4

)]

ELSEVIER

European Journal of Pharmacology 286 (1995) 273-279

v

Tumor necrosis factor-a prevents interleukin-18 from augmenting
capsaicin-induced vasodilatation in the rat skin
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Abstract

The effect of tumor necrosis factor-« (TNFa) and tumor necrosis factor-8 (TNFB) on the capsaicin-induced increase in
cutaneous blood flow was investigated in anaesthetized rats. Skin blood flow was measured by laser-Doppler flowmetry.
Intraplantar subcutaneous injections of 5-500 pg TNFa and 50-5000 pg TNFB had no effect on local blood flow, whereas 5000
pg TNFa induced a transient hyperaemia. However, neither the pretreatment with TNFa (5-5000 pg) nor that with TNFB
(50-5000 pg) enhanced the vasodilatator response to intraplantar capsaicin (0.03 ug; 0.1 pg), whereas 50 pg interleukin-18
augmented the capsaicin-induced hyperaemia (P < 0.05). This enhancement of the cutaneous hyperaemic response to capsaicin
was absent when interleukin-18 (50 pg) was co-injected with TNFa (500 pg or 5000 pg). The vasodilatation caused by calcitonin
gene-related peptide or bradykinin was not altered by 500 pg or 5000 pg TNFa. These data indicate that TNFs, in contrast to
interleukin-13, do not amplify the hyperaemic response to afferent nerve stimulation with capsaicin but reverse the augmenta-
tion mediated by interleukin-18.
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1. Introduction

Neurogenic vasodilatation is part of the inflamma-
tory response to noxious stimuli and is elicited by the
release of vasoactive neuropeptides, such as calcitonin
gene-related peptide (CGRP) and substance P, from
peripheral afferent nerve endings (Holzer, 1992). This
neurogenically mediated hyperaemia can be evoked by
capsaicin (8-methyl-N-vanillyl-6-nonenamide), which
activates nociceptive afferents and subsequently re-
leases CGRP and substance P. Recently it has been
shown that the capsaicin-induced vasodilatation is en-
hanced by the proinflammatory immune mediator in-
terleukin-18 (Herbert and Holzer, 1994a). This aug-
mentation depends on the sensitization of afferent
nerve fibres by interleukin-18 rather than on sensitiza-
tion of blood vessels to capsaicin, since the vasodilator
effect of CGRP, the major neurogenic mediator of the
capsaicin-induced vasodilatation (Hughes and Brain,
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1991; Brain et al.,, 1993), was not altered by inter-
leukin-18 (Herbert and Holzer, 1994a). As the neu-
ropeptide-mediated hyperaemia is considered to be
involved in the pathogenesis of various diseases includ-
ing inflammation of the joints, gut, meninges and the
respiratory tract (Basbaum and Levine, 1991; Barnes,
1991; Moskowitz and Buzzi, 1991; Sharkey, 1992), it
can be hypothesized that elucidation of the proinflam-
matory interaction of immune mediators with the pe-
ripheral afferent nervous system will contribute to the
understanding of the mechanisms of acute or chronic
inflammatory states.

The work described here continues work reported
from previous studies (Herbert and Holzer, 1994a,b)
on the sensitizing action of cytokines on cutaneous
capsaicin-induced vasodilatation. Tumor necrosis fac-
tors (TNFs) are major mediators of the host immune
response to injury, infection, and sepsis (Beutler and
Cerami, 1986; Tracey et al., 1988; Dal Nogare, 1991;
Dinarello, 1992; Spooner et al., 1992). TNFs are se-
creted in two different molecular forms, as tumor
necrosis factor-a (TNFe, also called cachectin) from
activated macrophages (Matthews, 1978) and as tumor
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necrosis factor-8 (TNFS, also called lymphotoxin) from
stimulated T cells (Kobayashi et al., 1986). TNFs are
suggested key mediators in the pathogenesis of multi-
ple inflammatory diseases and TNFa has been de-
tected in exudate and plasma of patients suffering from
arthritis (DiGiovine et al., 1988; Yocum et al., 1989;
Borzi et al., 1993) or sepsis syndrome (Cerami, 1992;
Spooner et al., 1992). Since TNFa shares many biologi-
cal activities with interleukin-18 (for review see
Dinarello, 1992), the aim of the present investigation
was to elucidate the influence of TNFa on capsaicin-
evoked cutaneous hyperaemia and to compare its ef-
fects with those of interleukin-18 (Herbert and Holzer,
1994a). In addition, the action of TNFa on the cuta-
neous vasodilatation mediated by bradykinin and
CGRP was also examined.

