxygenase products, as well as IL-8, which stimulated

production of sympathomimetic mediators (Cunha et al.,
1992; Ferreira et al., 1993). In a di�erent model, the `tail-¯ick'
method, LPS-induced hyperalgesia was also mediated by TNFa
and IL-1, and the e�ect of TNFa was dependent upon IL-1,

although prostaglandins did not appear to be involved in the
responses (Watkins et al., 1994, 1995). In addition, TNFa has
been suggested to be a mediator of in¯ammatory pain in man
since a monoclonal antibody (MAb) neutralizing human TNFa
diminished the pain associated with rheumatoid arthritis

(Rankin et al., 1995).
In the last decade, cytokines generally regarded as `anti-

in¯ammatory' have been described which inhibit the produc-
tion of cytokines such as IL-1b, IL-6, IL-8 and TNFa, which
are generally regarded as `pro-in¯ammatory'. The class of anti-
in¯ammatory cytokines includes IL-4, IL-10, IL-13 and TGFb
(Elias et al., 1991; Callard et al., 1996; Hart et al., 1989;

Standiford et al., 1990; Fiorentino et al., 1991; Cassatella et al.,
1993; Lord & Lamb, 1996). Recently, it was shown that IL-10
(probably originating from local macrophages) inhibited the

in¯ammatory hyperalgesic responses to carrageenin and
bradykinin by two mechanisms: inhibition of hyperalgesic
cytokine release and blockade of induction of cyclo-oxygenase-
2 (COX-2, Poole et al., 1995). Another inhibitory cytokine, IL-

4, produced by Th2 lymphocytes and mast cells, is known to
limit production of the cytokines IL-1b, IL-6, IL-8 and TNFa
(Lord & Lamb, 1996; Tunon de Lara et al., 1994). Also, IL-4

can suppress the delayed type hypersensitivity responses in
experimental animals and in man, (Rocken et al., 1996),*Author for correspondence.
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possibly because of its capacity to induce Th2 T cell responses.
In addition to inhibition of the production of in¯ammatory
cytokines, IL-4 has been reported to inhibit the induction of

COX-2, with a consequent reduction in the production of PGs
(Seitz et al., 1994; Endo et al., 1994).

Given the capacity of IL-4 to inhibit the production of pro-
in¯ammatory cytokines, such as TNFa, IL-1b, and IL-8, we

have tested the possibility that IL-4 limits in¯ammatory
hyperalgesia by diminishing the cytokine mediated hyper-
algesic responses to carrageenin, bradykinin, and pro-

in¯ammatory cytokines. In addition, the source of the IL-4
released in in¯ammatory hyperalgesia was investigated.

Methods

Nociceptive test

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 characterized by a
reduction of escape movements: animals usually made several
attempts 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 quanti®ed 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 mea-

sured before injection at time zero (Ferreira et al., 1978).
Reaction times were typically 32 ± 34 s (with s.e.means of 0.5 ±
1.0 s) before injection and 2 ± 4 s after stimulation with
hyperalgesic agents. Multiple paw treatments did not alter

basal reaction times.

Experimental protocol

In vivo measurements Hyperalgesia was measured 3 h after
injections (in 100 ml, i.pl.) of carrageenin (10 or 100 mg),
bradykinin (50 or 500 ng), TNFa (0.25 or 2.5 pg), IL-1b (0.05
or 0.5 pg), IL-8 (10 or 100 pg), and PGE2 (10 or 100 ng) into
the hind-paws of rats. [The 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-
1b4TNFa44IL-8 for these human sequence cytokines in
rats (Cunha et al., 1992). Whether this order of potency re¯ects

the order of potency of the endogenous cytokines of the rat is
unknown. The rat sequence cytokines were not available for
this study and certain cytokines exhibit species preference or

speci®city (Lumpkin, 1987; Morstyn & Burgess, 1988; Ste�erl
et al., 1996) and the native cytokines remain to be tested.] IL-4
(2.5 ± 10 ng in 50 ml, i.pl.) or saline (50 ml) was injected in the
(same) hind-paws, 30 min, 2, 12, or 12+2 h before hyper-

algesic agents. MAbs to murine IL-4 (BVDG or 11B11, 50 mg
in 50 ml, i.pl) were injected into hind-paws to be injected with
hyperalgesic agents, 30 min before carrageenin, bradykinin,

