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SIGNIFICANCE
Chronic itch affects millions of people worldwide, drasti-
cally decreasing their quality of life. In warm conditions itch 
can be exacerbated, but it is unclear to what extent this 
phenomenon occurs and if elucidating this effect might be 
useful in the development of new treatments for itch. This 
study investigated the effect of mild heating of the skin on 
various modalities of itch. Itch sensation was increased in 
2 out of 3 different modalities when the skin was mildly 
heated. Moreover, itch was increased at different tempe-
ratures. These insights may be of use in developing new 
therapies for chronic itch.

Chronic itch can severely affect quality of life. Patients 
report that their chronic itch can be exacerbated by 
exposure to warm conditions (“warmth hyperkne­
sis”). The aim of this mechanistic study was to investi­
gate the effect of mild heating of the skin in humans 
on various experimental models of itch. A total of 18 
healthy subjects were recruited to the study. Itch was 
provoked by histamine, serotonin, or cowhage in 3 dif­
ferent sessions. The provoked area was heated with an 
infrared lamp, and the skin temperature was either not 
altered, or was increased by 4°C or 7°C. Subsequent to 
induction of itch, the itch intensity was recorded for 10 
min while the skin was heated continuously through­
out the entire period of itch induction. Heating the skin 
resulted in a significant increase in itch intensity when 
provoked by histamine or serotonin. It is possible that 
thermoception and pruriception interact and selective­
ly produce a higher itch intensity in histaminergic and 
serotoninergic itch. 

Key words: itch; warmth; hyperknesis; histamine; serotonin; 
cowhage.
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Chronic itch can severely affect patients’ lives and is 
very burdensome. Two of the most important fea-

tures widely exhibited by patients with chronic itch are 
alloknesis (itch caused by a stimulus that normally does 
not evoke itch) and hyperknesis (a normal itchy stimulus 
evokes a stronger and/or longer-lasting itch response). 
Despite the intense search for new treatments and 
therapies, they are still largely ineffective for the majority 
of patients with chronic itch (1, 2). This is partly due to 
the lack of comprehension of the basic mechanisms of 
inhibiting or facilitating itch and methods to exploit these 
mechanisms in humans. 

In recent years, studies have focused on the relationship 
between heat and itch, and shown that heat in the noxious 
range can inhibit experimentally evoked itch to various 
degrees (3–5). Unfortunately, applying heat in the noxious 
range (> approximately 45°C) as a treatment modality is 
not a feasible solution, due to the potential skin damage 
that prolonged exposure may cause. Conversely, animal 

studies have shown that innocuous warming of the skin 
can exacerbate scratching behaviour (6). This evidence 
has been also confirmed in patients with inflammatory 
itch disorder (7). Such a mechanism is usually referred 
to as ”warmth hyperknesis” (7–9). It has been shown 
that various cutaneous receptors are responsible for the 
warmth sensation, e.g. the transient receptor potential 
vanilloid (TRPV) receptors family, specifically TRPV3 
and TRPV4 (10–14). However, the mechanisms behind 
these independent observations are unknown.

In this regard, there is a need to study the underlying 
mechanisms between innocuous heat perception and itch 
perception, in order to find suitable receptor targets or 
devices for new treatment options. 

Three experimental models used widely in preclini-
cal studies are histaminergic itch, serotoninergic itch, 
and cowhage-induced itch (15–18). Based on the data 
and experiences from clinical observations, as well as 
patients’ responsiveness to treatments, it is of crucial 
importance to use different models, as, to date, none 
of these is similar enough to the features observed in 
patients with chronic itch (19).

The aim of this study was to evaluate the effect of 
mild skin heating on itch, using 3 human itch surrogates 
induced by histamine, serotonin, and cowhage (non-
histaminergic itch). 

MATERIALS AND METHODS

Experimental design

A total of 18 healthy subjects participated in the current study (10 
males; 25 ± 0.53 years of age). The study was subdivided into 3 
sessions of 1.5 h each, in which participants underwent a single 
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itch provocation, different in each session (Fig. 1A). At the start 
of the first session, it was briefly explained to the participants that 
a script to provide specific instruction on the experiment would 
be used throughout the entire study. This was done to reduce to 
a minimum the bias the researcher might involuntarily exert on 
the participant. In each session, 3 areas were marked on the volar 
forearms: 2 on 1 forearm, and 1 on the other forearm, randomized 
between left and right (Fig. 1B). 

