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Results

NEUROPEPTIDES IN HEALTHY HUMAN SKIN (1)

Immunocytochemistry

All neuropeptides except somatostatin were found in nerve fibers in the skin.
CGRP was the most abundant of the neuropeptides. It had the same distribution
pattern as SP and double staining procedures revealed coexistence of the two
peptides in the same subepithelial nerve fibres. SP and CGRP were found in
scattered fibers just beneath the epithelium, close to blood vessels or running
freely in the connective tissue. In finger-tip skin SP and CGRP seemed to
coexist in nerve fibers in the dermal papillae and in the corpuscules of
Meissner. Nerves storing VIP and NPY were found deep in the dermis, usually
around blood vessels. VIP - immunoreactive nerve fibers were found also around
ducts and acini of sweat glands while NPY - immunoreactive fibers were
associated with sweat glands and hair roots.

Immunochemistry

RIA was performed on skin samples from different body regions. The samples were
pooled from 3 - 5 individuals (autopsy material). The concentrations of SP,
somatostatin, VIP, CGRP and NPY were determined. Skin from fingers and toes
contained the highest concentrations of neuropeptides, notably CGRP and NPY.
Somatostatin was found in small amounts in all regions, including fingers and
toes. VIP and CGRP were relatively abundant in the axilla region whereas NPY in
this region was below the detection limit.

The influence of physiological factors on neurogenic inflammation

Intracutaneous injection of SP was used as a standard challenge to induce
neurogenic inflammation (II) (Fig. 3). The following physiological factors were
studied: body region, age, sex, stress, environmental temperature and diurnal
variation. The largest flare was recorded on the thorax and the largest wheal on
the upper aspect of the foot. The most intense itch was noted from the nape of



Fig. 3. SP (50 pmol) injected ic (5 min) causes flare and wheal.

Fig. 4 CGRP (13 pmol) injected ic (2 h) causes a longlasting erythema with pseudopodia.
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the neck and from the upper side of the foot. There was a marked decrease of the
flare responses to SP with increasing age. Athletes displayed smaller SP-evoked
flare responses after a competitive test of endurance than at rest. The
flare responses to SP was larger during the night (11 p.m.) than during the day
(11 a.m.), whereas the wheal did not differ. The sex of the subjects as well as
the environmental temperature (l7°, 22 or 28° C) did not influence the neuro-
genic inflammation induced by SP.

Effects of suspected inflammatory mediators in healthy human skin

SP, NKA, histamine (III}, and bradykinin (IV) injected intracutaneously induced
flare and wheal (Fig 3). The flare was maximal after 3 - 5 min (histamine-
induced flare was maximal after 10 min) and wheal after 15 min. Injection of
histamine, NK A and SP induced itching while bradykinin induced pain rather than
itch. The itch and pain were dose dependent. Intracutaneous injection of CGRP
produced (III) a prominent long lasting, indurated erythema with pseudopodia
surrounded by a pallor edge (Fig 4). The response to CGRP was dose dependent and
lasted for several hours (6 - 12 h) (III). Intracutaneous injection of prosta-
glandin (PGEZ) also induced an indurated erythema with pseudopodia (IV).

Effects of capsaicin

Capsaicin (ic) (IV) induced a dose-dependent flare, wheal and pain. Capsaicin
applied topically induced erythema, itch and burning.

MODULATION OF THE EFFECTS OF INFLAMMATORY MEDIATORS
AND OF CAPSAICIN (111, 1V )

Depletion of mast cell histamine
Pretreatment of the skin with repeated ic injections of compound 48/80 results
in depletion of mast cell histamine.The flare response to SP (III) and brady-

kinin (IV) was greatly reduced by this pretreatment. The flare produced by



38

histamine (IIT) and NKA (III) was inhibited by about 50%. The flare response to
PGE2 (IV) was reduced by approximately 30%. The erythema evoked by CGRP
was not suppressed by pretreatment with compound 48/80. The wheal response to
SP was reduced (about 50%) by pretreatment with compound 48/80. The wheal
responses to NKA, histamine and bradykinin were unaffected. The flare and
wheal responses to capsaicin were unaffected.

Blockade of Hl - receptors (mepyramine)
The flare responses to SP (III), NKA (IIl) and bradykinin (IV) were greatly
reduced by pretreatment with mepyramine (ic). This pretreatment reduced the

erythema evoked by PGE2 (IV) by about 30% while the erythema evoked by CGRP
was not affected.

The flare induced by capsaicin was not influenced by mepyramine. The wheal
responses to bradykinin and capsaicin (IV) were not affected by mepyramine
pretreatment.

Blockade of nerve conduction (lidocaine)

The flares produced by SP (III), NKA (III), histamine (III) and bradykinin (IV)
were greatly reduced by the local anesthetic lidocaine (ic). The erythema
produced by CGRP (III) was not or slightly reduced by lidocaine while that of
PGE2 (IV) was suppressed by approx 30 %. Lidocaine suppressed the wheal
produced by histamine by about 30%. The wheal responses to SP (III), NK A (III)
and bradykinin (IV) were unaffected by lidocaine pretreatment.

The flare response to capsaicin (IV) was greatly reduced by lidocaine pre-
treatment while the wheal was unaffected.

Combination of mast cell depletion and blockade of nerve conduction
The combined pretreatment with compound 48/80 (ic) and lidocaine (ic) gave no
additional inhibition of the flare and wheal responses to SP, NKA, histamine

(I11) and bradykinin (IV) and of the erythema induced by CGRP (IlI) and PGE
(IV).

2
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Blockade of prostaglandin synthesis (indomethacin)

Pretreatment with indomethacin ic inhibited the flare response to SP to approx.
60% (IV) and to bradykinin to one third (IV). The wheal responses to SP and
bradykinin were not influenced by pretreatment with indomethacin. Pretreatment
with acetylsalicylic acid suppressed the flare response to SP to approx 30%,
while the wheal response was unaffected.

The flare response to capsaicin was reduced to 50 % and wheal to about 30%.

Blockade of acetylcholine and serotonin receptors (atropine, ketanserin)

Pretreatment with atropine and ketanserin did not influence the flare and wheal
responses to bradykinin and capsaicin.

Blockade of tachykinin receptors by the tachykinin antagonist, Spantide (VIII)
Intracutaneous injection of Spantide induced flare and wheal which subsided
after 75 to 90 minutes. SP and histamine were injected 1.5 h after the injection
of Spantide. The flare reaction to SP was suppressed to 23% by this pretreatment
while the flare to histamine was reduced to 72%. Spantide reduced the wheal
response to SP to 42% while the histamine evoked wheal was unaffected.

Pretreatment with capsaicin (IV)

Repeated injections of capsaicin (6 times) (IV) induced short lasting pain that
did not seem to diminish with each injection. The flare reaction on the other
hand was progressively suppressed until it was almost completely abolished.
Subsequent injections of SP revealed a flare response that was only about 50% of
the control response. After eight weeks the flare reaction was back to normal.
Topical capsaicin (VI) evoked weaker pain with each application. There was a

tingling or burning sensation when the treated area became warm.

Subsequent injection of bradykinin gave a reduced flare response (40% of that in
the controls) while the wheal response was unaffected.
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Pretreatment with bradykinia (IV)

Repeated injections of bradykinin (6 times) induced pain and flare that became
progressively weaker with each injection. Subsequent injections of SP resulted
in a reduced flare (40% of that in the controls), the wheal was unaffected. The
response to SP was back to normal after eight weeks. Injection of capsaicin
after pretreatment with bradykinin resulted in a reduced flare response (to
55% ), the wheal was unchanged.

Cooperation of SP and CGRP (I11)
A threshold dose of CGRP did not affect the response to SP (flare and wheal). A
threshold dose of SP did not affect the CGRP-induced erythema.

CONTENT OF SP AND VIP IN SKIN DISEASES (V)

Spontaneous blisters in different skin diseases contained measurable levels of
SP and VIP. The highest levels of SP were found in patients with eczema (mean
168 pmol/1) and bullous pemphigoid (106 pmol/l). The concentration of VIP was
highest in burn blisters (265 pmol/i) and photodermatitis (79 pmol/1). Eczema-
tous blisters were not analyzed for VIP. Suction blisters induced on inflamed
skin (except patients with bullous pemphigoid) contained measurable levels of SP
in patients with psoriasis (mean 86 pmol/l) and eczema (mean 33 pmol/i). Also
VIP was found in blister fluid of patients with psoriasis (mean 10 pmol/l) and
with eczema (mean 13 pmol/l). Patients with bullous pemphigoid (normal skin),
acute urticaria and controls had non detectable levels of SP and VIP in the
suction blister fluid. Of 56 patients with disseminated skin disease or pruritus
(7 patients) only one with atopic dermatitis had increased plasma concentrations

of VIP (200 pmol/1). All others had non-detectable levels of SP and VIP in
plasma.
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TREATMENT OF NOTALGIA PARESTHETICA WITH
TOPICAL CAPSAICIN

During the first week following application of capsaicin there was increased
itch or pain but after subsequent treatment such symptoms occurred less
frequently and with lower intensity (Fig. 5). Symptom relief persisted for
months after interrupting the treatment. Table III. Four patients relapsed and
had to have the treatment repeated.

