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Effects of Heat-nduced Skin Blood Flow Changeson Skin Water Parameters
Background

Prior researchhas investigated the relationship between skitrineaced vasodilation
and the sympathetic nervous system. It was fouatd&spite chemically induced nerve
conduction blocks to the axons of the sympathediwes supplying forearm skin, local heating
continued to produce a vasodilation effect. Thisvgdd that withdrawal of sympathetic tone was
only one mechanism involved. Other work has denmatesd that are in fact at least two
mechanisms contributing to the rise in skin bldoavfduring non-painful heating; a fast
responding vasodilation mediated by the axon reBeand a slower response relying on the
production of nitric oxide (NO3.

This dual mechanism became evident in experimentgich the action potential
conduction of the axon was blocked using an EML&aan and NO synthase (NOS) inhibition
was achieved with L-NAME. It was shown that thierof NO was about 1.75 times greater
than the role of the sympathetics. Further examgitine sympathetic response aspect of this
theory, Charkoudien et*sflound that despite undergoing a complete regisy@ipathectomy for
treatment of palmar hyperhidrosis, patients comthto display substantial heat-induced
vasodilation. Furthermore, it has been found th@tidlinvolved in sustaining the hyperemic
response after heating, such that removal of NQ-B\AME causes a faster fall in blood flow
after 30 minutes post heatifi@@ecause NO is involved with changes in vasculampability as
well as vasodilation we believe that there is adirelationship between the amount of tissue
water leaked into the interstitium and the amodrtiood flow caused by local heating.
Hypothesis

We hypothesize that skin blood vessel vasodilasassociated with an increase in the
amount of fluid filtered from the capillaries dikta the arteriolar vasodilation and that this

subsequent increase in interstitial fluid is degamen the amount of the blood flow increase.



Purpose

Our purpose is to test this hypothesis since tbhegss being investigated impacts our
basic understanding of skin-related physiology laasl potential extensions to skin-related
clinical issues. Moreover, because other reseaastshown that gender differences exist in the
NO activity", blood flow and skin water, it is important todytthese issues in both genders as is
presently planned.
Subjects

A total of 70 subjects will be recruited for panpiation in this research study.
Measurements will be done in both sexes (35 male3arfemale with age-range of 18-35 years)
since the literature indicates gender differenneskin blood flow and skin water content.
Recruitment of subjects will be done by the co-stigators who will advertise by word of
mouth within the University and by use of a flierrecruit volunteer subjects from University
staff, faculty and students. Potential subject$ méet with a co-investigator, who will explain
the study in detail, administer the consent forng ene research experimental measurements to
be described will be done at NSU.
Experimental Methods, Procedures and Devices
Overview

Skin blood flow will be measured via a laser Doppleethod before, during and after
local heating (section A4). Skin-to-fat water caritevill be measured before and after heating
using the method of tissue dielectric constant (JB€described in section Al. Stratum
corneum water will be measured using electricabcapnce methods (section A2) and skin
water loss will be measured by the method of traigeemal water loss (section A3). Skin

temperatures will be measured with an infrared comtact thermometer.

Al. Local Tissue Water via Tissue Dielectric Consta
Method

The method is based on the principle that the dissu

dielectric constant (TDC) is directly related te #@amount

of free and bound water contained in the measuring Figure 1
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about 10 seconds. The probe, which is connectadcctmtrol and display device, measures the
TDC at a frequency of 300 MHz. At this frequencyg TFDC is an index of both free and bound
water. The penetration depth of the measuremerratspon the probe size, with larger diameter
probes penetrating deeper. The output parametiee iSDC value that has a range of 1 to 80. For
reference, pure water has a value of about 785thistudy probes with effective penetration
depths of about 1.5 and 2.5 mm will be used (Figrhese measurements will be made on
dominant arm anterior forearm site. The devicedau$ed is the battery operated Moisture
MeterD (Delfin Technologies Ltd. Kuopio FINLAND).

