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Abstract: Brief, localized, cutaneous, non-painful thermal stimuli can evoke a transient vasomotor response, caus-
ing increased cutaneous blood flow and elevated skin temperature. The aims of this study were to investigate 1) if 
cutaneous sensitization by topical application of capsaicin (TRPV1 receptor agonist) can facilitate the size, duration 
and spatial extent of this vasomotor response and 2) if males and females respond differently. Thermal pulses 
(43°C for 60 seconds) were applied on left/right volar forearms of 15 age-matched males and females. Skin tem-
perature and cutaneous blood flow were measured 1, 5, 10, 15, and 30 minutes after heat application before and 
after topical capsaicin (1%, 30 min application) with contralateral arm serving as the control. Recordings were made 
from the region of interest at distances of 2, 4, 6, 8, and 10 cm from the capsaicin application site. Sensitization 
significantly enhanced skin temperature for up to 30 min and compared with non-sensitized skin at 10 min. Females 
showed the strongest response after sensitization, but the response lasted longer and spread more widely in males. 
The blood flow responses were significantly longer after capsaicin (from 5 to 30 minutes after thermal application). 
This increased blood flow extended outside the treated area up to 10 min after stimulation. After sensitization, the 
area under the blood flow response curves showed significantly stronger responses in females, spreading 4 cm 
outside the stimulation site. Cutaneous sensitizing caused prolonged and spatially expanded vasomotor responses 
to standardized thermal stimulation with sex specific differences.
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ous

Introduction

A brief, transient controlled heat stimulus (43°C 
for 60 seconds) applied to the skin has recently 
been shown to provoke a profound localized 
vasomotor reflex response (elevated blood flow 
and temperature) without provoking pain [1]. 
This novel mechanism may have a number of 
diagnostic and pharmaco-technological appli- 
cations.

In recent years, transdermal drug delivery has 
gained more focus, with a significant increase 
in FDA-approved transdermal drugs [2]. It would 
be of interest if transiently changing the status 
of the superficial vascular plexus could result in 
a higher systemic absorption of a transdermally 
delivered intracutaneous drug. This vasomotor 
provocation technology could also be envi-

sioned to enhance absorption of intradermally 
placed macromolecules. Such an “on-demand” 
option, consisting of a passive delivery process 
in combination with accelerated controllable 
absorption could offer new opportunities for 
pain control, for example. 

Drug penetration and absorption depends on 
many factors such as lipophilicity, molecule 
size, diffusion rates, skin barrier, capillary den-
sity, vascular permeability, and the rate of vas-
cular perfusion [3, 4]. For small diffusible mol-
ecules, clearance from the dermis is highly 
dependent on local blood flow [5]. Transdermal 
absorption of several drugs (e.g., nicotine and 
nitroglycerine) is enhanced by heat [6-11]. 
However, most techniques to deliver heat have 
relied on longer periods or generalized heating, 
whereas few have explored the effect of local-
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ized, brief, standardized heating and the asso-
ciated local vasomotor responses. Studies 
using increased ambient temperature as a 
method to enhance transdermal delivery have 
found increased absorption of nicotine [12] or 
nitroglycerine from patches [13] and insulin 
from a subcutaneous depot [14].

Recently, two studies have tried to utilize the 
local heat-evoked vasomotor response for 
enhancing the absorption of a drug (nicotine) 
from a patch [15] and an intradermally injected 
macromolecule (insulin) [16]. For nicotine, a 
significantly positive correlation was found 
between absorption and vasomotor response, 
whereas for insulin, no correlation between 
heating and absorption was found. 

The optimal stimulus temperature and duration 
to provoke the maximal local cutaneous vaso-
motor response has also been investigated [1]; 
43°C for 60 seconds induced the most stable 
response. This study, however, did not investi-
gate the spatial extent of the response away 
from the site of thermal stimulation, nor did it 
investigate possible sex differences. Fur- 
thermore, from both a basic and a pharmaco-
logical point of view, it would be of interest to 
know if the local vasomotor reflex response 
could be enhanced by sensitization of the skin 
using topical capsaicin and thereby opening 
new opportunities for developing technologies 
to provoke enhanced dermal absorption. 

Capsaicin is the transient receptor potential 
vanilloid subtype 1 (TRPV1) receptor agonist, 
activating cutaneous mechano-heat sensitive 
afferents and facilitating the response to con-
trolled heat stimulation [17]. Topical application 
of capsaicin is a technique widely used for pain 
treatment [18] and in medical research for 
inducing cutaneous thermal hyperalgesia [19, 
20] and for generating a neurogenic inflamma-
tory response [21]. Capsaicin-provoked sensiti-
zation is known to be stronger in females com-
pared with males [22].

The aims of this human experimental study 
were to assess 1) the size of the vasomotor 
response to locally controlled heat in normal 
and capsaicin-sensitized skin, 2) the temporal 
response profile, 3) the spatial response pro-
file, and 4) possible sex differences of those 
responses.

