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ENGLISH SUMMARY

Chronic itch is a symptom of many dermatological diseases (atopic dermatitis,
psoriasis, urticaria), but it can also be present in non-cutaneous conditions
(cholestasis, renal insufficiency, peripheral neuropathy). Itch severely affects the
quality of life of the patients. In fact, it interferes with important functions such as
concentration, sleep quality, sexual activity, etc., and is known to increase depression
and anxiety symptoms. Until now, the lack of knowledge on the possible itch and pain
interaction precludes an efficient and curative therapy.

Itch and pain share many similarities in terms of neuronal mediators, receptors, and
patterns of neuronal sensitization, but the overlap between these two sensations needs
to be better understood. The cutaneous pruriceptive subpopulations that transmit itch
are part of a larger population of fibers that also respond to noxious stimuli. Itch can
be divided into two distinct pathways depending on which subpopulation is activated,
defined as histaminergic and non-histaminergic itch pathways. Non-histaminergic
itch is particularly important because it is the most difficult to treat, by also being
refractory to antihistamines. In human surrogate models of itch, two molecules are
used to activate the two pathways: histamine and cowhage. These models are useful
to explore characteristics of itch and search for new targets for therapy, even though
they present some limitations. Another model of non-histaminergic itch involves the
application of bovine adrenal medulla (BAM)8-22. BAMS8-22 and cowhage induce
histamine-independent itch by the binding of two different families of receptors
present on the surface of the same fibers.

The actual treatments for itch are several and they target different aspects of itch
transmission. One of these is doxepin cream, a tricyclic antidepressant with strong
anti-histaminergic properties. Another is EMLA cream, a local anesthetic that block

the sodium channels.
Considering that, the aims of this PhD-project were to:

- Assess the properties of a model of non-histaminergic itch based on bovine adrenal
medulla (BAM) 8-22;
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- Compare the effect of doxepin cream on histaminergic and non-histaminergic itch
induced by histamine, cowhage, and BAMS-22;

- Investigate the effect of repetitive application of EMLA cream on neurogenic
inflammation, mechanical and thermal sensitivities, and histaminergic and non-

histaminergic itch induced by histamine and cowhage.

The first study confirmed that BAMS-22 is a good model of non-histaminergic itch
without inducing any pain. This is relevant because BAMS8-22 and cowhage therefore
show different properties, where cowhage induces pain. The second study compared
itch induced by histamine, BAMS8-22, and cowhage alone and with pretreatment with
doxepin cream. Interestingly, doxepin not only almost abolished histaminergic itch,
but also reduced the non-histaminergic. In the last study, repetitive application of
EMLA cream was conducted and different aspects were evaluated. EMLA cream
reduced mechanical and thermal sensitivities without a dose-cumulative effect.
Moreover, EMLA reduced non-histaminergic itch without affecting the histaminergic
pathway.

In conclusion, BAMS-22 is a valid surrogate human model of itch and, in combination
with cowhage, very useful to explore non-histaminergic itch pathway. The studies
with doxepin and EMLA showed different effects on histaminergic and non-
histaminergic itch and improved the understanding of these two pathways, necessary
for the development of optimal treatments for itch.



DANSK RESUME

Kronisk klge er et symptom i mange dermatologiske sygdomme (atopisk dermatitis,
psoriasis og urticaria), men kan ogsd ses i non-kutane tilstande (kolestase,
nyreinsufficiens og perifer neuropati). Klee péavirker i hej grad livskvaliteten for
patienterne. Faktisk pavirker det vigtige funktion sdsom koncentration, sevnkvalitet,
seksuel aktivitet, etc., og er kendt for at age depression og angstsymptomer. Indtil nu
er effektive og kurerende behandlinger udelukket grundet den manglende viden om
mulige interaktion mellem kloe og smerte.