TNFa, IL-1b, IL-8, and dextran (200 mg, 100 ml). BVDG
(50 mg in 50 ml, i.pl) was injected into the hind-paws of athymic
rats and, 30 min later, bradykinin (50 ng, 100 ml) was injected
into the (same) hind-paws. Hyperalgesia was assessed after a
further 3 h. Also, hyperalgesia was measured 3 h after
injection of bradykinin into hind-paws of rats depleted of
mast cells by chronic administration (in 50 ml, i.pl.) of

compound 48/80 (day 1: 1 mg, day 2: 3 mg, days 3 and 4:
10 mg). Bradykinin (50 ng, 100 ml, i.pl.) was injected on day 5.

In vitro measurements Murine peritoneal macrophages,
harvested from the peritoneal cavities of mice treated, 3 days
earlier, with sterile thioglycollate (2 ml of a 3% w/v solution),
were allowed to adhere to 24-well plastic tissue culture plates.

The macrophages were seeded at 106 cells ml71 well71 in
RPMI with 10% foetal calf serum, penicillin (100 U ml71) and
streptomycin (100 mg ml71), for 1 h at 378C, in an atmosphere
of 5% CO2 in air. The monolayers that formed were washed
three times with phosphate bu�ered saline (PBS), pH 7.4, and
cultured at 378C with the following: (a) RPMI medium, (b)

LPS (3 mg ml71), (c) murine IL-4 (1.6 and 16 ng ml71), (d)
murine IL-4 (1.6 and 16 ng ml71) and, 12 h later, LPS
(3 mg ml71), (e) murine IL-4 (16 ng ml71) and, 2 h later, LPS

(3 mg ml71). After culture for a further 16 h, the concentra-
tions of IL-1b and PGE2 in the supernatants were measured as
described previously (TNFa: Cunha et al., 1993; PGE2:
Amersham kit, Poole et al., 1995).

Results are presented as means with s.e.means of groups of
®ve animals for the in vivomeasurements and of triplicate wells
for in vitro assays. Two independent in vitro assays were

performed, each using macrophages from di�erent mice.
Di�erences between responses were evaluated by ANOVA,
followed by Bonferroni's' t-test.

Materials

Drugs The following materials were obtained from the
sourcesindicated.RecombinanthumanIL-1b,IL-4,IL-8,TNFa,
murine IL-1b and murine IL-4 (NIBSC preparations coded 86/
680, 88/656, 89/520, 87/650, 93/668 and 91/656. The speci®c

activities of these materials are IL-1b: 100,000 international
units (IU) 1 mg71 ampoule71, IL-4: 1,000 IU 0.1 mg71

ampoule71, IL-8: 1,000 IU 1 mg71 ampoule71, TNFa: 40,000
IU 1 mg71 ampoule71, murine IL-1b: 100,000 IU 0.1 mg71

ampoule71, murine IL-4: 10,000 IU 1 mg71 ampoule71).
Carrageenin (FMC Corporation, Philadelphia, U.S.A.). PGE2,

bradykinin, dextran, concanavalin A (Con-A) and compound
48/80 (Sigma, St. Louis, U.S.A.). Bacterial endotoxin from E.
coli 055 : B5 (referred to here as lipopolysaccharide, LPS) and
thioglycollate (Difco Laboratories Ltd, West Molsey, Surrey,

U.K.). PGE2 assay reagents and [3H]-thymidine (Amersham
International plc, U.K.). Monoclonal IgG antibodies (MAbs)
to murine IL-4: BVDG and 11B11 (Professor F. Liew,

University of Glasgow, U.K.). Control monoclonal antibody
was a puri®ed unrelated IgG raised against ovalbumin in our
laboratory.