Material and methods

Subjects and study design

Thirty young, healthy, non-smoking Caucasian 
age- and sex-matched volunteers (15 males 
and 15 females) were recruited from students 
at Aalborg University, Denmark. 

Initial screening involved recording of demo-
graphic information and a review of medical 
history. The use of alcohol and caffeine was 
prohibited 24 hrs prior to the experiments. No 
subject had a past or present history of current 
systemic or skin diseases, known allergies or 
hypersensitivity (except seasonal allergic rhini-
tis), infections, and none were taking any medi-
cation. In the case of females, they were not 
pregnant and had no irregularities in their men-
strual cycles. Experiments were performed on 
females when they were in the beginning of 
their menstrual phase because it has been 
shown that hormonal changes influence the 
vasomotor responses to capsaicin [23]. 
Caucasians were included in the study due to 
ethnic differences in the response to capsaicin 
[24] and only young volunteers were included to 
minimize the effect of age on the response to 
capsaicin [25].

Application of topical creams, lotions or cos-
metics on the test sites was not allowed. 
Written informed consent was obtained from all 
participants prior to the study. The study proto-
col was approved by the local ethics committee 
(No. N-20120010). The study was conducted in 
accordance with the Declaration of Helsinki, 
the guidelines of Good Clinical Practice (GCP), 
and was performed at the experimental and 
clinical pharmacology laboratory, Aalborg Uni- 
versity, Denmark.

The subject sat at a table with both forearms 
facing upwards. The measurement techniques 
for recording vasomotor changes were objec-
tive (thermography and speckle contrast imag-
ing). All experiments were performed in a quiet 
room with a stable temperature (23-24°C).

The magnitude, temporal and spatial pattern, 
and sex differences of the vasomotor respons-
es to controlled mild heat (43°C for 60 sec-
onds) before and after topical capsaicin (cream, 
1%) were assessed. The non-treated contralat-
eral area (homologous to the stimulation site 
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(ROI 1)) was used for control recordings to see 
if there was a systemic vasomotor response to 
the thermal stimulus. The study consisted of 
one session lasting approximately 2.5 hours. Recor- 
dings were made at baseline, during and after 
the treatment of skin (Figure 1).

Baseline

The regions of interest (ROI 1-6) were marked 
on the volar forearms (Figure 2) as 1 x 1 cm 
squares, 5 regions, 1 cm apart (border to bor-
der distance) from the 3 x 3 cm stimulation/
application area (ROI 1). Baseline recordings 
were performed before any stimulation. The 
responses to thermal stimulation were then 
provoked and measured simultaneously from 
both arms at baseline and at 1, 5, 10, 15, and 
30 minutes after thermal stimulation.

Treatment

Capsaicin was applied for 30 min. Vasomotor 
recordings were performed on both arms simul-
taneously, immediately (within 5 min) after the 
cream was removed (no heat provocation).

Post-treatment

Vasomotor responses were provoked in the 
treated area and vasomotor recordings were 
made simultaneously from both arms 1, 5, 10, 
15, and 30 minutes after thermal stimulation 
of the treated arm.

Experimental methods

Stimulation methods

Thermal stimulation: A controlled thermal stim-
ulus was delivered by a thermal stimulator 
(PATHWAY Pain & Sensory Evaluation System, 
Medoc Ltd. Advanced Medical Systems, Ramat 
Yishai, Israel) with a rectangular thermode (3 x 
3 cm). The stimulus intensity was adjusted to 
43°C for 60 seconds on the treated area (ROI 
1).

Figure 1. The study overview. Forearms were exposed to heat in a randomized order. One forearm was treated with 
heat and capsaicin and the other forearm served as a control, with no capsaicin application. Min: minute; VAS: 
visual analogue scale.

Figure 2. The regions of interest (ROI). The large 3 x 3 
cm region (ROI 1) is where the thermal stimulus was 
applied (and later where the capsaicin was applied 
on the treatment arm). Regions of interest (ROI 1-6) 
for measurements of blood flow and temperature are 
also shown.
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Capsaicin provocation: Approximately 0.5 mL 
of capsaicin cream 1% (Aalborg University 
Hospital Pharmacy) was applied under occlu-
sion to a 3 x 3 cm area on the volar aspect of 
one forearm to sensitize the skin (Figure 2). The 
cream was left on the skin for 30 minutes and 
then gently wiped off. Assessments of skin 
blood flow and temperature were taken before 
and immediately after the removal of the 
cream. Unknown allergic reactions to capsaicin 
are very rare, but precautions for anaphylactic 
shock were taken with an Epipen (adrenalin/
epinephrine, 0.3 mg) being available through-
out the experiments.

Assessment methods

Assessment of pain: Subjects were asked to 
rate their pain intensity to thermal stimulus on 
an electronic continuous 10 cm VAS scale 
(Visual Analogue Scale) from 0 (no pain) to 10 
(maximum imaginable pain). This measurement 
was performed after each thermal stimulus 
before and after the capsaicin. The thermal 
stimulation before capsaicin was considered to 
be mild and not painful, but in the sensitized 
area, the stimulus may cause mild pricking pain 
due to the sensitization [20]. 

