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Itch and Atopic Dermatitis: Clinical and Experimental Studies.
Carl-Fredrik Wahlgren, Department of Dermatology, Karolinska Hospital,
Karolinska Institute, Stockholm, Sweden.

ABSTRACT

The aims of the study were to develop
and evaluate methods for quantitative
measurement of itch, to investigate the
perception of itch in patients with atopic
dermatitis (AD), and to measure itch in
such patients during treatment with Hy-
receptor antagonists or cyclosporin A,
thereby exploring possible mechanisms
in the pathogenesis of itch in AD.

In a double-blind, randomized, place-
bo-controlled, cross-over study of 30
AD patients using a potent, topical, anti-
pruritic corticosteroid, two methods for
measuring itch both successfully detec-
ted the itch-relieving effect of the corti-
costeroid. The two methods comprised
new portable data-loggers (Pain-Track)
for continuous recording of itch, and
conventional visual analogue scale
(VAS) forms for retrospective recording.
The main advantages of the Pain-Track
method are possibilities for frequent
sampling, surveillance of compliance,
and analysis of a large amount of data.

Induction and measurement of experi-
mental histamine-induced itch were stu-
died in 38 healthy subjects. It was
shown that pruritic stimuli should be
presented in a random order so as to
avoid systematic errors in the perception
of itch. Two rating scales, a seven-step-
ped non-verbal scale on a Pain-Track
logger, and a 100-mm VAS on a poten-
tiometer, were found valid for continu-
ous recording of itch.

The perception of experimental itch
was studied in 32 AD patients and 32
healthy controls. The itch responses pro-
voked by wool fibres were significantly
stronger in AD patients than in controls,
whereas the histamine-induced dose-res-
ponse curves for itch did not differ signi-
ficantly between the two groups, who
discriminated equally well between weak
and strong histamine stimuli. No in-

creased skin mast cell releasability was
shown in vivo to compound 48/80 in AD
patients. Their itch responses to the dif-
ferent pruritic stimuli did not correlate
with clinical itch intensity, eczema score
or serum IgE-level.

In a double-blind, randomized, place-
bo-controlled, cross-over study of 25
AD patients, the effect on clinical itch of
a sedative (clemastine) and of a non-se-
dative (terfenadine) antihistamine did not
differ from that of placebo, although
both drugs had a pronounced Hj-recep-
tor-antagonizing effect in the skin and
clemastine was significantly sedative.
These findings support the view that his-
tamine is not the major pruritogen in AD,
and that sedation is not necessarily asso-
ciated with itch relief.

In a double-blind, randomized, place-
bo-controlled, cross-over study of 10
AD patients, 10 days’ treatment with cy-
closporin A (CSA), 5 mg/kg/day, signi-
ficantly reduced itch intensity, eczema
score and the number of peripheral blood
eosinophils. Relapses were seen within
2-30 days of completion of CSA
therapy. In at least 50% of the patients,
CSA reduced the number of CD3+,
CD4+, HLA-DR+, IgE+, CD23+ (low-
affinity Fc-IgE receptor+), intercellular
adhesion molecule-1+, and EG2+ (acti-
vated eosinophils) cells in lesional skin.
The changes of itch magnitude in the pa-
tients did not strictly parallel any specific
change in the occurrence of these cell
surface markers. The mechanism of ac-
tion for the antipruritic effect of CSA re-
mains unclear, but it is hypothesized that
cytokines may be involved in the patho-
genesis of itch in AD.

Key words: antihistamines, cyclosporin
A, cytokines, eosinophils, histamine,
lymphocytes, measurement, Pain-Track,
pruritus, visual analogue scale.
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ABBREVIATIONS

AD atopic dermatitis

cAMP cyclic adenosine monophosphate
(@)) cluster determinants

CSA cyclosporin A

ECP eosinophil cationic protein

EDN eosinophil-derived neurotoxin

FPNVS fixed-point, non-verbal scale
GM-CSF  granulocyte-macrophage colony-stimulating factor
ICAM-1  intercellular adhesion molecule-1

D itch duration

IL itch latency

IL- interleukin-

Imax maximal itch intensity
MBP major basic protein

PBS phosphate-buffered saline
Tii total itch index

TNF tumour necrosis factor

VAS visual analogue scale
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INTRODUCTION

General aspects of itch

The definition of itch, or pruritus, as “an
unpleasant sensation which provokes the
desire to scratch” was introduced by
Samuel Hafenreffer in 1660 (1) and is
still used. Itch can be regarded as a ‘phy-
siological’ and well-adapted sensation
when it elicits a scratch response that re-
moves potentially harmful stimuli from
the skin, such as fibres, chemicals or pa-
rasites. When itch occurs as a symptom
of disease it is considered ‘pathological’
and here there is no obvious advantage in
scratching. On the contrary, scratching
leads to further damage of the skin and
may initiate a vicious ‘itch-scratch’ circle.
Pruritus is the major symptom of many
skin diseases, but it is also found in as-
sociation with internal diseases, e.g. ob-
structive biliary disease, chronic renal
failure, endocrine dysfunction and my-
eloproliferative disorders. Itch is often
overlooked as a trivial problem, but it can
be extremely distressing and as disabling
as severe pain.

Most of our present knowledge con-
cerning pruritus has been gained by in-
vestigations on human subjects. There is
no established research model for itch in
animals (2); even though they often
scratch, their scratching behaviour is not
necessarily specific for the itch sensa-
tion, as scratching may also be provoked
by noxious stimuli probably associated
with pain (3). Research in humans has
focused mainly on experimentally-indu-
ced itch, where the conditions can be
controlled, whereas less effort has been
made to study clinical itch, presumably
because of the difficulties of measuring
such a subjective symptom.

The peripheral and central mecha-
nisms of itch are incompletely under-
stood. Itch can be elicited by chemical,
mechanical, thermal and electrical stimuli

(4, 5). No morphological structures have
been identified as specific receptors for
pruritus, but it is assumed that the ‘itch
receptor’ is linked to free nerve endings
(6). Shelley and Arthur used cowhage
(“itching-powder’), i.e. spicules from the
tropical plant mucuna pruriens containing
a pruritogenic endopeptidase (mucu-
nain), to show that the itch response
could be elicited only in a limited zone
close to the dermo-epidermal junction
(4). Most C-fibres seem to end near the
dermo-epidermal junction, but some
penetrate into the epidermis (7). Pruritic
stimuli induce activity in the thin, non-
myelinated, slowly-conducting C-fibres
(8, 9) that enter the ipsilateral dorsal horn
of the spinal cord via the dorsal root. The
activity set up in central neurons ascends
contralaterally in the lateral spinothalamic
tract, reaching the posterolateral ventral
thalamic nucleus. From here, the activity
is transmitted to the somatosensory cor-
tex of the post-central gyrus (10). Itch
can also be initiated centrally, e.g. by
pathological processes in the central ner-
vous system, such as surgical trauma
(11), stroke (10, 12), brain abscess (13),
brain tumour (14) and multiple sclerosis
(15, 16).

The mechanisms of central processing
and interpretation of itch are completely
unknown, but undoubtedly the central
nervous system can modulate the percep-
tion of itch. For instance, it is well
known that emotions influence the itch
sensation (17-20). The neuromodulation
may act at different levels in the nervous
system; one hypothesis is that descen-
ding fibres of the dorsolateral funiculus
pathway terminating in the dorsal horn of
the spinal cord can influence nociceptive
transmission at spinal level (21). In
1965, Melzack and Wall proposed the
‘gate-control’ theory to explain why me-
chanical stimulation reduces pain sensa-
tion (22). They suggested that impulses



8 ITCH AND ATOPIC DERMATITIS: CLINICAL AND EXPERIMENTAL STUDIES

in afferent large-diameter myelinated A-
fibres, activated by touch or vibratory
stimulation, modulate and inhibit simul-
taneous impulses in C-fibres reaching the
spinal cord, i.e. A-fibre input closes the
‘gate’ for C-fibre input of pain at spinal
level. If this theory is applicable to itch,
it may explain why mild mechanical sti-
mulation of the skin transiently relieves
mild pruritus. However, scratching is a
fairly strong mechanical stimulus which
activates nociceptors, and the nociceptive
input appears to be particularly important
for inducing the ‘antipruritic state’
caused by scratching (23). Furthermore,
scratching may partially restore a central
inhibition of itch (24).

The term ‘itchy skin’ (23) or ‘allokne-
sis’ (25) is used to describe a phenome-
non of cutaneous hyperaesthesia in
which itch is elicited by mild mechanical
stimulation of the skin in an area sur-
rounding a pruritic stimulus, such as a
mosquito bite or the site of an experi-
mental itching stimulus. In the experi-
mental situation, the duration of the
‘itchy skin’, or ‘alloknesis’, exceeds the
duration of the ‘spontaneous’ itching in-
duced by e.g. an intradermal injection of
histamine (23). The phenomenon of
‘itchy skin’ may be of considerable rele-
vance for clinical itch in skin diseases, as
it may explain why areas surrounding
itching skin lesions are sometimes hyper-
excitable by light mechanical stimulation,
which is then perceived as itch. The neu-
rophysiological mechanisms responsible
for the phenomenon of ‘itchy skin’ are
not known in detail, although the conditi-
on has several features in common with
secondary hyperalgesia, which appears
to be due to an altered central processing
of mechanoreceptive input (26).

A number of peripheral inflammatory
mediators have been investigated for
their pruritogenic properties, but still
very little is known as to what substanc-

es are responsible for the itching in vari-
ous dermatoses and internal diseases.
Peripheral pruritogenic mediators may
act directly on the peripheral nerve end-
ings, or indirectly by release and/or acti-
vation of endogenous substances that in
turn stimulate the nerve endings. No
principal or ultimate mediator of itch has
been identified. Histamine is the most
thoroughly studied pruritogenic mediator
and was for long assumed to be the
unique itch stimulus. Undoubtedly, his-
tamine is the main itch-provoking sub-
stance in urticaria, although additional
mediators may also contribute to the itch
in this disease, but the role of histamine
in other itching disorders remains to be
defined. Other substances shown to be
more or less pruritogenic in experimental
studies are, for example, serotonin, pro-
teases (e.g. trypsin, chymotrypsin, kalli-
krein and papain), peptides (e.g. brady-
kinin, sekretin, neuropeptides, such as
substance P, vasoactive intestinal poly-
peptide, neurotensin and endorphins)
and prostaglandins (PGE;, PGE; and
PGH32). Most proteases and peptides are
histamine liberators, and the itch they
provoke can be blocked by antihistami-
nes (27). However, kallikrein and papain
induce itch without releasing histamine
from dermal mast cells (28, 29). Prosta-
glandins seem to be modulators as they
have no or weak pruritogenic properties
on their own, but when they are given
together with other pruritogens such as
histamine or serotonin, the itch response
is enhanced (30-32). Endorphins are en-
dogenous peptides with morphine-like
anti-nociceptive activity. They are weak
pruritogens per se, but potentiate hista-
mine-induced itch (33, 34).

Nothing is known about central medi-
ators of itch, but it is speculated whether
endogenous opioid peptides are involved
as central transmitters of the itch sensa-
tion (34). Arguments supporting this
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hypothesis are that itch occurs as a side-
effect in patients receiving epidural or
spinal opiates (35, 36), and that the opi-
oid-antagonist naloxone has been repor-
ted to relieve such induced itch (35, 36),
and also intractable pruritus of other ori-
gin (37).

Measurement of itch

There has been little work on the quanti-
tative analysis of itch. This is in contrast
to pain research, where many psycho-
physical investigations have been perfor-
med (38). Such studies have greatly con-
tributed to the understanding of the pa-
thophysiological mechanisms of pain
and, not least, to our knowledge of the
analgesic effects of drugs in various
painful disorders. Consequently, the de-
velopment and evaluation of quantitative
models for analysing the itch sensation
are of considerable importance.

In experimental studies, the itch-pro-
voking stimulus can be controlled,
which, of course, is impossible in the
clinical situation. Therefore, very few
attempts have been made to approach the
intricate task of measuring clinical itch
and the antipruritic effect of drugs. By
definition, the itch sensation can only be
assessed by the subject himself. This ele-
mentary fact disqualifies recently pub-
lished studies in which itching was rated
by someone else, e.g. the investigator or
the parents of pruritic children. To cir-
cumvent the problem of quantifying itch
intensity in experimental studies, most
investigators have recorded the itch
threshold (i.e. the lowest concentration
of a solution provoking itch) or the itch
duration. To rate the itch intensity, some
kind of measurement scale must be ap-
plied.

Scales can be classified into four le-
vels: nominal, ordinal, interval and ratio
(39). The nominal scale comprises mea-
surement at its lowest level, as it simply

categorizes the property being scaled into
different subclasses (e.g. red, blue,
green). The next level is the ordinal
scale, which gives a ranking of the
scores without defining the differences
between the scale steps (e.g. no, mild,
moderate, severe). The interval scale de-
termines the rank-order, but also has an
equidistance between the scale steps.
This allows the determination of equality
of intervals or differences (e.g. tempera-
ture in °C or °F). The highest scale level
is the ratio scale, which has all the cha-
racteristics of the interval scale, and, in
addition, has a true zero point as its ori-
gin. This scale is the one most common-
ly encountered in physics (e.g. length,
weight, time); it permits the determina-
tion of equality, rank-order, equality of
intervals, and equality of ratios. The ope-
rations employed in obtaining the scores
define and limit the manipulations and
operations which are permissible in han-
dling the scores. Thus, it is important to
consider the level of the measurement
scale.

Various types of rating scale have
been used in the studies of clinical itch,
but these scales have not been validated
for this purpose. In recent years, how-
ever, some studies have focused on the
evaluation of scales employed for assess-
ment of experimentally-induced itch.
Tuckett (40) applied a technique of ratio
estimation of itch intensity in a study of
healthy subjects, where itch was elicited
by electrical stimulation of the skin. Pairs
of electric stimuli were delivered: a con-
trol stimulus that remained unchanged
throughout the experiment (10 Hz) and a
test stimulus that was varied (2-100 Hz).
The subject estimated the itch intensity of
the test stimulus by comparing it with the
itch intensity provoked by the control
stimulus (e.g. 25% greater than, equal
to, or 25% less than, the control). A
significant dose-response relationship
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was shown between the logarithm of the
current frequency and the ratio of the
test-to-control itch intensity. Simone et
al. (41) used the magnitude estimation
scale, i.e. an arbitrary numerical scale
without an upper limit as described by
Stevens (42), for intensity ratings of itch
induced by intradermal injections of his-
tamine in healthy subjects. Every 15th
sec the subject assigned numbers of his
or her own choosing, corresponding to
the perceived magnitude of itch. To make
the data easier to compare they were nor-
malized in relation to a general mean
value for all subjects and all histamine
doses. It was concluded that the magni-
tude estimation scale gave a dose-depen-
dent response for the itch intensity.
Handwerker et al. used a 100-mm visual
analogue scale (VAS) for rating itch in-
tensity at 10-sec intervals during histami-
ne iontophoresis (8). The stimulus was
varied by changes in the current; the
authors found that the perceived itch
intensity correlated with the stimulus
strength.

The use of the visual analogue scale
(VAS) in the rating of subjective feelings
is not a recent innovation, as it was intro-
duced during the 1920°s (43, 44). The
VAS consists of a line with its bounda-
ries defined as the extremes of the sen-
sation to be rated. The subject rates by
drawing a mark on the line, and then the
marking is converted to a score by
reading off the mark against a grid.
Freyd listed the advantages of such a
graphic rating scale; it is easily under-
stood; it is quickly filled out and scored;
and, does not require much subject moti-
vation (44). Not until Aitken’s work
with a 100-mm VAS during the 1960°s
(45) did the use of this rating scale
become more common in psychophy-
sics. It has been extensively used and va-
lidated for the measurement of clinical
and experimental pain (46), and also

used but not validated for the assessment
of clinical pruritus.

The qualitative aspects of the clinical
itch sensation have not aroused much in-
terest. For example, there is no ‘itch
questionnaire’ analogous to the McGill
pain questionnaire. This pain question-
naire contains, in addition to an intensity
scale, qualitative verbal terms to be cho-
sen as a specification of the pain expe-
rience (47).

Measurement of scratching

As direct, non-subjective measurements
of itch cannot be made, some investiga-
tors have measured scratching, since this
is the objective indirect correlate to itch.
Most of the recording methods used have
employed some kind of nocturnal limb-
movement meter. Savin et al., who were
the first to quantify scratching in human
skin disease, studied scratching patients
in a sleep laboratory by monitoring mus-
cle potentials from forearms, electro-ocu-
lograms, electroencephalograms, sub-
mental electromyograms and closed-cir-
cuit television (48, 49). Felix and Shus-
ter employed bed-leg vibration transdu-
cers and movement-sensitive meters (mo-
dified *self-winding’ watches) attached to
the wrists and ankles of patients during
sleep (50). In a study by Summerfield
and Welch, the cumulative time of noc-
turnal limb movement was measured
using electromagnetic movement-detec-
tors secured to the limbs (51). Aoki et al.
monitored nocturnal scratching with pa-
per strain gauges attached to the hands of
the patients, and then applied a computer
system for analysing the data (52). Re-
cently, Mustakallio and Risiinen descri-
bed a movement-sensitive radar system
(‘scratch radar’) to be positioned by the
patient’s bed at night (53, 54). This
method has the advantage of requiring no
physical connection to the patient.
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General aspects of atopic
dermatitis

Atopic dermatitis (AD) is a constitutional,
pruritic, chronically relapsing inflamma-
tory skin disease, frequently associated
with an increased serum IgE-level. It pre-
dominantly affects children and young a-
dults. The prevalence of AD in Sweden
has been reported to be 8.3% for 7-year
old children (55), and 2.3% and 3.8%
for adolescent boys and girls, respective-
ly (56). In general, the prevalence of AD
in the industrialised countries has in-
creased since World War II (57). AD ra-
rely starts before the age of 2 months,
but by the age of 5 years approximately
90% of the patients who will develop AD
have manifested their disease (58).

