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Abstract

Background:Today, itching is understoodas an independent sensoryperception,which

is based on a complex etiology of a disturbed neuronal activity and leads to clin-

ical symptoms. The primary afferents (pruriceptors) have functional overlaps with

afferents of thermoregulation (thermoceptors). Thus, an antipruritic effect can be

caused by antagonizing heat-sensitive receptors of the skin. The ion channel TRP-

subfamily V member 1 (TRPV1) is of particular importance in this context. Repeated

heat application can induce irreversible inactivation by unfolding of the protein, caus-

ing a persistent functional deficit and thus clinically and therapeutically reducing itch

sensation.

Material and methods: To demonstrate relevant heat diffusion after local application

of heat (45◦C to 52◦C for 3 and 5 seconds) by a technical medical device, the temper-

ature profile for the relevant skin layer was recorded synchronously on ex vivo human

skin using an infraredmicroscope.

Results: The results showed that the necessary activation temperature for TRPV1 of

(≥43◦C) in the upper relevant skin layers was safely reached after 3 and 5 seconds of

application time. There were no indications of undesirable thermal effects.

Conclusion: The test results show that the objectified performance of the investi-

gated medical device can be expected to provide the necessary temperature input for

the activation of heat-sensitive receptors in the skin. Clinical studies are necessary to

prove therapeutic efficacy in the indication pruritus.
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1 INTRODUCTION

Chronic pruritus is a subjectively felt clinical symptom caused by an

independent sensory perception due to a complex etiology of a dis-

turbed neuronal activity.1 In this process, the neurosensory signal

is conducted by primary afferent fibers (pruriceptors) from the skin
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via the spinal cord to the brain.2,3 These pseudounipolar and poly-

modal pruriceptors are divided according to biophysical criteria into

thin myelinated A (diameter 2–5 μm, conduction velocity < 8 m/s)

and unmyelinated C fibers (diameter 0.2–1.5 μm, conduction veloc-

ity < 2 m/s).4,5 They are integrated into an interactive milieu that is

regulated and determined by molecular (e.g., cytokines, ion channels),
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chemical (e.g., pH), physical (e.g., temperature, tissue tension), and cel-

lular (e.g., lymphocytes, macrophages) environmental conditions.6–8

Of particular interest is the influence of pruriceptors and thermosen-

sitive nociceptors on sensory neurons (thermoceptors). The latter

include both cold (activity <35◦C) and heat (activity >25◦C/>35◦C)

receptors.9–11 The functional overlap of these nociceptive systems

allows specific manipulation of the activation behavior of the pruricep-

tors by activating the thermoceptors.12 Transient Receptor Potential

(TRP) proteins, which are particularly, but not exclusively, expressed

on the surface of sensory neurons, are of primary importance as

thermosensitive nociceptors. TRPs control the passage of ions across

the cell membrane in both cold- and heat-regulated ways. In the

present context, heat-dependent nociceptors are of particular inter-

est, with a threshold temperature at the field skin of approximately

34◦C–42◦C.11

TRP-subfamily V member 1 (TRPV1) is a very well-studied ion

channel that multimodally converts cellular signals into membrane

depolarization and causes an increase in intracellular calcium.11,13,14

It is expressed in high density on peripheral sensory neurons and is

directly related to pain perception.15 Its activation occurs by temper-

atures >42◦C–43◦C, a low pH environment, or by chemical ligands

containing a vanilloid group, such as capsaicin, by proton transfer of

small-molecule lipophilic substances such as anandamide, a cannabi-

noid lipid, and other agonists.14,16–18 Other thermoceptors such as

TRPV3 (activity between 30◦C and 33◦C), the potassium channels

TRAAK and TREK-1 as well as voltage-gated K+ channel ß2 (KVß2)

have a subordinate function.19–21 The particular importance of TRPV1,

apart from nociception of pain, lies mainly in mediating IL-31- or

histamine-induced itch.22,23 In addition, TRPV1 initiates itch per-

ception through TRPV4 and is functionally involved in mediating

neurogenic inflammatory processes.24,25

Against this background, antagonization of TRPV1 with the aim

of analgesic, antipruritic, but also anti-inflammatory effects are

obvious.14,26 A variety of approaches using small-molecule antagonists

and therapeutic antibodies can be found in the literature, predom-

inantly in animal models, but some in humans.27 However, these

pharmacological approaches have limitations because of the ubiq-

uitous expression of TRPV1 and the associated potential risks of

systemic application.

