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Dermal sensory nerves
(C-fibers)

“It Is the Brain that Itches, Not the Skin”
Scratching

Pruritogens
Itch!



Pruritus is a Unique Sensa5on

”Itch sensation is limited to skin, mucosa and cornea”



1. To remember key pruritogens and their receptors

2. To be able to name psychoneurodermatological diseases

3. To be able to explain the mode of ac<ons of drugs targe<ng 
neuronal pathways

Learning Outcomes



1. Neuroanatomy and neurobiology of skin

2. Pathology of pruritus

3. Diagnosis of neuropathic/psychogenic skin diseases

4. Management of neuropathic itch

Outline



1. Neuroanatomy and 
Neurobiology of Skin



Cutaneous Sensory Receptors



Mechanoreceptors in Skin

Zimmerman. 2014. Science
Ramírez . 2014. Res Vet

Merkel cells (CK20)
Nerve fibers (red)

Merkel cell
- Light touch
- Slowly-adopting Aβ sensory fiber

Merkel cells (NSE)



Mechanoreceptors in Skin

Zimmerman. 2014. Science

Meissner’s corpuscle
- Touch (dynamic skin deformaIon)
- Rapidly-adapIng Aβ sensory fiber



Mechanoreceptors in Skin

Zimmerman. 2014. Science

Ruffini corpuscle
- Stretch
- Slowly-adapting Aβ sensory fiber



Mechanoreceptors in Skin

Zimmerman. 2014. Science

Pacinian corpuscle
- High pressure, vibration
- Rapidly-adapting Aβ sensory fiber

“Onion-like” structure



New Somatosensory Organ in Dogs?

Elofsson. 2019. J Morphol

Nonencapsulated naked nerve bundles 



Mechanoreceptors in Skin

Nerves (PGP9.5)
Follicular keratinocytes (red)

Zimmerman. 2014. Science

Hair follicle
- Light touch (Low-frequency vibration)
- All types of sensory fibers

Peterson. 2016. Int. J Vis Exp

Merkel cell touch dome (K8)
Nerves (NF)



Each receptor sensors 
the same stimuli 
differently



Dermal and Epidermal Free Nerve Endings

Misery. 2014. Nat Rev Neurol

Innocuous touch NocicepIve touch

C fiber Aδ fiber
C fiber



Intraepidermal Nerve Endings

Laprais. 2017. Vet Dermatol

Canine skin – Interaepidermal nerve fibers (b3T)



Thermoreceptors – Transient Receptor Potential

Woudenberg-Vrenken. 2009. Nat Rev NNephrol

Ca2+
Ca2+

Ca2+

DepolarizaIon



Novel



Thermoreceptors – Transient Receptor Poten5al

icilin

, menthol

℃

PainPain

Dhaka. 2006. Annu. Rev Neurosci



Nociceptor (Pain) vs Thermoreceptor (Heat)

Nociceptor

S9mulus

Thermoreceptor

Magnitude of 
afferent response

Temperature (℃)

Nociceptor

Thermoreceptor

45℃



Quiz!

1. Which of the following mechanoreceptor has the smallest 
receptive?

b. Meissner corpuscle

c. Ruffini corpuscle

d. Pacinian corpuscle

a. Merkel cell axon complex 



Summary – Cutaneous Sensory Receptors

Touch

Touch Heat
Pain
Itch



Types of nerve fibers Axon 
diameter

Conduction 
velocity

Receptor types Sensory 
function

Aβ/II
Medium Medium

Merkel cells, Meissner’s corpuscles,
Ruffini endings, Pacinian corpuscles,
hair follicles

Touch, pressure

Aδ/III
Small Medium Hair follicles, free nerve endings Fast pain, 

temperature

C/IV
Smallest Slow Hair follicles, free nerve endings

Slow pain, 
temperature, 
itch

Classicization of Cutaneous Sensory Nerve Fibers

Glatte. 2019. Front Neurol.



Classicization of Cutaneous Sensory Nerve Fibers



Dorsal Root Ganglion

Pseudounipolar neuron

Spinal cord

LaTasha. 2020. Toxicol Pathol

Ganchiogco 2019. Brain Behav
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Sensation from Skin to Brain

getbodysmart.com/nervous-system

Sensory cortex of cerebrum

Thalamus

!



Inhibitory
interneurons

Secondary order
neurons

A-delta Fibre

Gate Control Theory

Gate control system



Quiz!

2. Which description correctly characterize C nerve fivers?

a. Myelinated, large diameter, fast conduction velocity

b. Myelinated, small diameter, slow conduction velocity

c. Unmyelinated, small diameter, fast conduction velocity

d. Unmyelinated, small diameter, slow conduction velocity  



2. Pathology in Pruritus



International Forum for the Study of Itch; Ständer. 2007. Acta Derm Venereol

1. Itch on primary, inflamed skin
2. Itch on primary, non-inflamed skin
3. Secondary scratch lesion

Itch
An unpleasant sensation which causes an intense desire to scratch



Kamo. 2016. J Cosmet Dermatol

Infections
Ectoparasites

Allergies
Immune-mediated

Skin cancers

Itch

Itch on Inflamed Skin
Secondary 

scratch lesion



Itch

Itch on Non-Inflamed Skin

Neuropathic
Systemic

Psychogenic

Kamo. 2016. J Cosmet Dermatol



1.  Amines – histamine, serotonin

2.  Neuropeptides – substance P, NGF

3.  Protease – KLKs, tryptase/chymase,
exogenous proteases (HDM, Staphylococcus sp.)

4.  Cytokines – TSLP, IL-2, IL-4, IL-13, IL-31, IL-33

Pruritogen
Any substance/mediators that cause pruritus



Mast cells, basophils

Histaminergic Itch Non-histaminergic Itch

vs

Histamine Mucunain

Cowhage (Velvet beans)



C fibers

Histaminergic vs Non-histaminergic Itch Pathways

Fowler. 2019. Ann Allergy Asthma Immunol

Histaminergic
neurons

Non-histaminergic
neurons



Histaminergic vs Non-histaminergic Itch Pathways

Papoiu. 2012. NeuroImage

Brain activation map
§ Histamine
§ Cowhage

(non-histaminergic)
§ Co-activation



Acute vs Chronic Itch

Liu. 2020. J Invest Dermatol
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Figure 6. BNP/NPRA and GRP/GRPR convey histamine-dependent and -independent components of SADBE-induced prolonged itch, respectively. (a) Acute
itch in C57 mice induced by histamine (500 mg, i.d.) but not by (b) GRP (0.1 nmol, i.t.) was significantly reduced after treatment with H1R antagonist
olopatadine (i.p. 10 mg/kg) and H4R antagonist JNJ7777120 (i.p. 30 mg/kg) or their coinjection. (c) Chronic itch induced by SADBE in C57 mice or (d) Grpr KO
mice was significantly reduced by olopatadine and JNJ7777120 or their coinjection. (eeh) Acute itch induced by CQ (200 mg, i.d.) and histamine in (e) Grpr KO
mice, (f) BB-sap treated mice, (g) Npr1 KO mice, or histamine, CQ, SLIGRL-NH2 (100 mg, i.d.), compound 48/80 (100 mg, i.d.), 5-HT (10 mg, i.d.), and ET-1 (50
ng, i.d.) in (h) BNP-sap treatment mice, respectively. (i) Schematic diagram of proposed model of the itch microcircuit in SADBE-induced prolonged itch.
Repeated exposure of SADBE results in the release of a variety of inflammatory mediators, which act at least directly or indirectly through two distinctive itch
peptides (GRP and BNP) and spinal interneurons expressing neuropeptide receptors (GRPR and NPRA). The histamine-dependent component relies on BNP and

X Liu et al.
Spinal GRPR & NPRA: Key for Chronic Itch

www.jidonline.org 1863

Acute Itch

Chronic Itch

Pruritogens



Amines – Histamine

Chegg.com

Antigen

Neurotransmission



Histamine Receptors

Tiligada. 2017. Histamine Receptors as Drug Targets; Thurmond. 2008. Nat Rev Drug Discov

Acute allergic reactions
Sleep disorder

Gastric acid
secretion

Neurotransmitter
modulation Immunomodulation

H1 Receptor H2 Receptor H3 Receptor H4 Receptor

Itch Itch



Does Histamine Induce Pruritus in Dogs?

Banovic. 2019. Vet Dermatol

Histamine Comp 48/80 Anti-canine-IgE

Wheal & Flare

Pruritus
Mild itch Mild itch Mild itch



Neuropeptides – Substance P

Navratilova. 2019. Neuron; Azimi. 2016. J Allergy Clin Immunol

NK1R-/- Mrgpr-/-

*NK1R: neurokinin 1 receptor
*Mrgpr: mas-related G protein-coupled receptors



Does Substance P Induce Pruritus in Dogs?

Carr. 2009. Vet Dermatol
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Pruritogenic substances in healthy dogs

 

saline and baseline data, was 35. No pruritic episode lasted
longer than 5 s. To determine if there was a temporal differ-
ence in these episodes, the times the pruritic behaviours
occurred were recorded. In the first 5 min there were 20
episodes, in the next 5 min seven episodes were
recorded, in the third 5 min there were six episodes, and
in the last 5 min two episodes were recorded. Table 1
shows the distribution of pruritic episodes per concentra-
tion of each substance (histamine 

 

n

 

 = 1, serotonin 

 

n

 

 = 12,
tryptase 

 

n

 

 = 8, and IL-2 

 

n

 

 = 2). None of the dogs injected
with substance P showed any episodes of pruritic behaviour.
For the saline injections 10 episodes of pruritus were
recorded, and only two episodes were recorded during
baseline (i.e. no injection). There were 18 episodes of
licking, 16 episodes of scratching and one episode of rolling.
No episodes of behaviour that could be considered to be
pain-related were recorded in any of the dogs.

Table 2 shows the wheal and erythema seen for each
concentration of each substance at different time points.
Wheal and erythema were seen 20 min after injection of
histamine in five of five dogs (range of averaged wheal
diameters = 1.0–1.7 cm, mean and median = 1.4 cm,
standard error = 0.2 cm). After 24 h, all histamine
injection sites were still slightly erythematous. At the two
highest concentrations, serotonin induced a wheal and
erythema in all five dogs and at the lowest serotonin con-
centration (0.25 mg mL

 

–1

 

), four of five dogs had a wheal
and three of five showed erythema at 20 min post-
injection. The serotonin injections produced the largest
wheal sizes (range = 1.2–1.9 cm, mean and median = 1.5 cm,
standard error = 0.3 cm) and most intense erythema at
the highest concentration used (2.5 mg mL

 

–1

 

). No dogs in
the serotonin group had any reaction present at 24 h
post-injection. Tryptase showed no wheal or erythema at

20 min or 24 h for any of the concentrations used. At a
concentration of 6.74 

 

µ

 

g mL

 

–1

 

 substance P did not
produce any reactions, but three of five dogs had mild
erythema 20 min after an injection of 26.96 

 

µ

 

g mL

 

–1

 

.
Twenty minutes after the injection of 67.4 

 

µ

 

g mL

 

–1

 

 of
substance P, one of five dogs had a small wheal and three
of five dogs had mild erythema. For the IL-2 group, wheal
and erythema reactions were absent 20 min post-injection
of 0.40 mg mL

 

–1

 

, but four of five dogs had mild erythema
at 24 h post-injection. Twenty minutes after the 1.60 mg mL

 

–1

 

injection, four of five dogs had erythema at the injection
site but no wheal. Twenty-four hours post-injection of
1.60 mg mL

 

–1

 

 of IL-2, all five dogs had moderate erythema
at the injection site.

The results of the statistical analysis showed that dogs
did not have a significant increase in pruritic behaviour
above baseline or saline for any of the substances injected
(generalized linear model, 

 

P

 

 = 0.23).

