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Physical exercise and skin microcirculation

Abstract

One of the main role of skin is its involvement in thermoregulation. Skin
blood flow (SkBF) is subject to great variations, depending on the environ-
mental and body thermal status. Physical exercise imposes heat stress for the
body and thus skin microcirculation. 1o achieve thermal homeostasis, SkBF
and sweating are increased in response to exercise. The thermoregulatory
response of SkBF during exercise differs from that at rest in the threshold for
vasodilation and the sensitivity of the “SkBF-to-core temperature slope”. The
purpose of this review is to highlight the response of skin microcirculation ro
physical exercise.

INTRODUCTION

Dynamic exercise strongly affects skin microcirculation as skin is the
main effector organ for heat elimination. During dynamic exercise,
the production of heat in the working skeletal muscles increases tremen-
dously inducing an increase in core temperature. Additional heat needs
to be eliminated in order to achieve thermal homeostasis; thermoregula-
tory reflexes induce adjustments of cutaneous vascular conductance
(CVC) and thus SkBF and sweating rate. The amount of changes de-
pends on the intensity, type and duration of exercise as well as on envi-
ronmental temperature. It has been estimated that skin blood flow dur-
ing extreme exercise in a hot environment can attain up to 7 L/min as
compared to 300 ml/min at rest in thermoneutral conditions (7, 2).
Apart from thermal reflexes, different nonthermal reflexes that tend to
diminish SkBF in order to obtain enough oxygen and nutrients to the
working skeletal muscles and the heart are activated during exercise (3).
How these conflicting reflexes integrate at the level of skin microcircula-
tion and how they impact thermoregulation is the focus of this review.

Functional organization of skin microcirculation

One of the main features of skin microcirculation is its large surface
that makes skin a suitable organ for the exchange of heat between the
body and the environment. Most blood vessels are situated in the dermis
where they form a papillary plexus, made up of high-resistance arterioles,
papillary loops and postcapillary venules. The papillary loops are located
close to the dermal-epidermal junction what enables a great temperature
gradient between the blood and epidermal tissues (4, 5). It is at the level
of arterioles where the fine tuning of vascular tone is accomplished.

Worth to note is the different anatomical organization of skin mi-
crocirculation in different parts of the body. Most of the body is covered
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with hairy or so called non-glabrous skin whereas acral,
nonhairy or glabrous skin covers acral parts of the body,
such as lips, ears, nose, palms, soles and finger and toe
pulps. Special features of acral skin are direct connections
between arterioles and venules called arteriovenous anas-
tomoses (AVAs) that when opened enable large increases
of blood flow through these very areas. SkBF in glabrous
skin exhibits large spontaneous fluctuations, most prob-
ably reflecting changes of blood flow through AVAs,
which are synchronous over the body (6). These oscilla-
tions are most pronounced in thermoneutral conditions
and are thought to contribute to maintaining a stable core
temperature. In resting thermoneutral conditions they
constrict 3-4 times a minute and have been shown to
correlate with blood pressure and heart rate variability.
The fluctuations are abolished when AVAs remain main-
ly closed or mainly opened (7).

The division of skin into these two parts seems logical
also from the mechanistic point of view as the control of
blood flow in these two parts differs.

Regulation of skin blood flow in resting
thermoneutral conditions

From the above estimations of wide variations of skin
blood flow in response to thermal challenges it is obvious
that the regulation of SkBF is complex. In spite of many
investigations trying to elucidate the exact mechanisms
of SkBF regulation many questions remain unresolved.

