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Topical capsaicin pretreatment inhibits axon reflex
vasodilatation caused by somatostatin and vasoactive
intestinal polypeptide in human skin
P. Anand, S.R. Bloom & G.P. McGregor

Department of Medicine, Royal Postgraduate Medical School, Hammersmith Hospital, Du Cane Road,
London, W12 OHS

1 Wheal and flare reactions are described following intradermal injections of somatostatin,
vasoactive intestinal polypeptide, substance P and histamine in normal human forearm skin.
Bombesin failed to produce a significant wheal and flare.
2 Pretreatment of skin with capsaicin in all cases dramatically inhibited the flare but not the wheal.
This result is in accord with the hypothesis that capsaicin blocks the effector side of the axon reflex,
perhaps by depleting nerve terminals of vasodilatory peptide(s).

Introduction

The axon reflex flare (vasodilatation) follows intrad-
ermal injection of histamine (Lewis, 1927) and sub-
stance P (SP) (Hagermark, Hokfelt& Pernow, 1978)
in human skin, and is inhibited by topical capsaicin
pretreatment (Carpenter & Lynn, 1981; Bernstein,
Swift, Soltani & Lorincz, 1981). It has been post-
ulated that axon reflex flare is produced by release of
SP from nociceptive sensory afferent terminals in the
skin (Burnstock, 1977; Henry, 1977), and it has been
demonstrated that SP is released from the central
terminals of such nociceptive fibres (Nicoll, Schenker
& Leeman, 1980). Topical capsaicin produces local
desensitization of skin to chemogenic noxious agents
(Jansco, 1960), possibly by depleting SP in nerve
terminals (see Carpenter & Lynn, 1981). Parenteral
capsaicin reduces both neurogenic plasma extravasa-
tion (Jansco, 1960; Arvier, Chahl & Ladd, 1977;
Gamse, Holzer & Lembeck, 1980) and SP levels in
rat skin (Gamse et al., 1980; Hayes & Tyers, 1980).
SP-related peptides which fail to produce a flare
when injected into human skin also fail to release
histamine from rat mast cells in vitro (Foreman &
Jordan, 1982).
However, SP may not be the exclusive mediator of

axon reflex vasodilatation. Capsaicin has been shown
to deplete rat spinal cord of a substance which pro-
duces cutaneous oedema and which is not SP (Chahl
& Manley, 1980). SP, somatostatin, vasoactive intes-
tinal polypeptide (VIP) and bombesin have been
located in rat dorsal cord (see Hokfelt, Johansson,
Ljungdahl, Lundberg & Schultzberg,1980; Moody,

Thoa, O'Donohue & Jacobowitz, 1981) and in
human dorsal spinal cord (Cuello, Polak & Pearse,
1976; unpublished data). Both SP and somatostatin
applied topically to the spinal cord produce be-
havioural responses in rats suggestive of nociception
(Seybold, Hylden & Wilcox, 1982), and have been
located, as has VIP, in primary sensory neurones
(Hokfelt, Elde, Johansson, Luft, Nilsson& Arimura,
1976; Lundberg, Hokfelt, Nilsson, Terenius, Re-
hfeld, Elde & Said, 1978).

In view of the demonstration of somatostatin, SP,
VIP and bombesin in significant quantities in mam-
malian skin, and of SP- and VIP-containing nerves
surrounding cutaneous blood vessels (O'Shaughnes-
sy, McGregor, Ghatei, Blank, Springall, Gu, Polak &
Bloom, 1983), this study compared their ability to
produce wheal and flare reactions in human skin.

Methods

The subjects were 4 volunteers (aged 18-30 years)
from the Department of Medicine, Hammersmith
Hospital, who gave their informed consent. The
study was approved by the local Ethics Committee.
Each subject applied an aqueous cream prepara-

tion of capsaicin (1%) to the flexor area
(18 cm x 5 cm) of one forearm. To the corresponding
area of the other forearm, aqueous cream was ap-
plied as control. Successive applications of capsaicin
produced decreasing erythema and burning sensa-
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tions, and on average after 8 applications over 3 days
no local reaction occurred.
Wheal and flare reactions on control and capsaicin

pretreated skin were produced by intradermal injec-
tions with a 0.4mm diameter needle and a volume of
0.03 ml in all cases. The following drugs were used:
histamine acid phosphate injection B.P. (1 mg/ml),
synthetic SP (Peninsula), pure porcine VIP (gift from
Professor V. Mutt), synthetic somatostatin
(Bachem), synthetic bombesin (Peninsula) and cap-
saicin (Sigma, prepared by Mr Roger Thompson,
Staff Pharmacist, Hammersmith Hospital). SP, VIP
and bombesin were stored at - 20°C in freeze-dried
aliquots prepared in a solution (FDS) consisting of
lactose (140 mmol/l), bovine serum albumin
(40 Jtmol/l), L-cysteine hydrochloride (6 mmol/l) and
aprotinin (8 x 105 KIU/1), necessary to prevent gross
peptide loss by adsorption and degradation. For each
set of experiments, the peptides and FDS (as con-
trols) were reconstituted with sterile saline (0.9 w/v
NaCl solution) immediately before injection. ThepH
of both peptide and FDS solutions was between 6.5
and 7.0. For histamine and somatostatin, sterile
saline was used as control.