 

Discussion

 

None of the investigated substances known to cause
pruritus in humans or mice were able to elicit statistically
significant pruritic behaviour when injected intradermally
in the healthy dogs included in this study. This finding was
unlikely to be related to the concentrations of reagents
used since the lowest concentrations were equivalent to
those used in other species and, excepting histamine,
additional concentrations four to 10 times higher than
baseline concentrations were tested as well. It is unlikely
that pruritic episodes were missed as a result of not
recording the dogs for periods longer than 20 min. In

Table 1. Number of pruritic episodes recorded before and after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Amount† Concentrations
Pruritus 
episodes‡

Histamine 0.05 mg 1 mg mL–1 1
Serotonin 0.013 mg 0.25 mg mL–1 6

0.050 mg 1.00 mg mL–1 0
0.125 mg 2.50 mg mL–1 6

Tryptase 
(human lung)

0.1 ng 2 ng mL–1 2
0.4 ng 8 ng mL–1 6
1.0 ng 20 ng mL–1 0

Substance P 0.337 µg 6.74 µg mL–1 0
1.348 µg 26.96 µg mL–1 0
3.370 µg 67.4 µg mL–1 0

IL-2 (human 
recombinant)

0.02 mg 0.40 mg mL–1 0, 1§
0.08 mg 1.60 mg mL–1 1

Saline NA 0.9% 10
Baseline NA NA 2

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†Calculated by multiplying the concentration of each substance by 
the volume injected (0.05 mL for each substance).
‡Total pruritus episodes recorded from dogs given each substance 
concentration and filmed for 20 min.
§Dogs were video recorded for 20 min at 24 h after the 
0.40 mg mL–1 IL-2 injection to assess delayed response.
NA, not applicable.

Table 2. Wheal and erythema formation 20 min and 24 h after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Concentrations
Wheal 
20 min†

Erythema 
20 min†

Erythema
24 h†

Histamine 1 mg mL–1 • ++ +
Serotonin 0.25 mg mL–1 • (4 of 

5 dogs)
++ (3 of 5 dogs) –

1.00 mg mL–1 • ++ –
2.50 mg mL–1 • +++ NR

Tryptase 
(human lung)

2 ng mL–1 – – –
8 ng mL–1 – – –
20 ng mL–1 – – NR

Substance P 6.74 µg mL–1 – – –
26.96 µg mL–1 – + (3 of 5 dogs) –
67.4 µg mL–1 • (1 of 

5 dogs)
+ (3 of 5 dogs) NR

IL-2 (human 
recombinant)

0.40 mg mL–1 – – + (4 of 
5 dogs)

1.60 mg mL–1 – ++ (4 of 5 dogs) ++
Saline 0.9% – – –

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†No specification in parentheses means that five of five dogs 
developed a wheal or erythema after the injection of each substance 
and concentration.
NR, not recorded.
•, wheal present greater than 0.8 mm averaged diameters; –, no 
response seen; +, mild erythema; ++, moderate erythema; +++, 
marked erythema.
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saline and baseline data, was 35. No pruritic episode lasted
longer than 5 s. To determine if there was a temporal differ-
ence in these episodes, the times the pruritic behaviours
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episodes, in the next 5 min seven episodes were
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and erythema reactions were absent 20 min post-injection
of 0.40 mg mL
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, but four of five dogs had mild erythema
at 24 h post-injection. Twenty minutes after the 1.60 mg mL

 

–1

 

injection, four of five dogs had erythema at the injection
site but no wheal. Twenty-four hours post-injection of
1.60 mg mL

 

–1

 

 of IL-2, all five dogs had moderate erythema
at the injection site.

The results of the statistical analysis showed that dogs
did not have a significant increase in pruritic behaviour
above baseline or saline for any of the substances injected
(generalized linear model, 

 

P

 

 = 0.23).

 

Discussion

 

None of the investigated substances known to cause
pruritus in humans or mice were able to elicit statistically
significant pruritic behaviour when injected intradermally
in the healthy dogs included in this study. This finding was
unlikely to be related to the concentrations of reagents
used since the lowest concentrations were equivalent to
those used in other species and, excepting histamine,
additional concentrations four to 10 times higher than
baseline concentrations were tested as well. It is unlikely
that pruritic episodes were missed as a result of not
recording the dogs for periods longer than 20 min. In

Table 1. Number of pruritic episodes recorded before and after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Amount† Concentrations
Pruritus 
episodes‡

Histamine 0.05 mg 1 mg mL–1 1
Serotonin 0.013 mg 0.25 mg mL–1 6

0.050 mg 1.00 mg mL–1 0
0.125 mg 2.50 mg mL–1 6

Tryptase 
(human lung)

0.1 ng 2 ng mL–1 2
0.4 ng 8 ng mL–1 6
1.0 ng 20 ng mL–1 0

Substance P 0.337 µg 6.74 µg mL–1 0
1.348 µg 26.96 µg mL–1 0
3.370 µg 67.4 µg mL–1 0

IL-2 (human 
recombinant)

0.02 mg 0.40 mg mL–1 0, 1§
0.08 mg 1.60 mg mL–1 1

Saline NA 0.9% 10
Baseline NA NA 2

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†Calculated by multiplying the concentration of each substance by 
the volume injected (0.05 mL for each substance).
‡Total pruritus episodes recorded from dogs given each substance 
concentration and filmed for 20 min.
§Dogs were video recorded for 20 min at 24 h after the 
0.40 mg mL–1 IL-2 injection to assess delayed response.
NA, not applicable.

Table 2. Wheal and erythema formation 20 min and 24 h after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Concentrations
Wheal 
20 min†

Erythema 
20 min†

Erythema
24 h†

Histamine 1 mg mL–1 • ++ +
Serotonin 0.25 mg mL–1 • (4 of 

5 dogs)
++ (3 of 5 dogs) –

1.00 mg mL–1 • ++ –
2.50 mg mL–1 • +++ NR

Tryptase 
(human lung)

2 ng mL–1 – – –
8 ng mL–1 – – –
20 ng mL–1 – – NR

Substance P 6.74 µg mL–1 – – –
26.96 µg mL–1 – + (3 of 5 dogs) –
67.4 µg mL–1 • (1 of 

5 dogs)
+ (3 of 5 dogs) NR

IL-2 (human 
recombinant)

0.40 mg mL–1 – – + (4 of 
5 dogs)

1.60 mg mL–1 – ++ (4 of 5 dogs) ++
Saline 0.9% – – –

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†No specification in parentheses means that five of five dogs 
developed a wheal or erythema after the injection of each substance 
and concentration.
NR, not recorded.
•, wheal present greater than 0.8 mm averaged diameters; –, no 
response seen; +, mild erythema; ++, moderate erythema; +++, 
marked erythema.

Wheal & Erythema Pruritus



1064 VOLUME 15 | NUMBER 8 | AUGUST 2012 NATURE NEUROSCIENCE

P E R S P E C T I V E

to play a central role in initiating and augmenting the activation of 
innate and adaptive immunity15–17.

We propose, therefore, that the peripheral nervous system plays not 
only a passive role in host defense (detection of noxious stimuli and 
initiation of avoidance behavior) but also an active role in concert with 
the immune system in modulation of the responses to and combat of 
harmful stimuli, a role that can be subverted to contribute to disease.

Shared nervous and immune system danger recognition pathways
Peripheral sensory neurons are adapted to recognize danger to the 
organism by virtue of their sensitivity to intense mechanical, thermal 
and irritant chemical stimuli (Fig. 1). Transient receptor potential 
(TRP) ion channels are the most widely studied molecular media-
tors of nociception, conducting nonselective entry of cations upon 
activation by various noxious stimuli. TRPV1 is activated by high 
temperatures, low pH and capsaicin, the vanilloid irritant compo-
nent of chili peppers18. TRPA1 mediates the detection of reactive 
chemicals that include environmental irritants such as tear gas and 
industrial isothiocyanates19, but, more importantly, it is also activated 
during tissue injury by endogenous molecular signals that include 
4-hydroxynonenal and prostaglandins20,21.

Notably, sensory neurons share many of the same pathogen and dan-
ger molecular recognition receptor pathways as innate immune cells, 
which enable them also to detect pathogens (Fig. 1). In the immune 

system, microbial pathogens are detected by germline-encoded  
pattern recognition receptors (PRRs), which recognize broadly con-
served exogenous pathogen-associated molecular patterns (PAMPs). 
The first PRRs to be identified were members of the Toll-like receptor 
(TLR) family, which bind to yeast, bacterial cell wall components and 
viral RNA22. Upon PRR activation, downstream signaling pathways are 
turned on that induce cytokine production and activation of adaptive 
immunity. In addition to TLRs, innate immune cells are activated dur-
ing tissue injury by endogenous danger signals, also known as damage-
associated molecular patterns (DAMPs) or alarmins23,24. These danger 
signals include high-mobility-group box 1 (HMGB1), uric acid and 
heat shock proteins released by dying cells during necrosis, activating 
immune cells during noninfectious inflammatory responses.

PRRs including TLRs 3, 4, 7 and 9 are expressed by nociceptor 
neurons, and stimulation by TLR ligands leads to induction of inward 
currents and sensitization of nociceptors to other pain stimuli25–27. 
Furthermore, activation of sensory neurons by the TLR7 ligand imi-
quimod leads to activation of an itch-specific sensory pathway25. 
These results indicate that infection-associated pain and itch may be 

partly due to direct activation of neurons by 
pathogen-derived factors, which in turn acti-
vate immune cells through peripheral release 
of neuronal signaling molecules.

A major DAMP released during cellu-
lar injury is ATP, which is recognized by 

3. PAMP receptors

1. Cytokine receptors

E.g., IL-1�R, TNF-�R

E.g., TLRs, NLRs

E.g., TRPA1, TRPV1, P2X, DAMP

2. Neuronal danger signal receptors

Figure 1 Noxious stimuli, microbial and inflammatory recognition 
pathways trigger activation of the peripheral nervous system. Sensory 
neurons possess several means of detecting the presence of noxious or 
harmful stimuli. (1) Cytokine receptors such as IL-1B receptor (IL-1BR) 
and TNF-A receptor (TNF-AR) recognize factors secreted by immune 
cells (for example, IL-1B, TNF-A, nerve growth factor), which activate 
MAP kinases and other signaling mechanisms to increase membrane 
excitability. (2) Danger signal receptors, including TRP channels, P2X 
channels and danger-associated molecular pattern (DAMP) receptors, 
recognize exogenous signals from the environment (for example, heat, 
acidity, chemicals) or endogenous danger signals released during trauma 
or tissue injury (for example, ATP, uric acid, hydroxynonenals). (3) Pattern 
recognition receptors (PRRs) such as Toll-like receptors (TLRs) and Nod-
like receptors (NLRs) recognize pathogen-associated molecular patterns 
(PAMPs) shed by invading bacteria or viruses during infection.

1. Chemotaxis and activation

2. Vascular dilation, permeability and adhesion

Neuronally released
 mediators

3. Dendritic and T-cell priming

Figure 2 Neuronal factors released from 
nociceptor sensory neurons directly drive 
leukocyte chemotaxis, vascular hemodynamics 
and the immune response. When noxious 
stimuli activate afferent signals in sensory 
nerves, antidromic axon reflexes are generated 
that induce the release of neuropeptides at 
the peripheral terminals of the neurons. These 
molecular mediators have several inflammatory 
actions: (1) chemotaxis and activation of 
neutrophils, macrophages and lymphocytes to the 
site of injury, and degranulation of mast cells,  
(2) signaling to vascular endothelial cells to 
increase blood flow, vascular leakage and 
edema, which also allows easier recruitment 
of inflammatory leukocytes, and (3) priming of 
dendritic cells to drive subsequent T helper cell 
differentiation into TH2 or TH17 subtypes.