Assessment of skin temperature: Measure- 
ments of skin temperature were taken using a 
thermography camera (FLIR ThermoVision A40 
M, Sweden). The temperature resolution of the 
device is 0.09°C. The thermographic images 
were stored on a computer for off-line analysis 
(ThermaCAM Researcher Professional 2.10) of 
the profile and local changes in temperature of 
the region of interest (Figure 2). Recordings 
were made from both arms simultaneously at a 
distance of 45 cm. Assessments were made at 
baseline and 1, 5, 10, 15, and 30 min after 
thermal stimulation.

Assessment of blood flow by speckle contrast 
imager: A speckle contrast imager (FLPI, Moor 
Instruments, Devon, UK), using a full field laser 
technique, was used to provide real time imag-
es of dynamic changes in blood flow. The tech-
nique illuminates an area of tissue with laser 
light and produces a high contrast random 
interference effect (speckle pattern). Blood 
cells flowing through the region of interest 
cause the speckle pattern to change and 
appear blurred, leading to a reduction in local 
contrast. High flow rates show up as areas of 

low contrast and conversely, low flow rates are 
regions of high contrast.

Measurements were performed in a semi-dark 
room to eliminate artifacts from ambient room 
lighting. The laser wavelength was 785 nm. The 
laser head was placed at a distance of 45 cm 
from the skin. The scanning images were stored 
on a computer for off-line analysis (Moor FLPI 
Measurement v. 3.0) of the profile and local 
changes in blood flow in the region of interest 
(Figure 2). Recordings were made from both 
arms simultaneously at baseline and 1, 5, 10, 
15, and 30 min after thermal stimulation. 

Assessment of blood flow by laser doppler 
imaging: As most published studies have mea-
sured blood flow using laser Doppler imaging, a 
side experiment was performed where speckle 
and laser Doppler imaging were used simulta-
neously following the above protocol in three 
female volunteers. This would allow comparing 
the results from the present study with the lit-
erature. The Laser Doppler Imager (LDI, version 
2, Moor Instruments, Devon, United Kingdom) 
is based on the Doppler principle, which is a 
shift in frequency of waves caused by move-
ment of the reflecting object relative to the 
observer [26]. This principle allows assessment 
of the movement of red blood cells in the most 
superficial skin layers (1-1.5 mm) [27]. The 
measurements, in arbitrary units, reflect the 
blood flow at a proportional rate, allowing rela-
tive comparisons. The scanner setup was 
adjusted using the following parameters: 0.25-
15 kHz bandwidth, 116 x 70 pixel resolution, 
3.0 x 3.0 cm scan area, 4 ms/pixel scan speed, 
and 30 cm scan distance. Laser scans were 
stored on the hard disc of a computer for off-
line analysis (Moor LDI software v. 5.3).

To compare FLPI and LDI, blood flow before and 
30 min after the application of capsaicin cream 
was assessed. The responses were measured 
before and 1, 5, 10, 15, and 30 min after 
removal of the capsaicin cream and the abso-
lute responses in skin perfusion were com-
pared. The ratio between LDI and FLIP respons-
es was calculated for the individual time points. 

Statistics

A linear mixed model analysis of variance with 
factors of treatment and time was performed. 
Dependent variables included temperature, 
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blood flow and VAS ratings. Bonferroni adjust-
ment for multiple comparisons was used as a 
post hoc test. Shapiro-Wilk and Q-Q plot tests 

confirmed a normal distribution of the dataset. 
In all tests, P≤0.05 was considered statistically 
significant. The statistics were performed with 

Figure 3. Typical thermographic image of the right and left forearms 1 min following the thermal stimulus applied to 
the region of interest (ROI 1). Regions of interest (ROI 1-6) are marked on the figure. Red is high temperature and 
blue is low temperature.
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IBM SPSS Statistics version 19. The data are 
presented as the mean values ± standard devi-
ations (SD) unless otherwise stated.

Results

All participants completed the tests and no 
safety issues were recorded. The mean (±SD) 
age of the subjects was 24 ± 3 years. The base-
line temperature and blood flow measurements 
from the right and left arms showed no 
differences. 

Pain ratings

The pain ratings to thermal stimulation after 
capsaicin were significantly (P<0.005) stronger 
(4.8 ± 2.3) compared with recordings before 
capsaicin (0.9 ± 1.5), with no sex diffe- 
rences.

Temperature

The averaged ROI 1 response (pooled data 
from males and females) 1 min after thermal 
stimulation was significantly (P<0.01) higher 
after capsaicin application (5.5°C ± 2.0°C) 
compared with baseline (3.7°C ± 1.5°C). A typi-
cal thermographic image 1 min after heat appli-
cation is shown in Figure 3 with the ROI marked.

The temperature remained significantly (P< 
0.01) higher than baseline for 10 min before 
capsaicin application and for 30 min after 
application (P<0.01). Before capsaicin, the 
temperature responses were similar for males 
and females (Table 1).