All experiments were performed between 14 h
00 min and 16 h 00 min at an ambient temperature
between 18°C and 25°C. The wheal and flares were
measured when maximal by marking their borders on
the skin with ink, and transferring the marks onto
tracing paper, which was then placed on graph paper.
The areas were calculated by counting the mm
squares within the margins on the graph paper.

Areas were calculated from tracings taken 2, 4, 6
and 8 min after each injection, and the maximum
area selected (for flares this was usually either 2 or
4 min and for wheals 6 or 8 min after injection).

Results

Injections of SP, somatostatin and VIP produced
wheal and flare responses in normal skin in all sub-
jects (Table 1); wheal and flare responses to peptide
injections were significantly greater than their cor-
responding control injections (P< 0.05, paired Stu-
dent's ttest). Injections of bombesin produced small
responses which were not significantly larger than the
control FDS solution (P> 0.05). Histamine
(1 mg/ml, 0.03 ml) produced a significant wheal
(1.1±0.2cm2; P<0.01) and flare (17.6±4.2cm2;
P<0.01).
Responses were maximal 2-3 min after injection,

and faded over 5-30min. The area, intensity and
duration of the flare generally decreased in the order
SP> somatostatin> VIP when the same dose was
injected (see Figure 1), but this was not invariably so
for an individual subject. Histamine (0.03 ml,
1 mg/ml) produced the longest and darkest flare. All
subjects reported itch with histamine, 2 with$P and 1
with somatostatin.

Capsaicin pretreatment significantly reduced or
abolished all flares and itch (see Figure 2), but wheals
were not affected. Full recovery of flares that were
abolished by capsaicin pretreatment took 3-4 weeks.

Discussion

Intradermal injections of SP, somatostatin and VIP
in comparable doses produce wheal and flare re-
sponses in normal skin; the flares but not wheals are
inhibited by capsaicin pretreatment. The results are
compatible with the hypothesis that all these peptides
may release histamine from mast cells at the injection

Table 1 Wheal (W) and Flare (F) in normal skin; area in cm2

10 pmol

W 0.9 ± 0.2 (< 0.025)

F 10.9 ± 1.6 (<0.001)
W 0.7± 0.1 (<0.01)

F

W

30 pmol

1.0± 0.1 (<0.001)

13.1 ±2.8 (<0.01)

0.8±0.1 (<0.01)

6.7 ± 0.8 (< 0.001) 1 1.2 ± 1.2 (< 0.001)

0.8± 0.1 (<0.01)

F 4.5 ± 1.5 (< 0.05)

W Not done

F

0.9±0.1 (<0.01)

7.1 ± 1.9 (< 0.025)

0.4± 0.3 (NS)

1.2 ± 0.50 (NS)

60 pmol

1.3 ± 0.3 (< 0.01)

18.0 ±4.1 (<0.01)

1.0± 0.1 (<0.001)

14.5 ± 2.5 (< 0.01)
1.0± 0.2 (< 0.02)

12.5 ± 3.5 (< 0.025)

0.5 ± 0.3 (NS)

1.1 ± 0.6 (NS)

Values are ± s.e.mean. n = 4. Figures in parentheses are Pvalues for paired Student's t test, comparing response to each
dose with that to its control solution. NS = not significant (P> 0.05).

Substance

SP

Somatostatin

VIP

Bombesin

Control

0.3 ± 0.03

0.75 ±0.10

0.25 ± 0.02

0.3 ±0.02

0.3 ± 0.03

0.75 ±0.10

0.30 ± 0.03

0.75 ± 0.10
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Figure 1 Flare areas in normal skin in cm2 (mean
values) to increasing (10, 30, 60pmol) doses of sub-
stance P, somatostatin and vasoactive intestinal
polypeptide (VIP). n= 4. Vertical lines show s.e.mean.