As there is no laboratory marker for
AD, the diagnosis is based on major and
minor clinical criteria, where the major
features are pruritus, typical morphology
and distribution of the lesions, chronic
relapsing course, and personal or family
history of atopic disease (asthma, hay fe-
ver, AD) (59). Three age-dependent cli-
nical phases of AD are recognized, al-
though large variations occur. The infan-
tile phase (< 2 years) is characterized by
acute to subacute eczema with erythema,
papules, oozing and crusting distributed
over the head, the trunk and the extensor
surfaces of the extremities. During the
childhood phase (3-11 years), the lesions
are most often those of a chronic derma-
titis with lichenification and scaling in-
volving the flexures (elbows, knees,
wrists, ankles, neck). With increasing
_age the face is less often involved,
whereas the hands are not infrequently
affected. The adolescent/young adult pha-
se (= 12 years) is essentially similar to
that of later childhood with lichenificati-
on and scaling of the flexures and of the
hands, and sometimes the face and the
upper trunk are affected. However, in
some patients a dry and scaling skin is

11

the dominating feature.

The disease activity often fluctuates,
with remissions and exacerbations, and
several factors can aggravate AD, such
as reduced humidity, sweating, mechani-
cal and chemical irritants, bacterial and
viral infections, allergens and emotional
stress. There is a tendency towards spon-
taneous healing and most cases heal
during childhood or adolescence; by the
age of 30 few cases persist (58).

The aetiology of AD is not known,
but it is presumed to be multifactorial. A
genetic predisposition seems to be a prere-
quisite and the mode of inheritance is pro-
bably polygenic (58). The pathogenetic
mechanisms are not understood. Investi-
gations have shown several pharmaco-
logical and immunological abnormalities.

One pharmacological disturbance that
has gained much attention is the elevated
cAMP-phosphodiesterase activity in mo-
nonuclear leukocytes of patients with
AD, leading to decreased cAMP levels
(60, 61), which in turn may explain in-
creased histamine releasability from ba-
sophilic granulocytes (61, 62).

As AD is associated with impaired
cell-mediated immunity, many investiga-
tions have focused on the T lymphocy-
tes. The number of T-suppressor cells in
peripheral blood is lower in AD patients
than in healthy subjects, leading to an in-
creased T-helper/T-suppressor cell ratio
of about 2:1 in AD patients (63-65). The
skin infiltrates consist predominantly of
activated T-helper lymphocytes (HLA-
DR+, CD4+), and here, the T-helper/T-
suppressor cell ratio is approximately 7:1
(65). Activated T cells can produce vari-
ous lymphokines with different inflam-
matory and immunoregulatory proper-
ties, for example interleukin-4 (IL-4) and
interferon-y. IL-4 in vitro induces syn-
thesis of IgE from B-lymphocytes and
inhibits interferon-y synthesis, whereas
the IgE-inducing effect of IL-4 is antago-
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nized by interferon-y (66). AD patients
show increased IL-4 mRNA expression
in peripheral blood T cells (67), and an
imbalance between IL-4 and interferon-y
may account for the increased IgE levels
in AD patients.

The role of IgE in AD remains to be
clarified. The frequency of elevated se-
rum IgE-level varies: for example, in one
study it ranged from 6% in patients with
mild AD and no respiratory atopy, to
79% in subjects with severe AD and con-
comitant respiratory atopy (68). The IgE
bound to mast cells and basophilic gra-
nulocytes is involved in the pathogenesis
of the immediate hypersensitivity reacti-
on, including the late-phase reaction, but
it has not been proved that these reacti-
ons are involved in the pathogenesis of
AD, although this has sometimes been
discussed (69, 70). A possible role for
IgE is suggested by the recent finding of
IgE bound via low-affinity Fc-IgE recep-
tors (FcgR2/CD23) on Langerhans’ cells
in involved skin, and to a lesser extent in
uninvolved skin, of AD patients with ele-
vated serum IgE-levels (71, 72). Epider-
mal Langerhans’ cells bearing allergen-
specific IgE may bind and present aller-
gens to T lymphocytes, inducing cytoki-
ne release and an inflammatory response
(71, 73, 74). However, the T cell defect
seems to be primary and the IgE abnor-
mality secondary. The importance of the
immune system and T cells in AD is sup-
ported by the fact that atopy has been
transferred with bone marrow transplan-
tation from an atopic donor to a non-ato-
pic receiver (75), and conversely, that
transplantation of normal bone marrow
to patients with Wiskott-Aldrich syndro-
me has cured their eczematous lesions,
which are indistinguishable from AD
(76, 77).

Itch in atopic dermatitis
While the distribution and morphology of

AD varies, the pruritus is a constant and
dominating symptom, and AD patients
judge the severity of their eczema more
by the itch intensity than by the appear-
ance of the skin lesions (78). The itch is
usually intense but remittent with regular
paroxysms in the evening and at night. It
has long been debated whether the itch
precedes the visible skin lesions in AD.
At the beginning of this century Jacquet
suggested that the itching was the prima-
ry cutaneous phenomenon, succeeded by
the skin eruptions (“le prurit est pré-
éruptif”’) (79). Others believe that the
erythema is the first event (62), and this
is supported by a study of AD patients by
Graham and Wolf, who found that cuta-
neous flushing during experimental
stress interviews was followed by itching
and scratching (18). As the pathogenesis
of itch in AD is still unknown, it is not
understood why, for example, erythema,
sweating, dry skin, or wool elicits itch in
these patients. According to Rajka (58,
80) two components of itch can be
distinguished in AD: first, itch provoked
by various immunological or non-immu-
nological stimuli, and secondly, an in-
creased itch sensitivity in the skin with
reduced itch thresholds or prolonged itch
durations for pruritic stimuli.

The various immunological and non-
immunological stimuli that elicit itch in
AD are assumed to act directly on the
‘itch receptor’, or indirectly via subse-
quent release of pruritic mediators. The
pruritic mediator or mediators of AD are
not identified. Histamine has been a per-
sistent candidate and is the most tho-
roughly studied pruritogen. Lewis re-
ported in the 1920’s that intradermal in-
jections of histamine provoke redness,
wheal and flare (‘triple response’), ac-
companied by itching (81, 82). During
the 1930’s, Williams suggested that his-
tamine might play a role in the patho-
genesis of AD, as he found that intra-
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muscular injections of histamine pro-
voked increase of skin temperature in the
flexures of AD patients, but not in the
flexures of healthy controls (83). Re-
ports of elevated histamine levels in both
involved and uninvolved skin of AD
patients were published during the
1960°s (84, 85), but raised levels were
also found in other forms of disseminated
eczema (85). However, a more recent
study of lesional AD skin showed no
increase of cutaneous histamine levels
(86). In a study of plasma histamine,
increased levels were found in some, but
not in all, AD patients (87).

Much interest has concentrated on ba-
sophils and mast cells, as these cells pro-
duce histamine and other inflammatory
mediators. Peripheral blood basophils of
AD patients are normal in number, but in
vitro studies show abnormal function
with increased (88, 89) or faster histami-
ne releasability (90).

The microscopic features of AD skin
vary with the nature of the clinical lesion.
The acute lesion is characterized by epi-
dermal intercellular oedema, and epider-
mal and perivascular dermal inflammato-
ry infiltrates. The chronic lichenified
lesion shows acanthosis and hyperkera-
tosis, and dermal inflammatory infiltrates
in both perivascular and intervascular
locations. The inflammatory cellular in-
filtrates are composed predominantly of
lymphocytes and macrophages. The
number of mast cells is greater in licheni-
fied lesions, but not in acute lesions or in
clinically normal skin (91-93). Only oc-
casional neutrophils, eosinophils and ba-
sophils are noted (91, 92) Venular altera-
tions are observed in both lesional and
normal AD skin comprising endothelial
cell hypertrophy and homogenous thick-
ening of the basement membrane. Cuta-
neous nerves in lichenified plaques exhi-
bit demyelination and fibrosis, but these
morphological changes may be second-

ary to the repetitive trauma of scratching
(91, 92).

The itch sensitivity in the skin of pati-
ents with AD has been investigated by
experimental induction of itch. Using in-
tradermal injections of histamine, Cormia
determined the itch threshold in patients
with various pruritic dermatoses. The
threshold was lower in involved than in
uninvolved skin, but only a single case
of AD was included in the study (17).
Arthur and Shelley found decreased itch
thresholds for intradermally injected
trypsin and a prolonged itch duration for
cowhage spicules in lesional skin of the
antecubital fossa of 5 patients with AD,
compared with healthy controls (94).
With intradermal injections of trypsin,
Rajka showed that the duration of itch
was prolonged (> 2 min) significantly
more often in involved (95) and unin-
volved skin (96) in 25 and 20 AD pati-
ents, respectively, than in controls with
various other eczemas or psoriasis.
However, in a study of the itch duration
in lesional and non-lesional skin in 100
AD patients and 115 non-AD patients,
Harnack concluded that the ‘trypsin test’
was not decisive in the differential diag-
nosis of AD (97). Heyer et al. recently
used histamine iontophoresis at 6 diffe-
rent current intensities in non-lesional
skin in 27 AD patients and 20 healthy
controls, who rated the itch intensity on a
VAS (98). It was shown that the slope of
the dose-response curve for itch was
significantly steeper in the controls than
in the AD patients; thus, the controls per-
ceived a significantly higher itch intensity
to the strongest histamine stimulus than
did the AD subjects. The latter were also,
unlike the controls, unable to discrimina-
te between weak and strong histamine
stimuli. These authors’ quantitative study
of perception of itch intensity is in con-
trast to the previous findings of increased
itch sensitivity in patients with AD.
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Scratching in atopic dermatitis

Many of the skin lesions in patients with
AD are secondary to scratching or rub-
bing of the skin. Lichenification and ex-
coriations would not appear if the trau-
matization could be prevented. Itching
evokes scratching that further damages
the skin and increases the inflammation,
which in turn leads to more itching, i.e. a
vicious ‘itch-scratch’ circle is easily es-
tablished and this is an important factor
for the maintenance of symptoms in AD.
Using a ‘scratching machine’, Goldblum
and Piper showed that lichenification
could be induced experimentally after 60
- 90 days of daily scratching during one
hour per day, which was equivalent to a
minimum of 140,000 scratches (99).

There is a large variety of scratching
techniques, e.g. vigorous scratching with
the fingernails, gentle rubbing with the
palms, and scratching with mechanical
tools, such as a hair brush, a comb or a
towel. Several authors have pointed out
various general psychological aspects of
the scratching behaviour. It has been sta-
ted that scratching includes a component
of pleasure (100), and that it may reflect
somatization of emotions (101). Many
patients tend to scratch during periods of
emotional stress or frustration (18), but
scratching during idleness is also very
common, probably due to lack of dis-
traction and social control. Moreover,
scratching can be a conditioned re-
sponse. In an experimental study by
Jordan and Whitlock, it was shown that
AD patients were more prone to develop
a conditioned scratching response than
were controls (102).

Studies of nocturnal scratching in
sleep laboratories indicate the existence
of a general scratching pattern valid not
only for AD, but probably for all pruritic
dermatoses (49). Scratching occurs du-
ring all stages of sleep, but the frequency
with which the bouts of scratching start

is related to the sleep stage. Scratching is
more frequent in stages 1 and 2 than in
stages 3 and 4 of orthodox sleep, where-
as the frequency during paradoxical sleep
(rapid eye movement) is in between (48,
49, 103). A reduction of deep sleep (sta-
ges 3 and 4) has been reported in patients
with various disorders where scratching
occurs, i.e. there is a relative increase of
more superficial sleep, where scratching
is more frequent (101). The duration of
the scratching bout is fairly constant for
each individual (approximately 10 s) and
not related to the depth of sleep (49).
Savin et al. found that 2 - 6% of AD
patients’ time asleep was associated with
scratching (48), whereas Aoki et al. re-
ported scratching during 15 - 38% of
nocturnal recordings in AD patients (52).
Scratching during sleep is performed
predominantly with the hands, but is also
associated with augmented restlessness
noted as increased leg movements (50,
51). Itchy patients can make as much as
40% of their total 24-h movement during
their 7.5 h of sleep, implying a conside-
rable consumption of energy due to noc-
turnal scratching and restlessness (50).

General considerations
Itch is a dominating symptom in derma-
tology and the primary symptom in AD,
but nevertheless, very few attempts have
been made to develop and evaluate me-
thods for its quantitative measurement.
There are a few exceptions, as some re-
cent studies have focused on methods for
measuring itch intensity in experimental-
ly-induced itch (8, 40, 41), but for clini-
cal itch, practically no recording method
has been evaluated or validated. This is a
major shortcoming, as valid quantitative
techniques for the assessment of itch
would be of considerable value for stu-
dying the mechanisms of itch, and for the
evaluation of antipruritic therapies.

The cause of itch in AD and its pruri-
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togenic mediator(s) are still unknown.
Most previous studies have revealed an
increased itch sensitivity as measured by
reduced itch thresholds or prolonged itch
durations following pruritic stimuli, but
in a recent study of itch intensity it was
concluded that AD patients perceived less
itch than did controls (98).

AIMS OF THE STUDY

The aims of the present study were:

(1)
to develop and evaluate methods for
quantitative measurement of clinical and
experimental itch,

(2)

to study the perception of itch in patients
with AD, and

(3)
to measure itch in AD patients during
treatment with Hj-receptor antagonists or
the immunosuppressive drug cyclosporin
A, thereby exploring possible mecha-
nisms in the pathogenesis of itch in AD.
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MATERIAL AND METHODS

Subjects

Patients with AD (1, I1I-VI)

Adult patients with persistent AD, fulfil-
ling the criteria of Hanifin and Rajka
(59), were recruited from those who had
attended the Department of Dermatology
at the Karolinska Hospital. A total num-
ber of 85 patients, 29 males and 56
females, participated in the investigati-
ons; 10/85 patients were involved in two
of the studies, and 1/85 in three of them.
Table I summarizes data for the participa-
ting AD patients. The majority, 65/85
(76%) had a past or present personal his-
tory of respiratory atopy; asthma in 3/85
(4%), rhinoconjunctivitis in 38/85 (45%)
and both in 24/85 (28%). The median
age at onset of eczema was less than 1
year (range 6 weeks to 37 years). The se-
verity of eczema ranged from mild to se-
vere on examination, but those who were
included all suffered from chronic pruri-
tus with a duration exceeding the previ-
ous year. Exclusion criteria were preg-
nancy or lactation, present history of urti-
caria, skin infection or any other disease
than atopy, internal pharmacotherapy for
the previous week, internal corticoste-
roids for the previous 3 months and UV
therapy/sunbeds for the previous week
(I) or month (III-VI). The studies were
performed in the period October - April
and were approved by the Ethics Com-
mittee at the Karolinska Hospital.

Table I. Patients with AD participating in the different studies. N = the number of patients; M/F =
Males/Females; ARD = percentage of patients with past or present history of atopic respiratory di-

sease; ND = Not done.

Age (years) Serum IgE (kU/)
Study N Median _Range Median  Range
I 30 6/24 22,5  19-57 77% ND ND
111 32 15/17 24 18-41 69% 330 2-8800
v 25 9/16 24 17-42 80% ND ND
V-VI 10 7/3 24 22-42 90% 2550  60-8600
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samples every 10th min. The ‘itch pro-
file’ of a subject was calculated by ave-
raging the subject’s itch intensity on the
hour during daytime, i.e. it was based on
samples every 60th min. The daily com-
pliance of the Pain-Track recording was
calculated as the percentage of the pati-
ent’s responses to the hourly buzzer. As
an arbitrary choice, all days with a com-
pliance of less than 70% were excluded.
As no hourly signals were given during
sleep, the compliance could not be as-
sessed for the night recordings, but
nights following days with compliance
below 70% were also excluded.

Symtrack (V-VI)

Symtrack is a later version of the Pain-
Track system. The main difference is that
the knob with the seven-stepped scale
(FPNVS) on the Pain-Track logger has
been replaced by a lever sliding along a
100-mm VAS (0 mm = ‘no itch’, 100
mm = ‘maximal itch’) on the Symtrack
logger (size 142 x 90 x 25 mm). The
new logger has a recording capacity of
16 weeks at a sampling interval of 10
min (adjustable from 1 to 10 min).

VAS forms (I, HHI-VI)

The VAS forms were sheets of paper
with a single horizontal 100-mm line
with no other markings than the end
points, which were defined as ‘no itch’
(= 0 mm) and ‘maximal itch’ (= 100
mm). The subjects were told that the
mid-point of the scale should be half of
the ‘maximal itch’. The itch intensity was
rated retrospectively over a period rang-
ing from 12 h to 3 days by making a pen
marking on the line. In study I, the pati-
ents rated the itch intensity of the pre-
vious day and night in the evenings and
mornings, respectively. In studies III, V
and VI, the clinical itch intensity was ra-
ted for the previous 24 h. In study IV, a
‘global’ rating of pruritus was made for

each 3-day treatment period. The comp-
liance of the VAS recordings was calcu-
lated as the proportion of forms com-
pleted.

Measurement of clinical sedation
(IV)

The patients rated their ‘global’ clinical
sedation for each treatment course in stu-
dy IV by filling in forms with a 100-mm
VAS. The end points were defined as ‘no
sedation’ (= 0 mm) and ‘maximal seda-
tion’ (= 100 mm).