The study was approved by the regional ethics committee 
(Denmark, Nordjylland number N-20180035). All participants 
provided signed informed consent before participation and could 
withdraw from the study at any time. 

Itch provocation

Itch was provoked by 3 different substances and methods: his-
tamine, serotonin, and cowhage. Histaminergic itch was evoked 
as described previously (5). Briefly, a drop of histamine chloride 
(1%; Diagenics, Milton Keynes, UK) was applied in the designa-
ted area on the skin in the centre of the area and punctured with a 
standard skin-prick test needle (Diagenics, Milton Keynes, UK). 
This method is safe, and ensures the development of itch sensation 
coupled with development of a wheal (20, 21).

Serotoninergic itch was evoked using the iontophoresis techni-
que, where an area of skin next to the area marked for itch induc-
tion was treated with a special abrasive cream, and rubbed with 
a cotton swab to reduce impedance (Nuprep, Weaver and Co., 
Aurora, CO, USA). The conductive pad was applied to the same 
area, connected to the cathode cable of the iontophoreser (Moor 
Instruments, Axminster, Devon, UK). The ion chamber was then 
placed in the marked area and filled with 150 μl serotonin solution 
(17 mg/ml in 2.5% methylcellulose; Sigma Aldrich, Søborg, Den-
mark). Iontophoresis was performed at 0.250 mA for 120 s (22, 23). 

Cowhage-induced itch was evoked by application of 35–40 
cowhage spicules on the skin; as described previously (5, 24, 25).

Skin temperature evaluation

The skin temperature was measured with an infrared thermometer 
pointed at the desired spot from a distance of approximately 30 
cm. Measurements were performed at the start of the study at 2 
points (at the itch application site and 4 cm from the application 
site; Fig 1B); subsequently, the temperature was evaluated at both 
sites every minute and recorded. 

Skin warming

The skin was warmed using an infrared lamp pointed directly at 
the skin. The distance from the lamp to the skin was adjusted ac-
cordingly, in order to maintain a constant target temperature, and 
always at least 20 cm away from the skin to avoid risk of burning. 
This procedure was started prior to itch induction and the heating 
was subsequently maintained for 10 min. The temperatures to 
which the skin was heated were randomized between the left 
and right arms, as was a control/placebo condition in which the 
skin was not heated (Fig. 1B). Two different target temperatures 
were chosen: +4° and +7°C above the ambient skin temperature 
(~32°C), as recorded beforehand (Fig. 2). 

Itch intensity assessment

The itch intensity was assessed continuously using a digital-visual 
analogue scale (VAS; eVAS Software; Aalborg University, Aal-
borg, Denmark) and sampled every 5 s (0.2 Hz) by the software. 
This scale ranges from 0 to 100, where 0 indicates ”No itch” and 
100 ”Worst imaginable itch”. The participants were instructed 
to rate their itch sensation continuously after itch induction. The 
recording was stopped by the experimenter 10 min after itch 
provocation. 

Blood skin perfusion analysis

Blood skin perfusion was analysed by full-field laser perfusion 
imaging (FLPI; Moor Instruments). Briefly, exactly 10 and 15 
min after the start of the itch induction, the FLPI was placed ap-
proximately 40 cm above the forearm and an image was captured. 
The images were analysed using proprietary software (MoorFLPI 
2.0 Review Version 5.0; Moor Instruments), where the region 
of interest (ROI) was outlined (the 3×3 cm area marked for itch 
induction) and then the mean perfusion was calculated and suc-
cessively recorded. 

Statistical analysis

The data collected for itch intensity in the form of temporal profiles 
were used to calculate the area under the curve (AUC) for every 
condition, using the trapezoidal method explained by Bailer (26). 
The temporal profiles were subdivided into smaller windows of 2 
min each. Subsequently, the conditions (control, +4°C, and +7°C) 

Fig. 1. (A) Schematic representation of the 
experiment. All itch provocations were randomized 
for placement and order. The order of the different 
skin temperature conditions was also randomized. 
(B) Schematic representation of the localization 
of itch provocation site, skin warming areas and 
temperature measurement sites. Control: unaltered 
skin temperature; +4°C: skin temperature increased 
by 4°C; +7°C: skin temperature increased by 7°C.

http://medicaljournalssweden.se/actadv
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Fig. 2. Skin temperature analysis. The temperature was measured in 2 different point itch provocation sites (red lines) and control sites (grey lines) 
every minute, starting before the skin was heated and up to 10 min after itch induction. t0 indicates the time-point when itch was provoked. +4°C and 
+7°C indicate how much the skin was heated before the itch induction.