Neurogenic Inflammation

Chiu. 2012. Vet Nat Neurosci

Substance P
CGRP (Calcitonin gene-related pep:de)



Neuropeptides – Nerve Growth Factor

neomed-clinic.com



Neuropeptides – Nerve Growth Factor

https://www.youtube.com/watch?v=t3PA-YbuJ5E



Neurogenic Itch Sensation (Sensitive Skin)

Kamo. 2016. J Cosmet Dermatol; Tominaga. 2014. J Dermatol

Epi

Der

*NEF: nerve elongation factor
*NRF: nerve repulsion factor



Neurogenic Itch Sensation by IL-31?

Control IL-31

ü mIL-31 promotes axonal growth of DRG neurons

Mouse DRG neurons

Fled. 2016. J Allergy Clin Immunol



Proteases

Akiyama. 2018. Handb Exp Pharmacol

- Protease

Staphylococcus spp. HDM

*PARs: protease-activated receptors



Does Protease Induce Pruritus in Dogs?

Carr. 2009. Vet Dermatol
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saline and baseline data, was 35. No pruritic episode lasted
longer than 5 s. To determine if there was a temporal differ-
ence in these episodes, the times the pruritic behaviours
occurred were recorded. In the first 5 min there were 20
episodes, in the next 5 min seven episodes were
recorded, in the third 5 min there were six episodes, and
in the last 5 min two episodes were recorded. Table 1
shows the distribution of pruritic episodes per concentra-
tion of each substance (histamine 

 

n

 

 = 1, serotonin 

 

n

 

 = 12,
tryptase 

 

n

 

 = 8, and IL-2 

 

n

 

 = 2). None of the dogs injected
with substance P showed any episodes of pruritic behaviour.
For the saline injections 10 episodes of pruritus were
recorded, and only two episodes were recorded during
baseline (i.e. no injection). There were 18 episodes of
licking, 16 episodes of scratching and one episode of rolling.
No episodes of behaviour that could be considered to be
pain-related were recorded in any of the dogs.

Table 2 shows the wheal and erythema seen for each
concentration of each substance at different time points.
Wheal and erythema were seen 20 min after injection of
histamine in five of five dogs (range of averaged wheal
diameters = 1.0–1.7 cm, mean and median = 1.4 cm,
standard error = 0.2 cm). After 24 h, all histamine
injection sites were still slightly erythematous. At the two
highest concentrations, serotonin induced a wheal and
erythema in all five dogs and at the lowest serotonin con-
centration (0.25 mg mL

 

–1

 

), four of five dogs had a wheal
and three of five showed erythema at 20 min post-
injection. The serotonin injections produced the largest
wheal sizes (range = 1.2–1.9 cm, mean and median = 1.5 cm,
standard error = 0.3 cm) and most intense erythema at
the highest concentration used (2.5 mg mL

 

–1

 

). No dogs in
the serotonin group had any reaction present at 24 h
post-injection. Tryptase showed no wheal or erythema at

20 min or 24 h for any of the concentrations used. At a
concentration of 6.74 

 

µ

 

g mL

 

–1

 

 substance P did not
produce any reactions, but three of five dogs had mild
erythema 20 min after an injection of 26.96 

 

µ

 

g mL

 

–1

 

.
Twenty minutes after the injection of 67.4 

 

µ

 

g mL

 

–1

 

 of
substance P, one of five dogs had a small wheal and three
of five dogs had mild erythema. For the IL-2 group, wheal
and erythema reactions were absent 20 min post-injection
of 0.40 mg mL

 

–1

 

, but four of five dogs had mild erythema
at 24 h post-injection. Twenty minutes after the 1.60 mg mL

 

–1

 

injection, four of five dogs had erythema at the injection
site but no wheal. Twenty-four hours post-injection of
1.60 mg mL

 

–1

 

 of IL-2, all five dogs had moderate erythema
at the injection site.

The results of the statistical analysis showed that dogs
did not have a significant increase in pruritic behaviour
above baseline or saline for any of the substances injected
(generalized linear model, 

 

P

 

 = 0.23).

 

Discussion

 

None of the investigated substances known to cause
pruritus in humans or mice were able to elicit statistically
significant pruritic behaviour when injected intradermally
in the healthy dogs included in this study. This finding was
unlikely to be related to the concentrations of reagents
used since the lowest concentrations were equivalent to
those used in other species and, excepting histamine,
additional concentrations four to 10 times higher than
baseline concentrations were tested as well. It is unlikely
that pruritic episodes were missed as a result of not
recording the dogs for periods longer than 20 min. In

Table 1. Number of pruritic episodes recorded before and after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Amount† Concentrations
Pruritus 
episodes‡

Histamine 0.05 mg 1 mg mL–1 1
Serotonin 0.013 mg 0.25 mg mL–1 6

0.050 mg 1.00 mg mL–1 0
0.125 mg 2.50 mg mL–1 6

Tryptase 
(human lung)

0.1 ng 2 ng mL–1 2
0.4 ng 8 ng mL–1 6
1.0 ng 20 ng mL–1 0

Substance P 0.337 µg 6.74 µg mL–1 0
1.348 µg 26.96 µg mL–1 0
3.370 µg 67.4 µg mL–1 0

IL-2 (human 
recombinant)

0.02 mg 0.40 mg mL–1 0, 1§
0.08 mg 1.60 mg mL–1 1

Saline NA 0.9% 10
Baseline NA NA 2

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†Calculated by multiplying the concentration of each substance by 
the volume injected (0.05 mL for each substance).
‡Total pruritus episodes recorded from dogs given each substance 
concentration and filmed for 20 min.
§Dogs were video recorded for 20 min at 24 h after the 
0.40 mg mL–1 IL-2 injection to assess delayed response.
NA, not applicable.

Table 2. Wheal and erythema formation 20 min and 24 h after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Concentrations
Wheal 
20 min†

Erythema 
20 min†

Erythema
24 h†

Histamine 1 mg mL–1 • ++ +
Serotonin 0.25 mg mL–1 • (4 of 

5 dogs)
++ (3 of 5 dogs) –

1.00 mg mL–1 • ++ –
2.50 mg mL–1 • +++ NR

Tryptase 
(human lung)

2 ng mL–1 – – –
8 ng mL–1 – – –
20 ng mL–1 – – NR

Substance P 6.74 µg mL–1 – – –
26.96 µg mL–1 – + (3 of 5 dogs) –
67.4 µg mL–1 • (1 of 

5 dogs)
+ (3 of 5 dogs) NR

IL-2 (human 
recombinant)

0.40 mg mL–1 – – + (4 of 
5 dogs)

1.60 mg mL–1 – ++ (4 of 5 dogs) ++
Saline 0.9% – – –

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†No specification in parentheses means that five of five dogs 
developed a wheal or erythema after the injection of each substance 
and concentration.
NR, not recorded.
•, wheal present greater than 0.8 mm averaged diameters; –, no 
response seen; +, mild erythema; ++, moderate erythema; +++, 
marked erythema.
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saline and baseline data, was 35. No pruritic episode lasted
longer than 5 s. To determine if there was a temporal differ-
ence in these episodes, the times the pruritic behaviours
occurred were recorded. In the first 5 min there were 20
episodes, in the next 5 min seven episodes were
recorded, in the third 5 min there were six episodes, and
in the last 5 min two episodes were recorded. Table 1
shows the distribution of pruritic episodes per concentra-
tion of each substance (histamine 
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 = 1, serotonin 
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 = 12,
tryptase 
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 = 8, and IL-2 
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 = 2). None of the dogs injected
with substance P showed any episodes of pruritic behaviour.
For the saline injections 10 episodes of pruritus were
recorded, and only two episodes were recorded during
baseline (i.e. no injection). There were 18 episodes of
licking, 16 episodes of scratching and one episode of rolling.
No episodes of behaviour that could be considered to be
pain-related were recorded in any of the dogs.

Table 2 shows the wheal and erythema seen for each
concentration of each substance at different time points.
Wheal and erythema were seen 20 min after injection of
histamine in five of five dogs (range of averaged wheal
diameters = 1.0–1.7 cm, mean and median = 1.4 cm,
standard error = 0.2 cm). After 24 h, all histamine
injection sites were still slightly erythematous. At the two
highest concentrations, serotonin induced a wheal and
erythema in all five dogs and at the lowest serotonin con-
centration (0.25 mg mL

 

–1

 

), four of five dogs had a wheal
and three of five showed erythema at 20 min post-
injection. The serotonin injections produced the largest
wheal sizes (range = 1.2–1.9 cm, mean and median = 1.5 cm,
standard error = 0.3 cm) and most intense erythema at
the highest concentration used (2.5 mg mL

 

–1

 

). No dogs in
the serotonin group had any reaction present at 24 h
post-injection. Tryptase showed no wheal or erythema at

20 min or 24 h for any of the concentrations used. At a
concentration of 6.74 

 

µ

 

g mL
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 substance P did not
produce any reactions, but three of five dogs had mild
erythema 20 min after an injection of 26.96 
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g mL
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.
Twenty minutes after the injection of 67.4 
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g mL
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 of
substance P, one of five dogs had a small wheal and three
of five dogs had mild erythema. For the IL-2 group, wheal
and erythema reactions were absent 20 min post-injection
of 0.40 mg mL

 

–1

 

, but four of five dogs had mild erythema
at 24 h post-injection. Twenty minutes after the 1.60 mg mL

 

–1

 

injection, four of five dogs had erythema at the injection
site but no wheal. Twenty-four hours post-injection of
1.60 mg mL

 

–1

 

 of IL-2, all five dogs had moderate erythema
at the injection site.

The results of the statistical analysis showed that dogs
did not have a significant increase in pruritic behaviour
above baseline or saline for any of the substances injected
(generalized linear model, 

 

P

 

 = 0.23).

 

Discussion

 

None of the investigated substances known to cause
pruritus in humans or mice were able to elicit statistically
significant pruritic behaviour when injected intradermally
in the healthy dogs included in this study. This finding was
unlikely to be related to the concentrations of reagents
used since the lowest concentrations were equivalent to
those used in other species and, excepting histamine,
additional concentrations four to 10 times higher than
baseline concentrations were tested as well. It is unlikely
that pruritic episodes were missed as a result of not
recording the dogs for periods longer than 20 min. In

Table 1. Number of pruritic episodes recorded before and after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Amount† Concentrations
Pruritus 
episodes‡

Histamine 0.05 mg 1 mg mL–1 1
Serotonin 0.013 mg 0.25 mg mL–1 6

0.050 mg 1.00 mg mL–1 0
0.125 mg 2.50 mg mL–1 6

Tryptase 
(human lung)

0.1 ng 2 ng mL–1 2
0.4 ng 8 ng mL–1 6
1.0 ng 20 ng mL–1 0

Substance P 0.337 µg 6.74 µg mL–1 0
1.348 µg 26.96 µg mL–1 0
3.370 µg 67.4 µg mL–1 0

IL-2 (human 
recombinant)

0.02 mg 0.40 mg mL–1 0, 1§
0.08 mg 1.60 mg mL–1 1

Saline NA 0.9% 10
Baseline NA NA 2

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†Calculated by multiplying the concentration of each substance by 
the volume injected (0.05 mL for each substance).
‡Total pruritus episodes recorded from dogs given each substance 
concentration and filmed for 20 min.
§Dogs were video recorded for 20 min at 24 h after the 
0.40 mg mL–1 IL-2 injection to assess delayed response.
NA, not applicable.

Table 2. Wheal and erythema formation 20 min and 24 h after 
intradermal injections of saline and various concentrations of 
pruritogenic substances in healthy dogs

Substances* Concentrations
Wheal 
20 min†

Erythema 
20 min†

Erythema
24 h†

Histamine 1 mg mL–1 • ++ +
Serotonin 0.25 mg mL–1 • (4 of 

5 dogs)
++ (3 of 5 dogs) –

1.00 mg mL–1 • ++ –
2.50 mg mL–1 • +++ NR

Tryptase 
(human lung)

2 ng mL–1 – – –
8 ng mL–1 – – –
20 ng mL–1 – – NR

Substance P 6.74 µg mL–1 – – –
26.96 µg mL–1 – + (3 of 5 dogs) –
67.4 µg mL–1 • (1 of 

5 dogs)
+ (3 of 5 dogs) NR

IL-2 (human 
recombinant)

0.40 mg mL–1 – – + (4 of 
5 dogs)

1.60 mg mL–1 – ++ (4 of 5 dogs) ++
Saline 0.9% – – –

*Each substance was randomly assigned to five dogs; all 25 dogs 
were injected with saline.
†No specification in parentheses means that five of five dogs 
developed a wheal or erythema after the injection of each substance 
and concentration.
NR, not recorded.
•, wheal present greater than 0.8 mm averaged diameters; –, no 
response seen; +, mild erythema; ++, moderate erythema; +++, 
marked erythema.