Induction of experimental itch and
flare (II-IV)

Itch was induced chemically by intra-
dermal injections and mechanically by
wearing a woollen sweater. Solutions of
histamine hydrochloride (1.0, 3.3, 10
and 100 pg/ml) and of the histamine libe-
rator compound 48/80 (10 pg/ml) were
made by dilution with buffered saline,
which also served as control in all experi-
ments. All of these solutions were inclu-
ded in study III, whereas the three weak-
est, and only the strongest of the histami-
ne solutions, were given in studies IT and
IV, respectively. Using double-blind
technique and random injection order,
10 pl of each solution was injected intra-
dermally into non-lesional skin of the
upper arms. In addition, injections were
given single-blind in non-random order
in study II (see study protocol). The
injection sites were gradually changed to
avoid tachyphylaxis to histamine. After
completion of the injections, a knitted
woollen sweater with long sleeves was
worn for 5 min in study III. The mean
diameter (£SD) of the wool fibres was
33.447.9 pum (i.e. fibre thickness medi-
um to coarse).

Measurement of experimental itch
and flare (II-1V)
The intensity of the experimentally-in-
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duced itch was monitored continuously
for up to 15 min after the injections and
for 5 min with the woollen sweater,
using a linear potentiometer equipped
with a 100-mm (II-1V) or 200-mm (II)
VAS. The potentiometer lever, sliding
along the VAS, controlled the position of
a pen on a plotter out of sight of the sub-
ject. The end points were marked as de-
scribed above. The time interval between
injection and start/stop of itch was recor-
ded as well as the perceived itch intensi-
ty. This allowed the calculation of itch
latency (IL, sec), itch duration (ID, sec),
peak value of itch (maximal itch intensity
= Imax, mm), and a ‘total itch index” (Tii
= area under the curve on the plot, mm?2)
reflecting both intensity and duration of
itch. In cases where wool provoked itch
(IIT), the subjects were asked to state
whether or not the itching was accompa-
nied by a pricking sensation. In study II,
a Pain-Track logger with a seven-stepped
FPNVS was used in some subjects in-
stead of the VAS on the potentiometer. In
this experimental situation, the Pain-
Track sampling interval was changed
from 10 min to 1 sec. The variables ob-
tained were the same as with the poten-
tiometer, although Imax and Tii were
given in arbitrary units.

Five min after each injection, the flare
response was outlined with a marking
pen on the skin and traced onto trans-
parent plastic film from which the area
(mm2) was calculated using a planimeter.

Blood chemistry (III, V-VI)
Serum IgE-levels were determined with
radioimmunoassay. In the CSA study
(V-VI), blood and urine samples were
obtained before and during each treat-
ment period. The blood samples were
analysed for routine chemistry, number
of peripheral blood eosinophils, and
CSA whole-blood level (CYCLO-Trac™
(105)).
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Skin biopsy specimens (V-VI)
Before, and on the last day of, each
treatment period with CSA and placebo,
4-mm punch biopsies were taken from
lesional and non-lesional skin, i.e. 8 bi-
opsies per patient. The lesional biopsies
were taken from symmetrical lichenified
plaques (posterior axillary folds, arms
and/or buttocks), ‘before’ on one side
and ‘after’ on the contralateral. The non-
lesional biopsies were obtained from the
same areas. Biopsies from the same regi-
ons were taken at a minimum distance of
5 cm and during an intervening interval
of 3-4 weeks. The biopsy specimens
were divided into two parts, one for for-
malin-fixed, paraffin-embedded sections
and one for frozen, acetone-fixed sec-
tions.

The formalin-fixed, paraffin-embed-
ded, 3.5-um-thick sections were used
for routine histochemical staining and for
immunoperoxidase staining. The speci-
mens intended for frozen sections were
kept in Histocon® (Histolab, Gothen-
burg, Sweden) at +4° (for less than
24 h) until they were snap-frozen in
chilled isopentane and stored at -70°. The
frozen, acetone-fixed, 6-pum-thick cryo-
stat sections were used for immunoper-
oxidase staining and for double immuno-
fluorescence staining.

Routine histochemical staining

Sections were stained with haematoxylin-
eosin for estimation of cellular infiltrates,
and with Luna’s haematoxylin-Biebrich
scarlet solution, which stained granules
of the eosinophilic granulocytes. The
number of eosinophilic granulocytes per
Luna-stained section was counted.

Immunoperoxidase staining

A 3-step monoclonal antibody peroxida-
se-antiperoxidase (PAP) technique (106)
was used. Endogenous peroxidase was
blocked by incubation in 0.3% H703 in
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phosphate-buffered saline (PBS) for 15
min and then the sections were allowed
to react with normal rabbit serum (diluted
1/10) for 10 min to reduce non-specific
staining. After this the sections were in-
cubated with a panel of mouse monoclo-
nal antibodies, as summarized in Table
II. Rabbit anti-mouse immunoglobulin
(diluted 1/40) was employed as a secon-
dary antibody and finally the sections
were allowed to react with preformed
complexes of horseradish peroxidase and
monoclonal anti-horseradish-peroxidase
antibodies (diluted 1/250). The peroxi-
dase reaction was developed with 3-ami-
no-9-ethylcarbazole. The sections were
counterstained with Mayer’s haematoxy-
lin. Specificity tests included omission of
the primary antibodies and staining was
not observed in these tests. The dilutions
of the antibodies were determined using
sections from normal lymph nodes and
from normal and diseased human skin.

The sections were examined separate-
ly twice by two independent investiga-
tors under coded conditions. At least two
sections per antibody and biopsy were
examined. Sometimes the examiners’ as-
sessments showed minor differences,
but as all the specimens were reexamined
a third time and discussed by the two in-
vestigators together, a final common
judgement was obtained before the code
was released.

A cell was defined as positive (reacti-
ve) if it had a visible nucleus and staining
all around the cell surface. Estimation of
the total amount of positive cells per sec-
tion was based on a semiquantitative
scale (0 = no, + = few, ++ = moderate,
+++ = many positive cells). The scale
was adjusted so that the scale step
‘many’ (+++) referred to the maximal
number of cells reactive to each antibody
within all the specimens. After release of
the code, the relative changes in the oc-
currence of reactive cells between ‘be-

fore’ (baseline) and ‘after’ (10th day of
treatment) each period were expressed in
terms of increase, decrease or no change.
For EG2-stained sections, the number of
eosinophils per section was counted.
These quantitative data were used for
comparison with the results of Luna’s
staining of eosinophils, and for analysis
of the correlation with the number of
peripheral blood eosinophils. In additi-
on, the quantitative EG2 data were trans-
formed into qualitative data by classi-
fying each biopsy specimen into either of
the two categories ‘presence’ or ‘absen-
ce’ of EG2-stained cells. These qualita-
tive data were used for comparison of the
patients” EG2 skin expression ‘before’
and ‘after’ each period.

Double immunofluorescence staining

Double immunofluorescence staining was
performed on biopsy specimens from 4
patients selected on the basis of their
having elevated serum IgE-levels (range
1900-6300 kU/1). Frozen, acetone-fixed,
6-pum-thick sections were incubated with
mouse monoclonal anti-IgE-D1/D2 anti-
bodies (see Table II; working dilution 1/
10) for 30 min, followed by washes in
PBS. The sections were then allowed to
react with fluorescein isothiocyanate-
labelled rabbit-anti-mouse immunoglobu-
lin (working dilution 1/20) for another 30
min. Normal mouse serum was used as a
blocking agent, and after this the sections
were incubated with phycoerythrin-la-
belled anti-CDla antibodies (T6/RD1,
IgG1; staining Langerhans’ cells; wor-
king dilution 1/20). The sections were
mounted with glycerol in PBS containing
paraphenylenediamine to reduce the fa-
ding of staining during microscopy
(107). The double staining technique per-
mitted the identification of IgE and CD1a
in the same section, when the slides were
analysed in a fluorescence microscope
with interchangeable filter combinations
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Table II. Specification of mouse monoclonal antibodies used for immunoperoxidase staining of
skin biopsy specimens. MoAb = monoclonal antibody; CD = cluster determinants.

: : Working
MoAb CD Reacting with dilution Source
anti-Leu-4 CD3  pan Tecells 1:256  Becton Dickinson, USA
anti-Leu-3a CD4  T-‘helper/inducer’ 1:256 .
cells, some macro-
phages and Langer-
hans’ cells
anti-Leu-2a CD8  T-‘cytotoxic/sup- 1:32 4
pressor’ cells
anti-IL-2r CD25 IL-2 receptor B- 1:16 "
chain
anti-Leu-6 CDla Langerhans’ cells 1:64 "
anti-HLA-DR activated T cells,B 1:128 &
cells, macrophages,
monocytes, Langer-
hans’ cells
anti-IgE-D1/D2 IgE 1:160  CG Magnusson,
Karolinska Hospital
anti-FcgR2 CD23 low-affinity Fc-IgE  1:25 Dakopatts, Denmark
receptor
anti-ICAM-1 CD54 intercellular 1:80 Serotec, UK
adhesion molecule-
1 (ICAM-1)
EG2 activated 1:5 Pharmacia, Sweden
eosinophils

for the fluorochromes. Staining was not
found in control sections without the
primary antibodies. The number of epi-
dermal CDla+ cells per section was
counted, as was the number of cells per
section that were both CD1a+ and IgE+.
The numbers of positive cells were in the
same range as those observed in control
sections stained only for CD1a or IgE.

Statistical methods

Qualitative data, such as the quality of
itch and the frequency of itch induction,
were analysed with the x2 test (III).

For the experimental itch and flare re-
sponses, the Mann-Whitney U test was
used for comparison between AD pati-
ents and controls (III), and the Wilcoxon
signed-rank test for comparison between
the periods in the antihistamine study
(IV). For each of the experimental itch
and flare variables, each subject’s dose-
response curve for histamine was com-
puted using linear regression analysis.
Student’s t test was performed to compa-
re intercepts and slopes between groups
(IIT), and to analyse the significance of
dose-response relationships (II-III). In
addition, the histamine-induced itch and
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flare responses of the AD patients were
compared with those of the controls
using analysis of variance (III). Multiple
regression analysis was used to check
for influence of age and sex on the ex-
perimental histamine reactions (III).

The clinical itch variables were analy-
sed using parametric tests when an as-
sumption of at least interval scaling and
normal distribution were considered rea-
sonable; otherwise non-parametric tests
were performed. In study I, the distribu-
tion of the itch intensity scores was ana-
lysed using the Filliben probability plot
correlation coefficient test (108). In spite
of an assumption of normal distribution
for the clinical itch variable, the scale le-
vel may be questioned in the measure-
ment of sensations. Therefore, in gene-
ral, both non-parametric and parametric
tests were employed, but with the same
results. The results presented for clinical
itch were based on the following tests:
sign test (I), Student’s t test (I), analysis
of variance (IV) and Wilcoxon signed-
rank test (V-VI). The ‘itch profile’ was
analysed with Student’s t test (I), analy-
sis of variance and orthogonal polyno-
mial decomposition (IV).

In the antihistamine study (IV), sedati-
on and consumption of hydrocortisone
cream were analysed using analysis of
variance. In the CSA study (V-VI), ecze-
ma score, hydrocortisone consumption,
serum magnesium and number of blood
eosinophils were compared using the
Wilcoxon signed-rank test. Changes in
skin expression of EG2+ cells ‘before’
and ‘after’ each period were analysed
with a binomial test.

The correlation between the number of
dermal EG2+ cells and the number of
peripheral blood eosinophils was deter-
mined using Spearman’s rank-order cor-
relation coefficient (VI). In all other ana-
lyses of correlation, the product-moment
correlation coefficient was used.

RESULTS

Data from introductory patient
interviews (I, III-VI)

Several factors were reported to aggrava-
te clinical pruritus in the 85 AD patients.
Heat and perspiration provoked itching in
82/85 (96%) patients, wool fibres in
77/85 (91%), emotional stress in 69/85
(81%), certain foods in 42/85 (49%), al-
cohol in 37/85 (44%) and common colds
in 31/85 (36%). The most pruritic period
was reported to occur in the evening or at
night in 62/85 (73%) patients, in the
morning in 8/85 (9%) or at any time in
13/85 (15%). Itching had disturbed sleep
frequently for the previous 3 months in
56/85 (66%) patients. Where bedrooms
were shared, 37/56 (66%) patients repor-
ted that the sharers complained of the pa-
tient’s nightly scratching. The use of me-
chanical scratching devices (e.g. towels,
brushes, combs, back-scratchers, scis-
sors) was reported in 32/85 (38%). The
majority, 56/85 (66%) had tried antihista-
mines as antipruritic drugs, whereas a
minority, 5/85 (6%) sometimes drank al-
cohol to relieve itching,

Dropouts (I-VI)

Twenty-six patients completed study I.
Of the four dropouts, two were due to an
exacerbation of the eczema during the
placebo course, and two were due to
technical disturbances within the Pain-
Track data-logger. The other studies
were completed by the participators, but
in study III one AD patient refused to
wear the woollen sweater, and one could
not stand it for more than 85 sec (per-
ceiving Imax = 96 mm). In study IV, one
patient could not attend for her experi-
mental histamine injections during one of
the periods and in another case, a 7-day
Pain-Track recording was lost because of
a defective battery.
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Measurement of clinical itch
Compliance (1, I1I-VI)

The compliance for the Pain-Track (I,
1V) and Symtrack (V-VI) recordings is
presented in Table IIL. In total, 831 days
and nights were recorded by the AD pati-
ents using the computerized systems.
Nineteen patients had one or more days
with a compliance less than 70%, mean-
ing that a total of 44/831 (5%) days and
nights had to be excluded. A compliance
of 100% was achieved on 345/831
(42%) days. The compliance tended to
decrease towards the end of longer recor-
dings, such as the 18-day recording by
the patients in study IV.

All VAS form ratings performed at
hospital visits were completed (I11, IV).
In studies I and V-VI, the patients them-
selves had to remember to fill in their
VAS forms. In study I, these forms were
completed for 401/416 (96%) days and
nights, 3 and 9 patients not completing
the VAS ratings for a total of 4 days and
11 nights, respectively. In studies V-VI,
the daily VAS forms were completed for
220/240 (92%) days, 4 patients failing to
fill in the forms for a total of 20 days.
Thus, 35/656 (5%) VAS ratings that
should have been made at home were not
returned. There was a tendency to de-
creased compliance towards the end of
periods for VAS ratings made in the
mornings (I), while this was not seen for
evening ratings (I, V-VI).
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Ordinal-scaled variables (I)

Table IV shows that the Pain-Track me-
dian itch intensities during the two last
days and nights were significantly lower
with betamethasone dipropionate treat-
ment than with placebo. The average per-
centage of time awake without pruritus
on days 3-4 was 35.8% during the active
therapy and 21.5% during the placebo
course. This difference was statistically
significant (p<0.01). For the VAS ra-
tings, an antipruritic effect of the corti-
costeroid compared with the placebo was
detected on days 3 and 4, and on night 4
(Table V).

Ratio-scaled variables (1)

As a hypothesis of normal distribution of
the scores from the Pain-Track and the
VAS form recordings could not be rejec-
ted, these data seemed to be sufficiently
normally distributed.

The results from the Pain-Track record-
ings from days 3-4 and nights 3-4 are
shown in Fig. 1. Twenty-four patients
had a compliance level of at least 70% on
both of these days. The average itch in-
tensity was significantly lower with beta-
methasone dipropionate treatment than
with placebo. The onset of the antipruri-
tic action was rapid; a significant diffe-
rence between the corticosteroid and the
placebo was shown even on the first day
of therapy (p<0.05), and for days 2-4 it
was more pronounced (p<0.001). With

Table III. Patients’ compliance in Pain-Track/Symtrack recordings of clinical itch.

Variable Study I Study IV Study V-VI
Compliance (meantSD)% | 89.8+8.9 92.2+5.4 90.616.6
Compliance (range)% 66-100 82-99 80-99
Number of subjects with 5/26 (19%) 9/25 (36%) 5/10 (50%)
any day excluded

Number of days excluded | 17/208 (8%) 17/443 (4%) 10/180 (6%)
Number of days with 100% | 77/208 (37%) | 198/443 (45%) | 70/180 (39%)
compliance
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Table IV. Results of sign tests based on ordinal-scaled variables from Pain-Track recordings in 24
patients on days/nights 3 and 4 of treatment with betamethasone dipropionate (BD) and placebo

(PLO).
Median Number of patients
itch intensity day 3 day 4 night 3 night 4
BD > PLO 0 2 3 2
BD=PLO 12 9 5 5
BD <PLO 12 13 16 17
P value <(0.001 <0.01 <0.01 <0.001

Table V. Results of sign tests based on ordinal-scaled variables from VAS form recordings in pati-
ents on days/nights 3 and 4 of treatment with betamethasone dipropionate (BD) and placebo (PLO).
N=number of subjects; NS=not significant.

Number of patients
: : day 3 day 4 night 3 night 4
Mehaniemstty | S (N=24) (N=24) (N=19)
BD >PLO 1 2 8 2
BD=PLO 0 1 2 1
BD <PLO 25 21 14 16
P value <0.0001 <0.0001 NS <0.01

the active therapy, the average itch inten-
sity level decreased significantly from
day 1 to 4 (p<0.01) in the 21 patients
who had a compliance >70% for each of
these days. The first night after begin-
ning therapy there was no difference in
itch intensities between the corticosteroid
and the placebo, but there was a differen-
ce for the 2nd (p<0.05) and for the last
two nights (p<0.001). There was also a
difference between the first night of active
therapy and the last (p<0.05). Fifty-four
percent of the patients changed the inten-
sity rate control during the night record-
ings, but nobody changed it every night.
In general, changes were made during
18% of the night recordings. There was
no correlation between the number of
nightly changes and the itch intensity
level.