N
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6 N worse treatment of notalgia
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5 Better m& c;p:azl:n
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9 O o symptoms
1
0
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NEUROPEPTIDES AS MODULATORS OF EXPERIMENTAL
CONTACT ALLERGY (V1)

SP, VIP and somatostatin were injected (30 and 150 pmol) into the same skin
sites as the antigen in patients with contact allergy to nickel at different
points of time and in different doses. The peptides were injected 10 min after
injection of nickel sulphate and the evaluation was made after 72 h. In another
experiment 50 pmol of the peptides was injected three times (after 10 min, 24 h
and 48 h) after the nickel deposition. The inflammatory reaction to injected
nickel sulphate was the same whether SP, VIP of somatostatin were given con-
comitantly or not. This was regardiless of dose or time schedule.
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Table III. Follow up of the treatment of notalgia paresthetica with Zostri.t@

No| 1 month 5 - 6 months l 9 months I 1 year
1. | Symptomfree for Weak itch 1-2 times a | Occasional attacks of Symptomfree for several
about 2 weeks, then | week itch, symptom free for monihs, attacks of weak
several attacks of several weeks itch, each lasting for
weak itch, each Jew days
lasting for few days
2, | Symptomfree Symptomfree except for| Symptomfree, a few Symptomfree, excepl for
occasional itch attacks which were 4-6 mild attacks during
abolished promptly by the last couple of weeks,
Zostrix The itch disappears after
application with Zostrix
I 3. | Symptomfree Symptom/free Symptomfree l Symptomfree
4. | Two attacks of itch, | Symptomfree Symptomfree Symptomfree
Zostrix alleviated
the symploms
5. | Symptomfree During short periods Renewed treatment with | Renewed treatment twice
1-2 attacks of itch/day| Zostrix, twice daily daily during 1 week,
Applications of Zostrix | (two weeks), better for symptomfree for 14 days
causes burning 4-6 weeks than again several
sensation followed by altacks each day
symptom-relief
6. | Weak itch two times | Started to use Zostrix | Mild itch sometimes in | Mild itch about two
a week once daily three months | the evening after a bath | times a week
after the first
treatment. Fewer
attacks of itch
7. | A few mild attacks | Symptomfree Symptomfree Symptomfree
of itch
8. | Progressive relapse | A mild attack of itch One - two mild attacks | Symptomfree for ahout
of the itch. Renewed | absent once a week of itch a week one week, followed by
treatment after two | (when warm) mild attacks of itch
weeks for another for few days
three weeks.
Symptom-relief
9. | Relapsed after 2 2 - 3 mild attaks of 1 - 2 mild attacks of
weeks. Symptomfree | itch a week. The second | itch each week
Jollowing repeated treatment period
treatment completed
10. | Symptomfree Symptomfree (2-3 mild| 5 - 6 attacks of mild
attacks during four itch during the last
L months) two months
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THE EFFECT OF SPANTIDE ON EXPERIMENTAL
INFLAMMATIONS (VI VIII)

Delayed hypersensitivity reactions (type IV). Nickel allergy and tuberculin
reaction. Spantide in a dose of 800 pmol injected 10 min after nickel sulphate
in patients with nickel allergy reduced the contact allergy reaction to 20%. A
single dose of 1600 pmol or 800 pmol injected three times failed to reduce the

contact allergy (VII). Spantide (800 pmol) greatly suppressed the response to
tuberculin (Fig. 6).

Fig. 6. Spantide (dx) suppresses the response to tuberculine.

Immunologic contact urticaria (type I reaction).

Spantide (800 pmol) suppressed the urticarial response to different foods and
latex.

Non - immunologic inflammatory reactions. The delayed irritant reactions
(benzalkonium chioride), moderatly delayed irritant reaction (UVB irradiation)
and the non-immunologic contact urticaria (NICU - benzoic acid) were unaffected
by Spantide (800 pmol).
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Discussion
WHAT DETERMINES THE FLARE RESPONSE TO NEUROPEPTIDES?

The flare response to ic neuropeptides is usuvally well demarcated. It is
dose-dependent (II, III, IV) and dependent on the body region (III). This may
reflect the local organization of innervation territories. Arthur and Shelley
(1958) counted the number of nerve fibers that entered the epidermis (probably
mainly SP and CGRP fibres) and found different numbers in different body
regions (largest on the cheek, lower on the neck and pre-sternal and lowest on
the lateral part of a finger). Some small areas of the skin seemed to receive no
nerve supply at all while other areas were richly innervated. At times (usually
when small amounts of peptides are used to provoke a response) the periphery of
the flare has a "salt and pepper" pattern (Fig 2). The white areas probably
represent areas that are supplied with fibers from an adjacent nerve not excited
by the local stimulus. The concentration of neuropeptides in the skin of
different regions varies too (I). Blockade of nerve conduction by lidocaine
greatly suppressed the flares produced by SP (III), NKA (III), histamine (III),
capsaicin (IV) and bradykinin (IV). The response to CGRP was not affected by
blockade of nerve conduction while the erythema induced by PGI-:2 was inhibited

by 30%. The erythema evoked by CGRP and PGF.2 is characterized by pseudopodia
suggesting involvement of the [ymphatic system. There are also regional
variations in the blood flow (Tenland et al 1983).

The endogenous histamine is very important for the flare response to SP and
bradykinin. In fact pretreatment with repeated injections of 48/80 or mepyramine
is as effective as neuronal blockade in abolishing the flare to SP, less
important for the flare response to NKA and to histamine and of little
importance for the erythema response to PGl-:2 and CGRP.
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The role of histamine in neurogenic inflammation is still a subject of
discussion. All agree that histamine is released at the point of the stimulus
(primary mediator). The crucial point is if histamine participates in the
progressive spreading of the flare by activation of sensory nerve endings to
release neurogenic mediators (e.g. tachykinins) followed by further histamine
release. According to this scheme histamine is also a secondary or final
mediator. This cascade of responses has been called "axon response” (Arvier et
al 1977, Higermark et al 1978, Lembeck and Holzer 1979, Jordan and Foreman
1983) to be distinguished from the classical "axon reflex”. The latter concept
implies that the spread of flare is mainly dependent on the antidromic passage
of impulses and that the flare is limited by the extent of the collateral
network as was initially demonstrated by Bayliss (for a review see Holzer 1988).

Our experiments with capsaicin (IV) revealed that the flare and wheal responses
induced by ic injection can be inhibited by local anesthetics and indomethacin,
but not by compound 48/80 or antihistamines. Capsaicin releases neuropeptides
from C-fibres and inhibits axoplasmic transport of sensory transmitters (Gamse
et al 1982). It has been used as a model for neurogenic inflammation also by
Barns et al (1986) who concluded that enogeneous histamine is not the final
vasodilatator in the axon reflex as it is not suppresed by a pretreatment with
peroral antihistamines. This supports the "axon reflex” theory (with initiation
of the reflex by histamine) before the "axon response” where histamine is

supposed to play a role as a secondary mediator of the neurogenic inflammation.

The mast cells which degranulate in response to noxious stimuli release not only
histamine but also proteolytic enzymes which may contribute to the size and
duration of the flare and wheal response (Brain & Williams 1988).

The wheal responses were unaffected by nerve blockade suggesting that the wheal
response reflects a direct local effect of the challenging agent. The wheal
response is unaffected by pretreatment with the histamine liberator compound
48/80 or the histamine antagonist mepyramine. The intensity of the flare, wheal
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and itch did not vary in parallell (II). Flare was most prominent on the upper
thorax, wheal on the upper aspect of the foot, and the most intense itch was
reported from the nape of the neck and upper part of the foot. The flare
response to SP was greater during the night (11 p.m.) than during the day (11
a.m.). Also itch was reported to be stronger at night while the wheal response
was the same regardless of the time of day. This is in line with the clinical
experience that itch is more intense during the night than during the day and

that the nape of the neck and upper part of the foot are common places for
neurodermatitis.

The athletes had smaller SP-evoked flare responses compared with the age-
matched controls and even smaller responses immediately after a competitive
endurance test than at rest. We did not observe any sex differences in the flare
and wheal response to SP. There is no obvious explanation of this finding.
Conceivably, sympathetic discharge or stress-released endorphins may impair
impulse flow in the C-fibres, However, numerous other alternative explanations
are possible.

The age of the individual is decisive for the flare response and possibly for
the wheal response to SP (II). As early as 1955 Tuft and his associates found
that the wheal response to intradermal histamine decreased after the age of 60.
The flare and wheal responses to histamine were found to diminish with age
(Magerl et al 1990) as did the response to topical capsaicin (Helme 1985) and ic
bradykinin (Juhlin and Michaélson 1969). Cutaneous nerves are not thought to be
much affected by age (Montagna 1979). The superficial blood vessels are reduced
in number by 35% with age and the number of mast cells is reduced by 50% (study
based on two groups mean age 24 and 63 years respectively) (Gilchrest et al
1982). The microvessel reactivity to an applied stimulus (methyl nicotinat) was
shown, however, to be unchanged by age (Roskos et al 1990), Still it cannot be
excluded that it is the impulse traffic in the C-fibers that deteriorates with
age, manifested by smaller flare and wheal responses.
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COEXISTENCE AND COOPERATION OF INFLAMMATORY MEDIATORS

We have shown (I) that SP and CGRP coexist in sensory nerve fibers in human skin
as has been previously shown by Gibbins (1986) in guinea pig skin. Also NKA has
been found to coexist with SP in the same sensory fibres (Sundler et al 1985).