After capsaicin, the females responded signifi-
cantly (P<0.003) stronger than males, with a 
total increase in temperature of 6.5°C, com-
pared with 4.5°C for males (stimulation site 
(ROI 1), 1 min, Figure 4). For all regions except 
the stimulation site (ROI 1) and the region 1 cm 
away from stimulation (ROI 2), the temperature 
remained significantly (P<0.003) higher for 
males throughout the 30 min (longer duration), 
compared with females. 

No changes throughout the session were found 
in the contralateral arm.

Blood flow

Before capsaicin, the maximal ROI 1 response 
(males and females pooled, Table 1) occurred 

one minute after the thermal stimulation. After 
application of capsaicin, the maximal provoked 
response was observed 10 min after thermal 
stimulation.

At ROI 1, the average baseline blood flow 
increased by 135% after the capsaicin applica-
tion. In Table 1 and Figure 5, the relative base-
line-normalized percent changes in blood flow 
are given. Typical speckle contrast images to a 
thermal stimulus are presented in Figure 6.

The provoked increases in baseline normalized 
blood flow at 5 to 30 minutes after stimulation 
were significantly (P<0.001) stronger after sen-
sitization compared with the response before 
sensitization.

For the region 2 cm away from the stimulation 
area (ROI 2), the baseline-normalized increase 
was significantly (P<0.005) larger after capsa-
icin at the 1, 5 and 10-minute time points com-
pared with baseline. None of the other regions 
showed a significant difference in blood flow 
response at any time point.

When adding the 135% capsaicin-provoked 
increase in baseline flow, the increases after 
thermal stimulation were 251%, 271%, 283%, 
257%, and 289% (Table 1). 

No sex differences between responses were 
found before the capsaicin application. The 
increase in background blood flow (before heat 
provocation) from before capsaicin application 
to immediately after removal of the capsaicin 
was similar for males and females. 

When comparing the responses from males 
and females (baseline normalized) using the 
calculated area under the curve (summation of 
flow values over time) after capsaicin, females 
showed a significantly stronger response within 
ROI 1 (p<0.0001), ROI 2 (p<0.0001), and ROI 3 
(p<0.015). The maximal relative increase in 
flow response of 261% (Table 1) was observed 
10 minutes after stimulation in females after 
capsaicin sensitization. Adding the capsaicin-
provoked increased flow of 135%, the maximal 
flow increase could, on average, be estimated 
as 396% over baseline flow, before any stimula-
tion or sensitization.

No changes throughout the session were found 
in the contralateral arm.
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Table 1. Changes in cutaneous temperature and blood flow (expressed in percent) in the area of thermal stimulation (ROI 1) before and after ap-
plication of topical capsaicin (Mean ± SD). Data are given for pooled values of males and females and for each sex separately
Temperature increase (%) after thermal stimulation 1 min 5 min 10 min 15 min 30 min
Males + Females Before capsaicin 12% ± 5% 2% ± 2% 1% ± 3% 2% ± 3% 1% ± 3%

After capsaicin 17% ± 8% 8% ± 4% 9% ± 4% 9% ± 5% 9% ± 5%
Males Before capsaicin 11% ± 4% 2% ± 3% 2% ± 3% 2% ± 3% 3% ± 3%

After capsaicin 14% ± 6% 7% ± 3% 7% ± 3% 7% ± 3% 7% ± 3%
Females Before capsaicin 12% ± 7% 2% ± 2% 1% ± 3% 1% ± 2% 0% ± 2%

After capsaicin 22% ± 8% 11% ± 4% 11% ± 4% 11% ± 5% 11% ± 5%
Blood flow increase (%) after thermal stimulation 1 min 5 min 10 min 15 min 30 min
Males + Females Before capsaicin 201% ± 58% 28% ± 31% 12% ± 21% 6% ± 28% 10% ± 47% 

After capsaicin 116% ± 118% 136% ± 175% 148% ± 178% 122% ± 123% 154% ± 180% 
Males Before capsaicin 195% ± 55% 34% ± 32% 8% ± 21% 5% ± 19% 20% ± 57%

After capsaicin 63% ± 73% 46% ± 53% 57% ± 65% 62% ± 67% 71% ± 97% 
Females Before capsaicin 209% ± 64%  21% ± 29% 16% ± 21% 8% ± 37% -1,6% ± 27% 

After capsaicin 183% ± 133% 248% ± 211% 261% ± 210% 196% ± 138% 258 % ± 208% 
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Comparing FLPI and LDI

For the baseline and provoked conditions 
before capsaicin application, the ratio between 
LDI and FLPI was 1.02, but for the high flow 
condition after capsaicin, the LDI showed a 
much stronger response and the ratio was 
2.60, indicating a non-linear relationship 
between the two techniques. 

Discussion

The present study investigated the fundamen-
tal properties of the cutaneous heat-provoked 
(43°C, 60 seconds) vasomotor response before 
and after sensitization with topical capsaicin. 

The heat-provoked temperature response was 
facilitated and lasted longer after sensitization 
of skin by capsaicin. Females showed the stron-
gest temperature response but the response 
lasted longer and extended more widely in 
males. The provoked blood flow responses 
were facilitated and temporally/spatially 
extended by capsaicin. After sensitization, 
females showed stronger and more spatially 
extended blood flow responses than males.