The main mechanism of arteriolar tone regulation is
neural mechanism. Acral, glabrous parts of the skin are
solely under the influence of the sympathetic noradrener-
gic vasoconstrictor system that releases noradrenalin, act-
ing on postsynaptic o,- and a,-adrenergic receptors,
along with potential cotransmitters (such as neuropeptide
Y). On the other hand, the non-glabrous nonacral parts
apart from the sympathetic noradrenergic vasoconstrictor
fibers also receive a separate sympathetic cholinergic ac-
tive vasodilatory nerve fibers (8, 9, 10). The existence of
two separate systems has been confirmed in many inde-
pendent studies by the observation that local application
of bretylium to block the presynaptic release of noradren-
alin from the sympathetic nerve fibers abolished the cu-
taneous vasoconstriction induced by cold stress whereas
the vasodilator responses induced by heat were not af-
fected. The vasodilator system has been most frequently
investigated in the last years, yet the exact transmitter has
not unequivocally been confirmed. Cholinergic fibers as
well as cotransmission from sudomotor fibers have been
suggested to be involved in active vasodilation with a
range of proposed mediators: bradykinin, nitric oxide
(NO), prostaglandins, vasoactive intestinal peptide (VIP),
calcitonin gene- related peptide (CGRP), substance P,
histamine (3, 8, 9, 10, 11). It has been proposed that 30-
40% of active vasodilation could be attributed to NO
from neuronal NO synthase pointing to a presynaptic
release of NO (12).
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Both, the vasoconstrictor and the vasodilator system
are subject to modulations by different afferents, such as
skin afferents (10, 13, 14), afferents from mechano- and
metaboreceptors from the working skeletal muscles (75,
16, 17, 18), as well as baroreflex (11, 19, 20) and modifiers
from central origin (so called central command). Further-
more, SkBF is affected by time of the day (21), gender and
the female menstrual cycle (17, 22, 23), endurance status

(24, 25), as well as age (26) and disease (9).

Other modulators of vascular tone include local fac-
tors. The most important local regulator of vascular tone
is local temperature: local heating and cooling of skin
induces subtle changes in the basal vascular tone that fi-
nally impact the regulation of skin blood flow (8, 13, 27).
Furthermore, the role of endothelium should not be un-
derestimated. For example, NO released form endothe-
lium has been shown to modulate the presynaptic release
of noradrenalin by modifying presynaptic o,-receptors
(28, 29). In spite of conflicting results from different stud-
ies, endothelial vasodilators, such as prostaglandins, NO
and endothelium-derived hyperpolarizing factor (EDHF)
most probably all contribute to local adjustments of the
vascular tone (30, 31, 32); the exact contribution of each
probably depends on age and (dys)functional endotheli-
um and has to be elucidated in further studies.

At rest and thermoneutral condition the cutaneous
vessels are under the tonic influence of vasoconstrictor
fibers whereas the vasodilator system is not active (3, 10);
in this setting skin blood flow is estimated to be approxi-
mately 300 mL/min and as such comprises 5% of the
cardiac output and results in a heat dissipation of 80 to
90 keal/h (3, 11). How tremendously it can change in
response to heat stress will be elucidated below.

Methodological considerations:
how to study and challenge skin
microcirculation

The cutaneous microcirculation represents an easily
accessible and potentially representative vascular bed to
examine the mechanisms of microcirculatory function
and dysfunction. Mostly used method is laser Doppler
flowmetry (LDF) that enables a semiquantitative assess-
ment of SkBF (6, 33, 34, 35). Its great advantage is non-
invasiveness and easy applicability. Further, it measures
blood flow in superficial tissues such as skin and enables
a good estimation of SkBF as opposed to plethysmogra-
phy that besides from skin also measures blood flow in
the underlying muscles. Its pitfalls are great spatial and
temporal variability. Besides from LDF newer promising
methods appeared, such as laser Doppler imaging, mag-
netic resonance imaging, electron paramagnetic reso-

nance, sidestream dark field imaging (34, 36, 37).

The best way to determine the relationship of SkBf to
core and skin temperature is to simultaneously trace skin
temperature at the corresponding sites measured by LDF
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along with core temperature. Core temperature has usu-
ally been obtained by esophageal probe or by tracing of
the tympanic temperature by an ear probe (38).

Passive thermal challenge could either be performed
by thermally insulated suits to stimulate changes of core
temperature or by local thermal provocations to change
skin temperature (8, 13, 27). Exercise challenge could
either be dynamic exercise that encompasses large muscle
mass or static isometric exercise.