A2. Method for Measurement of Stratum Corneum Hiydna m,

The method is based on the principle that the nredslectrical
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capacitance between the skin surface to a dembaift 100 um is
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an index of the relative water content of the stratorneum
(SC). The device to be used for this measuremethieipresent
study is the hand held battery operated MoistureM8C also
manufactured by Delfin Technologies Ltd and pictua€ejacent. A measurement is taken by
touching the skin surface with the end of the primbebout 10 seconds and the relative SC

moisture is displayed on the device meter.

A3. Method for Measurement of Transepidermal Whtess
(TEWL)

This method is based on the principle that the flaKm?min) of
water leaving the skin can be quantified by coiferthe effluent

within a closed chamber and determining the chamgelative i | ——
Figure 3
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humidity within the closed chamber. The device éauked for this
purpose is the hand-held battery operated VapoMdger
manufactured by Delfin Technologies Ltd. The measwent procedure requires the touching of
the skin with the tip of the device for about 1@@&ds after which the TEWL value is

automatically displayed.



A4. Method for Measuring Skin Blood Flow

Skin blood flow (SBF) will be measured by a lasappler flowmetry systenMasamedics
BPM2, Blood Perfusion Monitor)Nith this method, the flux of red

blood cells is detected by a small sensor tapédeskin. The
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sensor transmits a very low level laser light alsd aecovers the

reflected signal that has a change in wavelengihgtional to skin —
blood flow. The sensor is connected to a lasergdlEmmonitoring

and processing device via a fiber optic lead tbat/erts the signal to blood perfusion units.

This measurement method is in standard use clipiaall for research purposes and its use for
various purposes has been documented in over aghdypublished papers. The principal
Investigator has used this technique for overdiftgears and the device is FDA 510K
registered. The fiberoptic probe is inserted diyettirough the concentric heating element and
taped to the skin as shown in Figure 4.
Protocol

After explaining the study to the subject, the @rigorm will be signed, and the subject
will be asked if they wish to use the restroom bethe study begins. Next, the subject will be
asked to lie supine on an examination table amgh&lblanket will be draped across their body,
excepting their dominant arm and head. While thgesati is lying supine, a target site for the
subsequent TDC, SC, SBF, TEWL and skin temperah@@surements will be marked on the
dominant forearm 5 cm below the antecubital fossa.
Phase 1

Six preheat data sets will be acquired at two neimutiervals from the target site in the
following order: the subject’s skin temperature, 8€sue dielectric constants for 1.5 mm and
2.5 mm beneath the skin, and TEWL.
Phase 2

At this point the blood flow sensor and heatingretat will be attached to the skin at the
target site. SBF will be continuously recorded luthi2 end of Phase 4 via an analog to digital
data acquisition system. The heating element \giitlthe skin to approximately 8and the

blood flow will then be recorded once a minuteffmir minutes.



Phase 3

Next, the heating element will gradually increasathtapplied to skin over approximately
1 minute, 30 seconds from 84to 40C in single degree increments.
Phase 4

Once the 4@ steady state has been achieved, over the neririies once at the end of
each minute, the blood flow will also be manua#igarded from the perfusion monitor.
Phase 5

The heating element will now be deactivated andorezd from the subject’s forearm
with the SBF sensor. Similarly as in Phase 1, skmnperature, SC, tissue dielectric constants for
1.5 mm and 2.5 mm beneath the skin, and TEWL wliieasured, in that order at two-minute
intervals for 12 minutes.
Data Analysis

The hypothesized dependence of tissue water orcé@adolood flow will be tested by
regression analysis. Gender differences in meagqarmeters will be tested with independent
T-tests with a p-value <0.05 accepted as significan
Dissemination

Investigators of this study plan to prepare anrabspresentation and present
experimental findings at the Osteopathic and Médicaference and Exposition in fall 2015. A
full manuscript will be developed for submissiortthe Journal of Skin Research and

Technology for publication along with the JourntGdinical Physiology.
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