Fig. 3. Histaminergic itch analysis and comparisons between the different conditions for every time window. (A) Temporal profiles of itch 
ratings starting from immediately after the itch provocation up to 10 min later. Dotted lines represent the division in the different time window analysed. 
(B) Area under the curve (AUC) analysis of the itch intensity evoked in different conditions. (C) Table showing the results of the statistical analysis. In 
each cell the percentage change is indicated on the right and the p-value on the left. Significant p-values are indicated in red. *p < 0.05. VAS: visual 
analogue scale; +4°C and +7°C indicate how much the skin was heated before itch induction.

http://medicaljournalssweden.se/actadv
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were compared with each other within the same time window, to 
elucidate the differences occurring in all phases of development of 
itch sensation. Repeated-measure analysis of variance (ANOVA) 
was used for statistical comparisons of itch intensity temporal 
profiles and the mean of the skin blood perfusion for each region 
of interest, using Bonferroni as post hoc test. p < 0.05 was consi-
dered significant.

RESULTS

Effect of mild skin warming on itch intensity
Histaminergic itch increased significantly when the skin 
was heated by 7°C in the first 2 min (63%, p = 0.0422; 
Fig. 3). No significant difference in itch intensity was 
reported for conditions in which the temperature was 
increased by 4°C, or during later phases. 

Serotoninergic itch increased significantly when the 
skin was heated by 4°C in the first 4 min compared with 
the control condition (0–2 min: 83%, p = 0.0024, 2–4 
min: 53%, p = 0.0369; Fig. 4). No significant difference 
in itch intensity was reported when the temperature was 
increased by 7°C, or during later phases. 

Itch intensity evoked by cowhage on skin warmed by 
either 4°C or 7°C did not differ from the control condi-
tion (Fig. 5). 

Skin temperatures and blood flow analysis
The target temperatures achieved by skin warming were 
constant and did not vary significantly across time or met-
hod of itch induction (Fig. 1B and Fig. 2). For the control 
condition, skin temperature decreased by 1.5–2ºC follow-
ing application of each pruritogen (Fig. 2, upper row). 

The blood flow after the histaminergic itch induction 
showed no difference when the skin was heated by 4°C 
or 7°C compared with the control condition (Fig. 6A). 

Itch induced by serotonin provoked a significant 
increase in skin blood flow when the skin was heated 
by 7°C, but not by 4°C, compared with the control 
condition. This was observed both 10 and 15 min after 
the induction of itch (22%, p = 0.0435, 28%, p = 0.0006, 
respectively; Fig. 6B).

Cowhage-induced itch provoked an increased blood 
skin flow when the skin was heated by 4°C and 7°C 
compared with the control condition, 10 min after the 
induction of itch (28%, p = 0.0227, 59%, p = 0.0006, 
respectively, Fig. 6C). However, 15 min after the itch 
provocation there was a significant difference only when 
the skin was heated by 7°C (85%, p = 0.0113, Fig. 2C). A 
significant difference was also found when the compared 
skin temperature increased by 4°C and 7°C 10 min after 
induction of itch (25%, p = 0.0188, Fig. 6C). 

Notably, there was no correlation between skin blood 
flow and itch intensity, expressed either as AUC or as 
mean VAS score (data not shown).

DISCUSSION

This study showed that histaminergic and serotonergic 
experimentally provoked itch could be facilitated by 
warmth stimulation (+4°C and +7°C above normal skin 
temperature), whereas cowhage-induced itch was not 
altered by the skin warming. 