The response of SkBF to
thermoregulatory challenge during
exercise differs from that at rest

During a thermal challenge, skin blood flow responds
to changes in the internal (core) temperature sensed by
central thermoreceptors as well as skin temperature sensed
by peripheral (skin) thermoreceptors that are the major
sensory component. The primary mechanism for stimu-
lating heat loss is the hypothalamic feed-back circuit
which receives an integrated signal from core and skin
temperature (71, 39). In conditions of maximal heat stress,
about 60 % of cardiac output can be shifted to the skin;
in this setting, SkBF can reach up to 7 L/min (7, 2), what
imposes a significant cardiovascular challenge.

It has been estimated that during significant body heat
stress, about 80-90% of the increase in SkBF could be
attributed to increased activity of the vasodilator system,
whereas only 10% is a consequence of the withdrawal of
the sympathetic vasoconstrictor system activity (3, 10,
10).

During whole body passive heating (in resting condi-
tions), first of all, the vasoconstrictor system activity is
withdrawn in both, glabrous and non-glabrous skin re-
sulting in increased CVC. It is not until the internal tem-
perature has reached the threshold that the cutaneous
vasodilator system in non-glabrous skin is activated, lead-
ing to significant increase of CVC in these areas. The
sensitivity of the cutaneous circulation to elevation in core
temperature is usually represented by the slope of SkBF
to core temperature relationship.

Dynamic exercise is known to affect skin blood flow
through several modifications of the vasoconstrictor and
active vasodilator system (3, 8, 40). The main difference
in thermal adaptation between rest and exercise is that
during dynamic exercise the cardiovascular system (CVS)
is challenged by thermal as well as other opposing re-
flexes that tend to maintain blood pressure and favor re-
distribution of blood flow to metabolically active tissues
to increase the supply of oxygen and nutrients. The CVS
accomplishes the task by an increase in cardiac output and
by redistribution of blood flow (7, 2) that finally result in
an altered response of skin microcirculation to a thermal
challenge. Based on the external stimuli, the haemody-
namic responses to environmental stress and exercise are
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determined by the magnitude of the environmental (heat
or cold) load and the duration, intensity and type of ex-
ercise (41).

The main differences of the response of SkBF to a heat
challenge between rest and exercise are listed below.

First of all, the initial, baseline tone of skin vessels is
increased in exercise as a consequence of redistribution of
blood flow to the exercising muscles at the beginning of
exercise (1, 2, 3, 10). Furthermore, it has been shown in
many independent studies that the threshold temperature
to induce vasodilation is shifted to higher internal tem-
perature during exercise as compared to rest (1, 2, 3, 9,
10). The mechanisms of increased threshold have not been
elucidated. With increasing exercise intensity, the thresh-
old is displaced to even higher temperatures, thus com-
promising heat elimination (3, 9, 14, 42, 43). This seems
logical as with increasing intensity the demand of work-
ing skeletal muscle and the heart for oxygen is increased.
'This mismatch could in the worst scenario lead to hyper-
thermia what is usually not the case, especially in ther-
moneutral environment, as increased core temperature
compromises the functioning of skeletal muscles and re-
sults in fatigue (2). Moreover, during exercise, the maxi-
mal vasodilation of skin reaches a plateau that is only 60
% of the maximal vasodilation due to a heat challenge,
seen at rest (2, 3, 10). It is suggested that this is mainly a
reflection of modifications of the vasodilator system rath-
er than superimposing increased vasoconstrictor activity;
the exact mechanism has not been revealed yet. Pooling
of blood in the skin vessels that in turn compromises
cardiac filling and activates baroreflex have been proposed
as well as changes in osmolarity and plasma volume (2).
Although it has been claimed that exercise limits the va-
sodilator outflow centrally, inhibition of active cutaneous
vasodilation by muscle metabo- and mechanoreceptors

has also been suggested (75, 18).

Mechanistically, the response of SkBf flow to exercise
could be divided in an initial response, in the response to
sustained exercise and in the response to recovery from
exercise.

