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Corresponding author: ABSTRACT Capsaicin induces a localized inflammatory process known as neuro-
Constantin Caruntu, MD, PhD genic inflammation upon its topical administration on the skin, due to the release
of various neuropeptides from the cutaneous sensory nerve endings. In this study,
we investigated real-time skin blood flow changes that occur in neurogenic in-
“Carol Davila” University of flammation induced by topical capsaicin by means of in vivo reflectance confocal
Medicine and Pharmacy microscopy. 27 healthy subjects (15 women and 12 men, mean age + Standard
Deviation: 22.62+4.47) were administered topical capsaicin solution (Capsaicin
group) or immersion oil (Control group) on the dorsal side of their non-dominant
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Romania cutaneous blood flow was evaluated using reflectance confocal microscopy and
costin.caruntu@gmail.com compared between the two groups. Blood flow values were higher during topical

capsaicin, with significant increase after 25 (P=0.0160, Dunn’s multiple compari-

sons test) and 40 minutes (P=0.0132, Dunn’s multiple comparisons test) after its

administration when compared with the initial 0 min value. Furthermore, the dif-
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multiple comparisons test) after capsaicin administration. Reflectance confocal
microscopy allows in vivo, real-time evaluation of cutaneous blood flow changes
within the capsaicin-induced inflammation, and this method might serve as a re-
search model to test neurovascular reactivity.
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INTRODUCTION

Capsaicin, the pungent ingredient of chili pep- nerve fibers (1) but also in the thin myelinated A-del-
per, mediates its effects by activating the transient ta fibers (2). Local administration of capsaicin induces
receptor potential vanilloid type 1 (TRPV1) channel, a skin reaction known as neurogenic inflammation,
expressed in the skin mainly in unmyelinated type C which highlights the complex pathways linking the
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nervous system and skin, involving nerve fibers, der-
mal microvasculature, epidermal keratinocytes, mast
cells,and otherimmune cells (3,4). Applied on the skin,
capsaicin initially induces a burning pain associated
with a transient local inflammation (5), followed by
allodynia and hyperesthesia to mechanical and heat
stimulation (6). Subsequent applications of capsaicin
produce a progressive reduction of the initially local
effects, explaining the potential use of topical capsa-
icinin the treatment of neuropathic conditions (7) and
chronic inflammatory skin diseases (8). Moreover, the
initial local inflammatory response triggered by the
release of neuropeptides from the cutaneous sensory
nerve endings might serve as a research model to
investigate the neurovascular reactivity and also as a
diagnostic tool in various functional alterations of cu-
taneous nerve fibers (9). In a previous paper (10), we
showed that in vivo reflectance confocal microscopy
(RCM) can be used for the evaluation of cutaneous
neurogenic inflammatory reaction induced by topi-
cal capsaicin by the assessment of structural param-
eters of dermal blood vessels. Herein, using the same
technique, we investigate the functional changes in
skin capillaries by assessing the real-time blood flow
variations upon topical application of capsaicin.

PATIENTS AND METHODS

Ethics. The study protocol was in accordance with
the ethical standards of the institutional committee
on human experimentation. Before enrollment, writ-
ten informed consent was obtained from all partici-
pants after receiving complete information about the
study.

Subjects. Twenty-seven healthy, Caucasian vol-
unteers (Female patients (F) = 15, Male patients (M)
= 12) between 18 and 35 years old (mean age +
Standard Deviation (SD): 22.62+4.47) were recruited.
None of the participants had a past or present history
of systemic or skin diseases, infections, or allergies
to capsaicin or its derivatives and they were not on
any treatment. Pregnant and breastfeeding women
were excluded from the study. Consumption of psy-
choactive substances, including alcohol and caffeine,
as well as smoking and intense physical effort were
prohibited 12 hours prior to the study. The subjects
included in the study were randomly divided in two
groups, namely the Capsaicin group with 15 subjects
(F=7, M=8) and the Control group with 12 subjects
(F=8, M=4).