As observed in many previous studies, the normal skin 
temperature is approximately 32°C (4, 27–30). There-

Fig. 4. Serotoninergic itch analysis and comparisons between the different conditions for every time window. (A) Temporal profiles of itch 
ratings starting from immediately after itch provocation up to 10 min later. Dotted lines represent the division in the different time window analysed. 
(B) Area under the curve (AUC) analysis of the itch intensity evoked in different conditions. (C) Table showing results of statistical analysis. In each cell 
the percentage change is indicated on the right and the p-value on the left. Significant p-values are indicated in red. *p < 0.05, **p < 0.01; VAS: visual 
analogue scale; +4°C and +7°C indicate how much the skin was heated before itch induction.

http://medicaljournalssweden.se/actadv
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fore, the skin temperatures used in this study were 32°C 
(normal/control), ≈36°C (+4°C) and ≈39°C (+7°C). In the 
control condition the temperature decreased by 1.5–2°C 
throughout the 10 min, both at the injection site and 4 
cm distant from it (control site). This was considered 
normal, due to the long exposure to room temperature 
of the volar aspects of the forearm. 

The histaminergic itch was enhanced during the onset 
phase when the skin temperature was increased by 7°C, 
whereas the serotoninergic itch was enhanced by an 
increase in temperature of 4°C.

This line of evidence suggests a modulatory role of 
innocuous heat on itch sensation. It has been widely re-

ported that noxious heat (i.e. ≥45°C) can inhibit and, in 
certain conditions, even resolve the itch sensation (3–5). 

Modulation of itch intensity

These results are not in line with an animal study demon-
strating that solely serotoninergic itch has been enhanced 
by warmth (6). There is no clear explanation for this 
discrepancy, but a few considerations can be suggested. 

It is well known that thermal perception relies on the 
TRPV receptors family. Specifically, TRPV1 has been 
widely associated with the perception of higher tempe-
rature evoked pain (activated by temperature ≥ 42°C; 

Fig. 5. Cowhage­induced itch analysis and comparisons between the different conditions for every time window. (A) Temporal profiles of itch 
ratings starting from the moment after the itch provocation up to 10 min later. Dotted lines represent the division in the different time window analysed. 
(B) Area under the curve (AUC) analysis of the itch intensity evoked in different conditions. (C) Table showing the results of the statistical analysis. In 
each cell, the percentage change is indicated on the right and the p-value on the left. VAS: visual analogue scale; +4°C and +7°C indicate how much 
the skin was heated before itch induction.

Fig. 6. Superficial skin blood perfusion analysis. The data collected are indicated on the left and right side of all the graphs, respectively 10 and 15 
min after the itch induction. The data are indicated as arbitrary units and refer to the mean flux of the superficial skin perfusion in the region of interest 
selected. (A) Histamine-induced itch. (B) Serotonin-induced itch. (C) Cowhage-induced itch. *p < 0.05, ***p < 0.001; +4°C and +7°C indicate how much 
the skin was heated before itch induction.

http://medicaljournalssweden.se/actadv
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thermal pain threshold ≈45°C); whereas TRPV3 and 
TRPV4 have been implicated with the thermal percep-
tion of temperature in the innocuous range (i.e. TRPV3 
≥33°C; TRPV4 27–42°C) (31). It has also been shown 
how TRPV4 ablation or antagonism selectively inhibits 
serotoninergic itch (11, 32). Similarly, it has been shown 
that TRPV4 is involved in the histaminergic itch pathway 
(33). It could therefore be speculated that the effect ob-
served on histamine- and serotonin-induced itch may be 
due to the interaction with TRPV4. Interaction with the 
innocuous warmth receptor TRPV3 cannot be ruled out.

The lack of temperature effect on cowhage-induced 
itch seems to indicate an insufficient (or absent) interac-
tion between the proteinase-activated receptor 2 (PAR2) 
mediating this type of non-histaminergic itch and the 
TRPV3 and TRPV4 receptors. 

However, it has been shown that activated PAR2 
cooperates with TRPV3 to elicit the itch sensation (13, 
14). The current data suggest that the co-activation of 
TRPV3 (e.g. by increasing the skin temperature) with 
PAR2 (e.g. evoked by mucunain released by cowhage 
spicules (34, 35)) is not able to increase the itch sensa-
tion over its threshold derived from the PAR2 activation 
alone. Nonetheless, it is possible that PAR2 activation 
leads to an increased warmth sensation due to its known 
interaction with TRPV3 (13). However, we do not have 
any results to support this hypothesis and therefore we 
cannot rule out other possibilities. 