The VAS scores from days 3-4 and
nights 3-4 are shown in Fig.2. The aver-
age itch intensity was significantly lower
with betamethasone dipropionate treat-
ment than with placebo. A significant
difference in itch intensity was shown
between the corticosteroid and its indiffe-
rent vehicle on day 2 (p<0.01) and days
3-4 (p<0.001), but not on the first day of
therapy. The average itch intensity level
decreased significantly from day 1 to 4
(p<0.01) with active treatment in the 23
patients who completed their VAS forms
for each of these days. The nightly levels
of pruritus did not differ between the
treatments until night 4 (p<0.001), and
this was evidently due to increased itch
intensity with placebo, as no significant
difference was shown between the first
night with the corticosteroid and the last.
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Table VI. Correlation coefficients between scores from days/nights 3 and 4 within each method of
itch recording during treatment with betamethasone dipropionate (BD) or placebo (PLO).

Method of Days 3vs 4 Nights 3 vs 4

itch recording BD PLO BD PLO

Pain-Track 0.88 0.90 0.44 0.77

VAS forms 0.81 0.84 0.31 0.54
Correlations (I) ‘Itch profile’ (1)

The correlation coefficients between the
mean scores of Pain-Track and VAS
forms were 0.71 (p<0.001) for days 3-4
and 0.72 (p<0.001) for nights 3-4 with
betamethasone dipropionate, and 0.63
(p<0.01) for days/nights 3-4 with place-
bo. The correlations between day/night 3
and 4 within each method of assessment
are shown in Table VI. The ‘within’ corre-
lations were higher for the Pain-Track re-
cordings than for the VAS form record-
ings. For both methods, the correlations
within the night recordings were consid-
erably lower than within the day record-
ings.

The daytime ‘itch profile” in 25 AD pati-
ents was obtained by averaging their itch
intensities from samples on the hour
during days 1-4. Days with compliance
<70% were excluded. The itch intensity
was significantly higher at 09.00 h and at
21.00 h than at 14.00 h for both beta-
methasone dipropionate (p<0.05) and
placebo (p<0.01). As shown in Fig. 3,
the morning and evening peaks were less
pronounced during the active therapy.
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Fig. 1. The itch intensity measured with Pain-
Track recordings during days 3-4 and nights 3-4
of treatment with betamethasone dipropionate or
placebo in patients with atopic dermatitis.

Fig. 2. The itch intensity measured with VAS
form recordings during days 3-4 and nights 3-4
of treatment with betamethasone dipropionate or
placebo in patients with atopic dermatitis.
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Fig. 3. The ‘itch profile’ measured with Pain-
Track (samples every 60th min) during days 1-4
of treatment with betamethasone dipropionate
(lower curve) and placebo (upper curve) in pati-
ents with atopic dermatitis.

Induction and measurement of
experimental itch (II)

Increasing versus decreasing stimulus
strength

When histamine was injected intrader-
mally using stepwise increasing concen-
trations (1.0 - 3.3 - 10 ug/ml), signifi-
cant dose-response relationships (p<
0.001) were shown for Imax and Tii, but
not for IL or ID. When histamine was in-
jected in the reverse order, i.e. stepwise
decreasing concentrations (10 - 3.3 - 1.0
Hg/ml), no itch variable showed a signifi-
cant dose-response relationship. For ex-
ample, the itch responses had higher nu-
merical values for 1.0 pg/ml of histamine
than for 3.3 pg/ml. For the flare respon-
se, a significant dose-response curve
(p<0.05) was obtained irrespective of the
injection order.

VAS versus FPNVS

For the VAS, significant dose-response
relationships (p<0.05) were found for all
of the itch variables (IL, ID, Imax and
Tii), whereas for the FPNVS this was
shown for ID and Tii (p<0.05). The flare
responses showed significant dose-re-

sponse curves (p<0.01) in both experi-
ments.

Perception of experimental itch
(ITI)

Experimental itch responses

The different injections did not induce an
itch response significantly more often in
AD patients than in controls, but the
woollen sweater tended to do so (23/31
vs 16/32). The quality of the wool-pro-
voked itch sensation, however, differed
significantly (p<0.01) between the two
groups, as 16/23 patients with AD but
only 3/16 controls responding to wool
felt ‘pure’ itch without a pricking sen-
sation. In total, 197/256 (77%) histamine
injections induced itching in the subjects
and these histamine-induced itch res-
ponses were accompanied by visible flare
reactions in 186/197 (94%) injections;
whereas itching without visible flare res-
ponses occurred after 11/197 (6%) injec-
tions. The responses of the AD group
and the control group did not differ in
this respect.

The ID, Imax and Tii for histamine 10
pg/ml and for wool fibres were signifi-
cantly higher in the AD patients than in
the controls, whereas the itch responses
for the remaining stimuli did not differ
significantly between the groups. Table
VII shows the Tii for the various stimuli.
When the ID, Imax and Tii for all hista-
mine concentrations were analysed using
a repeated-measurement model, no signi-
ficant differences were found between
the patients and the controls. For hista-
mine, linear regression analysis revealed
significant dose-response relationships
(p<0.001) for ID, Imax and Tii both in
AD patients and in controls. The inter-
cepts (o) and slopes (B) did not differ
significantly between the two groups of
subjects (Table VIII), showing that both
patients and controls were able to discri-
minate between weak and strong hista-
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Table VII. Total itch index (mean value+SD, mm?) for AD patients (n=32, except for wool fibres,
where n=30) and healthy controls (n=32). Recording time for wool fibres 5 min, for all other agents
up to 15 min. P value denotes a significant difference between the patients and the healthy controls.

NS=not significant.

Agent AD patients Healthy controls P
Saline 206 = 794 181 + 598 NS
Histamine 1 pg/ml 791+ 1083 730 £ 1705 NS
Histamine 3.3 pg/ml 2119 + 2984 2569 £+ 5033 NS
Histamine 10 pg/ml 7435 + 10959 3065 £ 4636 <0.05
Histamine 100 pg/ml 12588 £ 17872 9206 £ 10003 NS
Compound 48/80 10 pug/ml 4689 + 5089 4489 + 6454 NS
Wool fibres 3630 + 3902 1329 + 3048 <0.01

mine stimuli, and that their discriminative
ability did not differ significantly. The
sex and age of the subjects did not signi-
ficantly influence the experimental itch
responses, although a tendency to reduc-
ed values was found with increasing age.

Experimental flare responses

The frequency of flare responses induced
by the different injections did not differ
significantly between the AD group and
the control group. Flare reactions were
observed after 228/256 (89%) histamine
injections, and of these, 186/228 (82%)
were accompanied by itching, while
42/228 (18%) induced a flare response
without any itching. This pattern did not
differ between the AD patients and the
controls. Table IX shows that the two

strongest histamine concentrations and
compound 48/80 induced significantly
smaller flares in the AD patients than in
the controls. For histamine, a repeated-
measurement model showed a significant
difference between the two groups (p<
0.05). The histamine-induced flare reacti-
ons showed significant dose-response re-
lationships (p<0.001) for both groups,
but the slope (B) of the flare-regression
line was significantly (p<0.05) steeper in
the healthy controls than in the AD pati-
ents (Table VIII). The flare responses in-
duced by histamine and compound 438/30
were significantly larger (p<0.01) in fe-
males than in males in both the AD and
the control groups. The age of the sub-
jects did not influence the flare respon-
ses.

Table VIII. Mean values of the estimated intercepts (o) and slopes (B) for the histamine-induced
dose-response curves for itch and flare responses in 32 patients with AD and 32 healthy controls.
Standard errors for the slopes in brackets. P value denotes a significant difference between the two

groups. NS = not significant,

Variables Intercepts (o) Slopes (8)

AD  Controls P AD Controls P
ID 60.8 39.5 NS | 156 (23.9) 129 (21.2) NS
Imax 14.3 8.1 NS 19.0 (2.6) 17.2 (2.2) NS
Tii 254 204 NS | 6229 (1699) 4193 (817) NS
Flare 134 268 NS | 518 (48.8) 691 (56.0) <0.05
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Table IX. Flare responses (mean = SD, mm2). P value denotes a significant difference between pa-
tients with AD (n = 32) and healthy controls (n = 32). NS = not significant.

Agent AD Controls P
Saline 35+ 108 20+ 53 NS
Histamine 1 pg/ml 194 + 333 295 + 358 NS
Histamine 3.3 pg/ml 361 £ 475 634 + 586 NS
Histamine 10 pg/ml 593 + 627 892 + 507 <0.05
Histamine 100 pg/ml 1211 + 737 1679 + 753 <0.01
Compound 48/80 10 pg/ml 556 + 591 1040 £ 806 <0.01

Correlations

The AD patients’ mean clinical itch inten-
sity (£SD, mm) for the previous 24 h
was 41.1£30.0 (range 1-91), the mean ec-
zema score (SD, arbitrary units) was 9.1
7.8 (range 1-30), and the mean serum
IgE-level (£SD, kU/1) was 156342500
(range 2-8800). However, these variab-
les did not correlate significantly with the
Tii (injections, wool) or the flare respon-
ses (injections). Furthermore, neither in
the patients nor in the controls did the Tii
for the wool fibres and the Tii for any of

the injections correlate significantly.

Effects of antihistamines (IV)

Experimental itch and flare responses
The results of the intradermal injections
of histamine (100 pg/ml) are shown in
Fig. 4. The histamine-induced itch and fla-
re responses were significantly reduced
by both terfenadine and clemastine com-
pared with placebo (p<0.001). The ex-
perimental itch variables were all inhib-
ited significantly more by terfenadine
than by clemastine (p<0.05), whereas the
inhibition of the flare reactions did not
differ significantly between the two ac-
tive drugs (p=0.07).

Clinical itch and sedation
The Pain-Track result based on samples
every 10th min on days 2-3 of each pe-

riod was used, as a pilot study showed
that a steady-state for the inhibition of
histamine-induced skin flare response
had been reached during these days.

i

Fig. 4. The effect of terfenadine (60 mg b.i.d.)
and clemastine (2 mg b.i.d.) on histamine-indu-
ced (100 pg/ml) flare and itch responses in pati-
ents with atopic dermatitis. The recordings were
made on the third day of treatment, 5-7.5 h after
the morming dose. The results of the histamine
injections during the placebo period are defined
as 100% (- - -). i Terfenadine (n=24); B, cle-
mastine (n=25); ID=itch duration; Imax=maxi-
mal itch intensity; Tii=total itch index (see Ma-
terial and Methods). ***= Significantly different
from placebo (p<0.001).
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Fig. 5. The itch intensity measured with (a) Pain-Track (samples every 10th min) and (b) VAS
forms, during treatment with terfenadine 60 mg, clemastine 2 mg or placebo b.i.d. in patients with
atopic dermatitis. TERF=terfenadine; CLEM=clemastine; PLO=placebo; n=25, except for Pain-Track,
recording during placebo, where n=24; NS= not significant.

These Pain-Track recordings showed that
neither the mean clinical itch intensity
(Fig. 5 (a)), nor the mean percentage of
time awake without pruritus differed sig-
nificantly between the three treatment
courses. No decrease in itch magnitude
appeared during the periods (baseline vs
day 3) and the amount of topical hydro-
cortisone used during the washout after
each period did not differ. In agreement
with the Pain-Track recordings, the ‘glo-
bal’ retrospective 3-day VAS ratings of
clinical itch intensity did not differ signi-
ficantly between the three treatments
(Fig. 5 (b)). No order effect could be
shown. The ‘global’ sedation (meant
SD, mm) was 8.949.5 for terfenadine,
38.9+17.3 for clemastine, and 13.9+
10.1 for placebo. Clemastine was signifi-

cantly more sedative (p<0.0001) than
terfenadine and placebo, whereas the two
latter did not differ significantly from
each other,

‘Itch profile’

The ‘itch profile’ based on sampling on
the hour did not differ significantly be-
tween the three treatments (Fig. 6). There
was a significant increase in itch intensity
during the day from 14.00 h (p<0.001).
In most cases the maxima appeared with-
in 60 min before sleep and were not in-
hibited by any of the antihistamines. Fig.
5 (a) and Fig. 6 are not contradictory, as
the results are based on different samp-
ling intervals (every 10th min during time
awake, and every 60th min between
08.00 and 22.00 h, respectively).
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Fig. 6. The “itch profile” measured with Pain-Track (samples every 60th min) on the last two days
of treatment with terfenadine 60 mg (#), clemastine 2 mg () or placebo (©) b.i.d. for three days in

patients with atopic dermatitis.
Effects of cyclosporin A (V-VI)

Clinical itch and eczema

The results of the Symtrack and VAS
form recordings were similar, as illustra-
ted in Fig. 7. CSA significantly reduced
the itch intensity on treatment days 9-10,
when compared with the baseline value
(‘before’) and also when compared with
days 9-10 of the placebo period. The re-
sults of the Symtrack night recordings
were similar. The patients’ average ‘itch
profile’ between 09.00 and 22.00 h on
days 9-10 was on a lower level with
CSA than with placebo. An analysis of
the percentage of time awake without
pruritus on days 9-10 of CSA treatment
showed that 4 AD patients were comple-
tely free from itch, 2 spent more than
90% of the day without itch, while 4
were never free from itch. On days 9-10
of the placebo period, 9/10 patients were
never free from itch. The onset of the
antipruritic effect of CSA varied. Six pa-
tients had an effect within days 2-4,

while in 3 others the decrease in pruritus
was recorded in days 8-10. However, in
one patient there was no itch relief during
the 10 days of active treatment.

CSA treatment improved all patients,
including the one where no itch relief
was achieved. The eczema score was re-
duced significantly on the 10th day of ac-
tive therapy, both when compared with
the baseline value (‘before’) and when
compared with the placebo value on day
10 (Fig. 8). No significant changes in ec-
zema score were observed after the pla-
cebo period. The consumption of topical
hydrocortisone 1% was significantly less
(p<0.01) with CSA (48.5t47.3 g) than
with placebo (90.7£70.0 g).

A gradual relapse of itch and eczema
was observed in all patients 2-30 days
after the completion of active treatment,
but no severe rebound phenomenon oc-
curred. On follow-up visits after 2 and 8
months, when most patients used semi-
potent/potent topical corticosteroids and
UV therapy, the average eczema score
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Fig. 7. The itch intensity re-
corded with Symtrack and daily
VAS forms ‘before’ and during
days 9-10 of treatment with cyc-
losporin A (CSA) 5 mg/kg/day
or placebo (PLO) in patients
with atopic dermatitis. (1) = sig-
nificant decrease in relation to
CSA ‘before’ (p=0.01) and to
PLO days 9-10 (p<0.05). (2) =
significant decrease in relation to
CSA ‘before’ (p=0.02) and to
PLO days 9-10 (p<0.01).

was 14.616.3 and 16.619.8, respective-
ly. Some of the patients had a peripheral
blood eosinophilia on these occasions,
but otherwise no laboratory abnormalities
were found.

Side-effects and laboratory findings

No severe side-effects occurred during
the short-term, low-dosage CSA treat-
ment. After some days with CSA, two
patients reported mild hand tremor and
another mild transient burning sensations
in the hands and feet, the latter being also
reported by a patient while on placebo.
CSA induced a non-symptomatic, tempo-
rary but significant (p<0.01), decrease in
serum magnesium from the baseline
value (meantSD) of 0.7940.065 mmol/l,
down to 0.65 + 0.032 mmol/l on day 10.
The number of peripheral blood eosino-
phils was reduced significantly (p<0.01)
with CSA (baseline value: 514.6 x 106+
211.6 x 106/1; day 10: 279.5 x 106t
185.1 x 106/1). No significant changes
were seen in serum creatinine or urea. All

subjects had taken CSA and no toxic
CSA blood levels were found. The av-
erage CSA whole-blood concentration 9-

21 h after drug intake was 106.5+43.6
ng/ml.

Histochemical and immunohistochemical
findings

Before the two treatment periods, lesio-
nal skin biopsy specimens showed small-
to-large cell infiltrates, located mainly
perivascularly in the dermis, as judged
from haematoxylin-eosin-stained secti-
ons, except for one patient who display-
ed almost no cell infiltrates in 3 of 4 spe-
cimens. The majority of the infiltrating
cells were CD3+, CD4+ and HLA-DR+,
whereas CD8+ or CD25+ cells were less
frequent. The numbers of IgE+ cells or
CD23+ cells ranged from few to many
and no lesional specimen was deficient in
these cells. In general, the IgE+ cells
were dendritic in the epidermis and non-
dendritic in the dermis. The majority of
epidermal and dermal CD23+ cells were
non-dendritic, although several dendritic
CD23+ cells were seen in the epidermis.
The estimated proportion of IgE+ or
CD23+ cells in the infiltrates ranged from
10-50% and 10-65%, respectively. The
keratinocytes were HLA-DR negative,
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DISCUSSION

Measurement of clinical itch (I)
Itch is a sensation that can be assessed by
the patient himself, but not by any ob-
jective method. To circumvent this prob-
lem, several investigators have recorded
nocturnal scratching, which can be mea-
sured objectively; but such recordings
have been restricted to inpatients due to
the technical facilities that are required.
Scratch recordings have sometimes been
validated by correlating them to subjec-
tive assessments of itch (50, 51). This
highlights the problem: ultimately one
has to rely upon the patients’ ratings of
their subjective symptom. Therefore, it is
essential to develop and evaluate valid
itch-recording methods that can be used
by outpatients in everyday life.

Betamethasone dipropionate, a potent
topical corticosteroid with a well-known
antipruritic effect in AD patients (109),
was used as a tool to evaluate two dif-
ferent methods of itch recording: conti-
nuous Pain-Track recording and retro-
spective VAS form recording twice
daily.

