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Cutaneous interstitial nitric oxide concentration does
not increase during heat stress in humans
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2001.—Inhibition of cutaneous nitric oxide (NO) synthase
reduces the magnitude of cutaneous vasodilation during
whole body heating in humans. However, this observation is
insufficient to conclude that NO concentration increases in
the skin during a heat stress. This study was designed to test
the hypothesis that whole body heating increases cutaneous
interstitial NO concentration. This was accomplished by
placing 2 microdialysis membranes in the forearm dermal
space of 12 subjects. Both membranes were perfused with
lactated Ringer solutions at a rate of 2 pl/min. In both
normothermia and during whole body heating via a water
perfused suit, dialysate from these membranes were ob-
tained and analyzed for NO using the chemiluminescence
technique. In six of these subjects, after the heat stress, the
membranes were perfused with a 1 M solution of acetylcho-
line to stimulate NO release. Dialysate from these trials was
also assayed to quantify cutaneous interstitial NO concen-
tration. Whole body heating increased skin temperature from
34.6 = 0.2 to 38.8 = 0.2°C (P < 0.05), which increased
sublingual temperature (36.4 = 0.1 to 37.6 = 0.1°C; P <
0.05), heart rate (63 *+ 5 to 93 * 5 beats/min; P < 0.05), and
skin blood flow over the membranes (21 = 4 to 88 * 10
perfusion units; P < 0.05). NO concentration in the dialysate
did not increase significantly during of the heat stress (7.6 =
0.7 to 8.6 = 0.8 uM; P > 0.05). After the heat stress, admin-
istration of acetylcholine in the perfusate significantly in-
creased skin blood flow (128 = 6 perfusion units) relative to
both normothermic and heat stress values and significantly
increased NO concentration in the dialysate (15.8 + 2.4 uM).
These data suggest that whole body heating does not increase
cutaneous interstitial NO concentration in forearm skin.
Rather, NO may serve in a permissive role in facilitating the
effects of an unknown neurotransmitter, leading to cutane-
ous vasodilation during a heat stress.

active cutaneous vasodilation; skin blood flow; thermoregu-
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WHOLE BODY HEATING IN HUMANS causes a substantial
increase in skin blood flow (SKkBF) in nonglabrous skin

initially because of withdrawal of sympathetic vaso-
constrictor activity followed by increases in sympa-
thetic active vasodilator activity (7, 10, 12, 17, 19, 20).
The active vasodilator component mediates the major-
ity of the reflex thermoregulatory increase in SkBF
(12). However, the mechanism(s), including the neuro-
transmitter, responsible for elevating SkBF during a
heat stress remains unknown.

Previously, we (15) identified that this neurotrans-
mitter was coreleased from cholinergic nerves, because
cutaneous active vasodilation was abolished when cho-
linergic neurotransmission was blocked via local ad-
ministration of botulinum toxin, whereas blockade of
muscarinic receptors, via local administration of atro-
pine, only partially inhibited cutaneous vasodilation
associated with a heat stress. Recently, we (13) and
others (21, 22) reported that nitric oxide (NO) was
required for the full manifestation of cutaneous active
vasodilation during a heat stress. This finding was
revealed after local inhibition of NO synthase (NOS)
during a heat stress, either via microdialysis or intra-
arterial administration of a NOS inhibitor, which re-
duced the elevation in cutaneous vascular conductance
by ~30%.

In contrast to humans, blockade of NOS in the rabbit
ear completely abolished elevations in SkBF during a
heat stress (24). In a series of follow-up experiments,
Farrell and Bishop (8, 9) revealed that NO-dependent
cutaneous vasodilation in the rabbit ear did not result
from an increased NO concentration associated with
the heat stress. Rather, NO served in a permissive role,
meaning that an unknown neurotransmitter was
solely responsible for causing active vasodilation in
heated rabbits but that it could due so only in the
presence of a basal pool of NO.

Given these findings in the rabbit, the aforemen-
tioned observations that NOS inhibition in humans
reduces the elevation in SKBF during a heat stress is
insufficient to conclude that this perturbation in-
creases NO concentration in the skin. Thus the pur-
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pose of this study was to test the hypothesis that whole
body heating increases cutaneous interstitial NO con-
centration. This purpose was accomplished through
the use of intradermal microdialysis to sample cutane-
ous interstitial fluid for changes in NO concentrations
before a heat stress (normothermic conditions) and
after SkKBF was substantially elevated due to whole
body heating.

METHODS

Twelve subjects (7 women and 5 men) participated in the
study. The subjects’ average age was 31 * 2 yr, and all were
of normal weight (73 * 4 kg) and height (173 + 2 cm). Each
subject was informed of the purpose and risks of this insti-
tutionally approved study before providing written consent.

Instrumentation. Each subject was instrumented for the
measurement of sublingual temperature (T) with a ther-
mistor and mean skin temperature (T,,) from the electrical
average of six thermocouples attached to the skin. The sub-
ject then dressed in a tube-lined suit that permitted the
control of T, by changing the temperature of the water
perfusing the suit. The suit covered the entire body with the
exception of the head, feet, and one arm. The arm not exposed
to the tube-lined suits was used to assess SkBF during the
heat stress. Thus any changes in SkBF during the heat stress
were not related to mechanisms associated with local heat-
ing. Heart rate was obtained from the electrocardiogram via
a cardiotachometer.