Klge og smerte har mange ligheder i form af neuronale mediatorer, receptorer og
menstre af neuronal sensibilisering, men overlappet mellem disse to typer af foling
skal forstas bedre. De kutane pruriceptive underpopulationer der transmitterer kloe er
en del af en storre population af fibre der ogsa responderer til smertefulde stimuli.
Klge kan inddeles i to forskellige systemer. Non-histamin klee er specielt vigtig fordi
det er den svaereste at behandle og er ikke-responsiv til antihistaminer. I menneskelige
surrogatmodeller af klge bruges to molekyler til at aktivere de to systemer: Histamin
og cowhage. Disse modeller er brugbare til at undersege karakteristika omkring kloe
og sege nye mal for behandling, trods modellernes begransninger. En anden model
af non-histamin klee involverer péferelse af sékaldt bovine adrenal medulla (BAM)8-
22. BAMS-22 og cowhage inducerer en histamin-uathangig klee ved at binde til to
forskellige familier af receptorer pa overfladen af de samme fibre.

Der findes adskillelige behandlinger mod kloe og de er malrettet forskellige aspekter
ved klpetransmissionen. En af disse er doxepin creme, en tricyklisk antidepressiv med
steerke anti-histamin egenskaber. En anden er EMLA cremen, som er et lokalt
bedevelsesmiddel der blokerer natrium kanaler.

Baseret pa dette er malene med dette PhD projekt at:

- Male egenskaberne af en model af non-histamin klee baseret pA BAMS8-22;

- Sammenligne effekten af doxepin creme pa histamin og non-histamin kloe
induceret af histamin, cowhage og BAMS8-22;

- Underspge effekten af gentagen péferclse af EMLA creme pé neurogen
inflammation, mekanisk- og temperaturfelsomhed og histamin og non-histamin
klge induceret af histamin og cowhage.

Det forste studie bekraeftede at BAMS-22 er en god model for non-histamin klge uden
at inducere smerte. Dette er relevant da BAMS-22 og cowhage dermed viser
forskellige egenskaber, hvor cowhage inducerer smertefolelse. Det andet studie
sammenlignede klge induceret af histamin, BAM8-22 og cowhage alene og ved
forbehandling med doxepin creme. Et interessant fund var at doxepin ikke kun
modvirkede histamin-klge men ogsa reducerede non-histamin klge. I det sidste studie
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blev forskellige aspekter ved EMLA cremen undersogt. EMLA cremen reducerede
mekanisk- og temperaurfolsomheden uden en dosis-kumulativ effekt. Derudover
reducerede EMLA non-histamin klee uden at pavirke histaminsystemet.

Som konklusion, er BAMS8-22 en valid human surrogatmodel for klee og, i
kombination med cowhage, meget brugbar til at undersege non-histamin kloe.
Studierne med doxepin og EMLA viste forskellige effekter pa histamin- og non-
histamin klee og forbedrede vores forstéelse af de to klegesystemer, nedvendig for
udvikling af optimale behandlinger af klge.Danish.
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CHAPTER 1. INTRODUCTION

1.1. GENERAL ASPECTS OF ITCH

Itch or pruritus is defined as “an uncomfortable sensation that evokes the desire to
scratch” . Most people have experienced occasional pruritus, for example after a
mosquito bite, wearing an unpleasant woolen sweater, after contact with toxic plants
such as nettle, or an innocuous rash, etc.. In all these cases, itch lasts for a very limited
period, such that most people consider pruritus a nuisance, or a minor disease 2.
Unfortunately, itch may persist for longer, and when it occurs for more than 6 weeks
it is defined as chronic itch 2. Chronic itch is a symptom of several pathological
conditions, including psoriasis, atopic dermatitis (AD), cholestatic pruritus, drug-
induced itch, etc., and severely impacts the quality of life of patients.

1.1.1. EPIDEMIOLOGY OF CHRONIC ITCH

Assessing the prevalence of itch is quite difficult, partly due to differing
methodologies (definitions and surveys) and partly due to the heterogeneity of
populations recruited in the studies 3. Prevalence could be evaluated as point
(symptom experienced at the moment of the study), 12-month (symptoms experienced
within a year), and lifetime prevalence (symptom experienced in any period of the
life) 4.