For dermatological indications, especially for antipruritic therapy,

the epicutaneous application of formulations with small-molecule

antagonists is an option, although these have not yet been devel-

oped to market approval. Another possibility of antagonizing TRPV1

arises from the observation that locally applied hyperthermia leads

to a sustained local reduction of pain and itching.28,29 This can be

explained by the fact that repeated activation of TRPV1 by thermal

pulses above 41◦C–43◦C leads to partial or complete unfolding of the

channel protein and thus to its irreversible inactivation.30,31 The heat

input necessary for this effect is provided by a technical medical device

that normally applies thermal pulses of ∼51◦ but can be modified to

apply thermal pulses of 45◦C–52◦C for 3 or 5 s.32 In particular, the

thermal conductivity of the upper skin layers within the epithelium,

rather than thermal convection or thermal radiation, results in ther-

mal energy input into the relevant skin layers.33,34 Since the skin is

a complex tissue and its thermal conductivity ultimately corresponds

to the cumulative properties of all its components, the actual thermal

input could previously only be estimated. The present investigations

were intended todetermine theheat inputover time specifically for the

individual skin layers by means of a realistic experimental set-up using

infraredmicroscopic measurements on ex vivo human skin.

2 MATERIAL AND METHODS

2.1 Camera system

The thermography system ImageIR® 7380 (InfraTec GmbH, Dresden,

Germany) was used for the investigations. This is a high-resolution IR

camera with a full frame frequency of 75 Hz, a resolution of 640 × 512

infrared pixels and a measurement accuracy of ±1%. For the measure-

ment, a precision microscope lens LG3010 (M = 3.0×) from the same

manufacturer was used for a working distance of 22 mm (Figure 1).

The camera system was built by the manufacturer (InfraTec GmbH,

Dresden, Germany) and calibrated before use. The data recording and

evaluation of the thermography imageswere carried out using the soft-

ware IRBIS® 3.1.84 professional (InfraTec GmbH, Dresden, Germany).

The raw data were exported into MS Excel format and processed for

graphical display.

2.2 Medical device

Allmeasurementswere conductedwith standard “bite away” electron-

ics (Mibetec GmbH, Sandersdorf-Brehna, Germany). The marketed

version is configurated with a temperature/time interval of ∼51◦C for

3 or 5 s. The changes of the configuration of the control parameters, in

detail the treatment temperature and time, were done via a program-

ming adapter.35 The programming adapter enabled a communication

between the bite away electronics and a PC system. To modify the

relevant treatment parameters a control softwareMessPC® Win (Net-

Ways GmbH, Nürnberg, Deutschland) was used that could also initiate

the treatment start. The remotely initialized start of the treatment

was important to avoid interferences by the body heat of an opera-

tor. As a protection of the electronics a 3D-printed housing was used.

A magnetic mounting system made it possible to mount the housing

on a carrier plate as well as to adjust the electronics and the skin

samples.

2.3 Experimental design

The investigations were performed on freshly excised ex vivo mam-

mary skin (Biopredic International, Saint Grégoire, France). The tissue

sections were postoperatively cleaned with mull pads and isotonic

NaCl solution. The subcutaneous adipose tissue was mechanically dis-

sected and discarded. Circular pieces of skin (20 mm in diameter)
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F IGURE 1 Experimental setup of the
measuring track with representation of the
individual components

were punched, hermetically sealed in tin foil, packed in an occlusive

polyethylene bag, and stored at −20◦C for 2–3 weeks. At the time of

the investigation, the pieces of skinwere completely defrosted at room

temperature and the surfacewas dried using cotton pads. After a visual

examination for physical damage the pieces of skin were allowed to

equilibrate in the holding device and to hydrate. Afterward a prestudy

integrity evaluation of skin pieces was carrying out. For evaluating

the hydration of the horny layer as a measure of the barrier function,

the capacity above the skin surface was measured by means of a cor-

neometer (Courage andKhazakaElectronicGmbH,Cologne,Germany)

and under standardized conditions. The corneometer has a measur-

ing depth of about 30 μm. Grid-shaped metal sheets that are isolated

against each other within the measuring probe, taking the effect of

a condensator, enable the measurement of changes in the capacity

according to the water content as nondimensional values at the test

areas. The external conditions of measurement were ensured in com-

pliancewith the EEMCO-Guidelines. The integritywas found outwhen

the corneometer valuewas in the range of 25th−75th percentile of the

values (46–57 AU) of a blank population.