All peptides in the C-fibres are probably released concomitantly when the nerves
are stimulated (Terenghi et al 1985). SP and NK A induce flare and wheal respon-
ses which are greatly inhibited by local anesthetics and in the case of SP by
antihistamines (III). These findings are consistent with reports of other
authors on the effects of SP (Higermark et al 1978, Fjellner and Higermark 1981,
Foreman and Jordan 1983) and on NKA (Fulier et al 1987). Spantide, which is a
tachykinin antagonist, suppresses the flare induced by histamine (VIII)
indicating that the response to histamine is mediated by tachykinins. The effect
of CGRP differs in that it can not be inhibited by either local anesthetics or
mast cell histamine depletion (IIT). Like the response to PGE2 that to CGRP
develops slowly with the formation of pseudopodia, apparently involving the
lymphatic vessels. The response to CGRP is not inhibited by indomethacin (Brain
and Williams 1985) or acetylsalicylic acid (Fuller et al 1987). The response to
CGREP is more long lasting than the responses to the other inflammatory media-
tors. Conceivably, CGRP is responsible for the delayed phase of inflammatory
reaction which is probably initiated by other peptides such as SP and NKA. CGRP
is chemotactic and stimulates invasion of polymorphonuclear leukocytes to the
inflammatory site (Piotrowski and Foreman 1986). Brain and Williams (1988, 1989)
have reported that the CGRP erythema disappears sooner by the concomitant
injection of SP. That was thought to be a consequence of SP-induced release of
proteases (tryptase and chymotryptase) from mast cells. CGRP has also been
reported to potentiate the oedema (wheal reaction) induced by other mediators
such as SP and histamine (Gamse and Saria 1985, Brain and Williams 1985, 1989).
Skin mast cells release the protease chymase along with histamine during
degranulation. Chymase has been reported to greatly augment histamine induced
wheal formation (Rubinstein et al 1990).
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Our data do not show any potentiation of SP by threshold doses of CGRP or
potentiation of CGRP response by threshold doses of SP (see also Fuller et al
1987).

Is there any interaction between prostaglandins and SP? Indomethacin suppressed
the flare and wheal response to SP. Also pretreatment with local anesthetics and
depletion of mast cell histamine by compound 48/80 suppressed the !’GE2 induced
erythema by 30%. These findings suggest that prostaglandins interfere with the
neurogenic mechanisms behind inflammation in the skin. These data are consistent
with those reported by Fuller et al (1987) who found acetylsalicylic acid to
suppress the SP-evoked flare and those reported by Stihle and Higermark (1985)
who found indomethacin to suppress the histamine evoked flare without affecting
the itch. Prostaglandin El has been reported to lower the threshold of human
skin to histamine-evoked itching (Greaves and Mc¢ Donald-Gibson 1973), However
another report by Albro et al (1972) found no evidence that prostaglandins act
on mast cells to release histamine in vitro. Aspirin and indomethacin have also
been tested in different pruritic and inflammatory disorders with varying
effectiveness (for a review se Greaves 1987). We found that the bradykinin-
induced flare is dependent on the sensory nerve supply (which confirms the
findings by Juhlin and Micha€lson 1969), on mast cell histamine, and on the
prostaglandin system. The latter conclusion is at odds with the data presented
by Crossman and Fuller (1988) who found no inhibition of the bradykinin response
following peroral treatment with terfenadine and acetyl-salicylic acid. The
difference in results may perhaps be explained by the difference between local
injections (high local concentration) and peroral treatment (subthreshold local
concentration).

Several endogenous systems intervene and interact in inflammation in a complex
manner. The actions and interactions of the different agents investigated in
this study are schematically illustrated in Fig. 7.
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Fig. 7. Hypothetical scheme of events caused by intradermal SP injection.
Tachykinins (TK) stimulate mast cells (MC) to release histamine (H).
Also bradykinin (BK) and prostaglandins (PGE.) are formed in the process.
Together they affect blood vessels (BV )} causing vasodilatation ( flare)
and extravasation (wheal). CGRP and PGE . stimulate both blood vessels and
lymphatic vessels (LV ), causing extravasation and recruitment of inflammatory
cells. As a result more PGE , is released which stimulates SP release and
BK formation. The steps which are inhibited by antihistamines (AH ), local
anesthetics (LA) or indomethacin (1) are indicated.
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NEUROPEPTIDES AND SKIN DISEASE

We have found high concentrations of SP and VIP in spontaneous bullae from
pathogenetically different skin diseases like bullous pemphigoid, eczema, burn,
phototoxic reaction, photoallergic reaction and infection. Fluid from suction
blisters induced on inflamed skin, due to different disorders, contains
measurable levels of SP and VIP but not fluid from suction blisters induced on
normal skin of healthy individuals and of patients with bullous pemphigoid.
These results (see also Table I) seem to provide some evidence that
neuropeptides are released locally in inflammatory diseases. The connection
between the nervous system and the skin is reflected also in the fact that many
dermatoses worsen during conditions of stress. Stress and mental illness are all
thought to have an effect on skin diseases and immune function. A possible role
of neuronal elements in psoriasis has been proposed by Farber (et al 1986) on
the basis of two striking clinical features: the symmetric distribution of
psoriatic plaques and the role of stress as a triggering factor in the
exacerbation of psoriasis. There is an increased density of SP containing nerves
(Naukkarinen et al 1989), and VIP-containing nerves (Pincelli et al 1990) in
psoriatic lesions. Prompt remission of a psoriatic plaque has beea reported
following cutaneous nerve sectioning (Weddel et al 1965, Dewing 1971).
Somatostatin infusion improved psoriasis (Weber et al 1981, MacKie et al 1983).
This might be explained by the inhibiting effect of somatostatin on the release
of neuromediators (Brodin et al 1984). There is good evidence that emotional
stress aggravates psoriasis (Braun-Faico et al 1972, Farber and Nall 1974,
Newbold 1977). This reasoning is also valid with regard to atopic dermatitis
which also worsens in situations of stress (Roth and Kierland 1984, Rajka 1975,
Medansky and Handler 1981, Koblenzer 1983). The increased density of sensory
nerve fibres and the increased levels of neuropeptides in the skin provide
evidence for a role of nerves also in atopic dermatitis (Table I). Also the
increased number of mast cells in psoriasis (Cox 1976) and atopic dermatitis
(Sagher and Even-Paz 1967, Mihm et al 1976) provide evidence for a role for
neurogenic inflammation since mast cell histamine is essential for the axon
reflex.
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Interestingly, the flare response to inflammatory mediators (bradykinin - Juhlin
and Mikaélsson 1969, histamine - Moller and Rorsman 1958, Heyer et al 1989, and
SP - Gianetti and Girolomoni 1989) is lower in atopic patients than in controls.
Other workers, however, failed to observe a significant difference in the flare
response to SP or histamine while the wheals were larger in atopic patients
(Coulson and Holden 1950).

SP and NKA have been reported to stimulate cell growth in fibroblast cultures
(Nilsson et al 1985) which may initiate wound healing in connection with tissue
injury. The itch which patients with leg ulcers report and recognize as a good
sign of wound healing might reflect sprouting of SP- and NKA-containing nerve
fibers. SP containing nerves regenerate in the process of burn wound healing
(Kishimoto 1984), while systemic capsaicin treatment causes impaired wound
healing (Mantyh et al 1989).

Certain viruses (herpes simplex and herpes zoster) seem to invade sensory nerves
and to be stored in the dorsal roots (quoted by Hokfelt et al 1975). Recurrence
of the infection results in transport of the virus to the skin. We have found
fairly high levels of SP (97 pmol) (Wallengren, Ekman, unpublished) and CGRP
156 pmol, V) in blister fluid from patients with zoster infection . Treating
herpes-simplex infections with topical application of local anesthetics
(Emla\"") inhibited the development of a recurring infection (Cassuto 1989).
This can be explained by an inhibition of the release of both the virus and the

neuropeptides (which normally induce flare, wheal, itch and pain) from sensory
nerves.