In 2004, a prevalence of acute itch of 8.4% was reported in a population of 40,888
adults in Oslo 3. In 2007, in a cross-sectional study on Norwegian adults (18,770
subjects self-reported health with chronic itch and pain), prevalences of 20% for
chronic pain and 39% for chronic itch were reported, with a high association of
chronic pain with chronic itch ®. In 2010 and 2011, two studies were conducted in
Germany. The first one was a cross-sectional study and a point prevalence of 16.8%
of chronic pruritus in a working population of 11,730 was extracted . The second was
a population-based cohort study with 2,540 participants and prevalences of chronic
itch were calculated: point prevalence of 13.5%, 12-month prevalence of 16.4%, and
lifetime prevalence of 22.0% 8. This year a study with 44,689 participants from 27
countries (24 EU countries, plus Norway, Switzerland, and the United Kingdom) was
published and the 12-month prevalence of at least one dermatological condition or
disease was 43.35% °. Considering these numbers, the authors estimated that more
than 94 million people in Europe experience uncomfortable skin sensations (such as
itch, burning, or dryness) °.
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Chronic itch in children has an overall prevalence of 15%, with a country variability,
and atopic dermatitis is the most common cause 3. The intensity of chronic itch
increases with age ', but older adults (59-60 years old) compared to young adults (30-
45 years old) reported chronic pain more frequently than chronic itch !!. The causes
are dermatological disorders (psoriasis, eczema, urticaria, lichen planus, etc.),
systemic conditions (diabetes, renal or hepatic issues, etc.), neurodegenerative
conditions, and polypharmacy *. In general, women report more chronic itch than men
(11.9% and 9.6%, respectively) 2. Moreover, ethnic genetic polymorphisms, different
skin types, and socioeconomic factors may be involved in itch prevalence '3.

1.1.2. IMPACT OF CHRONIC ITCH ON QUALITY OF LIFE

Itch can be evaluated focusing on its intensity or in relation to its impact on quality of
life. Several instruments were developed to this end. Health-related quality of life
(HRQoL) is a multi-dimensional construct that contains several domains (such as
physical and psychological health, and social functioning). The World Health
Organization (WHO) developed in 1995 the WHOQOL to evaluate the impact of
disease on the quality of life '*'8, The WHOQOL consists of six domains: physical,
psychological, level of independence, social relationships, environmental health, and
spirituality. Dermatology Life Quality Index (DLQI) !° and Skindex 2%?! measure the
skin disease impact on HRQoL, but they are not specific to itch conditions. More
specific instruments to measure the itch impact are the 5-D Pruritus Scale, the
Questionnaire for the Assessment of Pruritus, the ItchyQoL, and the PROMIS
(Patient-Reported Outcomes Measurement Information System).

The 5-D Pruritus Scale evaluates duration, degree, direction, distribution, and
disability without covering emotional involvement 2. The Questionnaire for the
Assessment of Pruritus includes a verbal description of itch, affective dimensions, and
severity of itch 2. The ItchyQoL is an in-depth interview with 22 items 2*. The
PROMIS was developed by the National Institute of Health and is based on Item
Response theory; in this way, fewer items with higher precision are administrated 2.
Several studies demonstrated that itch has a negative impact on quality of life 22" and
increments the risk of suicidal ideation ?%?°. For example, a study from 2007 assessed
492 dermatology patients, and it was found that 50% of them suffer itch and fatigue,
and 25% experience severe symptoms that are associated with worse skin disease and
worse quality of life 3°. Many studies were conducted to assess the QoL in AD patients
and it was found that these patients are more depressed, agitated and anxious, less
energetic, and with difficulties in concentration 332, In general, chronic itch increases
stress, anxiety, and these mood disorders in turn exacerbate itch, worsening the
condition ¥,
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1.2. ITCH AND PAIN SIMILARITIES