At the beginning of exercise there is a decrease of CVC
throughout the body that undoubtedly reflects the in-
creased sympathetic vasoconstrictor activity brought
about by the central command (2, 3). The extent of this
initial vasoconstriction is, in turn, dependent on the in-
tensity of exercise, more to absolute intensity than to
relative load (2). Later during exercise, it is more the rela-
tive load, expressed as % of maximal aerobic capacity
(Voomay) that preferentially determines the changes of
skin blood flow, according to the extent of metabolically
produced heat. Logically, the degree of initial vasocon-
striction also depends on the active muscle mass and the
mode of exercise (static vs. dynamic). The initial vasocon-
strictor response is limited to the adrenergic vasoconstric-
tor nerves (2, 10). It has been shown that blockade of
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vasoconstrictor function with iontophoretically applied
bretylium abolished the response in normothermic condi-
tions and also during elevated body temperature when the
active vasodilator system was engaged (44).

As exercise continues the internal temperature reaches
the threshold that activates the vasodilatory fibers in non-
glabrous skin. An interesting observation is that the
threshold for increased sweating during exercise is not
affected by the intensity of exercise (2). Namely, this is not
the case for most other nonthermoregulatory reflexes,
which mostly affect vasodilator and sudomotor threshold
in the same way. Most studies focused on non-glabrous
skin, whereas the response of glabrous skin has not been
investigated.

Last but not least, we would like to imply the impor-
tance of endothelium in the regulation of CVC during
exercise: in the settings of increased blood flow the shear
stress is increased leading to increased production of en-
dothelial vasodilators that subsequently lead to vasodila-
tion and in this respect augment the CVC increment.
Indeed, it has been shown in the studies which per-
formed spectral analysis of SkBF oscillations that the
amplitude of the low frequency oscillations presumably
reflecting endothelial function is changed in response to
exercise as compared to rest (45, 46). This implies the
role of endothelium in the regulation of blood flow dur-
ing exercise.

After the cessation of exercise sympathetic tone is with-
drawn reflected by a decrease of heart rate (HR) and an
abrupt fall of mean arterial pressure (MAP). The fall of
MAP is offset by the activation of baroreflex (3, 19, 20,
47, 48). Yet, it has been postulated that baroreflex is reset
after exercise, partly explaining the prolonged hypoten-
sion that is known to persist far beyond the cessation of
exercise (20, 47, 48, 49). Moreover, the increased CVC
above the resting conditions could partly explain the hy-
potension in the recovery. Vasodilator system in skin mi-
crocirculation remains activated as long as the core tem-
perature remains elevated above the threshold. Studies
have shown that the contribution of the above mentioned
reflexes to the regulation of SkBF in the recovery period
is strongly dependent on the mode of recovery: during
inactive recovery, baroreceptors are suggested to be pri-
marily involved while muscle pump and central com-
mand activated during active recovery diminish the baro-

reflex (48, 50).

Many factors can alter either the threshold or/and the
sensitivity of the slope, such as skin temperature (2, 3, 14),
blood volume and osmolarity (2, 40, 51), and posture (19,
52) acutely, and, on a longer term basis, heat acclimation
(53), exercise training (24, 25, 54), circadian rhythm (21),
and reproductive hormone status in women (77, 23).
While acute adjustments of SkBF to thermoregulatory
and nonthermoregulatory challenges are achieved mainly
through modifications of vasodilator and to a lesser extent
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of vasoconstrictor nerves, chronic changes, such as in re-
sponse to acclimation or endurance training are most
probably brought about by structural and endocrine
changes (2, 38).

An interesting issue is the impact of skin temperature,
reflecting environmental and body conditions, on the
regulation of SkBF. Peripheral skin thermoreceptors sense
alterations of ambient temperature and modulate the re-
sponse of central reflexes: the threshold for vasodilation
has been shown to be shifted to lower core temperature
at higher ambiental and skin temperatures (2, 14, 40, 55,
56) and vice versa, i.e. to higher internal temperatures at
low ambiental temperatures what enables a better preser-
vation of heat in a cool environment (2, 57). Low skin
temperature has been suggested to affect mainly the va-
sodilatory fibers and not the vasoconstrictory ones (2). An
interesting observation regarding the effect of skin tem-
perature on thermoregulation was presented by Demachi
et al. who found a difference in the modification by skin
temperature of the central control of cutaneous vasomotor
tone at different levels of exercise (14).