Vasomotor responses

The predominant mechanism behind the heat-
provoked vasomotor reflex is believed to result 
from an interaction between the cutaneous 

Figure 4. Absolute temperature changes (°C) following heat-evoked responses before and after capsaicin applica-
tion in males and females. Temporal (baseline and 1, 5, 10, 15, 30 min after stimulation) and spatial distributions 
(ROI 2, ROI 3, ROI 4) proximal from the stimulation site (ROI 1) are illustrated. ROI 5 and ROI 6 are not shown due to 
the lack of detectable changes. For error bars see Table 1.
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neuronal network and the superficial vascular 
plexus [1]. In addition to sensitizing the periph-
eral TRPV1-sensitive receptors (peripheral sen-
sitization by topical capsaicin), central sensiti-
zation may also be involved, as secondary 
hyperalgesia may develop around a capsaicin-
treated area (ROI 1 in the present study) [28]. 
How this contributes to the facilitated ampli-
tude, prolonged duration, and extended spatial 
distribution of the vasomotor reflex is not 
known. Multiple animal studies have shown 
that dorsal root reflexes can be elicited by cuta-
neous capsaicin stimulation [29] and contrib-
ute to neurogenic inflammation. The peak in 
cutaneous blood flow after intradermal capsa-

icin provocation occurs after 30 min and lasts 
for approximately 2 hours in rats [30]. In the 
present study, the heat-evoked vasomotor 
response, when provoked in a capsaicin-treat-
ed area, peaked quickly and was restricted to 
the region close to the stimulation site. 
Therefore, this response is likely not generated 
by a dorsal root reflex, which would be expected 
to cause blood flow changes in a larger area. No 
changes on the contralateral side were 
observed, excluding spreading to the contralat-
eral dermatome.

In the present study, an averaged 135% 
increase in speckle-assessed baseline cutane-

Figure 5. Blood flow (normalized to baseline, expressed in percent change) before and after capsaicin application 
in males and females. The temporal (baseline and 1, 5, 10, 15, 30 min after stimulation) and spatial distributions 
(ROI 2, ROI 3, ROI 4) proximal from the stimulation site (ROI 1) are illustrated. ROI 5 and ROI 6 are not shown due to 
the lack of detectable changes. For error bars see Table 1.
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ous blood flow was found after 30 min of cap-
saicin application. When the thermally pro-
voked averaged (males + females) response 
was added, a maximal increase between 250-
290% could be found. This is expected to be 
around the maximum dynamic range of the 
peripheral vasomotor network responsible for 
superficial vasodilatation when assessed by 
the speckle technique. The maximum perfu-
sion increase after thermal stimulation for 
males and females was 250% and 370%, 
respectively, when assessed by speckle imag-
ing, which would most likely correspond to an 
increase of approximately 650-960% using 
LDI.

The hypothesis of the present study was that 
the heat-provoked response from a sensitized 
area would consist of a facilitated, prolonged 
and spatially extended vasomotor response, 
which may provide a new opportunity for con-
trolled facilitated drug absorption from a cuta-
neous depot. The study revealed new informa-
tion about the temporal and spatial distribution 
of the heat-evoked vasomotor response in 
human skin. 

Sex differences

The topical capsaicin-provoked sensitization 
had different effects on heat-provoked vaso-
motor responses (size, duration and expansion) 
in males and females. There are numerous 
studies showing that females respond more 
strongly to an experimental pain stimulus (in 
particular heat, as utilized in the present study) 
compared with males [31] and that they experi-
ence more pronounced neurogenic inflamma-
tion and hyperalgesia after capsaicin provoca-
tion [23]. This is also supported by animal data 
[32]. In the present study, the heat-provoked 
vasomotor responses could not be considered 

painful (0.9 on the VAS) and were equally per-
ceived in males and females. The sex differ-
ences, however, became very obvious after 
sensitization, indicating that the difference in 
capsaicin-induced sensitization is an important 
factor for the facilitated response amplitude in 
females. In addition, the spatial distribution as 
assessed by speckle contrast imaging was also 
larger in females (up to 6 cm (ROI 3) away from 
the stimulation site). The skin temperature in 
the capsaicin-treated area was lower (particu-
larly in females) compared with the tempera-
ture before capsaicin, which was attributed to 
the immediate cooling effect of the cream when 
removed. In a previous experiment, topical cap-
saicin application was also shown to cause an 
initial reduction in cutaneous temperature [33]. 

Numerous review papers have addressed pos-
sible underlying reasons for sex differences in 
response to pain and sensitization [31], and 
most of those reasons could also play a role in 
explaining the sex differences in the provoked 
cutaneous vasomotor response after skin sen-
sitization in this study.