Wheal & Erythema Pruritus



Quiz!

3. Which of the following cytokine has been demonstrated to 
cause itch in dogs and cats?

a. TSLP

b. IL-2

d. IL-33

c. IL-31  



IL-31

Cytokines – IL-31

IL-31

Gonzales. 2013. Vet Dermatol
Fleck. 2019. NAVDF 

Acute severe itch



IL-31 Producing Cells in Canine AD Skin 

ü CD3+CD4+ T cells (likely Th2 cells) produce IL-31

IL-31+CD3+ = 91-100% IL-31+CD4+ = 63-100%

IL-31 CD3 IL-31 CD4

DAPI Merge DAPI Merge

Epidermal-dermal borderline

Tamamoto-Mochizuki. 2021. Vet Dermatol



Kera5nocytes Produce IL-31?

Cornelissen. 2011. Br J Dermatol

Normal human KC
IL-31 mRNA (+)

IL-31 mRNA qPCR

Shiomitsu. 2021. Res Vet Sci

IL-31 mRNA ISH

Canine AD Skin
IL-31 mRNA (+)

IL-31
(-)

Cevikbas. 2014. J Allergy Clin Immunol
Tamamoto-Mochizuki. 2019. Vet Dermatol

IL-31
(-)

Human
AD skin

Canine
AD skin

IL-31 IF
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keratinocytes, and dermal fibroblasts [1, 5, 11–13]. Most of
those cell types require activation to express IL-31 mRNA and
protein. IL-31-inducing stimuli include staphylococcal entero-
toxin B, which mimics the penetration of broken skin by
Staphylococcus Aureus [14], as well as ultraviolet B rays or H2O2,
which mimics the inflammatory reaction with consequent
release of reactive oxygen species [15]. Additional stimuli that
trigger IL-31 expression in mast cells are IgE and human
b-defensins and cathelicidin LL37 antimicrobial peptides [12].
Those latter molecules are secreted by monocytes and
keratinocytes after stimulation with bacteria or inflammatory
cytokines (e.g., IFN-g) [12]. Allergen-stimulated polyclonal or
clonal Th2 cells produced IL-31, and IL-4 receptor signaling was
essential to induce IL-31 expression [16]. Not only IL-4 but also
the Th2 cytokine IL-33 induced T cell expression of IL-31 [16,
17]. Notably, in those experiments, Th1 clones, which did not
express IL-31 per se, transiently produced the cytokine upon
incubation with IL-4 [16]. Those results demonstrate that IL-31
is not a classic Th2 cytokine but, rather, an IL-4–dependent
molecule that can be expressed by different cell types, includ-
ing normal human bronchial epithelial cells [18], in the
course of an allergic disorder. Finally, triggering of the H4
histamine receptor on the surface of CD4+ T cells with the
4-methyl-histamine agonist up-regulated IL-31 expression,
further linking this cytokine to allergic inflammation [19].

IL-31 R EXPRESSION AND SIGNALING

The IL-31R is a heterodimer composed of IL-31RA and OSMR,
but IL31 first binds IL-31RA through its binding site 2 and then
OSMR through binding site 3 [2, 20]. The initial step whereby
IL-31 binds IL-31RA likely induces a conformational change in
IL-31, allowing subsequent OSMR binding [2, 20]. The tissue and
cellular expression of OSMR is not discussed here because of its
ubiquitous distribution.
IL-31RA mRNA is expressed in the trachea, skeletal muscle,

thymus, peripheral blood lymphocytes, placenta, bone marrow,
thyroid, testis, brain, and skin [1, 3]. The IL-31RA transcript and
protein are found in eosinophils, mast cells, dendritic cells, GC
B cells, keratinocytes, pulmonary macrophages, human dermal
microvascular endothelial cells, primary cells of bronchial
epithelia, colonic subepithelial myofibroblasts, neurons of the
dorsal root ganglia, and numerous cell lines derived from
transformed cells (osteosarcomas, glioblastomas, melanomas,
and myelomonocytic leukemias) [1–4, 13, 21].
Various stimuli have been reported to induce IL-31RA

expression in the above cell types. The two major triggers are
IFN-g and TGF-b; the former cytokine promotes IL-31RA
expression in pulmonary macrophages, monocytes, dendritic
cells, keratinocytes, and human microvascular endothelial cells
[22, 23], whereas TGF-b stimulates primary cells of bronchial
epithelia [21]. In mast cells, binding of anti-IgE to FceRI triggers
tyrosine phosphorylation [24]; because mast cells express IL-31
under the same conditions, it is conceivable that autocrine/
paracrine interactions between the cytokine and its receptor
contribute to mast cell activation. IL-31RA expression in the
neuron of the dorsal root ganglia has been demonstrated in

mouse and humans and is of particular relevance in view of the
pruritogenic activity of IL-31 [25].
A number of splice variants of the IL-31RA gene have been

identified, whose functional meanings are not yet fully un-
derstood. Various laboratories, including our own (see below),
have reported the lack of IL-31 signaling, in spite of expression
of IL-31RA and OSMR on target cell surface, pointing to the
existence of a truncated dominant-negative IL-31RA isoform [2].
Finally, an IL-31RA soluble isoform that may act as an IL-31
antagonist has been identified [4].
IL-31 signaling has been investigated in different cellular

models, with some variation in the different experimental
conditions tested. Three major signaling pathways have been
identified, namely 1) MAPK, 2) PI3K/AKT, and 3) Jak/STAT
[5, 20] (Fig. 1). As for the first pathway, IL-31RA or OSMR
alone cannot activate ERK1/2, and it is hypothesized that IL-31
binding to IL-31RA recruits OSMR, which is the only chain
capable of activating MAPK. A similar model applies to the
PI3K/AKT pathway, whereby binding of IL-31 to its hetero-
dimeric receptor induces mild phosphorylation of PI3K and
strong phosphorylation of AKT. However, recruitment of SHP2
and the adaptor protein Shc is operated exclusively by OSMR.
Finally, IL-31 activates after binding to IL-31R Jak 1 and Jak 2,
which stimulate phosphorylation of STAT3, STAT5, and to a
lesser extent, STAT1 [5, 20].

Figure 1. IL-31, upon binding to its heterodimeric receptor composed
of the IL-31RA and the OSMR chains, induces phosphorylation of
Jak1/2, which in turn, triggers phosphorylation of STAT1/3/5 or
PI3K/AKT. These pathways contribute to skin inflammation, asthma
and allergic rhinitis, and gut inflammation.
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Which Cells Receive IL-31 Signals?

Feretti. 2017. J Leukoc Biol

IL-31RA receptor



Which Cells Receive IL-31 Signals?

IL-31R

Bammert. 2016. WCVD

IL-31RA (+) neurons in canine DRGs



IL-31RA/β3T
Double-IF

Canine nasal planum

β3-tubulin (nerve marker)
IL-31RA (IL-31 receptor)

Tamamoto-Mochizuki. 2021. Vet Dermatol



Which else Cells Receive IL-31 Signals?

ü IL-31RA was constitutively expressed on keratinocytes

Kato. J Dermatol  Sci 2014; Tamamoto-Mochizuki. 2021. Vet Dermatol

IL-31RA IHC: Human AD epidermis

IL-31RA (+) Isotype control Before AD flare
IL-31RA (+) 

After AD flare
IL-31RA (+)

IL-31RA IF: Canine AD epidermis



IL-31 in Feline Atopic Skin Syndrome

IL-31 IL-31RA

IL-31/IL-31RA mRNA in situ hybridization

ü Extremely low expression
Older. 2021. Vet Dermatol



Itch-Scratch-Itch Cycle
Glossary
Acanthosis: epidermal hyperplasia/
thickening of the epidermis
Algogen: a molecule that activates
pain-sensory neurons and pain
sensations/behavior.
Allergic contact dermatitis (ACD):
a skin reaction caused by contact
with a specific allergen to which an
individual has been previously
sensitized. An erythematous, itchy
rash develops within minutes to
hours of exposure.
Central nervous system (CNS):
the components of the nervous
system located within the brain and
spinal cord.
Chronic idiopathic pruritus (CIP)
(also known as generalized
pruritus of unknown origin
(GPUO): chronic itch (lasting >6
weeks) in the absence of a visible
skin rash or evidence of other
cutaneous or systemic causes of
pruritus. Frequently associated with
immune dysregulation and aging.
Desquamation: the process of
shedding the outermost layer of skin,
comprising terminally differentiated
keratinocytes.
Dry skin itch: itch secondary to dry
skin, often associated with aging or
seasonal changes.
Epithelial stress response: in
response to cellular damage or
inflammatory cytokines, epithelial
cells such as keratinocytes undergo
a stress response that includes
changes in antimicrobial peptide
production, synthesis of TSLP and
IL-25, release of IL-33, and changes
in their differentiation process.
Epithelium: a layer of embryonically
related stromal cells located at the
interface between the mammalian
host and the environment.
Flushing: a vascular dilation
response that results in redness and
edema in the skin.
Group 2 innate lymphoid cells
(ILC2): innate lymphocytes derived
from the common lymphoid
progenitor that have similar effector
functions to Th2 cells without
rearranged T cell receptors. Instead,
ILC2s are tissue-resident cells that
respond to epithelial cell-derived
cytokines IL-33, IL-25, and TSLP.
Kallikreins (KLK): a family of 15 (in
humans) trypsin- and chymotrypsin-
like serine proteases that show
tissue-specific expression profiles

accessible areas (nape), indicating that scratching might contribute to disease induction [7].
However, how scratching promotes chronic itch pathology is not well understood. Further-
more, additional factors might contribute to chronic itch disease, such as humidity and
inflammation. Our current conceptualization of chronic itch involves crosstalk between multiple
host cellular networks, including the stromal, immune, and sensory nervous systems
(Figure 1B–D). Indeed, recent findings discussed in this review demonstrate that epithelial
cells, immune cells, and neurons can individually promote itch sensation, suggesting that their
activation by repetitive scratching can set off a vicious itch–scratch cycle that is a hallmark of
chronic skin diseases such as AD [8] and prurigo nodularis (PN) [9].

The role of the itch–scratch cycle as a key player in disease pathogenesis is exemplified in AD, a
chronic and relapsing inflammatory skin disorder that typically starts in early childhood and
presents with red, scaly rashes. The central symptom of AD is chronic itch in which the urge to
scratch is often uncontrollable; thus, AD is often referred to as the ‘itch that rashes’. However, in
AD, the point of entry into the itch–scratch cycle is a matter of debate. Underlying defects in the
skin barrier, such as loss-of-function mutations in the epidermal barrier protein filaggrin (FLG)
in humans, have been associated with a heightened risk for developing AD [10,11]. This is often
referred to as the ‘outside-in hypothesis’ [12,13] because barrier breakdown allows for

Key Figure

The Itch–Scratch Cycle

Skin barrier disrupƟon

KeraƟnocytes

DRG
sensory neuron

Brain

Itch

(A)

(C)

(D)

(B)

Immune
cells

InflammaƟon
Sensory
dysfuncƟon

Cytokines,
proteases

Cytokines,
proteases,
AMPs

NeuropepƟdes

Cytokines,
proteases

Scratch

Figure 1. (A) Chronic itch sensations and associated scratching behaviors are components of a dynamic pathological
process known as the itch–scratch cycle. Scratching behaviors exacerbate itch sensation through damage to skin
epithelial cells. (B) The epithelial stress response releases cytokines, proteases, and AMPs that can activate immune cells
to promote inflammation. (C) Keratinocytes may also activate itch-sensory neurons directly through soluble mediators
such as cytokines and proteases. (D) Release of neuropeptides from neurons can also cause neurogenic inflammation. In
contrast, cytokines and proteases produced by immune cells interface with the sensory nervous system to mediate itch.
Abbreviations: AMP, antimicrobial peptide; DRG, dorsal root ganglion.
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TRP in Itch Neuronal Pathway

Fan. 2021. FEBS J.