Itch and pain share many similarities in terms of mechanisms and molecules involved.
Both transmissions involve the C-fibers, sensory nerves, and dorsal horn, and at the
cerebral level, they share areas such as the thalamus, anterior cingulate and insular
cortex, somatosensory cortex, and motor areas >*. Itch and pain can be both defined as
neuropathic, neurogenic, or psychogenic, and they can be provoked at each level.
There are many common mediators (endothelins, substance P, neurotensin,
prostaglandins, opioid peptides, etc.) and also the activation of transient receptor
potential vanilloid 1 (TRPV1) and transient receptor potential ankyrin 1 (TRPA1) may
induce itch or pain 3336 The inflammation process is involved in pain and itch,
facilitating them. Moreover, some treatments are used in both pain and itch
management (capsaicin, cannabinoids, gabapentin, anticonvulsant drugs,
antidepressants, etc.) 34,

1.2.1. DYSESTHESIAS

Dysesthesia is defined as “an unpleasant abnormal sensation” *’. Neuroplastic changes
in nociceptive and pruriceptive systems are considered the cause of dysesthesias 3340,
The manifestations of dysesthesias are very similar for itch and pain conditions: it is
possible to observe alloknesis and hyperknesis in patients affected by chronic itch
disorders (e.g. atopic dermatitis or neuropathic itch) ¥ as well as allodynia and
hyperalgesia in chronic pain patients (e.g. affected by neuropathic pain) *'*2, The
terms alloknesis and allodynia refer to an itch or pain sensation respectively in
response to an innocuous stimulus 5. On the other hand, hyperknesis and
hyperalgesia are states in which increased itch or pain are felt after an itchy or painful
stimulation respectively #3346 For all these sensory phenomena, it is possible to
distinguish between “primary” and “secondary”. They are considered “primary” when
the altered sensation occurs within a lesional skin or, in the research field, in the
noxious or pruritic stimulus application area, and “secondary” if the sensation occurs
in the surrounding area %47,

The response evoked mechanically by thin filaments or weighted needles is a pricking
sensation associated with a delayed mild itch or tickling -0, but if the stimulus is
dynamic or less intense, the response is often described as tickling associated with

motor responses such as scratching and rubbing (in accordance with itch definition)
51

In 1922, von Frey suggested that superficial tickling could be a mixture of tactile and
itch impulses 2. A few years later, Pritchard conducted studies on mechanically
induced itch in patients with neuropathic lesions. No itch reduction was found in
patients with selective touch hypoesthesia and, independently of touch sensation, itch
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and pain were always altered in parallel %3, In 1938, Bickford assessed mechanically
evoked itch after histamine application, and the sensation evoked in the surrounding
skin area was called “itchy skin” 6. In the late 1980s LaMotte et al. extended these
experiments and the terms “alloknesis” and “hyperknesis” replaced “itchy skin”,
owing to an improved knowledge of somatosensory neurophysiology 4837,

These terms are now mostly used in relation to mechanical stimulations, but not
exclusively. Recently the existence of so-called “warmth alloknesis” was
demonstrated, being an itch sensation elicited by innocuous warmth stimuli observed
in patients with chronic itch conditions 3%°°. Moreover, increased itch response to a
chemical itch provocation could be defined as hyperknesis.

The dysesthesias may last few minutes or hours after itch provocation or may be
persistent, for example in AD patients 436061,

1.2.2. SENSORY SENSITIZATION

The International Association for the Study of Pain (IASP) defined the term
nociception as “the neural process of encoding noxious stimuli”’, without the
implication of pain sensation *’. Nociceptors are “high-threshold sensory receptors of
the peripheral somatosensory nervous system that is capable of transducing and
encoding noxious stimuli (stimuli that are damaging or threaten damage to normal
tissues)” 37. In primates, pruriceptors (units responsive to pruritogens) are nociceptors
as well; in fact, they are responsive to noxious stimuli ®2. In humans, evidence
suggested the existence of “pruriceptive nociceptors” and ‘“non-pruriceptive
nociceptors” 2.