Capsaicin solution was obtained by dissolving
capsaicin powder (M-2020; Sigma Chemical Co, St
Lois, MO, USA) at a concentration of 1% in the immer-
sion oil (Crodamol STS oil; Croda Inc., Edison, NJ) used
for RCM image acquisition.
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Study protocol. The study was performed in a
quiet room with a constant temperature of 22+1 °C
and a humidity of 50+5%, while participants were
seated in comfortable chairs. After a period of accom-
modation with the new location, the area to be inves-
tigated was delimited on the dorsal side of the non-
dominant hand. Cutaneous blood flow was evaluated
using RCM before and during topical administration
of capsaicin for subjects assigned in the Capsaicin
group or immersion oil without capsaicin for subjects
assigned in the Control group. Initial recordings al-
lowed the assessment of baseline cutaneous blood
flow in the area of interest. Then, a volume of 7.5 uL
of solution (capsaicin 1%/immersion oil) was admin-
istered with a pipette (Biohit Proline Single-Channel
Pipettor, 0.5-10 pL) on a plastic adhesive disc that was
applied on the investigated skin area and attached
to the metallic ring that was connected to the reflec-
tance confocal microscope objective. Subsequent cu-
taneous blood flow changes in the investigated area
were recorded at 0, 10, 25, and 40 minutes during ad-
ministration.

Measurement of blood flow using in vivo RCM
videos. Blood flow was analyzed using a reflectance
confocal laser scanning microscope (Vivascope 1500,
Lucid Inc., Rochester, NY, USA). This system uses a near
infrared, less than 30 mW power laser to provide hori-
zontal, grey-scale images or videos of the skin at dif-
ferent levels, down to a depth of 200-250 um. A single
field of view, usually of 500 pm x 500 pm, has a lateral
resolution of approximately 1 um and an axial resolu-
tion of 3-5 um. At the level of the dermoepidermal
junction, dermal capillaries appear in transversal sec-
tion as black holes inside dermal papillae appearing
as dark roundish areas surrounded by bright circles

Figure 1. In vivo RCM image at the level of the dermoepi-
dermal junction. Dermal papillae (arrow heads) appear as
dark areas surrounded by bright circles corresponding to
epidermal basal cells. Dermal capillaries (white circles) ap-
pear in transversal section as black holes inside dermal pa-
pillae. Blood cells (white arrow) can be observed as bright
elements inside the lumina of dermal capillaries.
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Figure 2. (A) In vivo RCM sequential images at 0 min, 10 min, 25 min, and 40 min after the administration of capsaicin, show-
ing the blood cell flow inside the lumina of dermal capillaries. Blood cell flow becomes obvious after 10 min, with stronger
effects after 25 and 40 min of topical capsaicin. (B) Mean blood flow obtained at each examination point within the Capsa-
icin and Control groups (**P<0.01, Dunn’s multiple comparisons test). (C) Comparative analysis of mean blood flow at each
investigation point between the two groups (¥*P<0.05, Dunn’s multiple comparisons test). Mean blood flow was normalized

to baseline and expressed in percent change. Error bars represent Standard Deviation (SD).

that correspond to the epidermal basal layer (Figure
1). During real-time examination, blood cells can be
observed as moving bright elements in the lumina of
dermal capillaries. Video sequences of 10 second du-
ration were recorded before and at 0, 10, 25, and 40
minutes during capsaicin administration using RCM
to monitor the dermal microvascular changes (Fig-
ure 2, A). At least 6 dermal papillae were analyzed in
a blinded manner for each subject and at each step
of the experiment. Blood cell flow was assessed in a
semi-quantitative manner using a four-point grading
scale corresponding to negative (0 points), weak (1
point), moderate (2 points), and intense (3 points).
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Statistical analysis. After the assessment of blood
flow for each subject after every investigation inter-
val, the values were normalized to baseline and were
expressed as percentage of basal measurements.
For statistical analysis, we used SPSS 15.0 (SPSS, Chi-
cago, IL, USA) and GraphPad Prism (Graphpad Soft-
ware, Inc,, San Diego, CA, USA). The differences of
baseline blood flow between sexes and between the
two groups were analyzed using the Mann-Whitney
U test. The analysis of blood flow changes within
each group was performed using the Kruskal-Wallis
test, followed by Dunn’s multiple comparisons test.
The comparative analysis between the two groups
for every investigation interval was performed using
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Dunn’s multiple comparisons test. The results were
presented as mean + SD. Statistical significance was
accepted at a level of P<0.05.