Quiz!

4. Which of the following molecule is responsive for neurogenic 
inflammation?

b. TRPV1

c. Tryptase

d. IL-31

a. Substance P



3. Diagnosis of 
Neuropathic/Psychogenic
Skin Diseases



Neurogenic Itch
Itch induced by pruritogens in the 

absence of neural damage

Neuropathic Itch
Itch associated with damaged 

neurons



Neuropathic Itch – Canine Syringomyelia (SM)

“Phantom scratching” = Dysesthesia
: spontaneous or evoked unpleasant 
sensaIon

• Breeds - CKCS
• Causes - AlteraIon of sensory threshold?

(spongy degeneraIve change of 
spinal cords)

• Diagnosis - Clinical presentaIon, MRI

Plessas. 2012. Vet Rec; Nalborczyk. 2017. Vet Res



Neuropathic Itch – Canine Syringomyelia (SM)

No difference between SM and control dogs
= No difference in sensory thresholds

Thoefner. 2019. Vet J

• 9 CKCS with SM + phantom scratching
• 20 control dogs 

Mechanical sensory threshold (MST)

Threshold responses were most frequently elicited at testing
point I in case dogs and at testing point II in control dogs (in 50%
and 63%, respectively, of all stimulations that led to a behavioural
response). The MST quantification test procedure was well
tolerated and completed in all dogs. The mean duration of the
procedure (8 min 40 s in case dogs and 4 min 39 s in control dogs)
was not significantly different between the groups (P = 0.054).

Discussion

This study investigated the hypothesis that spinal cord
parenchymal lesions in CKCS with syringomyelia-associated
clinical signs and MRI-confirmed SM would result in MST
measurements that were significantly different from those in
control dogs. Since tactile allodynia is one of the most commonly
observed evoked pains in human patients with SM (Hatem et al.,
2010), we expected to demonstrate lower thresholds as an
indication of increased sensation in the case dogs. Despite a very
strict and detailed study protocol and a very consistent testing
procedure, we were unable to demonstrate the expected difference
between case and control dogs. Subgroup analysis within the
control dogs showed no differences in MST between the side of the
neck used for initial stimulation and the contralateral side. This
finding is consistent with previous findings in MST quantification
studies in healthy dogs (Sanchis-Mora et al., 2017) and healthy
humans (Rolke et al., 2006). Within the case dog group, the overall
comparison of thresholds between the two sides of the neck
revealed no differences. Additionally, we expected lower thresh-
olds in case dogs with asymmetric syrinxes compared to those
with symmetric syrinx distribution. We also expected that the
thresholds in case dogs with unilateral scratching would be lower
on the affected vs. the contralateral side, as previously reported in
dogs with chronic pain (Brydges et al., 2012). However, subgroup
analysis revealed no difference in MST related to either syrinx
distribution or lateralisation of clinical signs.

Based on the results from our pilot study, we expected to detect
a difference in MST between case and control dogs. Localisation
and syrinx distribution, OME status and severity of clinical signs
and neuropathic pain score are among the factors that varied
between case dogs in the pilot study and those enrolled in the
prospective study. The analgesic treatment had been discontinued
by the owners in some of the pilot case dogs prior to MST
quantification, and for most dogs this led to increased intensity of
clinical signs and an assumed change in sensory threshold. These
factors may have influenced the results of the pilot study which led
to an inadequate sample size to detect a difference between groups
in the present study.

In agreement with previous findings (Thofner et al., 2015), the
prevalence of CM and OME was not different between dogs with
and without clinical signs. Nevertheless, the authors speculate that
CM and varying degrees of OME and coexisting deficiencies in
eustachian tube pressure-equalisation could cause scratching
directed at the ear, head and neck in some cases. Similarly, a
recent study of owner-reported clinical signs in CKCS with CM–SM
(Sparks et al., 2018) has suggested a possible lack of association
between SM and the clinical pain phenotype, since CKCS with CM
without SM can present with clinical signs previously reported to
be associated with CM–SM (Rusbridge et al., 2007; Schmidt et al.,
2013). The ideal control group would be CKCS without CM, SM and
OME. The ideal case definition would accordingly have been a SM-
positive CKCS with SM-associated clinical signs without CM and
without OME. Unfortunately, the relative high frequency of both
CM, SM and uni- or bilateral OME in CKCS expressing SM-
associated clinical signs and clinically silent CKCS makes this
almost impossible (Cerda-Gonzalez et al., 2009; Parker et al., 2011;
Plessas et al., 2012; Sanchis-Mora et al., 2016).

In the search for a feasible and reliable diagnostic tool to
identify dogs with altered MST and to evaluate treatment efficacy,
our study was designed to mimic a clinically realistic situation. This
may have increased the background noise relative to the signal. The
methodological variation due to fluctuations in room temperature
and individual (lack of) tolerance to distractions in and outside the
room could have been reduced by using a quiet room at a constant
temperature and by asking the owners to wait outside during
threshold quantification. Variation in hair coat, thickness of the
skin, dermal blood-flow and the distribution of cutaneous
nociceptors are factors that have been reported to affect the
sensory threshold quantification outcome in other species (Love
et al., 2011). Hair coat variation has been accounted for in previous
studies by hair clipping (Knazovicky et al., 2016; Sanchis-Mora
et al., 2017). We decided to omit this due to the risk of skin trauma
and local inflammation on the relatively large area of interest and
the reluctance of owners, especially those who owned breeding
and show dogs without clinical signs.

We chose three testing points on each side of the neck and
decided that a reproducible response at any one site was enough to
determine the MST of the given side of the neck. We also decided
that the individual dog’s MST should be reported as the mean of
MSTs quantified on each side of the neck. The anatomical variation
in lesion localisation among SM-positive CKCS (Loderstedt et al.,
2011) was not accounted for in the protocol. Furthermore, the
order in which the testing points were stimulated could have been
randomised. It is debatable whether a mean of the MSTs quantified
on each side of the neck is a representative measure of MST in

Table 3
The mean of each dog’s paired measurements on both sides of the neck represents the primary outcome mechanical sensory threshold (MST; g) and is reported here as median
(range [interquartile range]) MST, in case and control dogs (a); within case dogs with symmetric and asymmetric syrinxes, respectively (b); and with the sub-group analysis
comparing initial versus contralateral MST within control dogs (c) and case dogs (d).

(a) Cases Controls P

Median MST 0.9 (0.06–175.7 [175.1]) 0.24 (0.02–175.2 [5.1]) 0.25
Initial MST 0.6 (0.04–350 [349.8]) 0.16 (0.02–10 [0.3]) 0.09
Contralateral MST 0.4 (0.04–15 [1.3]) 0.07 (0.02–350 [5.3]) 0.99

(b) Cases, symmetric syrinx Cases, asymmetric syrinx P
Median MST 20.5 (0.1–175.2 [175.1]) 0.6 (0.06–175.7 [175.1]) 0.54

(c) Controls, initial MST Controls, contralateral MST P
Median MST 0.16 (0.02–10 [0.3]) 0.07 (0.02–350 [5.3]) 0.75

(d) Cases, initial MST Cases, contralateral MST P
Median MST 0.6 (0.04–350 [349.8]) 0.4 (0.04–15 [1.3]) 0.06

Symmetric syrinx 26 (0.04–350 [350]) 0.4 (0.2–15 [18.8]) 0.55
Asymmetric syrinx 0.5 (0.07–350 [349.8]) 0.2 (0.04–1.4 [1.4]) 0.18
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Threshold responses were most frequently elicited at testing
point I in case dogs and at testing point II in control dogs (in 50%
and 63%, respectively, of all stimulations that led to a behavioural
response). The MST quantification test procedure was well
tolerated and completed in all dogs. The mean duration of the
procedure (8 min 40 s in case dogs and 4 min 39 s in control dogs)
was not significantly different between the groups (P = 0.054).

Discussion

This study investigated the hypothesis that spinal cord
parenchymal lesions in CKCS with syringomyelia-associated
clinical signs and MRI-confirmed SM would result in MST
measurements that were significantly different from those in
control dogs. Since tactile allodynia is one of the most commonly
observed evoked pains in human patients with SM (Hatem et al.,
2010), we expected to demonstrate lower thresholds as an
indication of increased sensation in the case dogs. Despite a very
strict and detailed study protocol and a very consistent testing
procedure, we were unable to demonstrate the expected difference
between case and control dogs. Subgroup analysis within the
control dogs showed no differences in MST between the side of the
neck used for initial stimulation and the contralateral side. This
finding is consistent with previous findings in MST quantification
studies in healthy dogs (Sanchis-Mora et al., 2017) and healthy
humans (Rolke et al., 2006). Within the case dog group, the overall
comparison of thresholds between the two sides of the neck
revealed no differences. Additionally, we expected lower thresh-
olds in case dogs with asymmetric syrinxes compared to those
with symmetric syrinx distribution. We also expected that the
thresholds in case dogs with unilateral scratching would be lower
on the affected vs. the contralateral side, as previously reported in
dogs with chronic pain (Brydges et al., 2012). However, subgroup
analysis revealed no difference in MST related to either syrinx
distribution or lateralisation of clinical signs.

Based on the results from our pilot study, we expected to detect
a difference in MST between case and control dogs. Localisation
and syrinx distribution, OME status and severity of clinical signs
and neuropathic pain score are among the factors that varied
between case dogs in the pilot study and those enrolled in the
prospective study. The analgesic treatment had been discontinued
by the owners in some of the pilot case dogs prior to MST
quantification, and for most dogs this led to increased intensity of
clinical signs and an assumed change in sensory threshold. These
factors may have influenced the results of the pilot study which led
to an inadequate sample size to detect a difference between groups
in the present study.

In agreement with previous findings (Thofner et al., 2015), the
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almost impossible (Cerda-Gonzalez et al., 2009; Parker et al., 2011;
Plessas et al., 2012; Sanchis-Mora et al., 2016).

In the search for a feasible and reliable diagnostic tool to
identify dogs with altered MST and to evaluate treatment efficacy,
our study was designed to mimic a clinically realistic situation. This
may have increased the background noise relative to the signal. The
methodological variation due to fluctuations in room temperature
and individual (lack of) tolerance to distractions in and outside the
room could have been reduced by using a quiet room at a constant
temperature and by asking the owners to wait outside during
threshold quantification. Variation in hair coat, thickness of the
skin, dermal blood-flow and the distribution of cutaneous
nociceptors are factors that have been reported to affect the
sensory threshold quantification outcome in other species (Love
et al., 2011). Hair coat variation has been accounted for in previous
studies by hair clipping (Knazovicky et al., 2016; Sanchis-Mora
et al., 2017). We decided to omit this due to the risk of skin trauma
and local inflammation on the relatively large area of interest and
the reluctance of owners, especially those who owned breeding
and show dogs without clinical signs.