Pruriceptors and nociceptors can increase the sensitivity and the responsiveness to a
variety of stimuli, and this event is called sensitization ®-%°. Studies in chronic pain
patients suggest the involvement of sensitization in the chronification of pain and
dysesthesias 3%, In the itch scenario, the neuronal sensitization could be involved in
itch chronification and this hypothesis is proved by different evidence. First, C-fibers
are characterized by tachyphylaxis (decrease responsivness), and the chronic
spontaneous itch in e.g. inflammatory dermatoses could be due to the continuous
release of endogenous pruritogens 7%, Second, itch and pain dysesthesias share some
similarities regarding the spatiotemporal properties **°. Moreover, to support the
hypothesis, several events are involved, for instance the antipruritic effect of centrally
acting noradrenergic, serotonergic, and GABAnergic drugs 7°, the absence of a strong
correlation between itch and lesional severity 7'72, changes in the expression of
molecular transducers on epidermal C-fibers 73. However, pain sensitization has been
deeply studied 63667475 while itch sensitivity was poorly investigated 3376, however,
circumstantial evidence **77 suggested that nociceptive and pruriceptive sensitizations
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share mechanisms and the discriminant between the two sensitizations is still
unknown.

The nociceptive and pruriceptive fibers' sensitization occurs at peripheral and central
levels in the nervous system 406078,

1.2.2.1 Peripheral sensitization

Peripheral sensitization is defined as an “increased responsiveness and reduced
threshold of nociceptive neurons in the periphery to the stimulation of their receptive
fields” 7. A local inflammation (characterized by redness, swelling, a sensation of
warmth, and pain) often causes peripheral sensitization, even though there are
peripheral neuropathic conditions without inflammation 2. Cutaneous inflammation
involves different cells such as immune cells, keratinocytes, endothelial cells, and
primary sensory afferent neurons 2. There are different causes of the inflammatory
responses, like sunburn, contact with irritant substances, or a noxious heat stimulus;
the inflammatory reactions in these cases are mechanistically distinct, with differences
in sensory aberrations and temporal development 7%, The mediators involved are e.g
cytokines (interleukins and chemokines), nerve growth factor (NGF), tumor necrosis
factor alpha (TNFa), prostaglandins released by the immune cells and keratinocytes,
neuropeptides (substance P, and calcitonin gene-related peptide (CGRP)) from the
local peptidergic fibers °%8% These molecules are not only involved in
inflammation, but also in the acute and prolonged development of mechanical and
thermal hyperalgesia, edema, and extravasation %3'% Moreover, many of these
mediators are directly or indirectly involved in pain and itch signaling and peripheral
sensitization 3346, Specific chemokines and interleukins (e.g., CCL17, IL-13, and IL-
31) sensitize C-nociceptors in several itch conditions associated with inflammation
(for example AD) ®788: experiments conducted in rodents revealed the TRPAI
upregulation induced by IL-13 %,

Lastly, many intracellular signaling pathways in nociceptive neurons are sparked by
inflammation, and phosphorylation and transcription of nociceptors’ transduction
molecules (e.g. TRPs and sodium channels) are increased with the consequent
increase of excitability of nociceptive and pruriceptive A3- and C-fibers 5%,

1.2.2.2 Central sensitization

Central sensitization is an “increased responsiveness of nociceptive neurons in the
central nervous system to their normal or subthreshold afferent input” 7. The
mechanisms involved are spinal disinhibition, activation of glial cells, synaptic
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plasticity, and altered descending modulation %%6%  Specific mechanisms and

signaling molecules affect central transmission by facilitating or modulating
excitatory synaptic communication between first- and second-order neurons in the
spinal dorsal horn; these mechanisms and molecules are, for example, glutaminergic
mechanisms, CGRP, and brain-derived neurotrophic factor 374, Increased sensitivity
to noxious stimuli can be due to spinal and supraspinal alterations such as an increase
in the glial activity, long-term potentiation of synapses, and hyper-responsiveness of
nociceptive spinal dorsal horn neurons ®°!. The increased responsiveness of
nociceptive and pruriceptive neurons located in the spinothalamic tract to normal or

low-threshold input from primary neurons may explain pain and itch dysesthesias
38,40,51,63,74

1.3. ITCH CODING HYPOTHESIS

Itch- and pain-evoking stimuli activate overlapping nociceptors populations , spinal
neurons 2, and ascending sensory pathways #9193 Nevertheless, the sensations
evoked by pruritic and algesic stimuli are different, as well as the nocifensive
responses (scratching and biting for itch, wiping, and withdrawal for pain) **. The
implication is that there is a certain central specificity for itch and pain.