2. Materials and methods
2.1. Animals

The experiments, approved by the Animal Care and
Use Committee at the Regierung von Unterfranken,
were carried out with female Sprague-Dawley rats
(Charles River, Germany) weighing 180-260 g. The
animals were housed in a temperature-controlled room
(22-24°C), kept under artificial light (12 h cycle) and
had free access to food and water until use.

2.2. Experimental protocol

As in the experimental protocol described by Her-
bert and Holzer (1994a,b) the rats were anaesthetized
with phenobarbitone (250 mg/kg) injected intraperi-
toneally, additional doses of phenobarbitone (25-50
mg/kg) being given as required to achieve and main-
tain a deep level of anaesthesia throughout the experi-
ments (Herbert and Holzer, 1994a). In all animals the
trachea was cannulated and blood pressure was moni-
tored continuously via a catheter in the right carotid
artery. Spontaneous breathing was assisted by blowing
a gentle jet of oxygen towards the opening of the
tracheal cannula. Rectal temperature was maintained
at a physiological level of 37.5-38°C with the aid of a
heating pad.

A transparent probe holder for laser-Doppler
flowmetry (see below) was fixed rigidly with double-
sided adhesive tape to the plantar skin of each paw.
The probe holders were mounted to a frame keeping
the paws in a vertical position. The experimental pro-
cedure started after a 1 h resting period for stabiliza-
tion of blood pressure, body temperature and plantar
skin blood flow.

Intraplantar subcutaneous injections of 10 wl vol-
umes were performed with a 10 ul Hamilton syringe

with a 26 gauge needle which was inserted from the
lateral aspect of the hindpaw as described previously
(Herbert and Holzer, 1994a). The tip of the needle was
directed subcutaneously into the centre of the hole of
the laser probe holder. In all experiments the first
injection was given into the right hindpaw and the
second injection into the left hindpaw after an interval
of 45 s. This procedure provided enough time to record
the cutaneous blood flow in the right paw and then to
place the laser probe on the left paw.

2.3. Experimental groups

Experimental groups consisted of 6 rats unless oth-
erwise stated. Doses of 50-5000 pg TNFa or 50-5000
pg TNFB in 10 ul volumes were injected subcuta-
neously into the left hindpaws (time 0). The right
hindpaws served as controls and received 10 wl of the
vehicle. Forty minutes later 0.03 pg/10 ul capsaicin
was injected into those areas which had been pre-
treated with TNFs or vehicle. In another series of
experiments 0.03 wg/10 w1 capsaicin was injected into
both paws 10 min, 20 min or 40 min after local pre-
treatment with TNFa or vehicle. These groups con-
sisted of 5 rats each. In separate groups of animals
both hindpaws were injected with a higher dose of 0.1
wg/10 ul capsaicin, 40 min after pretreatment with
5-5000 pg TNFa to the left and 10 ul vehicle to the
right hindpaws. Preliminary experiments showed that
0.03 ug capsaicin is just suprathreshold to elicit a
reproducible increase of cutaneous blood flow, whereas
0.1 pg capsaicin provides a more pronounced vasodila-
tor response. To examine whether TNFa augments or
interferes with the sensitizing effect of interleukin-18
to subsequent capsaicin injection (0.03 ug), the left
hindpaws were treated with either 50 pg/10 ul inter-
leukin-18 or with a combination of 50 pg interleukin-13
plus 500 pg TNFa or 50 pg interleukin-18 plus 5000 pg
TNFea in a 10 ul volume. The right paws received
vehicle (10 ul) only. To study the effect of TNFa on
the cutaneous vasodilatation induced by CGRP or
bradykinin, the left hindpaws were pretreated with (i)
500 wg TNFa followed by 0.38 or 3.8 ng/10 1 CGRP,
or (ii) 500 or 5000 pg TNFa followed by 1.1 ng/10 ul
bradykinin. The left paws served as controls and were
pretreated with 10 ul vehicle.