The patients’ compliance for the Pain-
Track and VAS form recordings was
about equal. In general, the patients re-
garded the VAS forms as easier to hand-
le, but the majority believed that the
Pain-Track recordings were more accura-
te. A major difference between the two
methods is that the compliance can be
monitored continuously with Pain-Track,
increasing the authenticity of the itch re-
cording. Moreover, the Pain-Track me-
thod avoids retrospection and the pre-
vious recordings are concealed from the
patient; and a large amount of observati-
ons can be stored and analysed. The
VAS ratings are retrospective and may be
highly influenced by the itching during
the minutes before filling in the form,
and furthermore, there is a possibility for

the patient to complete the ratings from
memory just before returning the forms
to the investigator. In the present study,
the VAS ratings were performed in
parallel with the microcomputer-based
itch recordings, which may have in-
creased the patients’ inclination to follow
the VAS form instructions properly.

The Pain-Track loggers were equip-
ped with a seven-stepped FPNVS,
whereas the rating forms had a 100-mm
VAS. The level of the scale of measure-
ment is a critical point for the choice of
the statistical method to be applied in the
analysis of data. For obvious reasons it
is impossible to state definitely what
level the two rating scales belong to.
Strictly speaking the FPNVS and the
VAS are both on an ordinal level, i.e.
they give rank-orders between the scale
steps, but the differences between the
steps are not definable. On the other
hand, with the non-verbal nature of the
scales and with the operational instruc-
tions given to the patients (see Material
and Methods), it is fair to say that the
scales are on an approximate ratio level
with equidistance between the scale steps
and a true zero point. Ordinal-scaled data
must be analysed with non-parametric
methods, whereas ratio-scaled data may
be analysed with parametric methods
provided that the additional assumptions
(e.g. the normal distribution of data) un-
derlying the particular models or tests are
valid.

In the present study, the patient acted
as his/her own control and the variable to
be analysed was a difference between
some aggregate measure of the observati-
ons. If the scale is considered to be ordi-
nal, it is not meaningful to compute
means or differences. The methods avai-
lable are now drastically reduced to pro-
cessing a variable that uses only ordinal
properties. e.g. the median, and the re-
maining test is a simple sign test. As an
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alternative to using the median, the per-
centage of time awake without pruritus
was determined from the Pain-Track re-
cordings of each subject and period
(days 3-4). Assuming approximate ratio
scaling of the FPNVS and VAS, the
average itch intensities were computed.
As these were considered to be normally
distributed, the parametric Student t test
was applied. In experimental studies of
pain measurement in humans, the VAS
can be regarded as an approximate ratio
scale (46), and parametrical methods are
often used for the analysis of data
obtained with fixed-point scales or VAS
in pain measurements (110).

Using both non-parametric and para-
metric statistical methods, it was shown
that both the Pain-Track recording with
its seven-stepped FPNVS and the 100-
mm VAS form recording were sensitive
enough to detect the antipruritic effect of
the topical corticosteroid in this double-
blind, randomized, placebo-controlled
study. No absolute, final judgement of
validity can ever be given for the measu-
rement of a subjective sensation (45), as
the ‘true’ intensity of the sensation can-
not be determined objectively. The vali-
dation has to be established through em-
pirical observations. The fact that both
itch-recording techniques detected the
antipruritic effect of active therapy, and
the finding of high correlations between
the scores of the two techniques, support
their validity for measuring clinical itch
intensity. The high correlations between
days 3 and 4 within each method support
reliability. The lower correlations be-
tween the nights may reflect a more vari-
able pruritus during that time or less ac-
curacy in the night recordings. The itch
intensities of the night recordings made
with Pain-Track often reflected the itch
intensity level just before falling asleep;
12/26 (46%) patients never changed the
intensity rate control at night, and in
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cases where such changes were made
these were not frequent (approximately
every 5th night). Therefore, it may not
be fully relevant to include night record-
ings with Pain-Track in the evaluation of
clinical itch and antipruritic effect of
drugs.

Induction and measurement of
experimental itch (II)

The occurrence of systematic errors in
the perception of experimentally-induced
itch was studied by investigating the
influence of the order in which various
histamine concentrations were presented
to the subjects. Our findings strongly
support a random injection order. When
histamine was injected in gradually de-
creasing concentrations no significant
dose-response curves were obtained for
the itch variables. The explanation might
be that an initially higher concentration of
histamine triggers the activation of modu-
latory events in the central nervous
system and that this disturbs the percep-
tion of itch for subsequent weaker sti-
muli.

Scales for rating of sensations are
sometimes criticized as they transform
the sensation into an artificial unidimen-
sional experience. However, this has to
be accepted for practical reasons, and
furthermore, in our study the only di-
mension that we focused on was the itch
intensity. Several rating scales including
the VAS have been validated for mea-
surement of pain (38, 46, 111-114),
while very few attempts have been made
to validate scales for measurement of itch
(8, 40, 41). For this reason, two dif-
ferent rating scales, the seven-stepped
FPNVS and the 100-mm VAS, were in-
vestigated for their capacity to produce
significant dose-response curves for itch
responses induced by histamine injecti-
ons. The VAS gave significant dose-res-
ponse relationships for all of the four
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experimental itch variables, whereas the
FPNVS gave significant dose-response
curves for two of them, the ID and Tii.
The Tii is of greatest importance as it
reflects both the intensity and the du-
ration of itch. For both the FPNVS and
the VAS, the Imax to the strongest his-
tamine concentration (10pg/ml) was ap-
proximately 30% of ‘the worst itch ever
imaginable’. In contrast to the VAS, the
FPNVS failed to give a significant dose-
response curve for Imax, indicating that
the seven-stepped scale was not sensitive
enough to discriminate between the peak
values of itch induced by the different
low doses of histamine. The VAS has
theoretically an infinite number of scale
steps, but is usually divided into mm-
steps. This does not necessarily imply
that it is more sensitive than a scale with
fewer scale steps (114). In sensory per-
ception (e.g. auditory loudness, pain
intensity), opinions differ as to how
many steps of stimulus strength an
individual is able to discriminate (112,
114-116) and this is of importance for
the design of valid rating scales. Our pre-
sent findings show that both the FPNVS
and the 100-mm VAS can be used for
continuous rating of itch intensity. As the
VAS discriminated better for some of the
itch variables it was considered of
interest to provide the next version of the
Pain-Track logger (Symtrack) with this
scale.

Perception of experimental itch
(III)

Various stimuli were used for inducing
experimental itch. Histamine was chosen
as it is the most thoroughly studied pruri-
togen. The histamine liberator compound
48/80 was included to investigate skin
mast cell releasability in vivo. Wool fi-
bres were employed as they provoke itch
by mechanical stimulation and wool-pro-
voked itch is of clinical importance to

many AD patients (59, 117, 118).

The itch response induced by wool fi-
bres differed significantly in quality and
quantity between the patients and the
controls. The AD patients more often
perceived a “pure’ itch without a pricking
sensation and the itch response was
stronger than in the controls. This is in
agreement with previous reports of an
increased itch sensitivity in patients with
AD (94-96). However, the itch respon-
ses provoked by the different histamine
concentrations did not show such a clear-
cut difference between the two groups of
subjects, as only one of four concentra-
tions (10 pg/ml) induced a significantly
increased itch response in the AD pati-
ents compared with the controls. The re-
maining three concentrations gave itch
responses that were only slightly and
non-significantly increased in the pati-
ents. For example, for the Tii evoked by
histamine 100 pg/ml (Table VII), about
150 subjects per group would have been
needed for the observed difference to be
significant at the 5% level, assuming a
standard deviation of 15,000 in each
group. Furthermore, the ability to discri-
minate between the different histamine
concentrations did not differ between the
patients and the controls. These data are
in conflict with those of Heyer et al.
(98), who used histamine iontophoresis
to induce pruritus and found that the itch
response to the strongest histamine dose
was lower in AD patients than in con-
trols, and that AD patients, unlike con-
trols, were unable to discriminate be-
tween weak and strong histamine stimu-
li. Because the skin barrier is defective
even in normal-looking skin of AD pati-
ents (119), it may be difficult to achieve
a well-defined histamine dose close to
the dermo-epidermal junction zone,
where the itch response is assumed to be
maximal (4) and this might explain the
discrepancy between our results and the
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findings of Heyer et al.

The wool-provoked itch was less than
the itch provoked by the two strongest
histamine concentrations, which was un-
expected for the AD patients. Thus, a
pruritic stimulus at a single point was
perceived as stronger than pruritic stimuli
over a larger area, which, in addition,
was often eczematous. This may reflect
the different modes of pruritogenic sti-
mulation that were used, but on the other
hand, nothing is known about how AD
patients or healthy subjects process and
perceive itch sensations provoked by
many simultaneous pruritic stimuli. It is
worth noting that the Tii induced by
wool fibres did not correlate significantly
with the eczema score. For example, the
patient who perceived the highest Imax
to wool (96 mm), was in fact the patient
with the lowest eczema score. The
possibility of conditioned itch responses
to wool must be considered, but against
this are the findings that the Tii elicited
by the injections did not correlate signifi-
cantly with the severity of eczema, and
that four of the patients did not perceive
itch, although they had reported in the
introductory interviews that wool usually
provoked itch. The latter may, of course,
be due to the diameter of the wool fibres
used in our experiment; the thicker the
fibre diameter, the more pronounced the
itch response (118). As the Tii and the
eczema score did not correlate signifi-
cantly, the question arises as to what
happens to the itch sensitivity when the
AD is clinically healed. Rajka found a
prolonged ID to intradermal injections of
trypsin in patients with healed AD and a
current ‘atopic rhinitis’ (96), whereas
patients with only ‘atopic rhinitis’ did not
differ from controls (58). It is therefore
possible that the increased itch sensitivity
in AD patients persists for a long time,
maybe for life. If this is true, it may re-
flect a primary constitutional abnormality
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in the perception of itch, or a secondary
phenomenon of increased itch sensitivity
due to the previous experience of an
itchy skin disease, or both.

In vitro studies of basophilic granulo-
cytes from patients with AD have shown
an increased (88, 89) or faster (90) hista-
mine release. Because mast cells are ge-
nerally assumed to be functionally ana-
logous to basophils, the skin mast cells
may also have an abnormal histamine re-
lease, although this remains to be prov-
ed. In our present study, no significantly
increased non-immunological (non-IgE-
dependent) skin mast cell releasability
was shown in vivo, as compound 48/80-
induced itch and flare reactions were not
more pronounced in AD patients than in
controls. This finding is consistent with
a previous study by Ruzicka and Gliick
(86), who found no difference between
AD patients and controls in histamine
release from skin sections challenged in
vitro to compound 48/80.

The flare responses were smaller in
AD patients than in controls. This is a
well-known phenomenon (120, 121),
but its cause is unknown, as is the rea-
son for the larger flare reactions in fe-
males than in males. The difference in
flare size between females and males em-
phasizes the importance of sex-matching
when comparing flare responses between
various groups of subjects. Skin reactivi-
ty to histamine is reduced by repeated in-
tradermal injections of small doses of
histamine (81, 122) and increased hista-
mine levels in non-lesional atopic skin
(85) may theoretically induce tachyphy-
laxis to histamine and lead to smaller
flares. However, this seems less probab-
le, at least for the free nerve endings of
C-fibres, as the histamine-induced itch
responses were not decreased in our AD
patients compared with the controls. In-
tradermal injections of the neuropeptides
substance P and neurotensin induce
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equal itch responses, but induce smaller
flares in patients with AD than in non-
atopic controls (123), i.e. the neuropep-
tides produce a response similar to that
of histamine in the present study. Several
studies indicate an increased tendency to
vasoconstriction in the skin of AD pa-
tients (120, 124) and this phenomenon
may explain the reduced flare responses
in these patients. After the ‘healing’ of
the AD, the flare is normalized (121).

Effects of antihistamines (IV)
Our study of AD patients showed no
effect on clinical itch of terfenadine or
clemastine compared with placebo, al-
though clemastine was significantly seda-
tive. With intradermal injections of hista-
mine, a peripheral Hj-receptor antagoni-
zing effect was shown for both the active
drugs, as they inhibited the itch and flare
responses significantly compared with
placebo. Thus, the patients had taken the
drugs as requested and significant con-
centrations were achieved in the skin. If
histamine was a main pruritogen in AD,
as in urticaria, the antihistamines would
relieve clinical itch promptly. It can be
argued that our itch-recording methods
were not sensitive enough to detect an
antipruritic effect. However, as described
above, both the Pain-Track method with
its FPNVS and the 100-mm VAS forms
were sensitive enough to detect an anti-
pruritic effect of a potent corticosteroid in
a placebo-controlled study (I), and fur-
ther, both itch-recording techniques dis-
criminated between the itch responses
induced by various low doses of intra-
dermally injected histamine (II). We are
not aware of any method for recording
clinical itch that has been validated as ex-
tensively as this one has.

There is still doubt as to whether his-
tamine is involved in the pathogenesis of

pruritus in AD. The assumption that his-
tamine is the main pruritogen in this
disease is based on several findings in
AD patients concerning histamine levels
in plasma and skin, number of skin mast
cells and and abnormal histamine release,
as reviewed in the present introduction.
However, there are several arguments
against histamine being the main itch-
provoking substance in AD. First, when
histamine is injected into the skin, itching
is nearly always (see Results) accompa-
nied by a visible ‘triple response’, i.e.
local redness, whealing and an axon-
reflex-mediated flare reaction (81, 82).
As very low doses of intradermally in-
jected histamine are urticariogenic but not
pruritogenic (125), it is not probable that
histamine provokes itching without con-
comitant visible changes in the skin. The
pruritus in AD is not associated with
whealing. Secondly, repeated intrader-
mal histamine injections lead to the de-
velopment of tachyphylaxis in the skin,
i.e. further histamine injections do not
induce any vascular response or itching
(81, 122). In urticaria, where histamine
is the major pruritogen, the itching of the
individual wheals is transient, lasting for
some hours, while new itchy lesions
develop at new sites. Such tachyphylaxis
is not compatible with the chronic pruri-
tus of the individual lesions in AD.
Thirdly, the antipruritic effect of antihis-
tamines in AD patients is not satisfacto-
ry, whereas their antipruritic effect in ur-
ticaria is generally prompt.

Based on the results from an open stu-
dy of the effects on pruritus and noctur-
nal scratching of sedative and non-sedati-
ve antihistamines, and of a sedative ben-
zodiazepine, in 23 patients with various
itchy dermatoses, Krause and Shuster
(126) suggested that the antipruritic ef-
fect of antihistamines in non-whealing
disorders is due to a sedative-related ef-
fect, although inhibition of itch is not a
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general property of all sedatives (126,
127). Savin et al. (128) investigated the
effects of trimeprazine, a sedative pheno-
thiazine-related antihistamine, and of tri-
mipramine, a sedative and antidepressive
drug, on nocturnal scratching and sleep
in patients with AD. They found that the
time spent in stage 1 of sleep, when
scratching is most frequent, was reduced
by both drugs, and this explained the
drug-induced, modest reduction of noc-
turnal scratching. In our study, clemasti-
ne was significantly sedative, but never-
theless, its effect on clinical pruritus did
not differ from that of terfenadine or pla-
cebo. Sedation at night can relieve anxie-
ty and insomnia, and the patients may
worry less about their itching, but this is
not necessarily associated with relief of
itch.

The study of clinical pruritus and the
antipruritic effect of drugs is a very diffi-
cult task for the clinical investigator. Se-
veral studies have been published con-
cerning the antipruritic effect of antihista-
mines in AD, but most can be criticized
as they do not fulfill the essential design
criteria for the clinical evaluation of anti-
pruritic drugs. Such criteria have been
listed (129-131) and they, of course, in-
clude the use of a double-blind, randomi-
zed study design. Furthermore, placebo
must be included as itching is a subjecti-
ve symptom which can be highly in-
fluenced by any medication, active or not
(132, 133). In our study, we preferred a
cross-over design with the patient as his
own control to minimize the importance
of individual factors, such as severity of
eczema, flare factors influencing the
course of AD, and the subjective use of
the itch-recording scales. Finally, it is
important to define the basis for patient
selection and to describe carefully the
itch-recording method that is employed.

When studies not satisfying the essen-
tial demands of a controlled and well-
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conducted investigation are excluded,
few remain to review. In a double-blind,
randomized, placebo-controlled cross-
over study, Savin et al. (134) found that
the new non-sedative Hj-receptor anta-
gonist LN2974 failed to reduce the itch-
ing recorded with VAS forms or the noc-
turnal scratching recorded with limb-
movement meters in ten adults with AD.
Using daily VAS ratings, Frosch et al.
(135) studied the antipruritic effect of
chlorpheniramine alone, chlorphenirami-
ne plus cimetidine, and placebo, given
for four weeks each in a double-blind,
randomized, cross-over trial with 16 AD
patients. The active treatments did not re-
lieve itch better than placebo. Doherty et
al. (136) employed a double-blind, ran-
domized, placebo-controlled, but paral-
lel, study of the antipruritic effect of 10
days’ treatment with one of the two non-
sedative antihistamines terfenadine (180
mg/day) and acrivastine (24 mg/day), or
placebo, in 49 AD patients, 44 of whom
completed the study. Itching, rated with
VAS forms on entry and after seven
days, was significantly reduced by each
of the active drugs compared with place-
bo and it was concluded that histamine
has an active role in the pruritus in AD.
In contrast to these results, but support-
ing our present findings, Berth-Jones
and Graham-Brown (137) recently re-
ported the failure of 7 days’ treatment
with terfenadine (240 mg/day) to relieve
itch in a double-blind, randomized, pla-
cebo-controlled, cross-over study of 24
AD patients, who rated their itch intensi-
ties on VAS forms twice daily on the last
four days of each treatment.