Topical capsaicin

Topical capsaicin has been widely used in 
human experimental pain studies as a model of 
sensitization and neurogenic inflammation but 
has not been used before as a model to pro-
voke facilitated local vasomotor responses. 
Capsaicin is a TRPV1 receptor agonist, which 
provokes activation and sensitization of periph-
eral mechano-heat sensitive afferents (and 
possibly other non-neuronal epidermal cells) in 
Caucasians [34] and causes local release of 
inflammatory mediators resulting in neurogenic 
inflammation [21]. Topical capsaicin releases 
vasoactive and inflammatory mediators such 
as neurokinins, prostaglandins, and acetylcho-

Figure 6. Typical images taken with a speckle contrast laser (FLPI). Recordings were from the two forearms at 
baseline, 1 min after thermal stimulation (before capsaicin), baseline before capsaicin application, and 1 min after 
thermal stimulation of the capsaicin treated area.
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line [35]. In addition, capsaicin causes anti-
dromic activation of the superficial neuronal 
network, and substance P (SP) and Calcitonin 
Gene-Related Peptide (CGRP) release causes 
local vasodilation and extravasation known as 
neurogenic inflammation [36], which was 
shown in the present study as an average 135% 
increase in blood flow (assessed by speckle) in 
the area. 

As repeated application of capsaicin is neuro-
toxic to sensory nerves and inhibits peripheral 
nociceptor responses and vasomotor respons-
es (neurogenic inflammation) [37-39], many 
clinical applications for the treatment of pain 
have been suggested [40, 41]. In the present 
study, only one application was used and hence 
the neurotoxic effect was not predominant. 
However, if the present study had shown a mas-
sive sex-independent capsaicin facilitation of 
the vasomotor response amplitude, the neuro-
toxic effect of repeated capsaicin applications 
would hamper utilizing this technique on a daily 
basis. While no studies have investigated if 
repeated topical capsaicin application causes 
an inhibition of the heat-evoked vasomotor 
response, this would be expected based on the 
discussion above.

The 30 min capsaicin application in the present 
study caused primary thermal hyperalgesia 
resulting in increased ratings to the standard-
ized 43°C, 60 seconds thermal stimulus 
(changing from almost no pain to moderate 
pain) and is in line with previous studies [19, 
20]. In addition, the increased blood flow fol-
lowing application of capsaicin was confined to 
a few centimeters around the treated area, as 
previously shown [33]. A larger spatial extent of 
the evoked vasomotor response was specifi-
cally seen in females. 

Skin temperature and blood flow for assessing 
vasomotor responses

In the present study, cutaneous blood flow was 
assessed by speckle contrast images. Speckle 
contrast images were more sensitive to detect 
sex differences in the spatial distribution after 
sensitization compared with thermography. 
Recently, the sensitivity of speckle contrast 
imaging and thermography was compared for 
assessing microvascular function [42]. The 
authors reported comparable reproducibility, 
but because the two techniques reflect differ-

ent underlying mechanisms, they should be 
used in combination. As the different tech-
niques have different sensitivity and resolution 
(temporal and spatial), it can be difficult to rec-
ommend one over the other. 

The widely used LDI method estimates cutane-
ous vascular perfusion by scanning the tissue, 
which provides lower temporal resolution com-
pared with laser speckle contrast imaging [43]. 
Another advantage of the speckle method is 
the option to measure from large areas  [44]. 
Both of these advantages were utilized in the 
present study in which both arms were 
assessed simultaneously and sequentially.

In our previous study [1], we used LDI and found 
that a 43°C for 60 seconds thermal stimulus 
caused an increase of approximately 200%, 
comparable to the response in the present 
study using speckle imaging (for low flow rates, 
the conversion factor between the two tech-
niques was 1.02). 

Conclusion

The present study showed that heat-evoked 
cutaneous vasomotor responses are not mas-
sively facilitated by sensitization provoked by 
topical application of capsaicin, possibly due to 
a ceiling effect of the superficial vasomotor net-
work provoked by capsaicin-induced neurogen-
ic inflammation. Capsaicin-induced cutaneous 
sensitization causes sex-specific changes in 
the size, duration, and spatial distribution of 
vasomotor responses.

Acknowledgements

The authors would like to thank Ms. Dolarose 
Kulas for her assistance in data analysis. This 
study was supported by the Center for Sensory-
Motor Interaction (SMI), Aalborg University.

Disclosure of conflict of interest

The authors declare that they have no conflicts 
of interest.

Address correspondence to: Dr. Parisa Gazerani, 
Center for Sensory-Motor Interaction (SMI), 
Department of Health Science and Technology, 
Faculty of Medicine, Aalborg University, Fredrik 
Bajers Vej 7-D3, DK-9220 Aalborg, Denmark. Tel: 
+45 99 40 24 12; Fax: +45 98 15 40 08; E-mail: 
gazerani@hst.aau.dk

mailto:gazerani@hst.aau.dk


Vasomotor responses in capsaicin-sensitized skin

159	 Int J Physiol Pathophysiol Pharmacol 2013;5(3):148-160

References

[1]	 Gazerani P and Arendt-Nielsen L. Cutaneous 
vasomotor reactions in response to controlled 
heat applied on various body regions of healthy 
humans: evaluation of time course and appli-
cation parameters. Int J Physiol Pathophysiol 
Pharmacol 2011 Sep 30; 3: 202-9.