Several theories were developed for itch coding and the discrimination between itch
and pain: intensity, specificity, selectivity, and spinal-contrast hypothesis.

1.3.1. INTENSITY HYPOTHESIS

The intensity hypothesis posits the existence of only one type of nociceptors
responsive to both itch and pain. The discrimination between itch and pain sensation
is then possible by different encoding in the neurons firing rates (low firing rate for
itch, higher for pain) .

This hypothesis was proposed by von Frey and he suggested that mildly painful
stimuli elicit itch 3. Circumstantial evidence support this hypothesis: unmyelinated
peripheral fibers carry both itch and pain sensations, itch elicited by mild punctuate
mechanical stimuli, and the contralateral ablation of itch and pain after an anterolateral
ascending tract cordotomy.

Against this hypothesis, the less intense pain, and no itch, evoked by low
concentrations of algogens, experiments of stimulation of afferent nerve fibers in
which a lower stimulation frequency resulted in less itch or pain sensation, but not in
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a switch from pain to itch °>7, and the fact that opioids reduce pain and cause or
aggravate itch ¥,

1.3.2. SPECIFICITY HYPOTHESIS

The specificity hypothesis postulates the existence of two parallel pathways for itch
and pain: distinct primary afferents are selectively involved in itch or pain
transmission (pruriceptors and nociceptors respectively) and connect central pathway
dedicated to itch or pain sensation.

This hypothesis is supported by the existence of a subpopulation of mechano-
insensitive C-fibers (CMi-fibers) with very low conduction velocities that specifically
mediates itch °%. Contrary to this hypothesis, the same CMi-fibers also respond to
several algogens causing subjective pain 90101,

1.3.3. SELECTIVITY HYPOTHESIS

The selectivity hypothesis is similar to the specificity hypothesis, but it includes an
inhibitory modulation of itch by nociceptive input via interneurons. In other words,
itch is perceived when there is a predominant activation of itch-selective fibers. When
there is a co-activation of pain- and itch-selective fibers, pain is perceived 10102103,

Studies in patients with chronic itch support this hypothesis: it was demonstrated that
in these patients, noxious stimuli (mechanical, thermal, and chemical) induced itch
rather than pain ¢!,

1.3.4. SPATIAL-CONTRAST HYPOTHESIS

In the 1990s, the spatial-contrast hypothesis was formulated '°+!% and it suggests that
itch is evoked if c-nociceptors are activated in a scattered spatial pattern 1°%!%7, In other
words, if only a few nociceptive fibers are activated and the neighboring units are
silent, itch is perceived, while, if more units in the same skin area are activated, pain
is felt.

To support this hypothesis the fact that polymodal C-fibers (PmC-fibers), responsive
to cowhage, are not itch-selective and their activation may result in itch or pain
sensation 719107 Moreover, in mice studies, it was estimated the approximate
amount of subpopulation of C-fibers: histamine-sensitive C-fibers represent 5-10%,



CHARACTERIZATION AND MODULATION OF HISTAMINERGIC AND NON-HISTAMINERGIC ITCH

pruriceptive C-fibers expressing Mas-related G-protein coupled receptor Al
(MRGPRA1) are 5% of all C-fibers, while in the DRG population the chloroquine-
responsive fibers represent 12.8% °%100:108,109 The distribution of these fibers creates
a spatial contrast signaling pattern.

1.4. HISTAMINERGIC AND NON-HISTAMINERGIC ITCH

Itch can be divided into two categories focusing on the peripheral pathways involved:
histaminergic and non-histaminergic itch. Two different classes of C-fibers are
involved, mechano-insensitive (CMi) and mechano-heat sensitive “polymodal”
(PmC) C-fibers !5, These subgroups of fibers differs also in conduction velocity,

size of receptive fields, and the degree to which they show activity-dependent slowing
113,116,117