We conclude that our present study
(IV), in common with most previous
carefully controlled studies (134, 135,
137), supports the view that histamine is
not of major importance in the pathoge-
nesis of itch in AD patients. Antihista-
mines may, in addition, to their Hj-re-
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ceptor antagonistic action have other im-
portant effects. For example, terfenadine
in vitro inhibits the release of histamine
from basophils (138) and mast cells
(139), and of leukotriene C4 production
from eosinophils (138), ketotifen in vitro
inhibits histamine release from mast cells
(139), loratadine in vitro inhibits release
of histamine and leukotriene C4 from
mast cells (140), and cetirizine in vitro
inhibits chemotaxis of eosinophils (141)
The possible relevance of these experi-
mental findings to the relief of clinical
pruritus in patients with AD is still
completely unknown and remains to be
determined.

Effects of cyclosporin A (V-VI)

In recent years cyclosporin A (CSA), a
cyclic polypeptide with potent immuno-
suppressive effects, has been used for
the treatment of various inflammatory
dermatoses (142-144) and several case
reports have been published on the im-
provement of eczema and itching in pati-
ents with AD treated with oral CSA for 1
-31 months in doses of 1-6 mg/kg/day
(145-152). CSA has also been reported
to suppress pruritus promptly in patients
with therapy-resistent Sézary syndrome
(153) or mycosis fungoides (154).
Therefore, we decided to investigate fur-
ther the effect of CSA in a placebo-con-
trolled, short-term study of AD patients.
Within 10 days of CSA therapy an anti-
pruritic effect was achieved in 9/10 pati-
ents and the eczema scores decreased in
all 10, i.e. also in the patient who did not
experience any itch relief. An interesting
clinical observation was that CSA mar-
kedly reduced the erythema in the AD pa-
tients. The association between erythema
and itching in patients with AD has often
been pointed out (18, 62). Sowden et al.
(155) recently confirmed the efficacy of

CSA given for 8 weeks to AD patients in
a placebo-controlled study. Because of
the risk of serious side-effects the clinical
use of CSA must be restricted to cases
with refractory and severe AD not re-
sponding to other therapies, such as pho-
tochemotherapy, systemic corticosteroids
or azathioprine.

The mechanism of action of CSA in
AD is not yet understood. A major effect
of CSA is the inhibition of IL-2 pro-
duction from T-‘helper’ cells (142, 156-
158) and this inhibition occurs at the
level of IL-2 mRNA transcription (157,
159-161). By inhibiting IL-2 production,
CSA suppresses the activation and
subsequent proliferation of ‘helper’ and
‘cytotoxic’ T cells. In addition, CSA
inhibits the production of other T-cell
derived cytokines, such as interferon-y,
IL-4 and granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF) (142,
158, 159, 162). Furthermore, CSA af-
fects a variety of other cells; for example,
CSA in vitro has an antiproliferative
effect on keratinocytes (163, 164) and
endothelial cells (163), and inhibits the
release of histamine from human lung
mast cells (165). Thus, it cannot be
stated that the effects of CSA in patients
with AD depend merely on its
immunosuppressive action on T cells.

The serum IgE-level is not decreased
by CSA therapy (148, 151, 155). Munro
et al. (151) in an open study of CSA-
treated AD patients with an allergy to
house-dust-mite antigen (HDM) showed
that the immediate and late-phase react-
ions (6 h) to intradermally injected HDM
were significantly increased, whereas the
responses at 24 and 48 h did not differ
from pre- or post-CSA treatment intra-
dermal tests. In another open study,
Higgins et al. (166) showed that the skin
response to intradermally injected hista-
mine was significantly increased in pati-
ents treated with CSA. Thus, CSA in
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vivo does not seem to inhibit the release
of, or the response to, skin mast cell-
derived mediators. Since CSA produced
a marked clinical improvement of AD,
whereas the prick tests were not inhibited
(151), the relevance of the immedi-
ate/late-phase type-I hypersensitivity re-
actions in the pathogenesis of AD seems
doubtful.

Our immunohistochemical findings in
pretreatment skin biopsy specimens fitted
well with previous reports (63-65). We
found that CSA reduced the skin expres-
sion of several of the cell surface mar-
kers. The mechanism of action for these
events cannot be stated, but as CSA in-
hibits the production of various cyto-
kines, some theoretical speculations are
possible. A CSA-induced inhibition of
the IL-2 production from T-‘helper’ cells
may explain the reduction in the numbers
of CD3+, CD4+ and CD25+ cells in the
AD lesions. An inhibition of the inter-
feron-y production from T cells may
account for the CSA-induced reduction
in the number of HLA-DR+ cells. The
expression of ICAM-1 on keratinocytes,
occurring in several inflammatory derma-
toses with dermal accumulation of T
lymphocytes (167, 168), is stimulated by
interferon-y and tumour necrosis factor
(TNF)-o and -B (167); a CSA-induced
inhibition of these cytokines may explain
the observed decrease in the number of
ICAM-1+ keratinocytes after CSA thera-
py. In the majority of our patients, CSA
decreased the expression of cell-bound
IgE and low-affinity Fc-IgE receptors
(CD23) in lesional skin. As in previous
reports (71, 72), the serum IgE-level
seemed to influence the number of cells
bearing IgE. We did not follow the se-
rum IgE in our patients, but as CSA did
not reduce the serum IgE-levels in AD
patients in recently published studies
(148, 151, 155), we suggest that CSA
down-regulates the CD23 expression in
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lesional AD skin, leading to reduced
low-affinity binding of IgE. Hypotheti-
cally, an inhibition of IL-4 and/or inter-
feron-y may explain this phenomenon, as
the expression of CD23 on e.g. human
Langerhans’ cells is induced by these
cytokines (169).

Patients with AD often reveal a peri-
pheral blood eosinophilia. The eosino-
phils contain, in their granules, toxic
proteins: major basic protein (MBP),
eosinophil cationic protein (ECP), eosi-
nophil-derived neurotoxin (EDN) and
eosinophil peroxidase (EPO). On stimu-
lation, the eosinophils degranulate and
release these proteins into the circulation
and the tissue. Increased serum levels of
MBP (170) and ECP (171), and deposit-
ion of MBP in lesional skin (172) have
been observed in AD patients. Cutaneous
eosinophils also occur in patch tests with
specific aero-allergens in patients with
AD (173). We found that CSA reduced
the number of peripheral blood eosin-
ophils and also the number of patients
with EG2+ cells present in lesional skin
biopsies. In vitro studies show that hu-
man T lymphocytes from patients with
blood eosinophilia on IL-2 stimulation
can produce IL-5 and that IL-5 stimulates
eosinophil colony formation (174). Ex-
periments in the rat confirm that CSA can
abolish hypereosinophilia (175). The
role of the eosinophilic granulocyte in
AD is, however, unknown. MBP in
vitro induces histamine release from hu-
man basophils and rat mast cells (176)
and when MBP, ECP or EDN are in-
jected intradermally into human skin a
wheal and flare reaction is provoked
(177). However, it is unlikely that this
mechanism is of importance for the in-
duction of clinical itch in AD patients.

From the present study we cannot
conclude that the observed findings are
specific to CSA therapy. On the contra-
ry, it is possible that they occur in any
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type of effective treatment of AD. For
example, some parallels can be drawn to
treatment with corticosteroids; oral pred-
nisone improves AD, but has no effects
on serum IgE-levels (178), and further-
more, topical corticosteroids decrease the
ratio of IgE+ to CDla+ epidermal cells
(72). In our present study, the changes
of itch intensity in the patients did not
strictly parallel any specific change in the
immunohistochemistry, i.e. the patients
who had complete itch relief on days 9-
10 of the CSA treatment did not reveal
any distinct uniform pattern of im-
munohistochemical changes when com-
pared with the others, including the one
where no itch relief was achieved with
CSA.

In many pruritic skin diseases, such
as AD and lichen planus, a mononuclear
cellular infiltrate consisting predominant-
ly of T lymphocytes is observed in the
papillary dermis near the junction area,
where the itch receptors are assumed to
be situated (4). On activation, these lym-
phocytes produce various cytokines, i.e.
soluble mediators with a large number of
inflammatory and immunoregulatory ef-
fects. Cytokines are also produced by
various other cell types in the skin, e.g.
keratinocytes, macrophages, fibroblasts,
endothelial cells and mast cells. Cyto-
kines interact in a network, and the final
response is determined by a cascade of
complex interactions. The cytokines in-
volved in AD remain to be determined
and it is not known whether this disease
has a specific pattern of cytokine release
and interaction. Patients with AD have
elevated serum levels of the IL-2 receptor
(179-181). This presumably reflects the
degree of lymphocyte activation and is
found in many diseases with increased
immunoreactivity. In vitro studies show
decreased production of interferon-y
(182), TNF-o. (182-184), IL-1 and IL-2
(184) from stimulated peripheral blood

mononuclear cells of patients with AD.
The proportion of peripheral T cells able
to produce IL-4 is higher in atopic pati-
ents than in non-atopic controls (185).
IL-4 in vitro induces synthesis of IgE
from B-lymphocytes and inhibits interfe-
ron-y synthesis, whereas the IgE-induc-
ing effect of IL-4 is antagonized by inter-
feron-y (66, 186). An imbalance in the
IL-4/interferon-y ratio may explain the
increased IgE production in AD patients.
Antigen-specific cloned murine T cells
can be divided into two groups based on
the cytokine profile they produce; Ty
produce IL-2 and interferon-y, and Typ
produce IL-4 (187). It is not proved that
such dichotomized subsets exist in
healthy humans, but in vitro studies
show that less than 5% of human CD4+
T cells express IL-4 mRNA, whereas
60% of CD4+ T cells express IL-2 and
interferon-y messages (188). Techniques
for culturing skin-infiltrating lymphocy-
tes obtained via skin biopsies from lesio-
nal AD skin have recently been introdu-
ced and offer an exciting possibility of
studying the functional activity and spec-
trum of cytokine production of lesional
skin lymphocytes (189-191). In vitro-
expanded cultures of AD-skin-derived
lymphocytes, stimulated with mitogens
or allergens, produce IL-4, GM-CSF
and TNF-o, whereas the production of
interferon-y is reduced or absent (190,
191).

Whether cytokines can induce pruritus
has not been studied systematically, but,
interestingly, pruritus occurs as a side-
effect of some cytokines that have been
administered to patients. Injections of
human recombinant GM-CSF in some
cases induced local erythema and pruri-
tus at the injection sites (192), or a pruri-
tic widespread cutaneous eruption (192,
193). When intradermal injections of hu-
man recombinant IL-2 (30-90 kU) were
given to patients with lepromatous lepro-
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sy to reconstitute cell-mediated immunity
in their cutaneous lesions, an induration
of the skin was provoked at the injection
site (194) and this reaction was accompa-
nied by itching (Kiessling, personal
communication). Further, Gaspari et al.
(195) reported that cancer patients receiv-
ing high doses of intravenous IL-2 (30-
100 kU/kg/8 h) frequently developed
erythema and pruritus of the skin after 2-
3 days’ therapy. Immunohistochemical
investigation of the skin revealed the pre-
sence of activated T lymphocytes in pa-
pillary dermis, and blood samples
showed that the patients had developed a
peripheral blood eosinophilia (195).
These findings are similar to some of
those encountered in AD patients. As the
IL-2-provoked erythema and itching
were not reduced by indomethacin or an-
tihistamines, it was concluded that pro-
staglandins or histamine were unlikely to
be the major cause of these symptoms
(195). However, to complicate further
this subject it was recently reported that
infusions of IL-2 (10-20 kU/kg/8 h)
improved eczema and pruritus in an open
study of 6 children with AD (196), so
the effects of human IL-2 injections may
vary, possibly due to different routes of
administration, doses and basic diseases.

The pruritic mediator or mediators,
and their cellular origin, are still un-
known in AD, as is the mechanism of the
antipruritic action of CSA. However,
since cytokine therapy can provoke itch
as a side-effect and since CSA inhibits
the production of various cytokines, it is
hypothesized that such mediators may be
of importance, either directly or in-
directly, in the pathogenesis of pruritus
in AD. To confirm or reject this
hypothesis, experimental investigation of
the pruritogenic properties of different
cytokines is necessary, alone and in
combination, as these substances in-
teract.
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PRINCIPAL FINDINGS

By using a drug with known antipruritic
effect in patients with AD, we have
shown that continuous recording with a
computerized logger (Pain-Track) with a
seven-stepped FPNVS, and retrospective
recording with a 100-mm VAS on sheets
of paper, can be used for quantitative
measurement of clinical itch and for the
detection of antipruritic effects of drugs.
The main advantages of the Pain-Track
method are that it avoids retrospection;
that previous recordings are concealed
from the patient; that frequent sampling is
possible; that compliance can be survey-
ed, increasing the authenticity; and that a
large amount of data can be stored and
analysed.

In the induction of experimental itch,
pruritic stimuli should be presented in a
random order so as to avoid systematic
errors in the perception of itch. Both the
seven-stepped FPNVS and the 100-mm
VAS were found valid for the continuous
measurement of experimentally-induced
itch.

The itch responses provoked by wool
fibres, but in general not those provoked
by histamine injections, were significant-
ly stronger in AD patients than in healthy
controls. This supports a hypothesis of
increased itch sensitivity in AD patients,
although this may not be valid for all
pruritic stimuli. Histamine induced signi-
ficant dose-response relationships for the
itch variables both in patients and in con-
trols. The ability to discriminate between
weak and strong histamine stimuli did
not differ between the two groups. No
increased skin mast cell releasability was
shown in vivo, as compound 48/80-
induced itch and flare responses were not
increased in AD patients compared with
controls. The experimental itch and flare
responses in the AD patients did not
correlate significantly with clinical itch
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intensity, eczema score or serum IgE-
level.

Both clemastine and terfenadine had a
pronounced Hi-receptor-antagonizing ef-
fect in the skin of AD patients, but their
effect on the patients’ clinical itch did not
differ from that of placebo, although
clemastine was significantly sedative.
These findings support the view that his-
tamine is not of great importance in the
pathogenesis of itch in AD and that seda-
tion is not necessarily associated with
itch relief.

Cyclosporin A (CSA) in a dose of 5
mg/kg/day significantly reduced the itch
intensity, the eczema score and the num-
ber of peripheral blood eosinophils in
AD patients. No serious side-effects oc-
curred, but relapses of clinical symptoms
were seen within 2-30 days of comple-
tion of CSA treatment. In at least 50% of
the AD patients, CSA reduced the num-
ber of CD3+, CD4+, HLA-DR+, IgE+,
CD23+, ICAM-1+ and EG2+ cells in le-
sional skin. We suggest that CSA down-
regulates the expression of low-affinity
Fc-IgE receptors (CD23), which in turn
may explain the decrease of the IgE ex-
pression on cells, including Langerhans’
cells. The changes of itch magnitude in
the patients did not strictly parallel any
specific change in the immunohistoche-
mistry. The mechanism of action for the
antipruritic effect of CSA remains un-
clear, but as it is known that cytokine
therapy can provoke itch as a side-effect
and that CSA inhibits the production of
cytokines, it is hypothesized that cyto-
kines may be of importance, directly or
indirectly, in the pathogenesis of itch in
patients with AD.



C-F WAHLGREN

ACKNOWLEDGEMENTS

I would like to thank everyone who has
supported me throughout this study and
especially:

Associate Professor Osten Higermark,
Department of Dermatology, my tutor,
for introducing me to the exciting field of
scientific research in clinical and experi-
mental pruritus, for invaluable guidance
and sound criticism, and for warm, gene-
rous support.

Professor Sture Lidén, head of the De-
partment of Dermatology, for making it
possible for me to combine clinical prac-
tice with medical research. His interest
and support have provided continuing
encouragement.

Associate Professor Annika Scheynius,
Department of Clinical Immunology, for
introducing me to immunohistochemist-
ry. Her enthusiasm and support have
been invaluable.

Professor Reinhold Bergstrom, Depart-
ment of Statistics, Uppsala University,
for patiently guiding and helping me with
the medical statistics.

Associate Professor Anders Ekblom, De-
partments of Anaesthesiology and Inten-
sive Care, and Physiology II, and Dr
Maria Tengvall Linder, Department of
Clinical Immunology, co-workers and
co-authors, for enjoyable discussions
and pleasant collaboration.

Associate Professor Bjérn Lagerholm,
Department of Dermatology, for sharing
his great knowledge of histopathology of
the skin and of medical history.

Mr Bjorn Hedin, Autenta AB, Uppsala,
for always being ready to help me with
the Pain-Track/Symtrack system.

45

Dr Mona Bdckdahl, Department of Der-
matology, for her interest and helpful
advice.

Miss Ingrid Vedin and Mrs Ingrid
Jusinski for their skillful technical assis-
tance in the studies of experimental itch.

Miss Lena Ingemarsson, research nurse,
for valuable help.

Miss Catharina Johansson and Mrs Anne
Svensson, Department of Clinical Immu-
nology; and Mrs Gunborg Johnsson and
Mrs Kerstin Bruce, Department of Der-
matology, for their skilled technical as-
sistance in immunohistochemistry and
histochemistry.

Mrs Anne-Marie Windahl and Mrs
Gunilla Ekstrand for secretarial help, and
Anneli Holmsten, B.Sc., for her work
on the final layout of this thesis.

Mr Leif Strandberg for help with photo-
graphy.

Tim Crosfield, M.A., for revising the
English text.

Colleagues and Staff at the Department of
Dermatology for help and support in va-
rious ways.

The patients for participating and, not the
least, for carrying buzzing ‘itch-boxes’
for long periods.

My family for love and support.