Animals Male Wistar or Nude-Rowett (athymic) rats,
weighing 130 ± 180 g, housed in temperature controlled rooms

(22 ± 258C) with water and food ad libitum until use.

Results

E�ect of IL-4 on hyperalgesic responses to carrageenin,
bradykinin, TNFa, IL-1b, IL-8 and PGE2

Injection (in 100 ml, i.pl.) of carrageenin (100 mg), bradykinin
(500 ng), TNFa (2.5 pg), IL-1b (0.5 pg), IL-8 (100 pg) and

PGE2 (100 ng) into the hind-paws of Wistar rats evoked
hyperalgesia, measured 3 h after injections. Treatment with
IL-4 (2.5 ± 10 ng, 50 ml, i.pl.), 30 min before carrageenin,
bradykinin, or TNFa inhibited, in a dose-dependent manner,
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hyperalgesic responses to these agents. IL-4 (10 ng, i.pl.)
inhibited the hyperalgesic responses to carrageenin, bradykinin
and TNFa by 81, 84 and 86%, respectively. Hyperalgesic

responses to IL-1b, IL-8 and PGE2 were not a�ected by IL-4
(Figure 1). Although IL-4 (10 ng, i.pl.) injected 2 h before IL-
1b (0.5 pg, i.pl.) did not a�ect the response to IL-1b, when IL-
4 was given 12 or 12+2 h before IL-1b the hyperalgesic

response to this cytokine was inhibited by 30 and 74%,
respectively (Figure 2A). The hyperalgesic response to IL-8
(100 pg, i.pl.) was not inhibited by IL-4 (10 ng, i.pl.) injected in

any of the three schedules (2, 12 and 12+2 h before IL-8,
Figure 2B). There was no visible paw in¯ammation following
treatment with IL-4.

E�ect of IL-4 on production of IL-1b and PGE2 by
murine peritoneal macrophages stimulated with LPS

Murine peritoneal macrophages stimulated with LPS
(3 mg ml71 for 16 h) produced IL-1b and this production was
not inhibited by addition to the macrophages of IL-4 (1.6 or
16 ng ml71) for 12 h before stimulation with LPS. Addition to

the macrophages of IL-4 (16 ng ml71), for 2 h before
stimulation with LPS partially inhibited the production of IL-
1b (740%, Figure 3A). Stimulation of the macrophages with

LPS (3 mg ml71) also evoked release of PGE2, and this release
was inhibited by 40 and 70% by the treatment of the
macrophages for 12 h with IL-4 at 1.6 and 16 ng ml71,

respectively. Treatment of macrophages with IL-4 (16 ng ml71)
for 2 h prior to stimulation with LPS (3 mg ml71) did not
inhibit LPS-induced release of PGE2 (Figure 3B).

Potentiation by monoclonal antibodies to IL-4 of
hyperalgesic responses to carrageenin, bradykinin,
TNFa, but not IL-1b and IL-8

Two MAbs to murine IL-4, 11B11 and BVDG (50 mg, i.pl.),
but not a control MAb (50 mg, i.pl.), injected 30 min before

injections (i.pl.) of carrageenin (10 mg), bradykinin (50 ng) and
TNFa (0.25 pg) potentiated responses, measured 3 h after
injection of these hyperalgesic agents (responses after 11B11:

carrageenin=+74%, bradykinin=+117%, TNFa=+148%;
responses after BVDG: carrageenin=+75%, bradyki-
nin=+107%, TNFa=+204%). Hyperalgesic responses to

Figure 1 E�ect of IL-4 (2.5 ± 10 ng, 100 ml, i.pl.) on hyperalgesic
response to injections (in 100 ml, i.pl.) of carrageenin (Cg, 100 mg),
bradykinin (BK, 500 ng), TNFa (2.5 pg), IL-1b (0.5 pg), IL-8
(100 pg), and PGE2, (100 ng). IL-4 was injected into paws to be
injected with a hyperalgesic agent, 30 min before the hyperalgesic
agent. The intensity of hyperalgesia was measured 3 h after injection
of hyperalgesic agents. Means+s.e.means in groups of ®ve rats are
shown.