2.4. Drugs

Human recombinant TNFe, human recombinant
TNFB, rat CGRP-a (Bachem, Heidelberg, Germany),
human recombinant interleukin-18, and bradykinin
(Sigma, Deisenhofen, Germany) were dissolved in a
modified, phosphate-buffered Tyrode solution (ad-
justed to pH = 7.3) containing 0.1% bovine serum al-
bumin (Sigma). Solutions of TNFa and TNFB were
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stored as small aliquots at —70°C, vehicle and inter-
leukin-18 at —40°C. According to the Analytical Data
Sheets of Bachem the biclogical activity (corresponding
to 1 U) of purchased recombinant human TNF« and
TNFB (expressed as ED., for inducing cytolysis of
murine £.929 cells) was 0.2 ng/ml for TNFa and in the
range of 0.06-0.122 ng/ml for TNFS.

Capsaicin (Serva, Heidelberg, Germany) was dis-
solved in absolute ethanol (30 mg ml™!) and diluted
with saline (0.15 M NaCl) before use. Final concentra-
tions of ethanol for intraplantar injection did not ex-
ceed 0.1% (w/w). The vascular effect of ethanol at this
concentration is negligible (Herbert and Holzer, 1994b).
All other chemicals were from commercial sources and
of the highest purity available. The vehicle consisted of
the modified, phosphate-buffered Tyrode solution with
0.1% bovine serum alburnin.

2.5. Measurement of cutaneous blood flow

Cutaneous blood flow, measured with a laser-Dop-
pler flowmeter (Periflux PF3, Perimed, Sweden) as
described in detail previously (Herbert and Holzer,
1994a), was expressed in arbitrary blood flow values
(perfusion units, PU).

For measurement of skin blood flow, the laser probe
was inserted into the probe holder attached to the
plantar skin and thus applied perpendicularly to the
skin surface. After a 20-30 s period of stabilization,
cutaneous blood flow was determined as the average
PU recorded during a period of 15-20s at the following
times: A control recording was made on each paw 5
min before the first injection. At time O the first
injection (TNF or vehicle) was performed. A second
series of recordings was made 5, 20 and 35 min after
this injection. Forty minutes after the first injection,
the second injection (capsaicin, bradykinin or CGRP)
was carried out. The third series of recordings started 5
min after the second injection, i.e. 45 min after the first
injection, and was continued at 60 and 75 min. In the

experiments where capsaicin was injected 10 or 20 min
after 500 pg TNFa, the recordings were taken 5 and 9
min or 5 and 19 min after TNF injection, respectively.
The third series of recordings were performed 5, 20
and 35 min after the capsaicin injection as described
above.

2.6. Statistical analysis

All results are expressed as the means + S.E.M for
n = 6 rats per group. For statistical evaluation the PU
values of the right and left paw, recorded 5 min after
the injection of either capsaicin, bradykinin, CGRP,
5000 pg TNFa or 5000 pg TNFB were analyzed with
the Wilcoxon matched-pairs signed rank test (two-
tailed). Differences at the level of P < 0.05 were con-
sidered to be significant.