The studies were supported by grants
from the Karolinska Institute, the Edvard
Welander Foundation, the Finsen Foun-
dation, the Swedish Medical Research
Council, the Swedish Work Environment
Fund and the King Gustaf V Foundation.



46

ITCH AND ATOPIC DERMATITIS: CLINICAL AND EXPERIMENTAL STUDIES

REFERENCES

I.

10.

11.

12:

13.

Hafenreffer S. Nosodochium, in quo cutis,
eique adheerentium partium, affectus omnes,
singulari methodo, et cognoscendi et curandi
fidelissime traduntur. Ulm: B Kiihn, 1660:
98-102.

Woodward DF, Conway JL, Wheeler LA.
Cutaneous itching models. In: Maibach HI,
Lowe NJ, ed. Models in dermatology, vol 1.
Basel: Karger, 1985:187-195,

De Castro-Costa M, Gybels J, Kupers R,
Van Hees J. Scratching behaviour in arthri-
tic rats: a sign of chronic pain or itch? Pain
1987;29:123-131,

Shelley WB, Arthur RP. The neurohistolo-
gy and neurophysiology of the itch sensa-
tion in man. Arch Dermatol 1957;76:296-
323.

Keele CA, Armstrong D. Substances produ-
cing pain and itch. London: E Amold, 1964,

Cauna N. The free penicillate nerve endings
of the human hairy skin. J Anat 1973;115:
277-288.

Arthur RP, Shelley WB. The innervation of
human epidermis. J Invest Dermatol 1959;
32:397-411.

Handwerker HO, Magerl W, Klemm F,
Lang E, Westerman RA. Quantitative evalu-
ation of itch sensation. In: Schmidt RF,
Schaible HG, Vahle-Hinz C, ed. Fine affe-
rent nerve fibersand pain. Weinheim: VCH,
1987:461-473,

Torebjork HE, Ochoa JL. Pain and itch
from C fiber stimulation [abstract]. Soc
Neurosci Abstr 1981;7:228.

Shapiro PE, Braun CW. Unilateral pruritus
after a stroke. Arch Dermatol 1987:123:
1527-1530.

King CA, Huff FI, Jorizzo JL. Unilateral
neurogenic pruritus: paroxysmal itching as-
sociated with central nervous system le-
sions. Ann Intern Med 1982:97:222-223,

Massey EW. Unilateral neurogenic pruritus
following stroke. Stroke 1984;15:901-903.

Sullivan MJ, Drake ME. Unilateral pruritus
and nocardia brain abscess. Neurology 1984;
34:828-829.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Andreev VC, Petkov 1. Skin manifestations
associated with tumours of the brain. BrJ
Dermatol 1975:92:675-678.

Osterman PO. Paroxysmal itching in mul-
tiple sclerosis. Br J Dermatol 1976;95:555-
558.

Yamamoto M, Yabuki S, Hayabara T,
Otsuki S. Paroxysmal itching in multiple
sclerosis: a report of three cases. J Neurol
Neurosurg Psychiatry 1981:44:19-22.

Cormia FE. Experimental histamine pruri-
tus I. Influence of physical and psychologi-
cal factors on threshold reactivity. J Invest
Dermatol 1952;19:21-34.

Graham DT, Wolf S. The relation of eczema
to attitude and to vascular reactions of the
human skin. J Lab Clin Med 1953:42:238-
254,

Edwards AE, Shellow WVR, Wright ET,
Dignam TF. Pruritic skin disease, psycho-
logical stress, and the itch sensation. Arch
Dermatol 1976;112:339-343,

Arnold HL. Paroxysmal pruritus. J Am
Acad Dermatol 1984;11:322-326.

Basbaum A, Fields HL. Endogenous pain
control mechanisms: review and hypothesis.
Ann Neurol 1978;4:451-462,

Melzack R, Wall PD. Pain mechanisms: a
new theory. Science 1965;150:971-979.

Bickford RG. Experiments relating to the
itch sensation, its peripheral mechanism,
and central pathways. Clin Sci 1937-1938;
3:377-386.

Wall PD. Why does scratching relieve itch-
ing? [abstract]. Skin Pharmacol 1989:2:219.

LaMotte RH, Simone DA, Baumann TK,
Shain CN, Alreja M. Hypothesis for novel
classes of chemoreceptors mediating chemo-
genic pain and itch. In: Dubner R, Gebhart
GF, Bond MR, ed. Proceedings of the Vth
world congress on pain. Amsterdam: Else-
vier Science Publishers BV, 1988:529-535.

Torebjork HE, Lundberg LER, LaMotte
RH. Central changes in processing of me-
chanoreceptive input in capsaicin-induced se-
condary hyperalgesia. J Physiol 1991;in
press.



C-F WAHLGREN

27.

28.

29,

30.

3l.

32

33

34,

35.

36.

37.

38.

39.

40.

Hagermark O. Recent advances in the patho-
physiology of itch. Allergologic 1989;
12:5139-142.

Higermark O. Studies on experimental itch
induced by kallikrein and bradykinin. Acta
Derm Venereol (Stockh) 1974;54:397-400.

Higermark O. Influence of antihistamines,
sedatives, and aspirin on experimental itch.
Acta Derm Venereol (Stockh) 1973:53:363-
368.

Greaves MW, McDonald-Gibson W. Itch:
role of prostaglandins. BMJ 1973:3:608-
609.

Higermark O, Strandberg K, Hamberg M.
Potentiation of itch and flare responses in
human skin by prostaglandins E; and H,
and a prostaglandin endoperoxide analog. J
Invest Dermatol 1977,69:527-530.

Fjellner B, Higermark O. Pruritus in poly-
cythemia vera: treatment with aspirin and
possibility of platelet involvement. Acta
Derm Venereol (Stockh) 1979;59:503-512.

Fjellner B, Higermark O. Potentiation of
histamine-induced itch and flare responses in
human skin by the enkephalin analogue FK
33-824, B-endorphin and morphine. Arch
Dermatol Res 1982:274:29-37.

Hagermark O. Itch and endorphins. In: Ring
J, Burg G, ed. New trends in allergy II.
Berlin-Heidelberg: Springer-Verlag, 1986:
128-134,

Bromage PR. The price of intraspinal narco-
tic analgesia: basic constraints [editorial].
Anesth Analg 1981;60:461-463.

Ballantyne JC, Loach AB, Carr DB. Itching
after epidural and spinal opiates. Pain 1988;
33:149-160.

Bemnstein JE, Swift R. Relief of intractable

pruritus with naloxone. Arch Dermatol
1979;115:1366-1367.

Chapman CR, Casey KL, Dubner R, Foley
KM, Gracely RH, Reading AE. Pain mea-
surement: an overview. Pain 1985;22:1-31.

Stevens SS. On the theory of scales of mea-
surement. Science 1946;103:677-680.

Tuckett RP. Itch evoked by electrical stimu-
lation of the skin. J Invest Dermatol 1982;
79:368-373.

41.

42,

43,

44,

45.

46.

47.

48.

49,

50.

51

52

53.

54,

55.

56.

47

Simone DA, Ngeow JYF, Whitehouse J,
Becerra-Cabal L, Putterman GJ, LaMotte
RH. The magnitude and duration of itch
produced by intracutaneous injections of his-
tamine. Somatosens Res 1987;5:81-92.

Stevens SS. Psychophysics. New York-
London-Sydney-Toronto: John Wiley &
Sons, 1975:26-31.

Hayes MHS, Patterson DG. Experimental
development of the graphic rating method.
Psychol Bull 1921;18:98-99.

Freyd M. The graphic rating scale. J Educ
Psychol 1923;14:83-102.

Aitken RCB. Measurement of feelings
using visual analogue scales. Proc R Soc
Med 1969;62:989-993.

Price DD, McGrath PA, Rafii A, Bucking-
ham B. The validation of visual analogue
scales as ratio scale measures for chronic and
experimental pain. Pain 1983;17:45-56.

Melzack R. The McGill pain questionnaire:
major properties and scoring methods. Pain
1975;1:277-299.

Savin JA, Paterson WD, Oswald 1. Scratch-
ing during sleep. Lancet 1973;2:296-297.

Savin JA, Paterson WD, Oswald I, Adam
K. Further studies of scratching during
sleep. Br J Dermatol 1975;93:297-302.

Felix R, Shuster S. A new method for the
measurement of itch and the response to
reatment. Br J Dermatol 1975;93:303-312.

Summerfield JA, Welch ME. The measure-
ment of itch with sensitive limb movement
meters. Br J Dermatol 1980;102:275-281.

Aoki T, Kushimoto H, Kobayashi E,
Ogushi Y. Computer analysis of nocturnal
scratch in atopic dermatitis. Acta Derm Ve-
nereol (Stockh) 1980;Suppl 92:33-37.

Mustakallio KK, Risdnen T. Scratch radar
[abstract]. Skin Pharmacol 1989;2:233.

Mustakallio KK. Scratch radar for the mea-
surement of pruritus. Acta Derm Venereol
(Stockh) 199 1;Suppl 156:44.

Kjellman NIM. Atopic disease in seven-
year-old children. Acta Paediatr Scand 1977;
66:465-471.

Larsson PA, Lidén S. Prevalence of skin di-
seases among adolescents 12-16 years of
age. Acta Derm Venereol (Stockh) 1980;60:
415-423.



48

57:

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

ITCH AND ATOPIC DERMATITIS: CLINICAL AND EXPERIMENTAL STUDIES

Taylor B, Wadsworth J, Wadsworth M,
Peckham C. Changes in the reported pre-
valence of childhood eczema since the 1939-
45 war. Lancet 1984;2:1255-1257.

Rajka G. Essential aspects of atopic derma-
titis. Berlin-Heidelberg: Springer-Verlag,
1989.

Hanifin JM, Rajka G. Diagnostic features of
atopic dermatitis. Acta Derm Venereol
(Stockh) 1980;Suppl 92:44-47.

Grewe SR, Chan SC, Hanifin JM. Elevated
leukocyte cyclic AMP-phosphodiesterase in
atopic disease: a possible mechanism for
cyclic AMP-agonist hyporesponsiveness. J
Allergy Clin Immunol 1982;70:452-457.

Archer CB. Cyclic nucleotide metabolism in
atopic dermatitis. Clin Exp Dermatol 1987;
12:424-431.

Hanifin JM. Basic and clinical aspects of
atopic dermatitis. Ann Allergy 1984;52:
386-393.

Zachary CB, MacDonald DM. Quantitative
analysis of T-lymphocyte subsets in atopic
eczema, using monoclonal antibodies and
flow cytofluorimetry. Br J Dermatol 1983:
108:411-422,

Braathen LR. T-cell subsets in patients with
mild and severe atopic dermatitis. Acta
Derm Venereol (Stockh) 1985;Suppl 114:
133-136.

Lever R, Turbitt M, Sanderson A, MacKie
R. Immunophenotyping of the cutaneous
infiltrate and of the mononuclear cells in the
peripheral blood in patients with atopic
dermatitis. J Invest Dermatol 1987;89:4-7.

Vercelli D, Jabara HH, Lauener RP, Geha
RS. IL-4 inhibits the synthesis of IFN-y
and induces the synthesis of IgE in human
mixed lymphocyte cultures. J Immunol
1990;144:570-573.

Brown MA, Li SH, Chan SC, Hanifin J,
Interleukin 4 mRNA expression by normal
and atopic T lymphocytes [abstract]. Clin
Res 1989;37:4006A.

Johnson EE, Irons JS, Patterson R, Roberts
M. Serum IgE concentration in atopic der-
matitis, J Allergy Clin Immunol 1974;54:
94-99.

69.

70.

FL

72.

73.

74.

75.

76.

17.

78.

79.

Mitchell EB, Crow J, Chapman MD,
Jouhal SS, Pope FM, Platts-Mills TAE.
Basophils in allergen-induced patch test sites
in atopic dermatitis. Lancet 1982:1:127-
130.

Clark RAF. Cell-mediated and IgE-mediated
immune responses in atopic dermatitis
[editorial]. Arch Dermatol 1989;125:413-
416.

Bruynzeel-Koomen C, van Wichen DF,
Toonstra J, Berrens L, Bruynzeel PLB. The
presence of IgE molecules on epidermal
Langerhans cells in patients with atopic der-
matitis. Arch Dermatol Res 1986:278:199-
205.

Bieber T, Dannenberg B, Prinz JC, et al.
Occurrence of IgE-bearing epidermal Langer-
hans cells in atopic eczema: a study of the
time course of the lesions and with regard to
the IgE seum level. J Invest Dermatol 1989;
92:215-219.

Mudde GC, van Reijsen FC, Boland GJ, De
Gast GC, Bruijnzeel PLB, Bruijnzeel-
Koomen CAFM. Allergen presentation by
epidermal Langerhans’ cells from patients
with atopic dermatitis is mediated by IgE.
Immunology 1990;69:335-341.

Fokkens WIJ, Bruijnzeel-Koomen CAFM,
Vroom TM, et al. The Langerhans cell: an
underestimated cell in atopic disease. Clin
Exp Allergy 1990;20:627-638.

Saarinen UM. Transfer of latent atopy by
bone marrow transplantation? A case report.
J Allergy Clin Immunol 1984;74:196-200.

Parkman R, Rappeport J, Geha R, et al.
Complete correction of the Wiskott-Aldrich
syndrome by allogeneic bone-marrow trans-
plantation. N Engl J Med 1978;298:921-
927.

Saurat JH. Eczema in primary immune-defi-
ciencies. Acta Derm Venereol (Stockh)
1985;114:125-128.

Schnyder UW. Neurodermitis vom klinisch-
dermatologischen Standpunkt. Acta Allergol
1961;16:463-472,

Jacquet L. Prurigo. In: Besnier E, Brocq L,
Jacquet L, ed. La pratique dermatologique,
vol 4. Paris: Masson, 1904:44-87.



C-F WAHLGREN

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

91.

92.

Rajka G. Iich in atopic dermatitis. In:
Rook A, ed. Atopic dermatitis. Major prob-
lems in dermatology, vol 3. London-
Philadelphia-Toronto: WB Saunders, 1975:
38-41.

Lewis T. The blood vessels of the human
skin and their responses. London: Shaw &
Sons, 1927,

Lewis T, Grant RT, Marvin HM. Vascular
reactions of the skin to injury. Heart 1927-
1929;14:139-160.

Williams DH. Skin temperature reaction to
histamine in atopic dermatitis (disseminated
neurodermatitis). J Invest Dermatol
1938;1:119-129.

Johnson HH, DeOreo GA, Lascheid WP,
Mitchell F. Skin histamine levels in chro-
nic atopic dermatitis. J Invest Dermatol
1960,34:237-238.

Juhlin L. Localization and content of hista-
mine in normal and diseased skin. Acta
Derm Venereol (Stockh) 1967;47:383-391.

Ruzicka T, Gliick S. Cutaneous histamine
levels and histamine releasability from the
skin in atopic dermatitis and hyper-IgE-syn-
drome. Arch Dermatol Res 1983;275:41-
44,

Ring J. Plasma histamine concentrations in
atopic eczema. Clin Allergy 1983;13:545-
352,

Ring J, O’Connor R. In vitro histamine
and serotonin release studies in atopic der-
matitis. Int Arch Allergy Appl Immunol
1979;58:322-330.

Lebel B, Venencie PY, Saurat JH, Soub-
rane C, Paupe J. Anti-IgE induced hista-
mine release from basophils in children
with atopic dermatitis. Acta Derm Venereol
(Stockh) 1980;Suppl 92:57-59.

von der Helm D, Ring J, Dorsch W. Com-
parison of histamine release and prosta-
glandin E; production of human basophils
in atopic and normal individuals. Arch Der-
matol Res 1987;279:536-542.

Mihm MC, Soter NA, Dvorak HF, Austen
KF. The structure of normal skin and the

morphology of atopic eczema. J Invest
Dermatol 1976;67:305-312.

Soter NA, Mihm MC. Morphology of ato-
pic eczema. Acta Derm Venereol (Stockh)
1980;Suppl 92:11-15.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

49

Irani AMA, Sampson HA, Schwartz LB.
Mast cells in atopic dermatitis. Allergy
1989;44 Suppl 9:31-34.

Arthur RP, Shelley WB. The nature of
itching in dermatitic skin. Ann Intern Med
1958;49:900-908.

Rajka G. Itch duration in the involved skin
of atopic dermatitis (prurigo Besnier). Acta
Derm Venereol (Stockh) 1967:47:154-157.

Rajka G. Itch duration in the uninvolved
skin of atopic dermatitis (prurigo Besnier).
Acta Derm Venereol (Stockh) 1968:48:
320-321.

Harnack K. Experimental itch as a diagnos-
tic method. Acta Derm Venereol (Stockh)
1980;Suppl 92:40-41.

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

Goldblum RW, Piper WN. Artificial li-
chenification produced by a scratching
machine. J Invest Dermatol 1954:22:405-
415.

Ayres S. The fine art of scratching. JAMA
1964;189:1003-1007.

Brown DG, Kalucy RS. Correlation of
neurophysiological and personality data in
sleep scratching. Proc R Soc Med 1975;
68:530-532.

Jordan JM, Whitlock FA. Emotions and
the skin: the conditioning of scratch re-
sponses in cases of atopic dermatitis. Br J
Dermatol 1972;86:574-585.

Monti JM, Vignale R, Monti D. Sleep and
nighttime pruritus in children with atopic
dermatitis. Sleep 1989;12:309-314.

Gustavsson S, Nyrén O, Hedin B. Pain re-
cording with a portable data-logger in pep-
tic ulcer [abstract]. Gastroenterology 1985;
88:1408.

Wolf BA, Daft MC, Koenig JW, Flye
MW, Turk JW, Scott MG. Measurement of
cyclosporine concentrations in whole
blood: HPLC and radioimmunoassay with a
sgecific monoclonal antibody and 3H- or
125].1abeled ligand compared. Clin Chem
1989;35:120-124.