Modulation of itch intensity (onset phase)
The warmth-evoked itch facilitation was noted parti-
cularly during the early onset phases of histaminergic 
and serotoninergic itch. This suggests that the receptor 
modulation may be more active during this initial dyna-
mic phase, and at higher receptor activation levels a more 
rapid decrease was observed compared with controls. 
Given these premises, the data suggest that the interaction 
between the thermoreceptors and the itch receptors (i.e. 
histamine receptor and serotonin receptor) predominantly 
occur during the phase of increased activation, but not 
when stable or less activation is present. This informa-
tion may be of use in the possible development of ways 
to counteract the clinical problem of heat-evoked itch 
facilitation (warmth alloknesis).

Modulation of neurogenic inflammation

The skin blood perfusion analysis revealed an increase in 
blood perfusion following skin warming and itch induc-
tion by cowhage (when the skin was heated by 4°C and 
7°C at both time-points analysed) and serotonin (only 
observed when the skin was heated by 7°C at both time-
points). Therefore, it appears that increased blood flow 
is not an important feature for modulating itch provoked 
by cowhage and serotonin. However, due to the afore-

mentioned increased blood perfusion, one can speculate 
that the known interaction between TRPV3 and TRPV4 
with the PAR2 receptor (13) and serotonin receptors (11, 
32), respectively, could contribute to increased blood 
flow despite constant itch intensity. It is known that both 
TRPV3 and PAR2 are involved in inflammatory response 
(36–41) and the possible co-activation could at least 
partly be responsible for the increased skin blood flow 
observed. The interaction between serotonin receptors 
with TRPV4 has been shown, but not with TRPV3, for 
which there is no evidence. This could suggest that the 
increased blood flow observed exclusively when the skin 
was heated by 7°C (i.e. ≈39°C), is due to a marked activa-
tion of TRPV4 (activation temperature 27–42°C (31)). 
The lack of increase in skin blood flow with histaminer-
gic itch between the control and the heating conditions 
could indicate that the histamine-induced neurogenic 
inflammatory increased blood flow is not enhanced by 
additional heating of the skin. 

It is notable that these data also raise questions regar-
ding involvement of the autonomic nervous system. It has 
been shown how both sympathetic and parasympathetic 
nervous systems are recruited in patients with chronic 
itch (42–44) and when itch is experimentally induced 
(45–47). It would be interesting to analyse how other 
parameters, such as heart rate variability, vasoconstric-
tion reflexes and blood pressure, varies between the heat 
and no-heat conditions in this experiment. Further studies 
are needed to explore how the autonomic nervous system 
interacts with itch intensity and blood flow and such a 
mechanism could potentially be exploited. 

Study limitations
Only 2 temperatures (other than the control condition 
without any external influence) were used as inter-
mediate temperature ranges. It would still be possible 
to explore higher temperatures (e.g. +9°C) before the 
noxious level is reached. The study was designed with 
a singular warmth condition per forearm every session, 
while the control condition was randomized between the 
2 forearms. Adding an extra higher temperature session 
could have increased the chance of interference between 
different conditions. 

It might also have been of importance to record the 
provoked warmth perception/intensity during the itch 
provocation; however, being able to discriminate a dif-
ference in thermal sensation and, at the same time, rate 
changes in the itch perception/intensity would probably 
have reduced the accuracy of the itch ratings, on which 
the primary aim of this study is based.

The overall itch sensation perceived when induced 
by serotonin was lower compared with that induced by 
histamine and cowhage, leaving us with the limitation of 
not having comparable itch intensity among the different 
models. Nonetheless, the serotonin concentration (17 

http://medicaljournalssweden.se/actadv
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mg/ml) used in the current study was the maximum pos-
sible, due to the intrinsic solubility of the molecule. The 
induction method used in this study has also been used 
in previous studies, achieving similar (22), or slightly 
higher itch intensity (23). 

Conclusion
Slight increases (4°C and 7°C) in skin temperature result-
ed in increased itch intensity when provoked by seroto-
nin and histamine, but not when provoked by cowhage 
spicules (non-histaminergic itch). This evidence partly 
confirms recent animal studies regarding serotoninergic 
itch, but contradicts animal results showing no effect with 
histaminergic itch (6). Cowhage-induced itch intensity 
was not affected by warmth, but the heating caused ad-
ditional increases in skin blood flow, probably due to the 
known interaction between PAR2 and TRPV3 receptors. 
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