3. Results

3.1. Effect of TNFa and TNF on cutaneous blood flow
and capsaicin-induced hyperaemia

Intraplantar injections of 5-500 pg TNFa or 50-
5000 pg TNFB were without consistent effect on local
cutaneous blood flow in the rat hindpaw. The small
hyperaemia seen after 50 pg or 500 pg TNF« did not
differ from that evoked by the injection of 10 ul
vehicle (Fig. 1). The increase in cutaneous blood flow
due to vehicle or TNFa declined to pre-injection val-
ues 15 min later (Fig. 1). In contrast, 5000 pg TNFa«
evoked a significant rise of cutaneous blood flow by
150.7 £ 23.2 PU (n = 6) compared to intraplantar in-
jection of vehicle (increase of cutaneous blood flow by
458 + 11.1, n=6). Blood flow returned to the pre-
TNFe« level within 15 min. Pretreatment with TNFa or
TNERB, in all doses tested (50-5000 pg), failed to aug-
ment the hyperaemia induced by 0.03 ug/10 wl cap-
saicin 40 min after TNF injection (Table 1). Even the

Table 1
Cutaneous blood flow (PU) evoked by capsaicin in paws pretreated with tumor necrosis factors or vehicle
Capsaicin  Pretreatment ° TNF Vehicle TNF Vehicle TNF Vehicle TNF Vehicle
Spg 50 pg 500 pg 5000 pg
0.03 ug TNFa 151.2+16.8 1442+ 82 1295+13.7 1057+ 11.8 1205+178 121.5+119
(55.7+ 88) (59.6+ 7.3) (39.0% 4.5 (428+ 6.8) (525+104) (49.8 +10.5)
01pug TNFa 1570+ 237 14854268 1923+13.2 197.24+ 164 2203 +28.0 179.5+30.9 165.3+259 156.0+ 18.7
613+ 80) (52.8+ 53) (70.6+11.5) (57.0+ 4.4) (758+13.1) (57.2+ 9.8) (49.5+ 7.9) (60.6 + 14.1)
0.03 ug TNFB 1578+ 150 1243 +276 166.7+19.1 160.0+269 183.3+23.6 177.7+ 169
467+ 9.1) 458+ 8.1) (68.0+12.5) (51.3+ 89) (48.6+13.0) (41.6+ 4.7)

PU, perfusion units; TNFea, tumor necrosis factor-w; TNFB, tumor necrosis factor-8. Values are expressed as the means + S.E.M. for six rats.
Cutaneous hyperaemia was evoked by ® capsaicin (0.03 and 0.1 xg/10 ul) in paws ® preteated with vehicle (left paws) or TNFa or TNFg (right
paws). The preinjection values jor cutaneous blood flow are given in parentheses. At time 0 of the experiment, 10 w1 vehicle was injected into the
plantar side of the right paw whilst the left paw was treated with TNFa or TNFB (doses as indicated). Forty minutes later each paw was injected
with capsaicin. Cutaneous blood flow was recorded by laser-Doppler flowmetry and expressed in perfusion units (PU).
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150 -

Cutaneous Blood Flow (PU)
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Fig. 1. Graph illustrating the time course of the experiment and the
effect of TNFa (TNF alpha) on the cutaneous hyperaemia evoked by
0.03 pg capsaicin (Caps). At time 0 of the experiment, 10 ul vehicle
was injected into the plantar side of the right paw (hatched columns)
whilst the left paw (filled columns) was treated with 500 pg TNFa.
Forty minutes later 0.03 ug capsaicin was injected into each paw.
Cutaneous blood flow was recorded by laser-Doppler flowmetry and
expressed in perfusion units (PU). The bars represent means + S.E.M.
for 6 rats.

vasoactive dose of 5000 pg TNFa was ineffective to
enhance the vasodilatation due to 0.03 pg capsaicin.
The stronger hyperaemia evoked by 0.1 ug/10 ul
capsaicin was likewise left unchanged by pretreatment
with 5-5000 pg TNFa when compared to that seen in
the vehicle-treated paws (Table 1). Injections of cap-
saicin (0.03 pg/10 ul) given at shorter intervals (10
min, 20 min) after 500 pg TNFa also failed to induce
an augmentation, when compared to vehicle treatment
or to the effect after the 40 min interval (Table 2).