Figure 2 E�ect of IL-4 (10 ng, 100 ml, i.pl.) on hyperalgesic
responses to injections (in 100 ml, i.pl.) of IL-1b (0.5 pg, panel A)
and IL-8 (100 pg, panel B). IL-4 was injected into paws to be injected
with a hyperalgesic agent, 2, 12, or 2+12 h before the hyperalgesic
agent. The intensity of hyperalgesia was measured 3 h after injection
of hyperalgesic agents. Means+s.e.means in groups of ®ve rats are
shown; *P50.001, **P50.0001.

Figure 3 E�ect of IL-4 on the production of IL-1b and PGE by
murine macrophages stimulated with LPS (3 mg ml71). The macro-
phages (106 cells well71) were cultured with murine IL-4 (1.6 or
16 ng ml71) in medium (+) or medium alone (7). Two h or 12 h
later the macrophages were stimulated with LPS (3 mg ml71) in
medium (+) or with medium alone (7) for a further 16 h. At the
end of this period the concentrations of IL-1b (panel A) and PGE2
(panel B) in the macrophage-conditioned media were measured.
Means+s.e.means of triplicate wells are shown; *P50.001,
**P50.0001.
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IL-1b (0.05 pg, i.pl.) and IL-8 (10 pg, i.pl.) were not a�ected
by the MAbs to murine IL-4 (Figure 4).

Potentiation by a monoclonal antibody to IL-4 of
hyperalgesic response to bradykinin of athymic (nude)
rats

As in Wistar rats, in athymic Nude-Rowett rats BVDG (50 mg,
i.pl.), but not a control antibody, potentiated by +101%
hyperalgesic responses measured 3 h after injection of

bradykinin (50 mg, i.pl., Figure 5A). The absence of the
thymus in the Nude-Rowett rats was con®rmed by histo-
pathological analysis and in a splenocyte proliferation assay

using Con-A. Proliferative responses (3H-thymidine incorpora-
tion, c.p.m.) to Con-A (5 mg ml71) were for Wistar rats,
culture medium alone=1,320+140 c.p.m., Con-

A=12,316+940 c.p.m. and for Nude-Rowett rats, culture
medium alone=1,050+128 c.p.m., Con-A=970+90 c.p.m.

Failure of a monoclonal antibody to IL-4 to potentiate
the hyperalgesic response to bradykinin following mast
cell depletion

Potentiation of the hyperalgesic response to bradykinin (50 ng,
i.pl.), measured 3 h after its injection, by BVDG (50 mg, i.pl.,
given into paws to be injected, 30 min later, with bradykinin)

was abolished by the depletion of mast cells by local treatment
(i.pl.) with compound 48/80 (Figure 5B). No potentiation of
the response to bradykinin by the MAb to IL-4 was observed

in animals depleted of mast cells, compared with an increase in
response of +104% in wild type (control) animals. There was
no visible paw in¯ammation following treatment with

compound 48/80.

Induction by a monoclonal antibody to IL-4 of a
hyperalgesic response to dextran

Injection of dextran (200 mg, i.pl) into one hind-paw of Wistar
rats did not evoke hyperalgesia, measured 3 h after injection.

BVDG (50 mg), but not a control MAb, injected into paws to
be injected, 30 min later, with dextran, rendered the paws
sensitive to dextran, which now evoked a hyperalgesic response

(Figure 5C).