site, and that histamine in turn activates sensory

nerve terminals to cause axon reflex vasodilatation
following release of one or more peptides (Burn-
stock, 1977; Hagermark et al., 1978). Other studies
support this hypothesis. SP and somatostatin release
histamine from mast cells in vitro (Johnson & Erdos,
1973; Theoharides, Betchaku & Douglas, 1981).
Antihistamines reduce flare and itch induced by his-
tamine and SP; local histamine depletion by com-

pound 48/80 abolishes wheal and flare caused by
subsequent injection of SP and compound 48/80 but
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Figure 2 Areas of flare in cm2 (mean values) in vehicle
pretreated (open columns) and capsaicin pretreated
(hatched columns) skin. All peptides: 30pmol; his-
tamine 1 mg/ml, 0.03 ml; n = 4; vertical lines show
s.e.mean. For each substance, differences between re-

sponses in capsaicin and control pretreated skin using
paired Student's ttest: Histamine P<0.02; SP
P< 0.01; somatostatin P< 0.001; vasoactive intestinal
polypeptide (VIP) P<0.025; FDS and saline not sig-
nificant (P> 0.05).

not histamine (Hagermark et al., 1978). In contrast,
VIP-like immunoreactivity has been reported in mast
cells of rat and mouse lung and intestine, and its
release by compound 48/80 from rat peritoneal mast
cells (Cutz, Chan, Track, Goth & Said, 1978). How-
ever, this may not be true VIP as the VIP-like im-
munoreactivity has not been characterized.
The physiological significance of wheals and flares

caused by the peptides in these experiments is uncer-
tain. The results must be interpreted with caution
because the doses of peptides injected in this and
other studies are high compared to the levels actually
measured in human skin (unpublished data).
Neurotensin can induce wheal and flare in human
skin (Foreman & Jordan, 1982), but it has not yet
been detected in the skin.

Capsaicin may deplete sensory nerve terminals of
peptide(s), thus abolishing the axon reflex. It may
also damage the nerve terminals (Szolcsanyi, Jansco-
Gabor & Joo, 1975), or terminal receptors. The
wheal is unaffected by capsaicin pretreatment, and is
presumably caused by the direct action of released
histamine and possibly of the peptides on capillary
permeability at the site of injection. Thus capsaicin
pretreated skin responds like denervated human skin
to intradermal histamine (Lewis, 1927; Celander &
Folkow, 1953; Bonney, 1954) and to SP, VIP and
somatostatin (unpublished data on denervated skin)
in that the flare response is markedly reduced. It is
not known, at present, which peptide is released from
sensory nerve terminals to cause the flare, or if there
is more than one such peptide. If two or more pep-
tides are released, they may have different roles or
interact in different ways: for example, neurotensin
may antagonize SP-induced flare in human skin
(Foreman & Jordan, 1982).
The slow recovery of the flare response after cap-

saicin pretreatment suggests another possible action
of capsaicin: it may inhibit repletion of the nerve
terminals by vasodilatory neuropeptides. If capsaicin
is applied to a nerve trunk, two weeks later
neurogenic or chemogenic inflammatory responses
are absent in the territory of that nerve (Jansco,
Kiraly & Jansco-Gabor, 1980) and its neuropeptides
are depleted (Ainsworth, Hall, Wall, Allt, Lynn
Mackenzie, Gibson& Polak, 1981), although there is
no significant change in the size of the nerve com-
pound action potential (Wall & Fitzgerald, 1981).
One may speculate that there is a constant physiolog-
ical (possibly trophic) release of peptides from
cutaneous sensory nerve terminals, leading in turn to
histamine release, and that this process is enhanced
by skin (or neurogenic) stimuli. The terminals are
being constantly repleted by axonal transport from
the site of peptide synthesis in the cell body (Harmar
& Keen, 1982). Capsaicin may act in two ways. It
may act acutely on nerve terminals to enhance the

Cu-
E,
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release of neuropeptides causing depletion, and it
may also act chronically on axons to inhibit the
repletion of the terminals by neuropeptides. In sup-
port of the idea of constant physiological release of
neuropeptides from nerve terminals in the skin is the
finding that following capsaicin treatment of new-
born rats, which leads to irreversible degeneration of
unmyelinated afferent nerve fibres, there is a perma-
nent increase in skin concentrations of histamine
(Holzer, Saria, Skofitsch & Lembeck, 1981).

In conclusion, somatostatin and VIP may exert

inflammatory effects in skin, as may SP. The results
presented are in accord with the hypothesis that
capsaicin inhibits axon reflex flares by blocking the
effector side of the axon reflex, perhaps by depleting
nerve terminals of vasodilatory peptide(s).

P.A. is an Action Research Training Fellow. We thank
Karen Herron for secretarial assistance, and Mr Roger
Thompson and colleagues of Hammersmith Hospital Phar-
macy for their enthusiastic co-operation.
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