In a series of control experiments, 50 pg/10 ul
interleukin-18 significantly enhanced the capsaicin-in-
duced hyperaemia by 186.8 + 17.7 PU (Fig. 2), which
agrees with the results obtained by Herbert and Holzer
(1994a). TNFa (500 or 5000 pg) given together with
interleukin-18 (50 pg) prevented the ability of inter-
leukin-18 to augment the vasodilatation caused by
capsaicin (0.03 ug) (Fig. 2).

Table 2

Caps Caps Caps

Ty b

200

150

Cutaneous Blood Flow (PU)

LAA nd A

500 pg TNF alpha 5000 pg TNF alpha
+ 50 pg IL-1B + 50 pg IL-18

r

50 pg IL-1B

Fig. 2. Effect of interleukin-18 (IL-18) or the combination of IL-18
plus TNFa (TNF alpha) to enhance the cutaneous hyperaemia
evoked by 0.03 pg capsaicin (Caps). At time 0 of the experiment (not
shown), 10 ul vehicle was injected into the plantar side of the right
paw (hatched columns) whilst the left paw (filled columns) was
treated with 50 pg/10 nl IL-18, the combination of 500 pg TNFa
plus 50 pg IL-18, or the combination of 5000 pg TNFa plus 50 pg
IL-18, in 10 ul volumes. Forty minutes later 0.03 g capsaicin was
injected into each paw. Cutaneous blood flow was recorded by
laser-Doppler flowmetry and expressed in perfusion units (PU). The
left-hand bars (pre-capsaicin) represent the recordings of cutaneous
blood flow 5 min before and the right-hand bars (post-capsaicin) the
values 5 min after the injection of capsaicin. The bars represent
means+ S.E.M. for 6 rats. © P < 0.05 versus respective values mea-
sured after injection of vehicle into the contralateral paw (two-tailed
Wilcoxon matched-pairs signed rank test).

3.2. Effect of TNFa on CGRP- or bradykinin-induced
cutaneous hyperaemia

Subcutaneously injected CGRP (0.38-3.8 ng) in-
duced a dose-dependent increase of local cutaneous
blood flow, which did not differ between the paws
pretreated with 500 pg TNFa and those pretreated
with 10 ul vehicle only (Fig. 3). Similarly, in another
series of experiments, the local hyperaemia evoked by
1.1 pg bradykinin remained unaffected by the preced-
ing injection of 500 pg or 5000 pg TNFa (Fig. 3).
Preliminary experiments had established that 1.1 ug
bradykinin was suprathreshold to elicit a reproducible
local hyperaemia.

Cutaneous blood flow (PU) evoked by capsaicin 10 min, 20 min or 40 min after pretreatment with TNFa or vehicle

10 min after

20 min after

40 min after

500 pg TNFa Vehicle 500 pg TNFa Vehicle 500 pg TNFa Vehicle
Capsaicin 167.8 + 16.1 155.2 +28.3 134.0 + 20.7 140.2 + 22.8 138.6 + 16.7 130.6 + 16.3
(87.6 + 12.6) (78.4 +28.3) (78.0 + 19.7) (94.0 + 24.8) 684+ 9.4) (62.8 +11.2)

PU, perfusion units; TNFa, tumor necrosis factor-a. Values are expressed as the means + S.E.M. for five rats. Cutaneous hyperaemia was
evoked by capsaicin (0.03 g/10 1) 10 min, 20 min or 40 min after the pretreatment with 10 1 vehicle (left paws) or 500 pg/10 1l TNFe (right
paws). The preinjection values for cutaneous blood flow (measured at 9 min, 19 min or 35 min after TNFa or vehicle) are given in parentheses.
Cutaneous blood flow was recorded by laser-Doppler flowmetry and expressed in perfusion units (PU).
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3.3. Effect on blood pressure