Discussion

IL-4 has a number of biological activities, including B cell

activation, proliferation of T cells and natural killer cells,
upregulation of CD23 expression and stimulation of the
expression of the Th1 phenotype by Th0 T helper cells. In
addition, IL-4 has co-ordinated anti-in¯ammatory e�ects by

suppressing the production of IL-1 (and also TNFa, IL-8 and
IFNg) while upregulation production of IL-1ra by LPS-
stimulated monocytes (Vannier et al., 1992; Fenton et al.,

1992). Other, essentially anti-in¯ammatory, e�ects of IL-4
include inhibition of the induction of the nitric oxide and
synthase and COX-2 enzymes responsible for the production

of nitric oxide and prostaglandins, respectively. In the present
study the potential anti-hyperalgesic e�ect of IL-4 in a model
of mechanical hyperalgesia was investigated.

Figure 4 E�ect of MAbs to IL-4, 11B11 and BVDG (50 mg in 50 ml,
i.pl.), a control antibody and saline on hyperalgesic responses to
injections (in 100 ml, i.pl.) of carrageenin (Cg, 10 mg), bradykinin
(BK, 50 ng), TNFa (0.25 pg), IL-1b (0.05 pg), and IL-8 (10 pg). One
of the MAbs or saline was injected into paws to be injected with a
hyperalgesic agent, 30 min before the hyperalgesic agent. The
intensity of hyperalgesia was measured 3 h after injection of
hyperalgesic agents. Means+s.e.means in groups of ®ve rats are
shown. **P50.0001.

Figure 5 E�ect of a MAb to IL-4, BVDG (50 mg in 50 ml, i.pl., horizontally hatched columns) and a control MAb (open columns)
on hyperalgesic responses to injections (in 100 ml, i.pl.) of bradykinin (BK, 50 ng, panel A,B) and dextran (200 mg, panel C) in
athymic (nude) rats (panel A), wild type rats (panel C) and wild type rats depleted of mast cells (panel B). The MAbs were injected
into paws to be injected with a hyperalgesic agent, 30 min before the hyperalgesic agent. The intensity of hyperalgesia was measured
3 h after injection of hyperalgesic agents. Means+s.e.means in groups of ®ve rats are shown; **P50.0001.
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Local administration of IL-4 inhibited, in a dose-dependent
manner, hyperalgesic responses to carrageenin, bradykinin and
TNFa. This anti-hyperalgesic e�ect of IL-4 was likely to have

been a consequence of its capacity to inhibit the production of
pro-in¯ammatory cytokines (namely TNFa, IL-1b and IL-8)
since, in carrageenin-evoked hyperalgesia, bradykinin is
generated and initiates the release of TNFa, which stimulates

the release of IL-1 and IL-8 (Ti�any & Burch, 1989, Ferreira et
al., 1993). Consistent with this notion, the release of IL-1b by
activated murine macrophages was partially inhibited by

treating the cells with IL-4 for 2 h. The absence of an e�ect
of IL-4 on hyperalgesic responses to IL-8 and PGE2 was
expected, since IL-8 stimulates the local production of

sympathetic amines (Cunha et al., 1991), which sensitize
nociceptors (Ferreira & Lorenzetti, 1981). IL-10, which has a
pro®le of action similar to that of IL-4 in terms of its inhibitory

actions on the production of cytokines generally regarded as
pro- also inhibited hyperalgesic responses to carrageenin,
bradykinin and TNFa, but not those to IL-8 and PGE2 (Poole
et al., 1995). In contrast to IL-10, IL-4 injected 0.5 h or 2 h

before IL-1b did not inhibit its hyperalgesic e�ect. Inhibition
was observed only when IL-4 was injected either once, 12 h
before, or twice, at 12+2 h before the administration of IL-1b.
Since IL-1b-induced hyperalgesia is mediated by eicosanoid
products (Ferreira et al., 1988; Seibert et al., 1994), the e�ect of
IL-4 on PGE2 production by activated macrophages was

investigated. Similar to its e�ect on IL-1b evoked hyperalgesia,
IL-4 inhibited, in a dose-dependent manner, PGE2 production
only when the macrophages were pre-treated with IL-4 for

12 h; treatment for 2 h before the challenge did not a�ect the
production of the prostanoid. These results are consistent with
IL-1b-induced hyperalgesia via the release of PGs (Ferreira et
al., 1988; Seibert et al., 1994).