50

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

ITCH AND ATOPIC DERMATITIS: CLINICAL AND EXPERIMENTAL STUDIES

Sternberger LA. Immunocytochemistry.
New York: John Wiley & Sons, 1979:
104-169.

Johnson GD, Nogueira Araujo GMC. A
simple method of reducing the fading of
immunofluorescence during microscopy. J
Immunol Methods 1981;43:349-350.

Filliben JJ. The probability plot correlation
coefficient test for normality. Techno-
metrics 1975;17:111-117.

Pallagrosi AU. Betamethasone dipropionate
(diprosone): a new topical steroid. A mul-
tinational, multicenter evaluation. J Int
Med Res 1975;3:275-278.

Joyce CRB, Zutshi DW, Hrubes V, Mason
RM. Comparison of fixed interval and
visual analogue scales for rating chronic
pain. Eur J Clin Pharmacol 1975:8:415-
420.

Huskisson EC. Measurement of pain.
Lancet 1974;2:1127-1131,

Scott J, Huskisson EC. Graphic represenia-
tion of pain. Pain 1976;2:175-184.

Huskisson EC. Visual analogue scales. In:
Melzack R, ed. Pain measurement and as-
sessment, New York: Raven Press, 1983:
33-37.

Jensen MP, Karoly P, Braver S. The mea-
surement of clinical pain intensity: a com-
parison of six methods. Pain 1986;27:117-
126.

Miller GA. The magical number seven,
plus or minus two: some limits on our ca-
pacity for processing information. Psychol
Rev 1956;63:81-97.

Wolff BB. Measurement of human pain. In:
Bonica JJ, ed. Pain. New York: Raven
Press, 1980:173-184.

Hambly EM, Levia L, Wilkinson DS,
Wool intolerance in atopic subjects. Con-
tact Dermatitis 1978;4:240-241.

Bendsde N, Bjornberg A, Asnes H. Itching
from wool fibres in atopic dermatitis. Con-
tact Dermatitis 1987;17:21-22.

Werner Y, Lindberg M. Transepidermal
water loss in dry and clinically normal skin
in patients with atopic dermatitis. Acta
Derm Venereol (Stockh) 1985;65:102-105.

120.

121.

122,

123.

124,

125.

126.

127.

128.

129,

130.

131.

132.

Eyster WH, Roth GM, Kierland RR. Stu-
dies on the peripheral vascular physiology
of patients with atopic dermatitis. J Invest
Dermatol 1952;18:37-46.

Michaélsson G. Decreased cutaneous reac-
tions to kallikrein in patients with atopic
dermatitis and psoriasis. Acta Derm Venere-
ol (Stockh) 1970;50:37-41.

Stahle-Bickdahl M, Higermark O, Lins
LE. The sensitivity of uremic and normal
human skin to histamine. Acta Derm Vene-
reol (Stockh) 1988;68:230-235.

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

Juhlin L. Skin reactions to iontophoretical-
ly administered epinephrine and norepine-
phrine in atopic dermatitis. J Invest Derma-
tol 1961;37:201-205.

Arthur RP, Shelley WB. The role of pro-
teolytic enzymes in the production of pruri-
tus in man, J Invest Dermatol 1955;25:
341-346.

Krause L, Shuster S. Mechanism of action
of antipruritic drugs. BMJ 1983;287:1199-
1200.

Muston H, Felix R, Shuster S. Differential
cffect of hypnotics and anxiolytics on itch
and scratch [abstract]. J Invest Dermatol
1979;72:283.

Savin JA, Paterson WD, Adam K, Oswald
I. Effects of trimeprazine and trimipramine
on nocturnal scratching in patients with
atopic eczema. Arch Dermatol 1979;115:
313-315.

Cormia FE, Dougherty JW. Clinical evalu-
ation of antipruritic drugs. Arch Dermatol
1959;79:172-178.

Hurley HJ. Clinical techniques for evalu-
ating antipruritics and topical dermatologic
preparations. In; Nodine JH, Siegler PE,
ed. Animal and clinical pharmacologic
techniques in drug evaluation. Chicago:
Year Book Medical Publ., 1964:262-265.

Spilker B. Clinical evaluation of topical
antipruritics and antihistamines. In:
Maibach HI, Lowe NJ, ed. Models in der-
matology, vol 3. Basel: Karger, 1987:55-
61.

Epstein E, Pinski JB. A blind study. Arch
Dermatol 1964;89:548-549,



C-F WAHLGREN

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143,

144,

Fischer RW. Comparison of antipruritic
agents administered orally. JAMA 1968;
203:418-419,

Savin JA, Dow R, Harlow BJ, Massey H,
Yee KF. The effect of a new non-sedative
H1-receptor antagonist (LN2974) on the
itching and scratching of patients with ato-
pic eczema. Clin Exp Dermatol 1986;11;
600-602.

Frosch PJ, Schwanitz HJ, Macher E. A
double blind trial of H; and H; receptor an-
tagonists in the treatment of atopic dermati-
tis. Arch Dermatol Res 1984;276:36-40.

Doherty V, Sylvester DGH, Kennedy CTC,
Harvey SG, Calthrop JG, Gibson JR.
Treatment of itching in atopic eczema with
antihistamines with a low sedative profile.
BMJ 1989;298:96.

Berth-Jones J, Graham-Brown RAC. Fai-
lure of terfenadine in relieving the pruritus
of atopic dermatitis. Br J Dermatol 1989;
121:635-637.

Nabe M, Agrawal DK, Sarmiento EU,
Townley RG. Inhibitory effect of terfena-
dine on mediator release from human blood
basophils and eosinophils. Clin Exp
Allergy 1989;19:515-520.

Tasaka K, Mio M, Okamoto M. Intracel-
lular calcium release induced by histamine
releasers and its inhibition by some anti-

allergic drugs. Ann Allergy 1986;56:464-
469.

Kreutner W, Chapman RW, Gulbenkian A,
Siegel MI. Antiallergic activity of lorata-
dine, a non-sedating antihistamine. Allergy
1987:42:57-63.

Leprevost C, Capron M, De Vos C,
Tomassini M, Capron A. Inhibition of
eosinophil chemotaxis by a new anti-aller-
gic compound (cetirizine). Int Arch Allergy
Appl Immunol 1988;87:9-13.

Biren CA, Barr R]. Dermatologic applicati-
ons of cyclosporine. Arch Dermatol
1986;122:1028-1032.

Gupta AK, Ellis CN, Nickoloff BJ, et al.
Oral cyclosporine in the treatment of in-

flammatory and noninflammatory derma-
toses. Arch Dermatol 1990;126:339-350.

Ho VC, Lui H, McLean DI. Cyclosporine
in nonpsoriatic dermatoses. ] Am Acad
Dermatol 1990;23:1248-1259.

145.

146.

147.

148,

149.

150.

151.

152,

153.

154.

155.

51

Van Joost T, Stolz E, Heule F. Efficacy of
low-dose cyclosporine in severe atopic skin
disease [letter]. Arch Dermatol 1987:
123:166-167.

Logan RA, Camp RDR. Severe atopic ec-
zema: response to oral cyclosporin A, J R
Soc Med 1988:81:417-418.

Taylor RS, Baadsgaard O, Headington JT,
Ellis CN, Voorhees JJ, Cooper KD. Epi-
dermal activation of autoreactive T cells in
atopic dermatitis: response to cyclosporine
A [abstract]. Clin Res 1988;36:699A.

Munro CS, Marks JM, Friedmann PS,
Shuster S. Cutaneous response to house
dust mite antigen in atopic eczema treated
with cyclosporin A [abstract]. J Invest Der-
matol 1988;91:398.

Motley RJ, Whittaker JA, Holt PJA,
Resolution of atopic dermatitis in a patient
treated with cyclosporin. Clin Exp Derma-
tol 1989;14:243-244,

Ross JS, Camp RDR. Cyclosporin A in
atopic dermatitis. Br J Dermatol 1990;122
Suppl 36:41-45.

Munro CS, Higgins EM, Marks JM, Daly
BM, Friedmann PS, Shuster S. Cyclo-
sporin A in atopic dermatitis: therapeutic
response is dissociated from effects on aller-
gic reactions. Br J Dermatol 1991;124:43-
48.

Korstanje MJ, Van De Staak WIBM. Cyc-
losporin maintenance therapy for severe
atopic dermatitis. Acta Derm Venereol
(Stockh) 1991;71:356-357.

Totterman TH, Scheynius A, Killander A,
Danersund A, Alm GV. Treatment of thera-
py-resistant Sézary syndrome with cyclo-
sporin-A: suppression of pruritus, leu-
kaemic T cell activation markers and tu-
mour mass. Scand J Haematol 1985;34:
196-203.

Jensen JR, Thestrup-Pedersen K, Zachariae
H, Spgaard H. Cyclosporin A therapy for
mycosis fungoides [letter]. Arch Dermatol
1987;123:160-163.

Sowden JM, Berth-Jones J, Ross JS, et al.
Double-blind, controlled, crossover study of
cyclosporin in adults with severe refractory
atopic dermatitis. Lancet 1991;338:137-
140.



52

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

ITCH AND ATOPIC DERMATITIS: CLINICAL AND EXPERIMENTAL STUDIES

Wagner H. Cyclosporin A: mechanism of
action. Transplant Proc 1983;15:523-526.

Shaw LM. Advances in cyclosporine phar-
macology, measurement, and therapeutic
monitoring. Clin Chem 1989;35:1299-
1308.

Kahan BD. Cyclosporine. N Engl J Med
1989;321:1725-1738.

Granelli-Piperno A, Andrus L, Steinman
RM. Lymphokine and nonlymphokine
mRNA levels in stimulated human T cells.
J Exp Med 1986;163:922-937.

Granelli-Piperno A. Lymphokine gene ex-
pression in vivo is inhibited by cyclosporin
A.J Exp Med 1990;171:533-544.

Hohman RJ, Hultsch T. Cyclosporin A:
new insights for cell biologists and bio-
chemists. New Biol 1990;2:663-672.

Cooper KD, Voorhees JJ, Fisher GJ, Chan
LS, Gupta AK, Baadsgaard O. Effects of
cyclosporine on immunologic mechanisms
in psoriasis. J Am Acad Dermatol 1990;
23:1318-1328.

Sharpe RJ, Arndt KA, Bauer S1, Maione
TE. Cyclosporine inhibits basic fibroblast
growth factor-driven proiferation of human
endothelial cells and keratinocytes. Arch
Dermatol 1989;125:1359-1362.

Kanitakis J, Thivolet J. Cyclosporine
[editorial]. Arch Dermatol 1990;126:369-
375.

Marone G, Triggiani M, Cirillo R,
Giacummo A, Siri L, Condorelli M. Cyc-
losporin A inhibits the release of histamine
and peptide leukotriene C4 from human
lung mast cells. Ricerc Clin Lab
1988;18:53-59.

Higgins EM, Munro CM, Rees J, et al.
Effects of cyclosporin on physiological and
pharmacological reactions in skin [ab-
stract]. J Invest Dermatol 1988;91:397.

Norris DA. Cytokine modulation of adhe-
sion molecules in the regulation of im-
munologic cytotoxicity of epidermal tar-
gets. J Invest Dermatol 1990;95:1118-
1208.

Barker JNWN, Mitra RS, Griffiths CEM,
Dixit VM, Nickoloff BJ. Keratinocytes as
initiators of inflammation. Lancet 1991;
337:211-214.

169.

170.

171.

172.

173.

174,

175.

176.

| Wi

178.

179.

180.

Bieber T, Rieger A, Neuchrist C, et al. In-
duction of FcgR2/CD23 on human epider-
mal Langerhans cells by human recombi-
nant interleukin 4 and v interferon. J Exp
Med 1989;170:309-314.

Wassom DL, Loegering DA, Solley GO, et
al. Elevated serum levels of the eosinophil
granule major basic protein in patients with
eosinophilia. J Clin Invest 1981;67:651-
661,

Jakob T, Hermann K, Ring J. Eosinophil
cationic protein in atopic eczema. Arch
Dermatol Res 1991;283:5-6.

Leiferman KM. Eosinophils in atopic der-
matitis. Allergy 1989;44 Suppl 9:20-26.

Bruynzeel-Koomen CAFM, van Wichen
DF, Spry CJF, Venge P, Bruynzeel PLB.
Active participation of eosinophils in patch
test reactions to inhalant allergens in pa-
tients with atopic dermatitis. Br J Dermatol
1988;118:229-238.

Enokihara H, Furusawa S, Nakakubo H, et
al. T cells from eosinophilic patients pro-
duce interleukin-5 with interleukin-2 stimu-
lation. Blood 1989;73:1809-1813.

Etienne A, Soulard C, Thonier F, Braquet
P. Modulation by drugs of eosinophil
recruitment induced by immune challenge
in the rat. Int Arch Allergy Appl Immunol
1989;88:216-221.

Zheutlin LM, Ackerman SJ, Gleich GJ,
Thomas LL. Stimulation of basophil and
rat mast cell histamine release by eosino-
phil granule-derived cationic proteins, J Im-
munol 1984;133:2180-2185.

Leiferman KM, Loegering DA, Gleich GJ.
Production of wheal-and-flare skin reactions
by eosinophil granule proteins [abstract]. J
Invest Dermatol 1984;82:414.

Johansson SGO, Juhlin L. Immunoglo-
bulin E in “healed” atopic dermatitis and
after treatment with corticosteroids and aza-
thioprine. Br J Dermatol 1970;82:10-13.

Kapp A, Piskorski A, Schopf E. Elevated
levels of interleukin 2 receptor in sera of
patients with atopic dermatitis and pso-
riasis. Br J Dermatol 1988;119:707-710.

Thestrup-Pedersen K, Larsen CS, Kris-
tensen M, Zachariae C. Interleukin-1 re-
lease from peripheral blood monocytes and
soluble interleukin-2 and CD8 receptors in



C-F WAHLGREN

181.

182.

183.

184.

185.

186.

187.

188.

serum from patients with atopic dermatitis.
Acta Derm Venereol (Stockh) 1990;
70:395-399,

Wiithrich B, Joller-Jemelka H, Helfenstein
U, Grob PJ. Levels of soluble interleukin-2
receptors correlate with the severity of
atopic dermatitis. Dermatologica 1990;
181:92-97.

Reinhold U, Pawelec G, Wehrmann W,
Kukel 8, Ochr P, Kreysel HW. Cytokine
release from cultured peripheral blood mo-
nonuclear cells of patients with severe
atopic dermatitis. Acta Derm Venereol
(Stockh) 1989:69:497-502.

Kapp A, Textor A, Krutmann J, Méller A.
Immunomodulating cytokines in atopic
dermatitis and psoriasis: production of tu-
mour necrosis factor and lymphotoxin by
mononuclear cells in vitro. Br ] Dermatol
1990;122:587-592.

Kapp A. The role of cytokines in the pa-
thogenesis of atopic dermatitis [abstract].
Skin Pharmacol 1991;4:39,

Romagnani S, Maggi E, Del Prete GF, et
al. Role of interleukin 4 and gamma inter-
feron in the regulation of human IgE syn-
thesis: possible alterations in atopic pati-
ents. Int Arch Allergy Appl Immunol
1989:88:111-113.

Del Prete G, Maggi E, Parronchi P, et al.
IL-4 is an essential factor for the IgE
synthesis induced in vitro by human T cell
clones and their supernatants. J Immunol
1988:140:4193-4198.

Mosmann TR, Cherwinski H, Bond MW,
Giedlin MA, Coffman RL. Two types of
murine helper T cell clone. J Immunol
1986:136:2348-2357.

Balkwill FR, Burke F. The cytokine net-
work. Immunol Today 1989;10:299-304.

189.

190.

191.

192.

193.

194.

195.

196.

53

Reinhold U, Kukel S, Goeden B, Neumann
U, Wehrmann W, Kreysel HW. Interleukin-
4 promotes the expansion of skin-
infiltrating lymphocytes from atopic
dermatitis in vitro. J Invest Dermatol
1991:96:370-375.

Reinhold U, Goeden B, Kukel S, Neumann
U, Wehrmann W, Kreysel HW. In vitro
expanded skin-infiltrating lymphocytes
from atopic dermatitis lesions secrete high
levels of interleukin-4 and low levels of
interferon-gamma [abstract]. Skin Pharma-
col 1991:4:38-39,

van der Heyden FL, Wierenga EA, Bos ID,
Kapsenberg ML. Atopic eczema skin-deri-
ved T cell clones: allergen specificity and
cytokine production [abstract]. Skin Phar-
macol 1991:4:39-40,

Lieschke GJ, Maher D, Cebon J, et al. Ef-
fects of bacterially synthesized recombinant
human granulocyte-macrophage colony-
stimulating factor in patients with advanced
malignancy. Ann Intern Med 1989;
110:357-364.

Horn TD, Burke PJ, Karp JE, Hood AF.
Intravenous administration of recombinant
human granulocyte-macrophage colony-
stimulating factor causes a cutaneous erup-
tion. Arch Dermatol 1991;127:49-52,

Kaplan G, Kiessling R, Teklemariam S, et
al. The reconstitution of cell-mediated im-
munity in the cutaneous lesions of lepro-
matous leprosy by recombinant interleukin
2.1 Exp Med 1989;169:893-907.

Gaspari AA, Lotze MT, Rosenberg SA,
Stern JB, Katz SI. Dermatologic changes
associated with interleukin 2 administra-
tion. JAMA 1987;258:1624-1629,

Hsieh KH, Chou CC, Huang SF. Inter-
leukin 2 therapy in severe atopic dermatitis.
J Clin Immunol 1991;11:22-28.