1.4.1. HISTAMINERGIC ITCH

During the last century, histamine-induced reactions on the skin started to be
investigated. Lewis analyzed skin responses ''®, while Bickford described the “itchy
skin” phenomenon (later described as dysesthesias, as previously mentioned) after
histamine application *°. Cormia and Kuykendall, by performing histamine injections,
conducted psychophysical studies and they found lower itch threshold and
hyperknesis in lesioned skin of itch patients !!>!20, Keele and Armstrong evaluated the
effect of different concentrations of histamine applied on exposed dermo-epidermal
nerves. They found that a low concentration induced itch, while pain was evoked with
an higher concentration, as well as deeper histamine injections 21122,

After the microneurography technique development, a study proved a strong
correspondence between subjective itch perceived after histamine iontophoresis and
activation of specific CMi-fibers **%°. The C-fibers responsive to histamine represent
5% of all skin nociceptors and are just a minority of all C-fibers usually
mechanosensitive and histamine-insensitive '2>!24, The subpopulation of CMi-fibers
responsive to histamine is mechanical insensitive, with a low conduction velocity,
large innervation territories, and high transcutaneous electrical thresholds. Moreover,
when histamine is applied and the CMi-fibers are activated, also a generation of an
axon reflex flare occurs. The CMi-fibers resulted also sensitive to various algogens
(such as bradykinin and capsaicin) causing spontaneous pain %1% In patients with

chronic itch, a microneurography study proved the spontaneous activity of these fibers
124
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The present knowledge of histaminergic itch is that it is transmitted through CMi-

fibers expressing histamine-receptors 1 and 4 (H1/4R) and TRPV1 on their surface
125,126

1.4.2. NON-HISTAMINERGIC ITCH

Histamine represents a golden mediator for the study of itch, but histaminergic itch
cannot account for the itch present in several clinical conditions 31277129 For
example, the treatment with antihistamines does not ameliorate itch in patients with
AD, which did not result different from healthy subjects in sensitivity to extra-lesional
histamine provocation 27128130131

Shelly and Arthur observed, in the 1950s, a kind of itch distinct from histamine-
induced itch, which could be induced by cowhage **134, This cowhage-induced itch
did not produce any flare reactions and it was more similar to the itch present in certain
pathological conditions 3. The extraction of the active itch-inducing enzyme
(mucunain) from cowhage spicules was performed by Shelly and Arthur 132134, Reddy
etal., in 2008 demonstrated that mucunain is a ligand of proteinase-activated receptors
2 and 4 (PAR2/4) expressed on epidermal C-fibers '3¢. Studies in recent years proved
that itch induced by cowhage is almost exclusively transmitted by PmC-fibers
107.137.138 " This pathway of itch was called non-histaminergic itch, in contrast with
histaminergic itch !3713%140 These definitions are not optimal: histaminergic itch
refers to the neuronal pathway that can also be activated by other compounds without
the binding to histamine receptors 64!, while non-histaminergic itch is only a
definition by negation. Moreover, in rodent experiments, CMi-fibers activated by
histamine and PmC-fibers activated by cowhage resulted not so clearly separated '4?
and further human studies are needed to elucidate these mechanisms '#*. Lastly, PmC-
fibers respond not only to cowhage but also to other substances (like BAMS8-22, trans-
cinnamaldehyde, etc. '“%) and pain-evoking stimuli 107:138:144,

1.5. HUMAN EXPERIMENTAL SURROGATE ITCH MODELS

A human experimental surrogate model aims to temporally reproduce specific
symptoms and mechanisms of a disease 17148 For example, to mimic the cold
allodynia observed in chemotherapy-induced peripheral neuropathy, high
concentration of L-menthol is used, while topical capsaicin mimics cutaneous heat
and pinprick hyperalgesia of post-herpetic neuralgia *:149-152, The study of a disease
or a clinical condition can be conducted through three different kinds of research in
humans:

21
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1) Basic mechanistic studies in healthy subjects;

2) Proof-of-concept studies to assess the efficacy of new or existing drugs or
therapies;

3) Clinical studies to evaluate gain and/or loss of function in patients compared
to healthy control.

For ethical reasons, human surrogate models of itch can only be acute or subacute
without the induction of the prolonged skin inflammatory sta