Aerobic capacity and performance have been shown to
be strongly affected by skin temperature: V,,  was sig-
nificantly reduced with increased skin temperature inde-
pendent of core temperature (56). This seems logical as
increased skin temperature during exercise reduces the
temperature gradient for heat elimination and thus im-
pedes the heat exchange. To surpass the decreased tem-
perature gradient, SkBF is increased on account of dimin-
ished blood flow through skeletal muscles. Furthermore,
pooling of additional blood in the periphery impedes ve-
nous return, and activates baroreflex, leading to ‘cardio-

vascular drift’ (7, 57, 58).

Prolonged whole-body exercise in the heat is associated
with increased cardiovascular drift, i.e. greater tachycar-
dia, skin and core hyperthermia and might compromise
the cardiac output (2, 11, 40, 57). It has been shown that
the cardiac output was 1.5 L/min lower in a hot environ-
ment compared to thermoneutral conditions at the same
exercise intensity in spite of a 20-beat increase of HR (7,
57). Another problem in a hot environment is water and
electrolite loss. The threshold for active vasodilation has
been shown to depend on hydration status: it is shifted to
higher core temperature in hypovolemia, additionally
compromising heat loss and thus increasing the risk of

hyperthermia (3, 41, 59).

Sweating is the main effector
mechanism for heat elimination during
exercise

Alterations in CVC in response to a thermal challenge
have inseparably been connected to sweating. The evapo-
ration of sweat from the body surface represents one of
the most important thermoregulatory mechanisms for
eliminating excess heat from the body. In fact, evapora-
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tion is the only mechanism for heat elimination in a hot
environment where no temperature gradient exists be-
tween the surface of the body and the environment. A
change of water state from the liquid to the gaseous phase
consumes energy — heat that has been delivered to the skin
surface and in this way cools the skin surface (1, 57).
Evaporative water heat is estimated to be 2,5 k]/g water
(57). A decrease of skin temperature increases the tem-
perature gradient between the body and the surface and
thus augments the conductive heat loss. The sweat glands
can deliver sweat to the skin surface at rates up to about
30 g/min and the maximum rate of sweat is estimated to
comprise 2-4 L/h (1, 57). It is thus obvious that apart from
eliminating excess heat from the body, sweating is inevi-
tably associated with fluid and electrolyte loss that need
to be replaced. The efficiency of evaporation depends
both, on physiological and environmental factors (such as
humidity).

The control of sweating has been shown to be strongly
connected to the control of CVC. Sweat glands are in-
nervated by cholinergic sympathetic fibers that have been
shown to be modulated by different substances: substance
P, CGRP, VIP, atrial natriuretic peptide and NO; never-
theless, the exact interplay remains elusive (3, 10, 55).
Besides cholinergic fibers, sweat glands also possess o.-
and - adrenergic fibers whose role in thermoregulation
remains minor: they have been suggested to contribute
only 10% to active thermoregulatory sweating during
moderate exercise, while during intense exercise, the
greatly increased plasma concentrations of adrenaline and
noradrenaline to contribute to their activation (55).

It has been shown in many independent studies that
sweat rate increases at the very beginning of exercise be-
fore the core temperature has reached the threshold for
active vasodilation pointing to the role of central com-
mand (3, 55). Yet, while the rate of sweat secretion is al-
most immediate upon the start of exercise, there is a sig-
nificant delay in the evaporation of the sweat
accumulated on the skin surface what results in an in-
crease of core temperature (3). With prolongation of ex-
ercise, the increased core temperature additionally acti-
vates thermoregulatory reflexes leading to increased sweat
production. Sweat rate increases linearly with an increase
of exercise intensity (3, 55). Increasing exercise intensity
induces alterations of the sweat composition, sweat is
more diluted (7, 57, 60). Similar changes in the sweat rate
and composition are observed upon acclimation to ex-
treme environmental temperatures or in endurance
trained sportsmen (53, 61, 62). Contrary to CVC, exer-
cise intensity does not alter the onset threshold for sweat-
ing even in a hypohydrated state (3); yet, the threshold
depends on the site (3, 63). As for the effect of exercise
intensity on the sensitivity of sudomotor response the re-
sults are inconclusive; differences might be attributed to
huge regional differences in the distribution and activity

of sweat glands (42, 55, 63, 64).
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The effect of gender on
thermoregulation