We chose three testing points on each side of the neck and
decided that a reproducible response at any one site was enough to
determine the MST of the given side of the neck. We also decided
that the individual dog’s MST should be reported as the mean of
MSTs quantified on each side of the neck. The anatomical variation
in lesion localisation among SM-positive CKCS (Loderstedt et al.,
2011) was not accounted for in the protocol. Furthermore, the
order in which the testing points were stimulated could have been
randomised. It is debatable whether a mean of the MSTs quantified
on each side of the neck is a representative measure of MST in
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(range [interquartile range]) MST, in case and control dogs (a); within case dogs with symmetric and asymmetric syrinxes, respectively (b); and with the sub-group analysis
comparing initial versus contralateral MST within control dogs (c) and case dogs (d).
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Threshold responses were most frequently elicited at testing
point I in case dogs and at testing point II in control dogs (in 50%
and 63%, respectively, of all stimulations that led to a behavioural
response). The MST quantification test procedure was well
tolerated and completed in all dogs. The mean duration of the
procedure (8 min 40 s in case dogs and 4 min 39 s in control dogs)
was not significantly different between the groups (P = 0.054).

Discussion

This study investigated the hypothesis that spinal cord
parenchymal lesions in CKCS with syringomyelia-associated
clinical signs and MRI-confirmed SM would result in MST
measurements that were significantly different from those in
control dogs. Since tactile allodynia is one of the most commonly
observed evoked pains in human patients with SM (Hatem et al.,
2010), we expected to demonstrate lower thresholds as an
indication of increased sensation in the case dogs. Despite a very
strict and detailed study protocol and a very consistent testing
procedure, we were unable to demonstrate the expected difference
between case and control dogs. Subgroup analysis within the
control dogs showed no differences in MST between the side of the
neck used for initial stimulation and the contralateral side. This
finding is consistent with previous findings in MST quantification
studies in healthy dogs (Sanchis-Mora et al., 2017) and healthy
humans (Rolke et al., 2006). Within the case dog group, the overall
comparison of thresholds between the two sides of the neck
revealed no differences. Additionally, we expected lower thresh-
olds in case dogs with asymmetric syrinxes compared to those
with symmetric syrinx distribution. We also expected that the
thresholds in case dogs with unilateral scratching would be lower
on the affected vs. the contralateral side, as previously reported in
dogs with chronic pain (Brydges et al., 2012). However, subgroup
analysis revealed no difference in MST related to either syrinx
distribution or lateralisation of clinical signs.

Based on the results from our pilot study, we expected to detect
a difference in MST between case and control dogs. Localisation
and syrinx distribution, OME status and severity of clinical signs
and neuropathic pain score are among the factors that varied
between case dogs in the pilot study and those enrolled in the
prospective study. The analgesic treatment had been discontinued
by the owners in some of the pilot case dogs prior to MST
quantification, and for most dogs this led to increased intensity of
clinical signs and an assumed change in sensory threshold. These
factors may have influenced the results of the pilot study which led
to an inadequate sample size to detect a difference between groups
in the present study.

In agreement with previous findings (Thofner et al., 2015), the
prevalence of CM and OME was not different between dogs with
and without clinical signs. Nevertheless, the authors speculate that
CM and varying degrees of OME and coexisting deficiencies in
eustachian tube pressure-equalisation could cause scratching
directed at the ear, head and neck in some cases. Similarly, a
recent study of owner-reported clinical signs in CKCS with CM–SM
(Sparks et al., 2018) has suggested a possible lack of association
between SM and the clinical pain phenotype, since CKCS with CM
without SM can present with clinical signs previously reported to
be associated with CM–SM (Rusbridge et al., 2007; Schmidt et al.,
2013). The ideal control group would be CKCS without CM, SM and
OME. The ideal case definition would accordingly have been a SM-
positive CKCS with SM-associated clinical signs without CM and
without OME. Unfortunately, the relative high frequency of both
CM, SM and uni- or bilateral OME in CKCS expressing SM-
associated clinical signs and clinically silent CKCS makes this
almost impossible (Cerda-Gonzalez et al., 2009; Parker et al., 2011;
Plessas et al., 2012; Sanchis-Mora et al., 2016).

In the search for a feasible and reliable diagnostic tool to
identify dogs with altered MST and to evaluate treatment efficacy,
our study was designed to mimic a clinically realistic situation. This
may have increased the background noise relative to the signal. The
methodological variation due to fluctuations in room temperature
and individual (lack of) tolerance to distractions in and outside the
room could have been reduced by using a quiet room at a constant
temperature and by asking the owners to wait outside during
threshold quantification. Variation in hair coat, thickness of the
skin, dermal blood-flow and the distribution of cutaneous
nociceptors are factors that have been reported to affect the
sensory threshold quantification outcome in other species (Love
et al., 2011). Hair coat variation has been accounted for in previous
studies by hair clipping (Knazovicky et al., 2016; Sanchis-Mora
et al., 2017). We decided to omit this due to the risk of skin trauma
and local inflammation on the relatively large area of interest and
the reluctance of owners, especially those who owned breeding
and show dogs without clinical signs.

We chose three testing points on each side of the neck and
decided that a reproducible response at any one site was enough to
determine the MST of the given side of the neck. We also decided
that the individual dog’s MST should be reported as the mean of
MSTs quantified on each side of the neck. The anatomical variation
in lesion localisation among SM-positive CKCS (Loderstedt et al.,
2011) was not accounted for in the protocol. Furthermore, the
order in which the testing points were stimulated could have been
randomised. It is debatable whether a mean of the MSTs quantified
on each side of the neck is a representative measure of MST in
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in the present study.

In agreement with previous findings (Thofner et al., 2015), the
prevalence of CM and OME was not different between dogs with
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directed at the ear, head and neck in some cases. Similarly, a
recent study of owner-reported clinical signs in CKCS with CM–SM
(Sparks et al., 2018) has suggested a possible lack of association
between SM and the clinical pain phenotype, since CKCS with CM
without SM can present with clinical signs previously reported to
be associated with CM–SM (Rusbridge et al., 2007; Schmidt et al.,
2013). The ideal control group would be CKCS without CM, SM and
OME. The ideal case definition would accordingly have been a SM-
positive CKCS with SM-associated clinical signs without CM and
without OME. Unfortunately, the relative high frequency of both
CM, SM and uni- or bilateral OME in CKCS expressing SM-
associated clinical signs and clinically silent CKCS makes this
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temperature and by asking the owners to wait outside during
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et al., 2017). We decided to omit this due to the risk of skin trauma
and local inflammation on the relatively large area of interest and
the reluctance of owners, especially those who owned breeding
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We chose three testing points on each side of the neck and
decided that a reproducible response at any one site was enough to
determine the MST of the given side of the neck. We also decided
that the individual dog’s MST should be reported as the mean of
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Neuropathic Itch – Canine Syringomyelia (SM)

Hu. 2012. Res Vet Sci

SP CGRP
• Canine spinal cord tissues: CKCS + SM (symptomatic/asymptomatic)

Significant difference of SP between symptomatic SM and control dogs
(No difference between symptomatic and asymptomatic)



Neuropathic Itch – Acral Mutilation Syndrome
• Cause

- autosomal-recessive sensory neuropathy
(diminution of pain perception)

• Clinical presentation 
- sudden intense licking → auto-amputation

• Breeds - German short-haired pointer,
English springer spaniel,
English/French spaniel

• Mean age - 4 months
• Diagnosis - by clinical signs
• Prognosis - poor

Gnirs. 2005. Vet Dermatol

Reduced number of neurons



Neuropathic Itch – Acral Mutilation Syndrome
• SNP mutations at lincRNA upstream of GDNF = GDNF-AS

Plassais. 2016. PLoS Genet

GDNF (glial cell derived neurotrophic factor)
: a small protein that promotes the survival of many types of neurons
LincRNA (long noncoding RNA)
: >200 nucleotides at intron (not translated) that might regulate gene expression 



Neuropathic Itch – Tail Dock Neuroma
• Regenerative growth of nerves (neuroma) → pain → tail biting

Gross. 1990. Vet Pathol



Neuropathic Itch – Tail Dock Neuroma

P< 0.05 was considered statistically significant, whereas
0.05< P< 0.10 was considered a tendency.

Results

Due to sporadic mortality, especially in the days after
farrowing, and some cases of bitten tails throughout the life
span of the pigs, the number of experimental pigs within
each treatment varied.

Tail length and diameter
On the day of tail docking, the intact tails of the piglets were
on average 9.2 ± 0.9 cm (range 7.2 to 11.3 cm) and did not
differ between the experimental treatments (P> 0.10). After
slaughter, both the length of the tails (mean tail length
30.6 ± 0.6; 24.9 ± 0.4; 19.8 ± 0.6 and 8.7 ± 0.6 cm, respec-
tively, P< 0.001) and the diameter (measured 0.5 cm from
the tip of the tail: 0.5 ± 0.03; 0.8 ± 0.02; 1.0 ± 0.03 and
1.4 ± 0.04 cm, respectively, P< 0.001) differed significantly
between the treatments. For the tail lengths, all four
treatments differed significantly from each other (P< 0.05),
whereas the diameters of the intact tails were significantly
smaller compared with the other three treatments (P< 0.05),
and the diameters of the 75%-tails group were significantly
smaller than the 25%-tails group (P< 0.05).

Effects of tail docking and docking length
Results from the comparison between intact (n = 18) and
docked tails (n = 47) are shown in Table 1. No neuromas
were found in intact tails. No neuroanatomical differences
were found between the three docking lengths, as shown in
Table 2. Figures 2 and 3 show a cross-section of a normal,
intact tail tip and a cross-section of a tail tip from a pig with
50% of the tail left on the body, respectively.

Discussion

The present study focussed on consequences of tail docking
and effects of different docking lengths (removal of 25 to
75% of the tail length). Docking tails using hot-iron cautery
led to the formation of neuromas, the examination of which
took place when the pigs were slaughtered at 22 weeks of
age. The different docking lengths were still evident in the
tail length as well as diameter at slaughter. Even though the

presence of neuromas have been associated with increased
nociceptive sensitivity, abnormal spontaneous nervous activity
and non-evoked pain in other species (Wall and Gutnick,
1974; Gross and Carr, 1990) and after other types of tissue
damage (Breward and Gentle, 1985; Dahl-Pedersen et al.,
2013), the existence of changes in porcine tail sensitivity after

Figure 2 Cross-section of a normal, non-docked tail tip from a pig
slaughtered at 22 weeks of age. The section represents Section C from
the lateral part of the left side (see Figure 1). The normal nerves (→ )
were outlined immunohistochemically by staining the ensheathing
Schwann cells by S-100. Scale bar = 200 µm.

Figure 3 Cross-section of a tail tip from a pig slaughtered at 22 weeks
of age with 50% of the tail docked. Centrally, an enormous granuloma –
that is, aggregates of hypertrophic axons ensheathed by Schwann
cells – is seen to be intermingled and surrounded by multiple layers of
fibrous tissue. Haematoxylin and eosin. Scale Bar = 200 µm.

Table 1 Effects of tail docking (all docking lengths combined) at days 2
to 4 of life on the extent of neuroma formation in pigs after slaughter at
22 weeks of age

Variables Intact tails Docked tails P-value

Number of animals 18 47
% of tails with neuromas 0 64 P< 0.001
Number of neuromas per tail 0 1.0 ± 0.2 P< 0.001
Mean size of neuromas (μm) 0 1023 ± 592 P< 0.001

Data are presented as proportion of pigs or the mean value ± s.e.

Table 2 Effects of tail docking length at days 2 to 4 of life on the tail
nerve pathology in pigs after slaughter at 22 weeks of age

Variables
75%
left

50%
left

25%
left s.d. P-value

Number of animals n = 17 n = 19 n = 11
% of tails with neuromas 53 74 64 ns
Number of neuromas per tail 0.8 1.3 1.0 1.1 ns
Mean size of neuromas (μm) 797 1119 1080 592 ns

Data are presented as proportion of pigs or the mean value, as well as the
overall standard deviation and the P value

Tail docking length and neuroanatomical changes

679

• Tail docking neuroma in piglets

Tail docking by a hot iron

Herskin. 2015. Animal

P< 0.05 was considered statistically significant, whereas
0.05< P< 0.10 was considered a tendency.