Acute herpes zoster infection is followed by marked destruction of cutaneous
nerves (Hasegawa 1971). Axon refiex vasodilatation was found to be impaired
indicating a loss of C-fibres (Jancsc') et al 1983). The pain associated with
herpes zoster infection probably reflects the destruction or the regeneration of
cutaneous nerves and has been found to be substancially reduced by continuous
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topical application of capsaicin (Bernstein et al 1987, 1989). The paroxysmal
attacks of itch in patients with notalgia paresthetica might reflect abnormal
firing of peripheral nociceptors. The attacks often are of short duration which
may explain why there is no inflammatory reaction in the skin which would be
expected if excitation of nociceptors leads to neuropeptide release. The axon
reflex is not impaired in notalgia paresthetica i.e. ic injection of SP in the
afflicted patch revealed the same flare and wheal but more itch than in control
skin (same region) (Wallengren, Hikanson unpublished). The local functional
changes in C-fibres of such patients do not seem to correspond to morphological
nerve changes. This may explain why a short treatment period with capsaicin may

be enough to restore a normal function in patients with notalgia paresthetica
(VI).

CAPSAICIN AND SKIN DISEASES

Capsaicin has been used in animal experiments in order to elucidate the role of
C-fibre-mediated mechanisms in a variety of organs and the role of these
mechanisms in the pathogenicity of different disorders. Parenteral admini-
stration of capsaicin causes severe bronchoconstriction (which may be prevented
by administration of terbutalin) and severe itch leading to scratching. Trophic
skin lesions described in rats treated with capsaicin as newborn probably
reflect degeneration of C-fibres (Maggi et al 1987). Capsaicin produces degene-
ration of C-fibres in neonatal rats up to 10-14 days of age. When administred to
adult rats there is no destruction of primary sensory neurons (Fitzgerald 1983).
The effects of capsaicin on cutaneous nerves are species dependent (Lynn and
Pini 1984) with respect to both immediate and long term effects.

The response to ic injected capsaicin (flare and wheal) in human skin is dose
dependent (IV). Repeated injections induced tachyphylaxis. The axon reflex
recovered after eight weeks indicating that there are no long-term degeneration
effects on the neurons. Repeated topical application of capsaicin in patients

with notalgia paresthetica caused a permanent improvement in nine out of ten
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patients (VI). The efficacy of this treatment speaks for a pathogenetic role of
capsaicin-sensitive, unmyelinated sensory fibres. Topical capsaicin treatment
has previously been shown to be efficient in postherpetic neuralgia (Bernstein
et al 1987 and 1989, Bucci et al 1988), apocrine chromohidros (Marks 1989),
severe psoriasis (Bernstein et al 1986) and stump pain (Rayner et al 1989).

Capsaicin treatment reduces the itch associated with different dermatological
affections e.g. lichen planus, nummular psoriasis, aquagenic urticaria, atopic
dermatitis, and contact dermatitis to nickel sulphate (Cappugi et al 1990).
Topical capsaicin seems, however, to enhance immunologic and non-immunologic
inflammatory reactions in human skin (Wallengren and Méller 1987) and contact
dermatitis in mice (Girolomoni 1990). Systemic treatment of guinea pigs with
capsaicin enhances both induction and responses to provocation of contact
dermatitis to DNCB (Wallengren et al 1990). However, pigs sensitized with
ascaris and pretreated with capsaicin responded to ascaris challenge with
reduced nasal and tracheobronchial bloodflow (equivalent to the flare reaction)
(Alving et al 1988). Topical pretreatment with capsaicin reduces also the
cutaneous allergy reaction to rat antigen in sensitized persons or to anti-IgE
in non-allergic persons (Lundblad et al 1987).

IMMUNOLOGICAL REACTIONS AND NEUROPEPTIDES

The tachykinin antagonist Spantide has been shown to inhibit the immunologic
reactions of both immediate (contact urticaria, VIII) and delayed cutaneous
hypersensitivity (contact dermatitis, VII} and tuberculin reactions (VIII) while
had no effect on non-immunologic inflammatory reactions. This suggests that SP
might be involved in the pathogenesis of immunologic skin reactions. There was
no enhancement of contact allergy to nickel by local pretreatment with SP,
neither was there inhibition following the local pretreatment with VIP or
somatostatin as might perhaps be expected from in vitro studies (Payan and
Goetzl 1986). The proliferation of both human (Payan et al 1983) and murine
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(Stanisz et al 1986) T-lymphocytes is stimulated by nanomolar concentrations of
SP. The poliferation of T-lymphocytes in response to nickel sulphate or mercuric
chloride can both be enhanced and suppresed by the same neuropeptide dependent
on the concentration used (Nordlind and Mutt 1986 a, b). It appears that
Spantide acts independently of mast cells since it inhibited only slightly (to
72%) the flare response to histamine and not at all the wheal (ViII).
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General summary and conclusions

1. SP, CGRP, somatostatin, VIP and NPY have been demonstrated in nerve
fibres in the human skin by immunocytochemistry and immunochemistry.
There were regional and topographical differences in the occurrence and
distribution of the neuropeptides. Skin from fingers and toes contained
the highest concentrations of the neuropeptides, notably CGRP and NPY.
VIP and CGRP were relatively abundant in the axilla. We found SP and
CGRP to coexist in a subpopulation of nerve fibres; however, fibres
containing CGRP alone were more numerous. SP/CGRP occurred in
numerous free subepitelial nerve endings, VIP and NPY were fond in nerve
fibres deep in the dermis, usually around blood vessels. VIP-containing
fibres were also found around ducts and acini of sweat glands while NPY
fibres were associated with ducts and acini of sweat glands and hair
roots.

2. Certain physiological factors were found to influence neurogenic
inflammation (standardized challenge with SP). Different body regions
differed in the flare and wheal response to SP. The largest flare was
recorded on the thorax, the largest wheal on the upper aspect of the
foot. The flare decreased dramatically with increasing age and was
greater during the night then during the day. Athletes displayed smaller
SP evoked flare responses immediately after a competitive endurance test
than at rest.

3. Mast-cell histamine plays an important role in the flare response induced
by tachykinins but not in the response induced by CGRP.

4, Prostaglandin E2 and bradykinin interfere with the neurogenic
inflammation. Their effects are partly inhibited by local anesthetics and
antihistamines.
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Capsaicin (injected intradermally) seems to cause flare and wheal without
the participation of mast-cell histamine. The flare was inhibited by
local anesthetics, indicating the involvement of sensory fibres and axon
reflexes. Repeated application of capsaicin caused desensitization to

both capsaicin and bradykinin. The desensitization was reversed after
about 8 weeks.

Fairly high concentrations of SP, VIP, CGRP and NPY were found in blister
fluid from inflamed skin (many different types of disorders) indicating
that neuropeptides play an important role in inflammation regardless of
its primary cause.

Ten patients with notalgia paresthetica were successfully treated with
topical capsaicin (1 x 5 in one week, 1 x 3 in 4 weeks). Five of ten
patients treated with capsaicin became symptom-free, four were greatly
improved but reported minor relapse. Renewed capsaicin treatment
alleviated the itch also in these patients. Capsaicin sensitive sensory
neurons seem to play a pathogenetic role in the development of notalgia
paresthetica.

A tachykinin antagonist, Spantide, was shown to inhibit immediate and
delayed hypersensitivity reactions in human, while it failed to influence
non-immunologic inflammatory reactions. These speaks for a stimulatory
role of SP in the immunologic process.



57

Acknowledgements
I wish to express my gratitude and appreciation to:

Professor Halvor Méller, head of the Department of Dermatology, Malmd, my
tutor and co-worker for acccepting me as his pupil, for introducing me to the

field of experimental Dermatology, for his enthusiasm, help and great interest
in this study.

Professor Rolf Hdkansson, head of the Department of Pharmacology, Lund, my
tutor and co-worker for his expert, genereous and enthusiastic guidance, for his
friendly and encouraging support.

Ass. professor Rolf Ekman, my collaborator for introducing me to the field of
neuropeptides and for his enthusiasm .

Ass. professor Frank Sundler, my collaborator for his friendly and expert help
and advice.

Ass. professor Ake Andrén-Sandberg, for his enthusiasm and patience.

Medical students, patients and staff from the Department of Dermatology and
Pharmacology for participating in the experiments, creating a pleasant
atmosphere, for their support and help.

Mrs Gabriella Kriiger, for her skilful and patient typing and retyping the
manuscripts.

Mrs Isa Andrén, for her enthusiastic, friendly and skilful typing of this
thesis.

Mrs Karin Lundberg and mrs Monika Andersson. for their friendly attitude and for
help with preparing of solutions and for cutting and weighing many sheets of
paper.



58

Mrs Britt Carlsson, for extracting peptides and mrs Rita Persson, Margareta
Olsson, Kerstin Olsson, Guvor Olofsson and Ann-Britt Carlsson for performing
radioimmunoassays.

Mrs Eva Engelbert for prepering the histological sections.

Ph.D. Bjorn Edman, for his friendly and expert statistical advice.

The collegues from the Department of Dermatology for many fruitful discussions,
referring the patients with notalgia paresthetica, contact urticaria and bullous

disorders to me and for participation in the experiments.

Ass. professors Bengt Hindfelt and Bengt Sjélund, for constructive criticism of
the study on notalgia paresthetica.

Ass. professors Otto L jungberg and Clas Lindstréom, for their kind help with
staining for SP and photographing of the histologic sections from the patients
with notalgia paresthetica.

Prof. Jeffrey Bernhard, University of Massachusetts, for his kind interest in
the notalgia paresthetica study and for sending me the poem "Unscratchable
itch",

Mrs Muriel Spalding-Larsson. for reviewing the English text.