Many studies focused on the effect of gender on hu-
man thermoregulation, with respect to the control of
CVC and sweating during exercise; yet, there are many
controversies (3, 9, 22, 48, 62, 65). Due to cyclic changes
of female reproductive hormones, SkBF in women is also
subject to cyclic variations in resting conditions (3, 9). It
has been established that the threshold for the onset of
cutaneous vasodilation and sweating is shifted to higher
internal temperatures in the midluteal phase of the men-
stural cycle, probably reflecting combined central effects
of increased levels of progesteron and estrogens in this
very phase (3, 10). Another interesting feature of luteal
phase hormones is that they appear to increase the plateau
level of SkBF during exercise in a warm environment (3).
This may offset the effect of the increased threshold for
vasodilation seen during the luteal phase in terms of over-
all heat dissipation during prolonged exercise. Studies
have shown that at the same exercise intensity (expressed
in terms of % of V,, ), the rate of sweating was lower
in women as compared to men and the sensitivity of the
sudomotor reflexes was lower in women (22, 55, 65). The
slope of the “sweating-to-core temperature” curve was less
steep in women (65) in spite of the fact that the density of
sweat glands is greater in women (66). The mentioned
differences have been shown to be more pronounced
when women exercised at higher intensities of exercise
(expressed in terms of % of V,, ) (22). Studies to deter-
mine potential changes in the threshold and the sensitiv-
ity for active vasodilation yielded contradictory results:
while some failed to confirm significant differences be-
tween men and women in spite of different hormonal
status (22), there are reports which showed that the
threshold for active vasodilation in the recovery to exercise
was increased in women compared to men (67). Apart
from differences in hormonal status affecting peripheral
mechanism, differences in central mechanism have been

suggested (48).

Last but not least, the potential differences between
men and women regarding thermoregulation might also
be accounted to physical sex characteristics, such as body
surface to volume ratio and the subcutaneous fat differ-
ences.

Different regions of the skin respond
differently to exercise

Although different studies aimed at elucidating the
exact interplay of the mentioned mechanisms during and
following exercise, only few studies simultaneously as-
sessed the response in glabrous and non-glabrous skin. As
these two areas differ in anatomical organization and in-
nervation, it is tempting to speculate that they also re-
spond differently to exercise. Apparently, the response of
skin blood flow to acute exercise differs with regard to the
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measuring site, and depends on exercise intensity, the
mode of exercise and the position of the subject (8, 10,
42, 52). It has bees established that there are regional dif-
ferences in the threshold for vasodilation in response to
an increase in exercise intensity (3, 42). It has also been
suggested that glabrous skin with AVAs is more prone to
nonthermoregulatory demands than non-glabrous skin
(52). This seems logical as blood flow even under resting
conditions is much higher in these areas.

Saad et al. showed that static isometric exercise elicits
a reduction of CVC accompanied by a decrease of fluc-
tuations of SkBF typical for the resting conditions in gla-
brous skin while the CVC on the volar forearm did not
change during exercise (68). On the other hand, Kondo
et al. have shown that handgrip exercise of short duration
induces sweating that is modulated by afferent signals
from muscle metaboreceptors in the non-glabrous but not
in the glabrous regions (78). Yamazaki found increased
amplitude of CVC in the palm compared to the forearm
as well as an increased phase lag in the palm during sinu-
soidal exercise (69, 70). The differences may partly be
explained by different intensities of exercise used in dif-
ferent studies that might have shifted the threshold for
vasodilation.