[2]	 Prausnitz MR and Langer R. Transdermal drug 
delivery. Nat Biotechnol 2008; 26: 1261-
1268.

[3]	 Forster M, Bolzinger MA, Fessi H and Briancon 
S. Topical delivery of cosmetics and drugs. Mo-
lecular aspects of percutaneous absorption 
and delivery. Eur J Dermatol 2009; 19: 309- 
323.

[4]	 Song CW. Effect of local hyperthermia on blood 
flow and microenvironment: a review. Cancer 
Res 1984; 44: 4721s-4730s.

[5]	 Singh P and Roberts MS. Effects of vasocon-
striction on dermal pharmacokinetics and lo-
cal tissue distribution of compounds. J Pharm 
Sci 1994; 83: 783-791.

[6]	 Vanakoski J and Seppala T. Heat exposure and 
drugs. A review of the effects of hyperthermia 
on pharmacokinetics. Clin Pharmacokinet 
1998; 34: 311-322.

[7]	 Johnson JM and Kellogg DL Jr. Thermoregula-
tory and thermal control in the human cutane-
nous circulation. Front Biosci (Schol Ed) 2010; 
2: 825-853. 

[8]	 Minson CT, Berry LT and Joyner MJ. Nitric oxide 
and neurally mediated regulation of skin blood 
flow during local heating. J Appl Physiol 2001; 
91: 1619-1626.

[9]	 Hull M. Heat-enhanced transdermal drug deliv-
ery: A survey paper. J Appl Res 2002; 2: 1-9.

[10]	 Shomaker TS, Zhang J and Ashburn MA. As-
sessing the impact of heat on the systemic de-
livery of fentanyl through the transdermal fen-
tanyl delivery system. Pain Med 2000; 1: 
225-230.

[11]	 Klemsdal TO, Gjesdal K and Bredesen JE. 
Heating and cooling of the nitroglycerin patch 
application area modify the plasma level of ni-
troglycerin. Eur J Clin Pharmacol 1992; 43: 
625-628.

[12]	 Vanakoski J, Seppala T, Sievi E and Lunell E. 
Exposure to high ambient temperature in-
creases absorption and plasma concentra-
tions of transdermal nicotine. Clin Pharmacol 
Ther 1996; 60: 308-315.

[13]	 Barkve TF, Langseth-Manrique K, Bredesen JE 
and Gjesdal K. Increased uptake of transder-
mal glyceryl trinitrate during physical exercise 
and during high ambient temperature. Am 
Heart J 1986; 112: 537-541.

[14]	 Koivisto VA. Influence of heat on insulin ab-
sorption: different effects on amorphous and 

soluble insulins. Acta Diabetol Lat 1983; 20: 
175-178.

[15]	 Petersen KK, Rousing ML, Jensen C, Arendt-
Nielsen L and Gazerani P. Effect of local con-
trolled heat on transdermal delivery of nico-
tine. Int J Physiol Pathophysiol Pharmacol 
2011 Sep 30; 3: 236-42.

[16]	 Jakobsen LA, Jensen A, Larsen LE, Sørensen 
MR, Hoeck HC, Arendt-Nielsen L and Gazerani 
P. Effect of cutaneous blood flow on absorption 
of insulin: a methodological study in healthy 
male volunteers. Int J Physiol Pathophysiol 
Pharmacol 2011; 3: 257-65.

[17]	 Schepers RJ and Ringkamp M. Thermorecep-
tors and thermosensitive afferents. Neurosci 
Biobehav Rev 2010; 34: 177-84.

[18]	 Jones VM, Moore KA and Peterson DM. Capsa-
icin 8% topical patch (Qutenza)--a review of the 
evidence. J Pain Palliat Care Pharmacother 
2011; 25: 32-41.

[19]	 Culp WJ, Ochoa J, Cline M and Dotson R. Heat 
and mechanical hyperalgesia induced by cap-
saicin. Brain 1989; 112: 1317-1331.

[20]	 Madsen CS, Johnsen B, Fuglsang-Frederiksen 
A, Jensen TS and Finnerup NB. Increased con-
tact heat pain and shortened latencies of con-
tact heat evoked potentials following capsa-
icin-induced heat hyperalgesia. Clin Neurophy- 
siol 2012; 123: 1429-36.

[21]	 Wang H, Papoiu AD, Coghill RC, Patel T, Wang N 
and Yosipovitch G. Ethnic differences in pain, 
itch and thermal detection in response to topi-
cal capsaicin: African Americans display a no-
tably limited hyperalgesia and neurogenic in-
flammation. Br J Dermatol 2010; 162: 1023-9.

[22]	 Gazerani P, Andersen OK and Arendt-Nielsen 
L. A human experimental capsaicin model for 
trigeminal sensitization. Gender-specific differ-
ences. Pain 2005; 118: 155-63.