My family, Nils-Olof and Sara, my parents and parents in-law for their love,
support and help in many ways.



59
References

Ainsworth A, Hall P, Wall PD, Allt G, Lynn Mc Kenzie, Gibson S, Polak JM.
Effects of capsaicin applied locally to adult peripheral nerve. II. Anatomy

and enzyme and peptide chemistry of peripheral nerve and spinal cord. Pain
1981; 11:379-388

Albro P, Thomas R, Fishbein L. Prostaglandins: Action in mast cells in
vitro. Prostaglandins 1972; 1:2; 134-145

Alving K, Matran R, Lacroix JS, Lundberg JM. Allergen challenge induces
vasodilatation in pig bronchial circulation via a capsaicin-sensitive
mechanism. Acta Physiol Scand 1988; 571-572

Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM. Alternative RNA
processing in calcitonin gene expression generates MRNAs encoding
different polypeptide products. Nature 1982; 298: 240-244

Anand P, Bloom SR, Mc Gregor GP. Topical capsaicin pretreatment inhibits
axon reflex vasodilatation caused by somatostatin and vasoactive intesti-
nal polypeptide in human skin. Br J Pharmacol 1983; 78: 665-669

Arthur RP, Shelley WB. The innervation of human epidermis, J Invest
Dermatol 1958; 397-411

Arvier PT, Chahl LA, Ladd RJ. Modification by capsaicin and compound

48/89 of dye leakage induced by irritants in the rat. Br J Pharmacol 1977,
59:61-68

Astwazaturow M. Uber paresthetische Neuralgien und eine bezondere Form
derselben - Notalgia paresthetica. Nerven 1934; 133; 188

Barnes PJ, Brown MJ, Dollery CT, Fuller RW, Heavey DJ, Ind PW. Histamine
is released from skin by substance P bud does not act as the final vaso-
dilator in the axon refiex. Br J Pharmacol 1986; 88: 741-745

Bayliss WM. On the Origin from the spinal cord of the vasodilator fibers of

the hind limb and on the nature of these fibers. J Physiol (Lond) 1901; 26:
173-209

Beding-Barnekow B, Leander S, Ohlin M, Ninn-Pedersen K, Alkner U,
Hikanson R. Exp Eye Res 1990; 50: 21-26

Bergstrdm S, Krabisch L, Sjdvall J. Smooth muscle stumulating factors in
ram semen. Acta Chem Scand 1960; 14; 1706-1710

Bergstrém S. The Prostaglandins: a family of biologically active lipids.
Pharmacol Rev 1968; 20: 1: 1-48



60

Bernstein JE, Swift RN, Soltani K, Lorincz AL. Inhibition of axon reflex

vasodilatation by topically applied capsaicin. J Invest Derm 1981; 76: 5:
394-395

Bernstein JE, Parish LC, Rappaport M, Rosenbaum MM, Roenigk HH.
Effects of topically applied capsaicin on moderate and severe psoriasis
vulgaris. J Am Acad Derm 1986; 15; 504-507

Bernstein JE, Bickers DR, Dahl MV, Roshal JY. Treatment of chronic post.

therpeutic neuraliga with topical capsaicin. J Am Acad Dermatol 1987; 17:
93-96

Bernstein JE, Korman NJ, Bickers DR, Dahl MV, Millikan LE. Topical cap-

saicin treatment of chronic postherpetic neuralgia. J Am Acad Dermatol
1989: 21: 265-270

Bienenstock J, Denburg J, Scicchitano R, Stead R, Perdue M, Stanisz A.
Monography. Allergy 1988; 24: 124-133

Blalock JE. The immune system as a sensory organ. J Immunol 1984; 132; 3:
1067-1070

Boissonnas RA, Guttmann S, Jaquenoud PA. Synthése de la L-arginyl-
-L-prolyl- L-prokyl-glycyl- L-phénylalanyl- L-séryl - L-prolyl - L-
-phénylalanyl - L-arginine, un nanopeptide présentant les propriétes de Ia
bradykinine. Helv Chim Acta 1960; 43 : 1349-1355

Brain SD, Williams TJ. Inflammatory oedema induced by synergism between
calcitonin gene-related peptide (CGRP) and mediators of increased vascular
permeability. Br J Pharmacol 1985; 86: 855-860

Brain SD, Williams TJ, Tippins JR, Morris HR, Mac Intyre 1. Calcitonin
gene-related peptide is a potent vasodilator. Nature 1985; 313: 54-56

Brain SD, Williams TJ. Substance P regulates the vasodilator activity of
calcitonin gene-related peptide. Nature 1988; 335: 73-75

Brain SD, Williams TJ. Interactions between the tachykinins and calcitonin
gene-related peptide lead to the modulation of oedema formation and blood
flow in rat skin. Br J Pharmacol 1989; 97: 77-82

Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J, Guillemin R.
Hypothalamic polypeptide that inhibits the secretion of immunoreactive
pituitary growth hormone. Science 1973; 179: 77-79



61

Braun-Falco O, Burg G, Farber EM: Psoriasis eine Fragebogenstudie bei 536
Patienten. Much Med Wochenschr 1972; 114: 1-15

Brodin GE, Olgart L, Panopoulos P. Evidence that substance P ia s mediator
of antidromic vasodilatation using somatostatin as a release inhibitor.
Acta Physiol Scand 1984; 223: 115-159

Bruce AN, J Exp Physiol 1913; 6: 339-354

Bryant MG, Polak JM, Modlin F, Bloom SR. Albuquerque RH and Pearse
AGE. Possible dual role for vasoactive intestinal peptide as gastro-
intestinal hormone and neurotransmitter substance. Lancet 1976; i: 991-993

Bucci FA, Gabriels Ch F, Krohel GB. Successful treatment of postherpetic
neuralgia with capsaicin. Am J Ophtalmol 1988; 758-759

Buck SH, Burks TF. The neuropharmacology of capsaicin: Review of some
recent observations. Pharmacological Reviews 1986; 38: 3: 179-226

Bynke G, Hikanson R, Sundler F. Is corneal substance P necessery for
corneal nociception? Eur J Parmacol 1984; 101: 253-258

Carpenter SE, Lynn B, YVascular and sensory responses of human skin to mild
injury after topical treatment with capsaicin. Br J Pharmacol 1981; 73:
755-7558

Cassuto J. Prevention och behandling av reccurent oral and genital herpes
simplex med lokalanesthetica. Svenska Lakarséllskapets Riksstimma 1989

Celander O Folkow B. The nature and distribution of afferent fibres
provided with axon refiex arrangement. Acta Physiol Scand 1953; 29:
359-370

Chahl LA. The effects of ruthenium red on the response to of guinea pig
ileum to capsaicin. Eu J Pharmacol 1989; 169: 241-247

Chang MM, Leeman SE. Isolation of a sialogig peptide from bovine
hypothalamic tissue and its characterization as substance P. J Biol Chem
1970; 245: 4784-4790

Coons AH. Fluorescentantibody methods. In: General Cytochemical Methods,
ed. Danielli JF. Academic Press, New York 1958; 399-422

Coulson JH, Holden CA. Cutaneous reactions to substance P and histamine in
atopic dermatitis. Br J Dermatol 1990; 122: 343-349



62

Cox AJ. Mast cells in psoriasis, in Farber EM, Cox AJ, eds: Psoriasis:
proceedings of the Second International Symposium. New York, Yorke
Medical Books 1977; 34-43

Crossman DC, Fuller RW. Bradykinin induced wheal and flare is not media-

ted by histamine release or cyclooxygenase products. Br J Clin Pharmacol
1988; 26: 113-115

Cuello AC, Gamse R, Holzer P, Lembeck F. Substance P immunoreactive

neurons following neonatal administration of capsaicin. NS Arch Pharmacol
1981; 345: 185-194

Dale HM. Pharmacology and nerve ending. Proc R Soc Med 1935; 28: 319-332

Dalsgaard C-J, Johnsson CE, Hokfelt T, Cuello AC. Localization of substance
P-immunoreactive nerve fibers in the human digital skin. Experimentia 1983,
39:1018-1020

Dalsgaard C-J, Hagerstrand A, Theodorsson-Norheim E, Brodin E, Hokfelt
T. Neurokinin A-like immunoreactivity in rat primary sensory neurons; co-
existence with substance P. Histochemistry 1985; 83: 37-39

Dewing SB. Remission of psoriasis associated with cutaneous nerve section.
Arch Derm 1971; 104; 220-221

Coulson JH, Holden CA. Cutaneous reactions to substance P end histamine in
atopic dermatitis. Br J Dermatol 1990; 122: 3: 343-369

Edvinsson L, Ekblad E, Hikanson R, Sundler F, Wahlstedt C. Neuropeptide Y
potentiates the effect of various vasoconstrictor agents on rabbit blood
vessels. Br J Pharmacol 1984; 83: 519-526

Ekblad E, Edvinsson L, Wahlstedt C, Uddman R, Hikanson R, Sundler F.
Neuropeptide Y co-exists and co-operates with noradrenaline in perivascular
nerve fibres, Regul Pept 1984; 8: 225-235