In our recent study (unpublished data), we investi-
gated the response of SkBF in glabrous and non-glabrous
skin to acute graded exercise to a submaximal workload.
We have indeed shown that the response of SkBF signifi-
cantly differed in glabrous (finger pulp) and non-glabrous
(volar forearm) skin during exercise as well as in the re-
covery period.

While SkKBF and CVC decreased in glabrous skin dur-
ing exercise, it started to rise already during exercise (at
about 60% of V,, ) in non-glabrous skin. The fall of
CVC in glabrous skin is consistent with increased sympa-
thetic tone during exercise reflected by a simultaneous
increase in HR as well as MAP. Also, the typical oscilla-
tions of CVC in the pulp disappeared during exercise what
is consistent with the finding of Saad ez al. (68). As non-
glabrous areas receive vasoconstrictor and vasodilator fibers
the increase of CVC might reflect the activation of vaso-
dilator fibers in non-glabrous skin as soon as the threshold

was reached, i.e. at a workload of 60% of V, .

In the recovery, SkBF in non-glabrous skin subse-
quently returned to the baseline value whereas SkBF in
glabrous skin increased and remained elevated during
recovery. A similar trend of LDF increase in the pulp in
the recovery from dynamic exercise was observed in the
only available study performed by Medbo ez al. (52).

The results point to different mechanisms of vasomotor
control in glabrous and non-glabrous parts during a ther-
moregulatory challenge of graded dynamic exercise, re-
spectively. It seems that non-glabrous skin is most impor-
tantly involved in thermoregulation during exercise while
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the main role for heat elimination in response to short
lasting exercise is overtaken by glabrous skin in the recov-
ery to exercise.

Another issue to be examined is how the two skin sites
behave during prolonged exercise of high intensity. It
seems probable that SkBF remains elevated in non-gla-
brous areas as long as the internal temperature is higher
from the threshold; this, in turn, depends on the heat
produced, i.e. on the intensity and duration of exercise.
As for the glabrous skin, it would be interesting to see if
and when SkBF started to rise during prolonged exercise.
Does SkBF increase due to withdrawal of the sympathet-
ic vasoconstrictor tone or are there local factors, such as
endothelium and local temperature that prevail and aug-
ment blood flow. Namely, sympathetic vasoconstrictor
tone is increased by the central command throughout the
body during exercise and it is questionable whether sym-
pathetic outflow to periphery could be regulated selec-
tively in different organs/regions (71). In this light, com-
plete withdrawal of the sympathetic vasoconstrictor
activity in glabrous skin to augment SkBF seems less
probable. The available data on this issue are scarce and
inconsistent (49, 71); thus, the question remains elusive.

Finally it should be mentioned here that the response
of SkBF to exercise is altered in conditions such as endur-
ance training (24, 25, 54), high altitude (hypoxic) or heat
acclimation (53). Endurance training, for example, is sup-
posed to elicit changes of the reactivity of autonomous
nervous system, endothelium, endocrine status as well as
structural adaptations that finally lead to a decrease in the
threshold for active vasodilation and an altered sensitivity
of the ‘SkBF to core temperature’ slope (24, 25, 54, 72).
The detailed elaboration of these adaptations of CVS is
reviewed elsewhere (24, 25, 35, 54).

CONCLUSION

SkBF is regulated by competing thermoregulatory and
nonthermoregulatory reflexes. Dynamic exercise impacts
skin blood flow through several modifications of the va-
soconstrictor and active vasodilator system that serve to
maintain heat balance of the body without compromising
the perfusion of metabolically active tissues. Inputs from
central thermoreceptors that sense core temperature and
peripheral thermoreceptors that sense skin temperature
finally relay to skin vessels to adjust CVC. CVC as well
as sweating rate are increased to eliminate additional heat
produced in the skeletal muscles during exercise and pre-
serve thermal homeostasis. Due to different innervation,
glabrous and non-glabrous skin behaves differently dur-
ing exercise as well as in the recovery period. In glabrous
skin, the initial vasoconstriction prevails, decreasing CVC
whereas in non-glabrous skin, active vasodilation beyond
the threshold increases CVC. The exact interplay of these
mechanisms in modulating the response of SkBF has to
be elucidated in further studies.
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