[23]	 Gazerani P, Andersen OK and Arendt-Nielsen 
L. Site-specific, dose-dependent, and sex-relat-
ed responses to the experimental pain model 
induced by intradermal injection of capsaicin 
to the foreheads and forearms of healthy hu-
mans. J Orofac Pain 2007; 21: 289-302.

[24]	 Gazerani P and Arendt-Nielsen L. The impact 
of ethnic differences in response to capsaicin-
induced trigeminal sensitization. Pain 2005; 
117: 223-9.

[25]	 Lee YM, Kang SM and Chung JH. The role of 
TRPV1 channel in aged human skin. J Derma-
tol Sci 2012; 65: 81-5.

[26]	 Eun HC. Evaluation of skin blood flow by laser 
Doppler flowmetry. Clin Dermatol 1995; 13: 
337-347.

[27]	 Lima A and Bakker J. Noninvasive monitoring 
of peripheral perfusion. Intensive Care Med 
2005; 31: 1316-1326.



Vasomotor responses in capsaicin-sensitized skin

160	 Int J Physiol Pathophysiol Pharmacol 2013;5(3):148-160

[28]	 Drummond PD and Blockey P. Topically applied 
capsaicin inhibits sensitivity to touch but not to 
warmth or heat-pain in the region of secondary 
mechanical hyperalgesia. Somatosens Mot 
Res 2009; 26: 75-81.

[29]	 Lin Q, Zou X and Willis WD. Adelta and C pri-
mary afferents convey dorsal root reflexes af-
ter intradermal injection of capsaicin in rats. J 
Neurophysiol 2000; 84: 2695-8.

[30]	 Lin Q, Wu J and Willis WD. Dorsal root reflexes 
and cutaneous neurogenic inflammation after 
intradermal injection of capsaicin in rats. J 
Neurophysiol 1999; 82: 2602-11.

[31]	 Racine M, Tousignant-Laflamme Y, Kloda LA, 
Dion D, Dupuis G and Choinière M. A system-
atic literature review of 10 years of research on 
sex/gender and experimental pain perception 
- part 1: are there really differences between 
women and men? Pain 2012; 153: 602-18.

[32]	 Carmichael NM, Charlton MP and Dostrovsky 
JO. Sex differences in inflammation evoked by 
noxious chemical, heat and electrical stimula-
tion. Brain Res 2009; 1276: 103-11.

[33]	 Mohammadian P, Andersen OK and Arendt-
Nielsen L. Correlation between local vascular 
and sensory changes following tissue inflam-
mation induced by repetitive application of 
topical capsaicin. Brain Res 1998; 792: 1-9.

[34]	 Shenoy R, Roberts K, Papadaki A, McRobbie D, 
Timmers M, Meert T and Anand P. Functional 
MRI brain imaging studies using the Contact 
Heat Evoked Potential Stimulator (CHEPS) in a 
human volunteer topical capsaicin pain model. 
J Pain Res 2011; 4: 365-71.

[35]	 Wallengren J and Håkanson R. Effects of sub-
stance P, neurokinin A and calcitonin gene-re-
lated peptide in human skin and their involve-
ment in sensory nerve-mediated responses. 
Eur J Pharmacol 1987; 143: 267-273.

[36]	 Jancsó-Gábor A and Szolcsányi J. Neurogenic 
inflammatory responses. J Dent Res 1972; 51: 
264-9.

[37]	 Bjerring P and Arendt-Nielsen L. Use of a new 
argon laser technique to evaluate changes in 
sensory and pain thresholds in human skin fol-
lowing topical capsaicin treatment. Skin Phar-
macol 1989; 2: 162-7.

[38]	 Bjerring P and Arendt-Nielsen L. Inhibition of 
histamine skin flare reaction following repeat-
ed topical applications of capsaicin. Allergy 
1990; 45: 121-5.

[39]	 Steinhoff M, Ständer S, Seeliger S, Ansel JC, 
Schmelz M and Luger T. Modern aspects of cu-
taneous neurogenic inflammation. Arch Der-
matol 2003; 139: 1479-1488.

[40]	 Derry S and Moore RA. Topical capsaicin (low 
concentration) for chronic neuropathic pain in 
adults. Cochrane Database Syst Rev 2012 Sep 
12; 9: CD010111.

[41]	 Haanpää M and Treede RD. Capsaicin for Neu-
ropathic Pain: Linking Traditional Medicine and 
Molecular Biology. Eur Neurol 2012; 68: 264-
275.

[42]	 Pauling JD, Shipley JA, Raper S, Watson ML, 
Ward SG, Harris ND and McHugh NJ. Compari-
son of infrared thermography and laser speck-
le contrast imaging for the dynamic assess-
ment of digital microvascular function. 
Microvasc Res 2012 Mar; 83: 162-7.

[43]	 Roustit M, Millet C, Blaise S, Dufournet B and 
Cracowski JL. Excellent reproducibility of laser 
speckle contrast imaging to assess skin micro-
vascular reactivity. Microvasc Res 2010; 80: 
505-511.

[44]	 Briers J. Laser Doppler and time-varying speck-
le: A reconciliation. J Opt Soc Am A 1996; 13: 
345-350.