Ersparmer V. The tachykinin peptide family. Trends Neuroscience 1981; 4:
267-269

Euler US v, Gaddum JH. An unidentified depressor substance in certain
tissue extracts. J Physiol (Lond) 1931; 72: 74-87

Euler US v. A depressor substance in the vesicular gland. J Physiol (Lond)
1935; 84:21 P

Euler US v. Untersuchungen Uber Substanz P, die atropinfeste,
darmerregende und gefisserweiterende Substanz aus Darm und Gehirn.
Naunyn-Schmideberg’ s Arch. Exp Pathol Pharmacol 1936; 181: 181-197



63

Fantini F, Pincelli C, Romuaoldi P, Lesa G, Girolomoni G, Gianetti A.
Increased vasoactive intestinal polypeptide levels in lesional skin of
atopic dermatitis. ESDR, 20th Annual Meeting, Turin, June 1990

Farber EM, Nall ML.The natural history of psoriasis in 5600 patients.
Dermatologica 1974; 148: 1-18

Farber EM, Nicholoff BJ, Recht B, Fraki JE. Stress, symmetry and psoriasis:
Possible role of neuropeptides. J Am Ac Dermaatol. 1986; 14: 305-311

Ferreira SH. Vane JR. Prostaglandins: their disappearance from and release
into the circulation. Nature (Lond) 1967; 216: 873-876

Fitzgerald M. Capsaicin and sensory neurons - a review. Pain 1983; 15:
109-130

Fjellner B, Hagermark O. Transcutaneous nerve stimulation and itching. Acta
Derm Venereol (Stockh) 1978; 58: 131-134

Fjellner B, Higermark . Studies on pruritogenic and histamine-releasing
effects of some putative neurotransmitters. Acta Derm Venereol (Stockh)
1981; 61: 245-350

Folkers K, Hdkanson R, Horig J, Jie-Cheng Xu, Leander S. Biological evalua-
tion of substance P antagonist. Br J Pharmacol 1984a; 83: 449-456

Folkers K, Lu Y-A, Rosell S. Synthesis and biological activities of neuro-

kinin a and B. Biochemical and biophysical research communications 1946;
118: 2: 405-408

Foreman JC, Jordan CC. Histamine release and vascular changes induced by
neuropeptides. Agents Actions 1983; 13: 2/3, 105

Frey EK, Kraut H. Ein nues Kreislauf-hormon und seine Wirkung. Naunyn-
Schmideberg’s. Arch Exp Pathol. Pharmacol 1928; 133: 1-56

Fuller RW, Conradson T-B, Dixon CMS, Crossman DC, Barnes PJ. Sensory
neuropeptide effects in human skin. Br J Pharmacol 1987;92: 781-788

Gaddum JH, Schild H. Depressor substances in extracts of interstine,
J Physiol (Lond) 1934; 83: 1-14

Gaddum JH, Szerb JC. Assay of substance P on goldfish intestine in a
microbath. Br J Pharmacol 1961; 17: 451-463

Gamse R, Holzer P, Lembeck F. Decrease of substance P in primary afferent

neurones and impairment of neuregenic plasma extravasation by capsaicin.
Br J Pharmacol 1980; 68: 207-213



64

Gamse R, Leeman SE, Holzer P, Lembeck F. Differential effects of capsaicin
on the content of somatostatin, substance P and neurotensin in the nervous
system of the rat. Naunyn Schmidebergs Arch Pharmacol 1981; 317: 140-148

Gamse R, Petsche U, Lembeck F, Jancso G. Capsaicin applied to peripheral

nerve inhibits axoplasmic transport of substance P and somatostatin. Brain
Res 1982; 239:447-462

Gamse R, Saria A. Potentiation of tachykinin - induced plasma protein

extra-vasation by calcitonin gene-related peptide. Eu J Pharmacol 1985;
114;: 61-66

Gibbins IL, Furness JB, Costa M, Maclntyre I, Hilly CJ, Girgis S. Co-
localization of calcitonin gene-related peptide-like immunoreactivity with
substance P in cutaneous, vascular and visceral sensory neurons of guinea
pigs. Neuroscience Letters 1985; 57: 125-130

Gibbins IL, Furness JB, Costa M. Pathway-specific patterns of the co-
existence of substance P, calcitonin gene-related peptide, cholecystokinin
and dynorphin in neurons of the dorsal root ganglia of the guinea pig. Cell
Tissue Res 1987;248:417-437

Gianetti A, Girolomoni G. Skin reactivity to neuropeptides in atopic
dermatitis. Br J Dermatol 1989; 121: 681-688

Gilchrest BA, Stoff JS, Soter NA. Chronologic aging alters the response to

ultraviolet-induced inflammation in human skin. J Invest Dermatol 1982; 79:
11-15

Girolomoni G. Peptidergic neurons modulate the expression of cutaneous
delayed-type hypersensitivity reactions. Workshop on Neuropeptides, ESDR
- 20th annual meeting 9-12 June 1990, Turin

Goldblatt MW. A depressor substance in seminal fluid. J Soc Chem Ind (Lond)
1933; 33: 1056-1057

Goltz F. Uber Gef: dsserweiternde Nerven. Pfluger’ s Arch Gen Physiol 1884;
9:174-190

Greaves MW, Mc Donald-Gibson W. Itch: Role of Prostaglandins. Br Med J
1973; 3: 608-609

Greaves MW. Pharmacology and significance of nonsteroidal anti-

inflammatory drugs in the treatment of skin diseases. ] Am Acad Dermatol
1987; 16: 751-764



65

Hartschuh W, Weihe E, Reinecke M. Peptiderigic (neurotensin, VIP,
substance P) nerve fibres in the skin. Immunohistochemical evidence of an
involvement of neuropeptides in nociception, pruritus and inflammation.
Br J Dermatol 1983; 109: suppl 25: 14-17

Hartschuh W, Weihe E, Yanaihara N, Reinecke M. Immunohistochemical
localisation of vasoactive intestinal peptide (VIP) in Merckel cells of
various mammials; Evidence for a neuromodulator function of the Merckel
cell. J Invest Derm 1983; 81: 4: 361-364

Hasegawa T. Another electron microscopic observations of herpes zoster
virus. Arch Dermatol 1971; 103; 45-49

Helme RD, MacKernan. Neurogenic flare responses following topical
application of capsaicin in humans. Ann Neurol 1985; 18: 505-509

Henry JL. Substance P and pain: A possible relation in afferent trans-
mission. In substance P. Nobel Symposium 37, ed. v Euler US & Pernow B.
Raven Press, New York 1977; 231-240

Heyer G, Hornstein OP, Handwerker HO. Skin reactions and itch sensation
induced by epicutaneous histamine application in atopic dematitis and
controls. J Invest Derm 1989: 93: 4: 492-496

Hinsey JC, Gasser HS. The component of the dorsal root mediating vaso-
dilatation and the Sherrington contraction. Am J Phsiol 1930; 92: 679-689

Holmdahl G, Hakanson R, Leinder S, l;og)ll S, Folkers K, Sundler F.
A substance P antagonist (D-Pro”, D-Trp "* °’ SP, inhibits inflammatory
responses in the rabbit eye. Science 1981; 214: 1029-1031

Holton P. The substance P and adenosinetriphosphate (ATP) cntents of
sensory nerve in degenerating nerve. J Physiol (Lond) 1958; 143: 45 P

Holzer P. Local effector functions of capsaicin-sensitive sensory nerve
endings: Involvement of tachykinins, calcitonin gene-related peptide and
other neuropeptides. Neuroscience 1988; 24: 739-768

Hikanson R, Beding B,Ekman R, Heilig M, Wahlstedt C, Sundler F. Multiple

tachykinin pools in sensory nerve fibres in the rabbit iris. Neuroscience
1987; 21: 3: 943-950

Hagermark O, Hokf4lt T, Pernow B. Flare and itch induced by substance P in
human skin. J Invest Dermatol 1978; 71: 233-235

Hokfeit T, Kellerth J-O, Nilsson G, Pernow B. Experimental immunohisto-
~-chemical studies on the localisation and distribution of substance P in
cat primary sensory neurons. Brain Research 1975; 100: 235-252



66

Hokfelt T, Elfvin LG, Schultzberg M, Fuxe K, Said SI, Mutt V, Goldstein M.
Immunohistochemical evidence of vasoactive intestinal polypeptide -

containing neurons and nerve fibers in sympathetic ganglia. Neuroscience
1977; 2: 885-896

Hunter JC, Maggio JE. A pharmacological study with substance K: Evidence
for multiple types of tachykinin receptors. Eu J Pharm 1984; 105: 149-153

Jancsé G, Kiraly E. Distribution of chemosensitive primary sensory
afferents in the rat CNS. J Comp Neurol 1980; 190: 781-792

Jancs6 G, Huss S, Sumon N. Impairment of axon-reflex vasodilatation after
herpes zoster. Clin Exp Dermatol 1983; 8: 27-31