The test device consisted of a horizontal rail system on which the

camera with the microscope lens was installed. In the direction of the

camera optics, a metal plate was fixed at the end of the rail system at

an angle of 90◦. On this plate, both the holder for both the medical

device and for the skin sample could be continuously placed via mag-

netic connections. Before positioning it on a copper tempering plate

at the bottom, the skin was thinly moistened with a pure hydrogel

(Raya Hyaluronic Acid Gel, density 1015 cm3, ExperChem Ltd., Wein-

heim, Germany) to ensure better heat coupling to reduce the skin

temperature to 32◦C (body surface temperature). The copper plate

was tempered to exactly 32◦C (±0.2◦C) by a circulation thermostat

(PT31, Krüss GmbH, Hamburg, Germany) with a heat transport fluid

(mixture of water and glycol). In order to standardize the contact pres-

sure of the temperature-giving ceramic plate of the medical device, a

positioning rodwas guidedover a pipe bracket exactly over the ceramic

plate. The positioning rod had a net weight of 4.0 g.

Figure 1 pictures the test setup graphically. It shows the horizon-

tal examination process in which the IRmicroscope focuses the human

skin on the outer, straight edge and thus detects all layers. The ceramic

heating plate of the medical device is placed on the skin surface, so

that changes in temperature in the respective skin layers can be mea-

sured synchronously. Due to the control electronics, the temperature

transfer from the ceramic heating plate to the skin as well as the tem-

perature distribution within the skin layers was measured at the initial

temperatures from 45◦C to 52◦C (in 1◦C steps) for 3 and 5 s each. The

tests were carried out in three independent test runs on the skin of 3

different donors and averaged in the evaluation.

2.4 Data processing

The evaluator software allows the temperature levels to be read out

over time for defined range of the two-dimensional, incorrectly coded

IR image (so-called regions of interest). For this purpose, the image sec-

tions of both the IR image and the histological cryocut image for every

F IGURE 2 Overlay of magnification-identical image of skin
sample cryocut (left) and false color-coded IR image (right) for the
identification of the anatomical skin layers in the IR image
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F IGURE 3 Mean temperature gradients based on the anatomical layers after 3 s application duration. The beginning of the temperature entry
and the activation range of the TRPV1 (>42–43◦C) are shown

F IGURE 4 Mean temperature gradients based on the anatomical layers after 5 s application duration. The beginning of the temperature entry
and the activation range of the TRPV1 (>42–43◦C) are shown

individual skin sample were clearly assigned to each other, aligned at

the lower limit of the ceramic heating plate (Figure 2). In the respec-

tive anatomical layers, thus defined, horizontal measuring lines of the

same length were defined in the IR image. The course of the tempera-

ture progression in the respective layers over time was used as mean

values for the comparative evaluation. The data thus determined were

exported from themeasurement software andprocessed intoMSExcel

forMac (V16.34) for the graphic representation of the data. The graphs

were created using DataGraph 4.5 (Visual Data Tools Inc., USA).

3 RESULTS

The measurement shows a calculated and effective heat transfer from

the medical device into the skin. The target temperatures (>42◦C–

43◦C) for activating TRPV1 in the target compartment of the skin (vital

epidermis) were reached.36 With an application of the medical device

for over 5 s (Figure 3), the temperature threshold was exceeded much

longer compared to 3 s (Figure 4), so that an activation of TRPV1

appears more certain here.
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F IGURE 5 Mean temperature gradients in the vital epidermis (target compartment) based on the application temperature after 3 s application
duration

F IGURE 6 Mean temperature gradients in the vital epidermis (target compartment) based on the application temperature after 5 s application
duration

Considering the results of the thermodiffusion into the vital epi-

dermis as the target compartment, it becomes clear that in the

given experimental set-up the application temperature has only a

small influence on the temperature curve compared to the applica-

tion duration (Figures 5 and 6). As stated above, heat conductance

into the skin and therefor the achievement of the activation temper-

ature of TRPV1 of 42◦C–43◦C is dependent on regional as well as

intra- and interindividual differences of skin texture, justifying a vari-

able application temperaturewithin defined limits. In addition, not only

the duration of the necessary tempering level for activating TRPV1

does not appear to be constant, also the level of response of the TRPV1

receptors to heat stimuli varies with different temperatures.

Figures 7 and 8 show the min-max curves for 3 s application

(Figure 7) and 5 s application (Figure 8) for descending application

temperature. Here too, it becomes clear that the thermal conductive

properties of skin samples from different donors vary and cannot be
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F IGURE 7 Min/max temperature gradients in the vital epidermis based on the respective application temperature after 3 s application
duration
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F IGURE 8 Min/max temperature gradients in the vital epidermis based on the respective application temperature after 5 s application
duration
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judged by the anatomical and barrier-related integrity. This results in

a temperature difference of about 2◦C for the target compartment.