Mean arterial blood pressure was stable during the
experiments. In the rats (n=42) treated subcuta-
neously with TNFa and injected with 0.03 or 0.1 ug
capsaicin, the blood pressure was 115.3 + 1.8 mm Hg at
the time before TNF injection (—5 min) and 110.5 + 2.1
mm Hg at the end of the experiment (75 min post-in-
jection). The blood pressure did not vary between the
groups treated with different TNFa doses (5-5000 pg).
Subcutaneously applied TNFB (50-5000 pg) also had
no effect on blood pressure (—5 min: 114.4 + 3.7 mm
Hg; 75 min post-injection: 113.5 4+ 3.3 mm Hg; n = 18).
The pressor responses to intraplantar injection of cap-
saicin (about 10-25 mmHg) were consistently higher

CGRP
200 0.38 ng

150 =

50— a
A

500 pg

Cutaneous Blood Flow (PU)

Dose of TNF alpha

1.1 yg Brad 1.1 ug Brad

l l

150 =
P

100~

50—
ol C

500 pg 5000 pg

Dose of TNF alpha
Fig. 3. Effect of TNFa (TNF alpha) on the cutaneous hyperaemia
evoked by calcitonin gene-related peptide (CGRP) or bradykinin
(Brad). Vehicle (10 x1) was injected into the plantar side of the right
hindpaw (hatched columns) whilst the left hindpaw (filled columns)
was treated with 500 pg/10 p1 TNFa. Forty minutes later CGRP
(doses as indicated) or 1.1 pg/10 ul bradykinin was injected into
both hindpaws. Cutaneous blocd flow was recorded by laser-Doppler
flowmetry and expressed in perfusion units (PU). The left-hand bars
(pre-injection) represent the recordings of cutaneous blood flow 5
min before and the right-hand bars (post-injection) the values 5 min
after the injection of CGRP or bradykinin. The bars represent
means + S.E.M. for 6 rats.

200 -

Cutaneous Blood Flow (PU)

than those to vehicle or TNFa (about 5-10 mm Hg)
and usually lasted 1-4 min.

4. Discussion

The present data reveal that TNFs do not augment
capsaicin-induced cutaneous vasodilatation in the rat
hindpaw skin, although TNFs possess potent proin-
flammatory activity in various respects (Tracey et al.,
1988; Cerami, 1992). The absence of an augmentation
of neurogenic vasodilatation by TNFa or TNFS is in
contrast to results obtained with interleukin-18 in this
and two previous studies (Herbert and Holzer, 1994a,b).
The pleiotropic cytokine, interleukin-18, which shares
many biological activities with TNFs (Dinarello, 1992),
enhances dose dependently the capsaicin-induced cuta-
neous vasodilatation (Herbert and Holzer, 1994a). This
effect of interleukin-18 depends on the sensitization of
neuronal rather than vascular structures and involves
prostaglandins and nitric oxide as essential intermedi-
aries (Herbert and Holzer, 1994a,b). TNFa and TNFB
failed to elicit any hyperaemia after plantar injection
by themselves, except for the highest dose of TNF«
(5000 pg) which induced a reproducible transient va-
sodilatation. The mechanism behind the vasodilatator
response to this high dose of TNFea is unknown, and its
elucidation was beyond the scope of the present study.
It should be considered that the increased blood flow
due to 5000 pg TNFa might be due to, at least in part,
contaminating endotoxins which could be present in
recombinant TNFs.