Jancs6 G, Obdl E, Toth-Kasa I, Katona M, Husz S, The modulation of

cutaneous inflammatory reactions by peptide-containing sensory nerves. Int
I Tissue React 1985; VII 6: 449-457

Johansson O, Vaalasti A, Hilliges M, Ljungberg A, Nordlind K, Lidén S,
Arver S, S8der O, Ritzén M, Luthman J, Ahlstdrm U, Kvint S. Somatostatin -
like immuno-reactivity in human dendritic cells with special reference to
Langerhans cells of the skin. Proceedings of the second workshop on

Langerhans cells. Eds Thivolet J, Schmitt D. Libbey J. Eurotext Ltd.,
Montrouge, 1988

Juhlin L, Michaelson G. Cutaneous reactions to kallikrein, bradykinin and
histamine in heaithy subjects and in patients with urticaria. Acta Derm
Benereol 1969; 49; 26-36

Kangawa K, Minamino N, Fukuda A, Matsuo H. Neuromedin K: A novel
mammalian tachykinin identified in porcine spinal cord. Biochem Biophys
Res Comm 1983; 114: 533-540

Kiernan JA. A pharmacological and histological investigation of the
involvement of mast cells in cutaneous axon reflex vasodilatation. Q J Exp
Physiol 1975; 60: 123-130

Kimura S, Okado M, Sugita Y, Kanazawa I, Munekata E. Novel neuro ~
peptides, neurokinin a and B, isolated from porcine spinal cord. Proc.
Japan Acad. 1983; 59, Ser B. 4: 101-104

Kiistala U, The suction blister method for the in-vivo separation of
epidermis from dermis in human skin. Thesis,Helsinki 1976

Kishimoto S. The regeneration of substance P containing nerve fibers in the
process of wound healing in the guinea pig skin. J Invest Dermatol 1983;
1:219-223



67

Koblenzer C. Psychosomatic concepts in dermatology. Arch dermatol 1983;
119: 501-512

Kurzrok R, Lieb CC. Biochemical studies of human semen. II. The action of
semen on the human uterus. Proc Soc Exp Biol Med 1930; 28: 268-272

Larsson L-I, Edvinsson L, Fahrenkrug J, Hékanson R, Owman Ch,
Schaffalitzky de Muckadell OB, Sundler F. Immunohistochemical localization

of a vasodilatory polypeptide (VIP) in cerebrovascular nerves. Brain Res
1976; 113: 400-404

Lahti A. Non-immunologic contact urticaria. Acta Derm Venereol (Stockh)
1980; 60: suppl 91

Lembeck F, Gamse R. Substance P in peripheral sensory processes. In:
R Porter and M O’ Connor, eds. Substance P in the Nervous system (Ciba
Foundation Symposium 9) London: Pitman 1982; 35-54

Lembeck F, Holzer P. Substance P as neurogenic mediator of antidromic
vasodilatation and neurogenic plasma extravasation. Naunyn-Schmiedeberg’s
Arch Pharmacol 1979; 310: 175-183

Lewis T. The Blood vessels of the human skin and their responces. (Chicago
Medical Book Company) 1927; 46

Lindh B, Hagerstrand A, Lundberg JM, Hokfelt T, Fahrenkrug J, Cuello AC,
Grassi J, Massoulié J. Substance P-, VIP- and CGRP - like immuno-
reactivities coexist in a population of cholinergic postganglionic

sympathetic nerves innervating sweat glands in the cat. Acta Phys Scand
1988; 134: 569-570

Lundberg JM. Evidence for coexistence of vasoactive intestinal polypeptide
(VIP) and acetylcholine in neurons of cat exocrine glands. Morphological,

biochemical and functional studies. Acta Physiol Scand 1981; 112: supp!
496: 1-57

Lundberg JM, Terenius L, Hokfelt T, Martling CR, Tatemoto K, Mutt V,
Polak J, Bloom S, Goldstein M. Neuropeptide Y (NPY) - like immuno-
reactivity in peripheral noradrenergic neurons and effects of NPY on
symphatetic function. Acta Physiol Scand 1982; 16: 477-480

Lundblad L, Lundberg JM, Anggard A, Zetterstrém O. Capsaicin sensitive
nerves and the cutaneous allergy reaction in man. Allergy 1987; 42: 20-25

Lynn B, Pini A. Are the effects of capsaicin on cutaneous nerves species
dependent? Skin Pharmacology Society Symposium, 1984, London

MacKie RM, Beastall GM, Thomson JA. Growth hormone levels in psoriasis.
Arch Dermatol Res 1983; 275: 207



68

Magerl W, Westerman RA, Mohner B, Handwerker HO. Properties of trans-
dermal histamine iontophoresis: Differential effects of season, gender, and
body region. J Invest Dermatol 1990; 94: 345-352

Maggi CA, Santicioli P, Renzi D, Patachini R, Surrenti C, Medi A. Simul-
taneous release of substance P and calcitonin gene-related peptide-like
immunoreactivity and motor response of the isolated guinea pig gallbladder
to capsaicin. Gastroenterology

Maggi CA, Borsini F, Santicioli P, Gepetti P, Abelei L, Evangielista S,
Manzini S, Theodorsson-Norheim E, Somma V, Amenta F, Bacciarelli C,
Meli A. Cutaneous lesions in capsaicin-pretreated rats. A trophic role of
capsaicin-sensitive afferents? Naunyn-Schmideberg’ s Archives of Pharma-
cology 1987; 336: 538-545

Mantyh PW, Cattow MD, Boehmen CG, Welton ML, Pasaro EPJr, Maggio JE,
Vigna SR. Receptors for sensory neuropeptides in human inflammatory

diseases: implications for the effector role of sensory neurons. Peptides
1989; 10: 625-645

Manzini S, Ballati L, Geppetti P, Rubini J, Meini S, Peretti F. Arachidonic
acid-induced bronchomotor responses are partially mediated by release of

sensory neuropeptides from capsaicin-sensitive structures. Br J Pharmacol
1989; 98: 1077-1079

Marcusson JA, Lund B, Sidén A, Persson A. Notalgia paresthetica-puzzling
posterior pigmented pruric patch. 1990; 452-454

Marks JG. Treatment of apocrine chromhidrosis with topical capsaicin, J Am
Acad Derm 1989; 21: 2: 2: 418-420

Maysey EW. Elctromyographic evaluation of notalgia paresthetica. Neurology
1981; 31: 642

Medansky R, Handler R. Dermatophsychosomatics: Classification,
physiology, and therapeutic approches. J Am Acad Derm 1981; 5: 125-136

Mihm M, Soter N, Dvovak H, Austen F. The structure of normal skin and the
morphology of atopic eczema. J Invest Dermatol 1976; 67: 305-312

Minamino N, Kangawa K, Fukuda A, Matsuo H. Neuromedin L: A novel
mammalian tachykinin identified in porcine spinal cord. Neuropeptides 1984;
4:157-166

Montagna W, Carlisle K. Structural changes in aging human skin. J Invest
Dermatol 1979; 73: 1: 47-53



69

Mutt V, Said SI. Structure of the porcine vasactive intestinal octacosa-
peptide: The amino-acid sequence. Use of kalikrein in its determination.
Eur J Biochem 1974; 42: 581-589

Moller H, Rorsman H. Studies on vascular permeability factors with sodium
fluorescein. Acta Derm Venereol 1958; 38: 243-250

Nahwa H, Doteuchi M, Igano K, Inouye K, Nakanishi S. Substance K: A novel
mammalian tachykinin that differs from substance P in its pharmacological
profile. Life Science 1984; 34: 1153-1160

Naukkarinen A, Nickoloff BJ, Farber EM. Quantification of cutaneous
sensory nerves and their substance P content in psoriasis. J Invest
Dermatol 1989; 92: 126-129

Newbold PCH. Pruritus in psoriasis, in Farber EM, Cox AJ eds: Psoriasis:
Procedings of the Second International Symposium, New York, 1977, Yorke
Medical Books 1977, 334-335

Nilsson J, Euler AMv, Dalsgaard CJ. Stimulation of connective tissue cell
growth by substance P and substance K. Nature 1985; 315: 61-63

Nordlind K, Mutt V. Modulating effect of B - endorphin, somatostatin,
substnce P and vasoactive intestinal peptide on the proliferative response
of peripheral blood lymphocytes of nickel-allergy patients to nickel
sulphate. Int Arch Allergy app Immunol 1986a; 81: 368-370

Nordlind K, Mutt V. Influence of beta-endorphin, somatostatin, substance P
and vasoactive intestinal peptide on the proliferative response of human
peripheral blood T lymphocytes to mercuric chloride. Int Arch Allergy, Appl
Immunol 1986b; 80: 3: 326-328

O’ Dorisio MS, Wood CL, O’ Dorisio TM. Vasoactive intestinal peptide and
neuropeptide modulation of the immune response. J Immunol 1985; 135: 2:
792s-796s

O’ Dorisio MS. Neuropeptide modulation of the immune response in gut
associated lymphoid tissue. Intern J Neuroscience 1988; 33: 189-198