Results

Due to sporadic mortality, especially in the days after
farrowing, and some cases of bitten tails throughout the life
span of the pigs, the number of experimental pigs within
each treatment varied.

Tail length and diameter
On the day of tail docking, the intact tails of the piglets were
on average 9.2 ± 0.9 cm (range 7.2 to 11.3 cm) and did not
differ between the experimental treatments (P> 0.10). After
slaughter, both the length of the tails (mean tail length
30.6 ± 0.6; 24.9 ± 0.4; 19.8 ± 0.6 and 8.7 ± 0.6 cm, respec-
tively, P< 0.001) and the diameter (measured 0.5 cm from
the tip of the tail: 0.5 ± 0.03; 0.8 ± 0.02; 1.0 ± 0.03 and
1.4 ± 0.04 cm, respectively, P< 0.001) differed significantly
between the treatments. For the tail lengths, all four
treatments differed significantly from each other (P< 0.05),
whereas the diameters of the intact tails were significantly
smaller compared with the other three treatments (P< 0.05),
and the diameters of the 75%-tails group were significantly
smaller than the 25%-tails group (P< 0.05).

Effects of tail docking and docking length
Results from the comparison between intact (n = 18) and
docked tails (n = 47) are shown in Table 1. No neuromas
were found in intact tails. No neuroanatomical differences
were found between the three docking lengths, as shown in
Table 2. Figures 2 and 3 show a cross-section of a normal,
intact tail tip and a cross-section of a tail tip from a pig with
50% of the tail left on the body, respectively.

Discussion

The present study focussed on consequences of tail docking
and effects of different docking lengths (removal of 25 to
75% of the tail length). Docking tails using hot-iron cautery
led to the formation of neuromas, the examination of which
took place when the pigs were slaughtered at 22 weeks of
age. The different docking lengths were still evident in the
tail length as well as diameter at slaughter. Even though the

presence of neuromas have been associated with increased
nociceptive sensitivity, abnormal spontaneous nervous activity
and non-evoked pain in other species (Wall and Gutnick,
1974; Gross and Carr, 1990) and after other types of tissue
damage (Breward and Gentle, 1985; Dahl-Pedersen et al.,
2013), the existence of changes in porcine tail sensitivity after

Figure 2 Cross-section of a normal, non-docked tail tip from a pig
slaughtered at 22 weeks of age. The section represents Section C from
the lateral part of the left side (see Figure 1). The normal nerves (→ )
were outlined immunohistochemically by staining the ensheathing
Schwann cells by S-100. Scale bar = 200 µm.

Figure 3 Cross-section of a tail tip from a pig slaughtered at 22 weeks
of age with 50% of the tail docked. Centrally, an enormous granuloma –
that is, aggregates of hypertrophic axons ensheathed by Schwann
cells – is seen to be intermingled and surrounded by multiple layers of
fibrous tissue. Haematoxylin and eosin. Scale Bar = 200 µm.

Table 1 Effects of tail docking (all docking lengths combined) at days 2
to 4 of life on the extent of neuroma formation in pigs after slaughter at
22 weeks of age

Variables Intact tails Docked tails P-value

Number of animals 18 47
% of tails with neuromas 0 64 P< 0.001
Number of neuromas per tail 0 1.0 ± 0.2 P< 0.001
Mean size of neuromas (μm) 0 1023 ± 592 P< 0.001

Data are presented as proportion of pigs or the mean value ± s.e.

Table 2 Effects of tail docking length at days 2 to 4 of life on the tail
nerve pathology in pigs after slaughter at 22 weeks of age

Variables
75%
left

50%
left

25%
left s.d. P-value

Number of animals n = 17 n = 19 n = 11
% of tails with neuromas 53 74 64 ns
Number of neuromas per tail 0.8 1.3 1.0 1.1 ns
Mean size of neuromas (μm) 797 1119 1080 592 ns

Data are presented as proportion of pigs or the mean value, as well as the
overall standard deviation and the P value

Tail docking length and neuroanatomical changes
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Disturbances at the somatosensory system

Steinhoff. 2018. Lancet Neurol

1. Trigeminal trophic syndrome (CNⅤ)

2. Brachioradial pruritus (C5-C6)

3. Notalgia paresthetica (T2-T6)

n Focal NI syndrome

Neuropathic Itch – Radiculopathy



Steinhoff. 2018. Lancet Neurol

n Diagnostic imaging (CT, MRI)

n Clinical manifestation

Trigeminal trophic 
syndrome

Brachioradial pruritus

Notalgia paresthetica

CNⅤ

T2-T6

Dermatome

C5-C6

Neuropathic Itch – Radiculopathy



• 7 years old

• Castrated male

• Labrador retriever

One-month history of severe localized itch, unresponsive 
to glucocorticoid treatment

Chief complaint

Neuropathic Itch – Radiculopathy



n Treatment at rDVM
– Topical/systemic GC
– Trazodone
– Oclacitinib
– Gabapentin (20 mg/kg/d)

History
n No prior history of major skin issues
n Self-grooming facility

No response

Slight improvement

To NCSU

2 days later
n Severe localized itch



Day 1 – Physical Examina5on

n MRI: No abnormalities



Dermatome

TG DRGs



Dermatome

Neuropathic Itch
(due to cervical radiculopathy: C3)



Neurogenic/Neuropathic Itch? –
FeHV-Associated Dermatitis

• Facial pruritus
• Causes - combinaIon of neurogenic (inflammatory) 

and neuropathic? itch

Hargis. 1999. Vet Dermatol; Townsennd  2013. BMC Vet Res

not detected [17]. The isolation of FeHV-1 from the
uveal tract demonstrates that cats, like mice infected
with HSV-1 [32], experience active intra-ocular virus
replication.
Another not previously reported finding was the isola-

tion of FeHV-1 from all retinas during the acute phase
of the disease. As retinal homogenates were used in the
current study, we were unable to determine the specific
layer of the retina involved during the acute phase of in-
fection. In one murine model HSV-1 study, utilizing
corneal scarification prior to inoculation, infectious virus

was detected within the retinal photoreceptors [33]. Note-
worthy also is that after intracameral administration of
HSV-1 in a murine HSV-1 model, the virus is detected
within the contralateral, but not the ipsilateral retina [34].
In the present study, FeHV-1 reached the retina without
intracameral injection or corneal scarification. No visual
deficits were noted. However fundic examinations were
not performed as part of this study and therefore retinal
abnormalities might not have been detected. In addition,
histologic examination was not performed on any of the
intra-ocular tissues. Therefore while FeHV-1 was detected
within multiple ocular tissues, the morphological changes
due to the presence of the virus were not evaluated.
In the murine HSV-1 model an intense inflammatory

response is noted histologically in response to the intra-
ocular infection [33,34]. In contrast, the cats in this
study showed no clinical signs of intraocular inflamma-
tion despite the presence of relatively large amounts of
replicating virus. Perhaps the magnitude of the infection
(8–14 times less virus in the intra-ocular tissues com-
pared with the cornea and conjunctiva) explains the lack
of intra-ocular inflammation noted in this study. The
amount of FeHV-1 present within the intra-ocular tissues
is much less than the 2×104 plaque forming units used to
inoculate the anterior chamber in the murine model [34].
Ocular examination with a slit-lamp biomicroscope would
be required in future studies to detect subtle inflamma-
tion. Future studies combining histologic examination and
in situ hybridization will further clarify this difference.
Virus particles and FeHV-1 DNA were detected during

this study within the optic nerve and optic chiasm. Since
these tissues lack neuronal cell bodies [35] the virus
must either have been undergoing axonal transport [35],
have infected glial cells within the optic nerve and chi-
asm [36], or have been present within leukocytes within
the neural tissues [37]. Reubel et al. [16] and Weigler
et al. [17] have previously detected latent FeHV-1 DNA
within the optic nerves and chiasms using PCR assays.
In this study latent viral DNA was not detected within
optic chiasm homogenates. Viral FeHV-1 DNA, but not
infectious virus, was present in the optic nerve of one
cat. However in this cat virus was isolated from the cor-
nea making it difficult to conclude that the DNA present
in the optic nerve was latent.
FeHV-1 was also detected within the ciliary, ptery-

gopalatine, and cranial cervical autonomic ganglia ex-
amined in this study. Involvement of the autonomic
ganglia has not previously been associated with FeHV-1
infection. In this study FeHV-1 established latent infec-
tions within the CCG of all cats. The consistent pres-
ence of latent FeHV-1 within the CCG is similar to the
behavior of varicella zoster virus (VZV), also a member
of the Varicellovirus genus, which is consistently found
not only in cranial nerve ganglia [9,10], but also in
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Figure 1 FeHV-1 copy number versus days post inoculation.
The average number of copies of FeHV-1 genome per 100 cells was
plotted against the days post inoculation. The FeHV-1 copy number
decreases over time in most tissues sampled. However, the ciliary
ganglia, trigeminal ganglia, cranial cervical ganglia, and optic chiasm
had higher levels of virus present at day 10 than at day 6.
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not detected [17]. The isolation of FeHV-1 from the
uveal tract demonstrates that cats, like mice infected
with HSV-1 [32], experience active intra-ocular virus
replication.
Another not previously reported finding was the isola-

tion of FeHV-1 from all retinas during the acute phase
of the disease. As retinal homogenates were used in the
current study, we were unable to determine the specific
layer of the retina involved during the acute phase of in-
fection. In one murine model HSV-1 study, utilizing
corneal scarification prior to inoculation, infectious virus

was detected within the retinal photoreceptors [33]. Note-
worthy also is that after intracameral administration of
HSV-1 in a murine HSV-1 model, the virus is detected
within the contralateral, but not the ipsilateral retina [34].
In the present study, FeHV-1 reached the retina without
intracameral injection or corneal scarification. No visual
deficits were noted. However fundic examinations were
not performed as part of this study and therefore retinal
abnormalities might not have been detected. In addition,
histologic examination was not performed on any of the
intra-ocular tissues. Therefore while FeHV-1 was detected
within multiple ocular tissues, the morphological changes
due to the presence of the virus were not evaluated.
In the murine HSV-1 model an intense inflammatory

response is noted histologically in response to the intra-
ocular infection [33,34]. In contrast, the cats in this
study showed no clinical signs of intraocular inflamma-
tion despite the presence of relatively large amounts of
replicating virus. Perhaps the magnitude of the infection
(8–14 times less virus in the intra-ocular tissues com-
pared with the cornea and conjunctiva) explains the lack
of intra-ocular inflammation noted in this study. The
amount of FeHV-1 present within the intra-ocular tissues
is much less than the 2×104 plaque forming units used to
inoculate the anterior chamber in the murine model [34].
Ocular examination with a slit-lamp biomicroscope would
be required in future studies to detect subtle inflamma-
tion. Future studies combining histologic examination and
in situ hybridization will further clarify this difference.
Virus particles and FeHV-1 DNA were detected during

this study within the optic nerve and optic chiasm. Since
these tissues lack neuronal cell bodies [35] the virus
must either have been undergoing axonal transport [35],
have infected glial cells within the optic nerve and chi-
asm [36], or have been present within leukocytes within
the neural tissues [37]. Reubel et al. [16] and Weigler
et al. [17] have previously detected latent FeHV-1 DNA
within the optic nerves and chiasms using PCR assays.
In this study latent viral DNA was not detected within
optic chiasm homogenates. Viral FeHV-1 DNA, but not
infectious virus, was present in the optic nerve of one
cat. However in this cat virus was isolated from the cor-
nea making it difficult to conclude that the DNA present
in the optic nerve was latent.
FeHV-1 was also detected within the ciliary, ptery-

gopalatine, and cranial cervical autonomic ganglia ex-
amined in this study. Involvement of the autonomic
ganglia has not previously been associated with FeHV-1
infection. In this study FeHV-1 established latent infec-
tions within the CCG of all cats. The consistent pres-
ence of latent FeHV-1 within the CCG is similar to the
behavior of varicella zoster virus (VZV), also a member
of the Varicellovirus genus, which is consistently found
not only in cranial nerve ganglia [9,10], but also in
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Figure 1 FeHV-1 copy number versus days post inoculation.
The average number of copies of FeHV-1 genome per 100 cells was
plotted against the days post inoculation. The FeHV-1 copy number
decreases over time in most tissues sampled. However, the ciliary
ganglia, trigeminal ganglia, cranial cervical ganglia, and optic chiasm
had higher levels of virus present at day 10 than at day 6.
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FeHV-1 experimental infection in cats