Nevertheless, none of the TNFa and TNFS doses
injected subcutaneously enhanced the vasodilatation
due to capsaicin, irrespective of whether capsaicin was
applied 10 min or 40 min after TNFa injection. In
addition, our experiments showed that the failure of
TNFa to enhance hyperaemia is not restricted to the
vasodilatation induced by capsaicin, but extends to the
hyperaemia due to the endogenous vasorelaxants,
bradykinin and CGRP. The latter neuropeptide is the
main, if not exclusive, mediator of capsaicin-induced
vasodilatation (Hughes and Brain, 1991, 1994) and
exerts its vasorelaxant effect independently of nitric
oxide (Ralevic et al., 1992; Hughes and Brain, 1994;
Holzer and Jocic, 1994). The control experiments of
this study confirmed previously published results that
interleukin-18 enhances capsaicin-induced vasodilata-
tion (Herbert and Holzer, 1994a,b). In view of the
synergism between TNF and IL-18 in several inflam-
matory events, with a more than additive effect e.g. on
sustained hypotension (Okusawa et al., 1988; Tredget
et al., 1988) or on proteolysis and muscle catabolism
(Flores et al., 1989), interleukin-18 at a dose which
augments capsaicin-induced hyperaemia was co-in-



278 MK Herbert, S. Hering / European Journal of Pharmacology 286 (1995) 273-279

jected with TNFa. The surprising result of these exper-
iments was that, unlike interleukin-18 alone, the com-
bination of interleukin-18 and TNFe« failed to aug-
ment the capsaicin-induced hyperaemia. While most
physiological and clinical studies have generally fo-
cused on the role of TNFa as a potent mediator in the
progressive development of inflammation and hypoten-
sion, our results lead to the assumption that TNF«
opposes the augmentation of capsaicin-induced vasod-
ilatation by interleukin-18. This conclusion is in line
with observations of a vasoconstrictor effect of TNF«
on pial arterioles (Megyeri et al., 1992) and an in-
hibitory action of TNFa on acetylcholine-induced en-
dothelium-dependent relaxation in vitro in several ar-
teries of various species (Aoki et al., 1989; Wheeler et
al., 1990; Johnson and Ferro, 1992; Liu et al., 1992;
Greenberg et al., 1993; Xie et al., 1993; Wang et al.,
1994). Furthermore, TNFa might counteract the pro-
vasodilatator action of interleukin-183 by release of an
endothelium-dependent vasoconstrictor from polymor-
phonuclear leucocytes (Sobey et al., 1992). Likewise it
seems possible that the attenuation of interleukin-13-
induced sensitization by TNFa might be mediated by
substances such as tryptase or histamine released from
mast cells by TNFa (Van Overveld et al., 1991). Mast
cell-derived histamine might also account for the vas-
odilatation due to high doses of TNFa. Conflicting
data on TNFa are not confined to its action on vasodil-
atation, but have also been reported with regard to its
effect on vascular permeability and nociception.
Whereas the development of inflammatory oedema
due to carrageenan is suggested to depend to a great
extent on TNFa, Chen et al. (1994) failed to see
marked paw oedema even when high doses of recombi-
nant TNFa were injected subcutaneously (up to 10000
U per paw). Interleukin-18 induces mechanical hyper-
algesia in the rat paw (Cunha et al., 1992) and in the
rat knee joint (Davis and Perkins, 1994), whilst TNFa«
exerts a hyperalgesic effect only after intraplantar in-
jection (Cunha et al., 1992). Both cytokines activate the
prostaglandin hyperalgesic pathway (Ferreira et al.,
1988; Cunha et al., 1992), which is said to mediate, at
least in part, mechanical hyperalgesia.

In conclusion, the present data indicate that TNFs
have no vasodilatator effect over a wide dose range
and, in contrast to interleukin-18, TNFs lack any aug-
menting effect on capsaicin-induced hyperaemia or on
the vasodilatation due to bradykinin or CGRP. Impor-
tantly, the interleukin-1B8-mediated increase in the
capsaicin-induced hyperaemia is abolished after co-in-
jection with TNFa. Thus, TNFa counteracts the effect
of another cytokine (interleukin-18) to facilitate neuro-
genic vasodilatation in the skin. This action of TNF«
may be an important factor in the immunological con-
trol of the neurogenic component of inflammatory pro-
cesses.
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