These observations are also due to interindividual, biologically justified

variability.

In Figures 3 and 4 the delay of heat diffusion from the heat source to

the skin tissue is shown. The constant thermal conductivity of the skin

leads to a delay of the temperaturemaximum in the skin tissue by 5–6 s

after 3 s and after 5 s heat application (Figures 3 and4). The almost syn-

chronous temperaturemaxima in different skin layers suggest a steady

state,which canbe justifiedby theachieved thermal conductivity of the

skin tissue.

4 DISCUSSION

The heat output (Q) transmitted by the heat conduction is described

by the Fourier law.37 For the simplified case of a solid body (in this

case= skin sample) with two parallel surfaces (top and bottom) is:

Q = 𝜆 × A ×
TW1 − TW2

d
.

TW1 represents the warmer surface (skin surface), TW2 the colder

surface (skin base = copper plate), A the surface (surface of the

heat sensor),λ the thermal conductivity (temperature-dependent char-

acteristic of material) and d for the thickness of the body (skin

thickness).38,39 The heat transport is also described by the concept of

heat flux density (q).40 Since these laws apply only to media having a

homogenic composition, it cannot be applied in the present case. Fur-

thermore, lateral heat dissipation is very likely, so that the calculation

of heat conduction variables did not prove successful for biologi-

cal material with an inhomogeneous and variable composition.33,41

Against this background, the experiments carried out on ex vivo human

skin reflect the processes of thermal diffusion at and immediately after

the application of the medical device far better. Nevertheless, it must

be noted that the experiment does not exactly simulate the vital condi-

tions of perfused skin. The removal of the skin from the tissue bandage

also altered the lateral heat diffusion. Due to hygienic and ethical con-

cerns, examinations on perfused, vital skin with lateral IR imaging is

not appropriate. The strategy for the experiments was chosen to pro-

duce almost realistic results. A lateral heat loss is very likely when skin

samples are used, and it can be assumed that the real isotherms in the

anatomical layers are slightly higher.

The interpretation of the present data in the light of the intended

use of the medical device under real life conditions must consider the

wide range of biological variability of the skin. Especially the inter- and

intra-individually varying anatomical thickness of the relevant skin lay-

ers and their composition, in particular theirmoisture and lipid content

will contribute to a different heat conductance into the skin.42 In addi-

tion, special features arise from the pathological changes in the skin

structure accompanying pruritic dermatoses as well as by the inten-

sity of the dermatosis to be treated. Furthermore, it can be assumed

that in chronic itching states, both the expression pattern and the func-

tionality of TRPV1 can change.43 The resulting individual conditions

of heat transfer and conduction between micro compartments cause

individual heat transfer when applied.44 However, since under real life

conditions the biological characteristics in terms of the thickness of

the skin (application area, age, sex) and of the water content, which

is particularly relevant for the thermal conductivity of the upper lay-

ers (stratum corneum), vary greatly.45–47 Therefore, on the basis of the

available data, it can be assumed that an application of the medical

device for 3 smay not always sufficiently effective under all application

conditions. Rather, an application should be preferred for 5 s to ensure

sufficient heat diffusion. In addition, the data also show that the max-

imum tissue temperatures reached appear unsuitable for triggering

direct thermal damage according to denaturation of structural pro-

teins. Thus, a relevant security risk, even with repeated application, is

theoretically very unlikely or excluded. Nevertheless, safety, especially

with repeated use, has yet to be demonstrated in clinical trials. In the

literature there are some clinical studies with local hyperthermia and

with technically comparable parameters. These show both inhibitory

effects on histaminergic induced itching and safe use of comparable

Peltier devices.35,48,49

In summary, it can be stated that the present test results demon-

strate a relevant cutaneous heat input with temperature maxima

of ≥43◦C after application of local hyperthermia of 45◦C to 52◦C for

5 s with “bite away” electronic (Mibetec GmbH, Sandersdorf-Brehna,

Germany). As shown previously in in vivo experiments, the pain thresh-

old in humans for heat application of 3 s duration is around 48◦C

to 50◦C making it reasonable to apply an standardized temperature

of ∼51◦C.50 However, the clinically relevant performance and safety

of the medical device must be proven in clinical studies in popula-

tions with defined clinical indication of pruritic diseases. This includes

different application temperatures, durations and regimes.
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