The results with murine macrophages are di�erent from the
rapid blockade by IL-4 of the release of PGE2 (60 min) in
human monocytes and synoviocytes (Seitz et al., 1994, Endo et

al., 1996). This di�erence might be a re¯ection of di�erences in
the cell types studied or might be a species di�erence, or both.
The lack of e�ect of IL-4 on the hyperalgesic response to IL-8

(given either 12 h before or 12+2 h before the IL-8),
reinforces the suggestion that the hyperalgesia induced by
IL-8 is subsequent to the release of mediators other than cyclo-
oxygenase products (Cunha et al., 1991).

The ®nding that the hyperalgesic responses to carrageenin,
bradykinin, and TNFa were enhanced by treatment of paws
with two di�erent MAbs to IL-4 strongly suggests that

endogenous IL-4 has an important role in limiting in¯amma-
tory hyperalgesia. The failure of the MAbs to IL-4 to enhance

the hyperalgesic e�ects of IL-1b and IL-8 suggests that the
predominant e�ect of endogenous IL-4 in in¯ammatory
hyperalgesia is to inhibit the release of cytokines, rather than

the PGs which sensitize nociceptors (Ferreira & Lorenzetti,
1981; Nakamura & Ferreira, 1987).

IL-4 is released mainly by Th2 lymphocytes and by mast
cells (Lord & Lamb, 1996; Tunon de Lara et al., 1994). To gain

information about which cell types were releasing IL-4 during
in¯ammatory hyperalgesia, the capacity of a MAb against IL-
4 to enhance the hyperalgesic e�ect of bradykinin in athymic

rats (de®cient in T lymphocytes) and in rats depleted of mast
cells (with compound 48/80, Di Rosa et al., 1971) was
investigated. Histopathological analysis con®rmed the absence

of the thymus (in the athymic animals) and the e�ectiveness of
the depletion of mast cells after compound 48/80. The absence
of the thymus was also con®rmed using a splenocyte

proliferation assay. The ®nding that the MAb to IL-4
potentiated the hyperalgesic e�ect of bradykinin in athymic
rats but not in animals depleted of mast cells strongly suggests
that mast cells were the source of the IL-4 that limited the

in¯ammatory hyperalgesia. Supporting evidence for mast cells
as the source of the IL-4 was obtained in the experiment with
dextran, which disrupts mast cells (Nishida et al., 1978;

Nishida & Tomizawa, 1980). Thus, a MAb to IL-4 induced a
hyperalgesic response to a substance, dextran, in (wild type)
rats not previously sensitive to this agent.

In conclusion, the data described above provide evidence
that IL-4, released by resident mast cells, limits the intensity
and duration of in¯ammatory hyperalgesia. Consequently, a

lack of IL-4 may contribute to the maintenance of chronic
in¯ammatory pain. In the early phase of the hyperalgesic
response, IL-4 appears to achieve its e�ects by inhibiting the
production of hyperalgesic cytokines (e.g. TNFa and IL-1). In
the later phase of the hyperalgesic response, the e�ect of IL-4
also may result also from inhibition of COX-2, since IL-4,
given 12 h before IL-1b, inhibited the hyperalgesic e�ect of IL-
1b and the release in vitro of PGE2 by murine macrophages
stimulated with LPS. These interpretations are consistent with
data from preliminary experiments in our laboratory with the

relatively selective COX-2 inhibitor meloxicam.
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