Payan DG, Brewster DR, Goetzl EJ. Specific stimulation of human T
lymphocytes bu substance P. J Immunol 1983; 131: 4: 1613-1615

Payan DG, Brewster DR, Missirian-Bastian A, Goetzl EJ. Substance P

recognition by a subset of human T lymphocytes. J Clin Invest 1984; 74:
1532-1539

Payan DG, Levine JD, Goetzl EJ. Modulation of immunity and hyper-
sensitivity by sensory neuropeptides. J Immunol 1984; 132: 4: 1601-1604



70

Payan DG, Goetzl EJ. Neuropeptide regulation of immediate and delayed
hypersensitivity. Intern J Neuroscience 1988 ; 38: 211-221

Palmer JBD, Cuss FMC, Mulderry PK, Ghatei MA, Springall DR, Cadieux A,
Bloom SR, Polak JM, Barnes PJ. Calcitonin gene-related peptide is localized

to human airway nerves and potently constricts human airway smooth muscle
1987; 91:95-101

Pincelli C, Fantini F, Romuoldi P, Lesa G, Gianetti A. Increased vasoactive
intestinal polypeptide levels in lesional skin of psoriasis. J Invest
Dermatol 1990; 94: 4: 566

Pincelli C, Fantini F, Massini P, Girolomoni G, Seidenari S, Gianetti A.
Neuropeptides in skin from patients with atopic dermatitis: an
immunohistochemical study. Br J Dermatol 1990; 122: 745-750

Piotrowski W, Devoy MAB, Jordan CC, Foreman JC. The substance P
receptor on rat mast cells and in human skin. Agents and Actions 1984; 14:
314: 420-424

Piotrowski W, Foreman JC. Some effects of calcitonin gene-related peptide
in human skin and on histamine release. Br J Derm 1986; 114: 37-46

Rajka G: Atopic dermatitis. WB Sounders London 1975; 138-140

Rayner HC, Atkins RC, Westerman RA. Relief of local stump pain by
capsaicin cream. Lancet 1989; II: 1276~1277

Regoli D, Barabé J. Pharmacology of bradykinin and related kinins. Pharma-
cological Reviews 1980; 32: 1: 1-46

Reusch MK, Karasek MA, Nicholoff BJ., Effect of neuropeptide present in
skin on the proliferation of human peripheral blood mononuclear cells and T
cells. Arch Dermatol Res 1988; 280: 279-281

Riley JF, West GB. The presence of histamine in tissue mast cells.
J Physiol 1953; 120: 528

Rocha e Silva M, Beraldo WT, Rosenfeld G. Bradykinin, a hypotensive and
smooth muscle stimulating factor released from plasma globulin by snake
venoms and by trypsin. Am J Physiol 1949; 156: 261-273

Rocha e Silva M: Kinin Hormones. Charles C Thomas, Publ. Springfield, IL.
1970

Rola-Pleszczynski M, Bolduc D, St-Pierre S. The effects of vasoactive
intestinal peptide on human natural killer cell function. J Immunol 1985;
135: 4: 2569-2573



7

Rosenfeld MG, Mermod J-J, Amara SG, Swanson LW, Sawchenko PE, River
J, Vale WW, Ivans RM. Production of a novel neuropeptide encoded by the

calcitonin gene via tissue-specific RNA processing. Nature 1983; 304:
129-135

Raskas KV, Bircher AJ, Maibach HI, Guy RH. Pharmacodynamic
measurements of methyl nicotinate percutaneous absorbtion: The effects of
aging on microcirculation. Br J Dermatol 1990; 122; 165-171

Roth H, Kierland R. The natural history of atopic dermatitis, Arch Dermatol
1964; 89: 209-214

Rubinstein I, Nadel JA, Graf PD, Caughey GH. Mast cell chymase
potentiates histamine - induced wheal formation in the skin of ragweed-
allergic dogs. J Clin Invest 1990; 86: 555-559

Said S, Mutt W. Long acting vasodilator peptide from lung tissue. Nature
1969; 224: 699-700

Said S, Mutt V. Polypeptide with broad biological activity: Isolation from
small intestine. Science 1970; 169: 1217-1218

Sogher F, Even-Paz 2. Mastocytosis and the Mast cell. Chicago: Yearbook,
Medial Publ 1967; 10-324

Scicchitano R, Bienenstock J, Stanisz AM. The differential effect with time
of neuropeptides on the proliferative responses of murine Peyer' s patch
and splenic lymphocytes. Brain, behavior and immunity 1987; 1: 231-237

Scicchitano R, Bienenstock J, Stanisz AM. In vivo immunomodulation by the
neuropeptide substance P. Inmunol 1988; 63: 733-735

Skofitsch G, Savitt JM, Jacobowitz DM. Suggestive evidence for a functional
unit between mast cells and substance P fibers in the rat diaphragm and
mesentery. Histo-Chemistry 1985; 82: 5-8

Stanisz AM, Befus D, Bienenstock. Diffential effects of vasoactive int
estinal peptide, substance P and somatostatin on immunoglobulin synthesis
and proliferations by lymphocytes from Peyer’ s patches, mesenteric lymph
nodes and spleen. J Immunol 1986; 136: I: 152-156

Stricker S. Untersuchungen tiber die Gefasswurz eln des Ischiadicus. Stitz
Ber Kaiserl Akad Wiss (Wien) 1876; 3: 173-185



72

Stahle M, Higermark O. Separate effects of topical indomethacin on the itch
response and on the flare reaction induced by histamine in human skin. Acta
Derm Venereol (Stockh) 1985; 85: 340-342

Sundler F, Brodin E, Ekblad E, Hdkanson R, Uddman R. Sensory nerve
fibers: Distribution of substance P, neurokinin A and calcitonin gene-

related peptide in Tachykinin antagonists. R Hikanson & F Sundler eds.
Elsevier Science Publ B.V, 1985

Sundler F, Hikanson R, Ekblad E, Uddman R, Wahlestedt C. Neuropeptide Y

in the peripheral adrenergic and enteric nervous systems. Int review of
cytology 1986; 102: 243-269

Takahashi T, Otsuka M. Regional distribution of substance P in the spinal
cord and nerve roots of the cat and the effect of dorsal root section.
Brain Res 1975; 87: 1: 1-11

Tatemoto K, Carlqvist M, Mutt V. Neuropeptide Y - a novel brain peptide
with structural similarities to peptide YY and pancreatic polypeptide.
Nature (Lond) 1982; 296: 659-660

Tatemoto K, Lundberg JM, Jérnvall H, Mutt V. Neuropeptide K: Isolation,
structure and biological activities of a novel brain tachykinin.
Biochemical and biophysical research communications. 1985; 128: 2: 947-953

Tendland T, Salerud EG, Nilsson GE, Oberg PA. Spatial and temporal
variations in human skin blood flow. Int J Microcirc: Clin Exp 1983; 2.
81-90

Terenghi G, Polak JM Ghatei MA, Mulderry PK et al. Distribution and origin
of calcitonin gene-related peptide (CGRP). Immunoreactivity in the sensory
innervation of the mammalian eye. J Comp Neurol 1985; 22: 233: 4: 506-516

Té6th-Kdsa J, Jancs6é G, Obal F, Husz S, Simon N. Involvement of sensory
nerve endings in cold and heal urticaria. J Invest Dermatol 1983; 80: 34-36

Tregear G, Niall HD, Potts TJ, Leeman SE, Chang MM Synthesis of substance
P. Nature New Biol 1971; 2: 32: 87-89

Tuft L, Heck VM, Gregory DC. Studies in sensitization as applied to skin
test reactions. J Allergy 1955; 26: 359-366

Uddman R, Alumets J, Densert O, Hakanson R, Sundler F. Occurence and
distribution of VIP nerves in the nasal mucosa and tracheobronchial wall.
Acta Oto Laryngl 1978; 367: 1-6



73

Wahlestedt C, Evinsson L, Ekblad E, HaAkanson R. Neuropeptide Y

potentiates noradrenaline-evoked vasoconstriction. Mode of action. J Pharm
Expt Therap 1985; 234: 735-741

Wallengren J, Moller H. The effect of capsaicin on some experimental
inflammations in human skin. Acta Derm Venereol (Stockh) 1986; 66:
375-380

Wallengren J, Ekman R, Mdller H. Capsaicin enhances allergic contact
dermatitis in the guinea pig. Contact Dermatitis. In press

Weber G, Klughardt G, Neidhart M. Psoriasis and human growth hormone.
Aetiology and therapy. Arch Dermatol Res 1981; 270: 361-365

Weber PJ, Poulas EG, Beach P. Notalgia paresthetica. Case reports and
histological appraisal. J Am Acad Derm 1988; 18: 25-30

Weddel G, Cowan MA, Palmer E, Psoriatic skin. Arch Derm 1965; 91.
252-266

Werle E. Gotze W, Keppler A. Uber die Wirkung das Kallikreines auf den

isolierten Darm und uber eine neue darmkontrahierende substans. Biochem Z,
1937; 289:217-233

Williams TH, Morley J. Prostaglandins as potentiators of increased vascular
permeability in inflammation. Nature 1973; 246: 215-217