RESULTS

Mean baseline values. Baseline capillary blood
flow measurements showed no statistically sig-
nificant differences between sexes (F=1.55+0.52;
M=1.59+0.33; P>0.05). Likewise, mean baseline blood
flow values between the two groups (Capsaicin =
1.42+0.40; Control = 1.69+0.44) were analyzed and
no significant differences (P>0.05) were revealed.

Post-application of capsaicin or immersion oil.
The mean blood flow values normalized to baseline
and expressed in percent change were further ana-
lyzed within each group at 0, 10, 25, and 45 minutes
during topical administration of capsaicin or immer-
sion oil (Figure 2, B). Overall, the blood flow values
were higher during topical capsaicin in the Capsaicin
group, but the increase was not statistically signifi-
cant after 10 min when compared to the 0 min value.
After 25 min, the blood flow increase was statistically
significant as compared with 0 min (P=0.0160, Dunn’s
multiple comparisons test), but not to the 10 min val-
ue. At the 40 min investigation point, the blood flow
was slightly increased compared with the previous 25
min and 10 min values, but the differences were not
statistically significant. However, 40 min after topical
capsaicin, the blood flow increase remained statisti-
cally significant in comparison with the initial 0 min
value (P=0.0132, Dunn’s multiple comparisons test).
Conversely, the mean blood flow did not change in
the Control group significantly during immersion oil
topical application, with relatively constant values at
the 0, 10, 25, and 40 minutes investigation points.

Finally, we performed a comparative analysis be-
tween the two groups of the semi-quantitative blood
flow changes obtained at each investigation point
(Figure 3, B). No statistically significant differences
were observed at 0 min (P>0.05, Dunn’s multiple com-
parisons test) or 10 min after capsaicin administration
(P>0.05, Dunn’s multiple comparisons test). However,
the differences between the two groups were statisti-
cally significant at 25 min (P=0.0182, Dunn’s multiple
comparisons test) and 40 min (P=0.0296, Dunn’s mul-
tiple comparisons test) after capsaicin administra-
tion.

DISCUSSION

In the present study, we show that cutaneous
blood flow changes within local neurogenic inflam-
mation induced by topical capsaicin can be investi-
gated in vivo and in real-time using RCM. Capsaicin
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is well-known for its local vasodilatory response in
neurogenic inflammation due to the release of neu-
ropeptides, mainly SP and CGRP from unmyelinated
C nerve fibers (11). Therefore, capsaicin-induced in-
flammation represents an ideal research model to
investigate cutaneous neurovascular reactivity (9).
In order to exclude known ethnic differences in the
cutaneous response to topical capsaicin (12) and to
minimize the effect of age on the microvascular re-
activity (13), only Caucasians and young volunteers
were included in our study. For the first time, RCM
was used to investigate capsaicin effects on cutane-
ous microcirculation, emphasizing the advantages of
this novel method (10). In contrast to previously used
techniques, RCM allows a noninvasive, in vivo, mor-
phological, and dynamic, real-time evaluation of the
cutaneous capillaries within capsaicin-induced neu-
rogenic inflammation, with a high, quasi-microscopic
resolution. As it allows the examination of the epider-
mis and superficial dermis, this method is considered
to be ideal for the evaluation of the capillary ansae
located at the dermoepidermal junction, also allow-
ing the observation of blood cell flow within dermal
capillaries (14). We examined blood cell flow within
the same dermal capillaries at different time inter-
vals. Topical capsaicin induced a significant increase
of the cutaneous blood flow at 25 minutes after its
administration, followed by a minor amplification at
40 minutes. These changes in dermal circulation can
be easily monitored at different time intervals with
RCM as it has the capacity of performing serial assess-
ment of the same cutaneous area and can also record
video sequences.

CONCLUSION

In vivo RCM allows the dynamic, noninvasive, and
real-time investigation of dermal blood flow within
cutaneous neurogenic inflammation induced by top-
ical administration of capsaicin. This novel method
might provide useful functional information regard-
ing cutaneous microvascularization and thus might
have various applications in the assessment of pe-
ripheral neuropathies and microangiopathies.
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