Psychogenic Pruritus



Psychogenic Itch – Acral Lick Dermatitis (ALD)

Shumaker. 2019. Vet Clin Small Anim

• Causes - 1. Allergy 2. Orthopedic 3. Neurologic 
4. Neoplasia 5. Focal infection 5. Behavioral

For behavioral ALD
• Prevalence - 50% of ALD??
• Breeds - Large breeds

(Doberman pinscher, Great Dane, Labrador 
retriever, Irish setter, golden retriever, 
boxer, Weimaraner, German shepherd)

• Median age - 4 years old
• Diagnosis - by exclusion 



Psychogenic Itch – Feline Psychogenic Alopecia

• Causes - stress-related overgrooming
• Prevalence - 1.2 - 4.7% of itchy cats
• Breeds - Siamese, Abyssinian,

Asian cats??
• Age - no predilecIons
• Diagnosis - by exclusion 

Muller & Kirk. 2013. Small Animal Dermatology 7th ed



Waisglass. 2019. Vet Clin Small Anim

Psychogenic Itch – Feline Psychogenic Alopecia

Presumptive “psychogenic alopecia” 
referred to the behavior service 

n = 21

Psychogenic 
alopecia

n = 2 (10%)

Psychogenic 
+ medical

n = 3 (14%)

Medical causes
n = 16 (76%)

Atopy
Food allergy
Flea allergy
Hypersensi[vity
Parasites



Titeux. 2018. Front Vet Sci

Psychogenic Itch? – Feline Idiopathic Ulceration

• Causes - unknown
- self-induced by stress??

• Clinical presentation
- non-healing ulceration at dorsal 

neck and shoulder
• Diagnosis - by exclusion 

Modification of cat environment
No medication

CR: all 15 cats

Day 15



Quiz!

5. What is the name of gene that is associated with acral 
mu<la<on derma<<s in German short-haired pointer?

a. PNPLA1

c. FLCN

d. HAS2

d. GDNF 

Ichthyosis

Acral mutilation syndrome

Nodular dermatofibrosis

Shar-Pei fever



4. Management of
Neuropathic Itch



n No therapies for NI have been approved
n Anti-histamine, glucocorticoids, pain 

medications

Neuropathic Itch – Treatment

Steinhoff. 2018. Lancet Neurol

ineffective…

n RecommendaIons:
– Barriers to reduce scratching
– Local anestheIcs



Choice of medications 
depending on the target 
level of the nerve system

include the opioid receptors and cannabinoid receptors. The TRPs
encompass many subfamilies of receptors such as TRP vanilloid (eg,
TRPV1), and TRP ankyrin (eg, TRPA1). In addition to their activation
downstream of GPCRs, TRPs also can be activated by external
stimuli such as temperature, pH, and capsaicin.3,5

Other receptors implicated in the pathway of chronic itch include
opioid receptors, protease-activated receptors (PARs), and neuro-
kinin receptors (NK). Opioid receptors involved in the itch pathway
include the mu-opioid receptors and kappa-opioid receptors.
Imbalance in mu-opioid and kappa-opioid receptor activation can
result in neural sensitization leading to chronic itch.3

The PARs are a type of GPCR that are activated by proteolytic
cleavage of an extracellular domain. Cowhage, a well-known non-
histaminergic itch mediator, activates PAR-2 and PAR-4. Proteases
such as trypsin, kallikrein, and many others also can activate PAR-2
and PAR-4, causing nonhistaminergic itch.3

Finally, NK receptors are abundant throughout the central nervous
system and skin. Neurokinin-1 is activated by substance P, which
causes a downstream release of additional molecules causing pruri-
tus.3On themolecular level,manyadditional receptorsexist forwhich
targets have not yet been developed, such as Mas-related G protein-
coupled receptors (MRGPRs) and gastrin-related peptide receptor.

Nonimmunological Management of Chronic Itch

Chronic itch can be difficult to manage; however, with a
deeper understanding of the mechanism of itch, effective

therapies have been developed, and many more are on the ho-
rizon. Figure 3 illustrates where each therapy carries out its
mechanism of action.

Topical Therapies

Topical Anesthetics
Topical anesthetics such as pramoxine 1%, lidocaine 2.5% to 5%,

and prilocaine 2.5% creams, come with low cost and minimal risk
when treating pruritus.6,7 They may be used individually or as a
eutectic mixture of local anesthetic, a creammade up of equal parts
lidocaine 2.5% and prilocaine 2.5%. Topical anesthetics work by
reversibly antagonizing sodium channels, interfering with impulse
production and action potential conduction in nerves.8

Because of their action on nerves, topical anesthetics are useful
in the treatment of neuropathic pruritus, but reports have also
shown benefit in anogenital and facial itch, as well as uremic
pruritus.6,9 Results vary among patients, but topical anesthetics
may be considered for providing some relief in patients with
chronic localized pruritus, even if only for short-term.

Ketamine-Amitriptyline-Lidocaine
Another topical anesthetic preparation includes a combination

of 5% lidocaine with 5% to 10% ketamine and 5% amitriptyline.7

Currently, this is perhaps the most effective form of topical anes-
thetic preparation given for chronic itch in the authors’ experience.
Although the mechanism of this combination has yet to be fully

IV ketamine
Mirtazapine
SSRIs, SNRIs
TCAs
Gabapen egabalin
Kappa-opioid agonists
NK-1 Inhibitors

Topical anes
Topical KAL
Topical capsaicin
Topical menthol
Topical stro
Topical cannabinoids
Botulinum Toxin
NK-1 Inhiitors
Thalidomide

Gabapen egabalin
Kappa-opioid agonists
NK-1 inhibitors
Thalidomide

Brain

Spinothalamic tract

Skin

Spinal cord

DRG

Peripheral nerve fiber

Figure 3. Treatments for chronic itch and where they work in the central or peripheral nervous systems. Abbreviations: DRG, dorsal root ganglion; IV, intravenous; KAL,
ketamine-amitriptyline-lidocaine; NK-1, neurokinin receptor-1; SNRI, serotonin norepinephrine reuptake inhibitor; SSRI, serotonin reuptake inhibitor.

E. Fowler and G. Yosipovitch / Ann Allergy Asthma Immunol 123 (2019) 158e165160

Folwer 2019. Ann Allergy Asthma Immunol

Topical anesthetics
Topical capsaicin
Topical menthol
Topical cannabinoids
Anti-histamines
NK-1R inhibitors
Lokivetmab

Gabapentin, Pregabalin
Kappa-opioid agonists
NK-1R inhibitors

TCAs
SSRIs, SNRIs
Mirtazapine
Gabapentin, Pregabalin
Kappa-opioid agonists
NK-1R inhibitors



PNS – Topical Anesthetics

- Lidocaine
- Prilocaine
- Pramoxine

Dinakar. 2012. EssenKal Clinical Anesthesia

Na+ channel open

Local anestheticInactivation gate

Na+ channel closed
Nerves

Na+ Na+



icilin

, menthol

℃

PainPain

Dhaka. 2006. Annu. Rev Neurosci

PNS – Topical Capsaicin



PNS – Topical Capsaicin

Chung. 2016. PharmaceuKcals

Transient analgesia Long-acting effect



• 12 AD dogs
• 0.025% topical capsaicin, q12h, for 6 weeks

Marsella. 2002. Vet Dermatol

*

PNS – Topical Capsaicin



icilin

, menthol

℃

PainPain

Dhaka. 2006. Annu. Rev Neurosci

PNS – Topical TRPM8 Agonist



Excitation of Aδ fibers by TRPM8 (cold) inhibits 
the signaling of C fibers (itch)

PNS – Topical TRPM8 Agonist
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Day 1 Day 7 Day 1 Day 7

Cryosim-1 Placebo

P < 0.01 P < 0.01

No significant 
difference between 

two treatment groups

PNS – Topical TRPM8 Agonist
• 9 AD dogs
• 2% topical cryosin-1

q12h, for 7 days
P = 0.125

Tamamoto-Mochizuki. 2017. Vet Dermatol



PNS & CNS – Cannabinoids

Baswan. 2020. Clin Cosmet Investing Dermatol; Miragliotta. 2018. Vet Dermatol

?

Cannabinoid receptor (CB) 1 & 2
Proliferator-activated receptor (PPAR) α & γ



PNS & CNS – Cannabinoids

Avila. 2020. J Am Acad Dermatol

Increasing K+ current

Inhibition of Ca2+-ch

Decreased neurotransmitter release



PNS & CNS – Cannabinoids

Marsella. 2019. Arch Dermatol

• 19 experimental AD dogs
• Topical endocannabinoid reuptake inhibitor, q12-24h 

Start treatment

Endocannabinoid re-uptake inhibitor         Vehicle

Inhibitor group
• Significant reduction of 

pruritus compared to 
the baseline (Day 8)

• No difference with 
placebo



PNS & CNS – Cannabinoids

Noli. 2019. Vet Dermatol

• 15 AD cats
• Ultramicronized Palmitoylethanolamide (PEA-um), 15 mg/kg q24h



Morphine

PNS & CNS – Opioid Receptors

Itch
Anti-itch

- μ-opioid receptor antagonist
- κ-opioid receptor agonist

Anti-itch effect



- Naltrexone (μ-opioid antagonist) 
• Positive response in acral lick dermatitis

- Asimadoline (κ-opioid agonist)
• 14 experimental AD dogs
• 1% topical asimadoline, 4 weeks

PNS & CNS – Opioid Receptors

White. 1990. J Am Med Assoc; Marsella. 2021. Exp Dermatol

Start treatment

Asimadoline



p = 0.44
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Placebo Anti-NGF

? GC

anti-NGF mAb
(ranevetmab)

Olivry. 2019. Itch

No anti-itch effect

PNS – Anti-NGF mAb
• 5 AD dogs



PNS & CNS – Maropitant (NK-1R inhibitor)

ü Might be effective in cats
(but no data in dogs)

• 12 AD cats (open-labeled, uncontrolled pilot study)
• Maropitant 2 mg/kg, q24h for 4 weeks

SCORFAD
pVAS
Efficacy

%
 re

du
ct

io
n 

in
 sc

or
es

Maina. 2019. J Feline Med Surg



CNS – Gabapentin

Schimidt. 2013. Anesthesiology 

GABA



CNS – Gabapentin

• 48 CKCS dogs w/ Chiari-like 
malformaIon +/- syringomyelia 
(retro study)

• Gabapen<n 10 mg/kg q8-12h or 
Pregabalin (2-4 mg/kg, q8h)
+/- carprofen treated (n = 39)
or no treatment (n = 9)

Plessas. 2012. Vet Rec

ü Deterioration of pruritus over time



Systemic Drug – NMDA Receptor Antagonist

- Amantadine
- Topiramate

GABA↑

Harte. 2020. Pract Diabetes

NMDA receptor

NMDA

*NMDA: N-methyl D-aspartate 



Grant. 2014. Vet Dermatol

CNS – Topiramate
• Feline idiopathic ulceration
• Topiramate (5 mg/kg, q12h)

4 weeks later



Systemic Drug – SSRI

• Selective serotonin reuptake inhibitor (SSRI)
- Amitriptyline (TCA)
- Clomipramine (TCA)
- Doxepin (TCA)
- Fluoxetine

*TCA: tricyclic anHdepressant

Serotonin↑• Acral lick dermatitis
• cAD?

Serotonin
SSRI



Any Questions?

Chie Tamamoto-Mochizuki
cmochiz@ncsu.edu