Each subject had two microdialysis probes placed in the
dermal space of the dorsal aspect of the forearm that was not
exposed to the tube-lined suit. The probes were constructed
in our laboratory from a semipermeable cellulose membrane
(18,000 molecular weight cutoff; Spectrum) glued between
two polyimide tubes (Polymicro Technologies) and reinforced
by a 51-pm-diameter stainless steel wire placed in the lumen
of the membrane and polyimide tubes. The membrane win-
dow for each probe was 10 mm. The probes were placed by
piercing a 25-gauge needle in the dermal space and then
having the needle exit 20-25 mm away from the point of
entry. The microdialysis probe was inserted through the
lumen of the needle. The needle was withdrawn, leaving the
probe in place. After placement, the probes were perfused
with lactated Ringer solution at a rate of 2 pl/min. A multi-
fiber laser-Doppler flow probe (Perimed) was placed directly
over each microdialysis membrane to assess SkBF. Laser-
Doppler flow probe placement was aided through the use of
markings on the polyimide tubing that indicated the center of
the membrane portion of the microdialysis probe.

Experimental protocol. After instrumentation, the subjects
rested for a minimum of 60—90 min before data collection to
allow the hyperemic response associated with microdialysis
placement to subside. Before whole body heating, dialysate
draining both microdialysis membrane was collected in a
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single vial for a duration of 12 min. T, was then elevated to
~38.8°C by perfusing the tube-lined suit with warm water
(46°C). Once sublingual temperature was elevated ~0.8—
1.3°C, a second 12-min dialysate collection period ensued. T,
was then returned to normothermic levels by initially per-
fusing the suit with cool water (~25°C) followed by perfusing
the suit with neutral water (~34°C).

After NO concentration was assayed from the first 6 sub-
jects, it became apparent that a test was necessary to identify
whether a stimulus that is known to increase NO release
would result in increases in NO concentration in the dialy-
sate. Thus, in a second group of six subjects, after the heat
stress and subsequent cooling period, the membranes were
perfused with a 1 M acetylcholine solution while dialysate
was collected for another 12-min period. Previously, our
laboratory reported that this dose of acetylcholine elicited
near-maximal sweating (23) and that this was the dose at
which SkBF was saturated on an acetylcholine-SkBF' dose-
response curve (C. G. Crandall and M. Shibasaki, unpub-
lished observations). Dialysate from each condition was im-
mediately frozen via dry ice after each collection period and
subsequently placed in a —80°C freezer after each study.
Dialysate from each trial was assayed in triplicate via the
chemiluminescence technique (280 NOA, Sievers Instru-
ments). This device uses the Radical Purger method to mea-
sure NO and its oxidation products. The coefficient of varia-
tion of these triplicate samples was 4.9%. In addition, the
perfusate for each period was similarly assayed to confirm
that the detection system did not artificially detect elevated
NO in the Ringer or Ringer plus acetylcholine solutions.

Data collection and analysis. Heart rate and temperature
data were obtained during the 12-min periods in which dia-
lysate was collected (pre-heat stress, heat stress, and post-
heat stress). These data were sampled at 10 Hz through a
data acquisition system (Biopac) and averaged over the last 3
min of each period. For each period, SkBF values over both
membranes were averaged to a single value. All data were
statistically analyzed using one-way analysis of variance
followed by a Student-Newman-Keuls multiple-comparison
test when significant main-factor differences were identified.
Data are expressed as means *= SE. The level of statistical
significance was set at P = 0.05.

RESULTS

Hemodynamic and temperature data are presented
in Table 1. Whole body heating increased T, from
34.6 + 0.2 to 38.8 = 0.2°C and returned to 34.8 + 0.6°C
after the heat stress. The heat stress caused a signifi-
cant elevation in T from 36.4 = 0.1 to 37.6 * 0.1°C.
During the heat stress, heart rate increased from 63 =
5 to 93 = 5 beats/min (P < 0.05) and then returned
toward pre-heat stress levels after the end of heating
(68 * 6 beats/min). SKBF increased significantly dur-

Table 1. Temperature and hemodynamic responses during baseline, whole body heating,
and acetylcholine administration after the end of the heat stress

Pre-Heat Stress (n = 12)

Heat Stress (n = 12) Acetylcholine Administration (n = 6)

Skin temperature, °C 34.6+0.2
Sublingual temperature, °C 36.4+0.1
Skin blood flow, perfusion units 21+4
Heart rate, beats/min 63+5

38.8+0.2% 34.8+0.6
37.6+0.1%
88 +10% 128 + 6%*7
93 = 5% 68 = 6%

Values are means *= SE; n, no. of subjects who performed that procedure. *Significantly different from pre-heat stress stage, P < 0.05.

TSignificantly different from heat stress stage, P < 0.05.
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ing the heat stress from 21 * 4 to 88 *= 10 perfusion
units. Administration of 1 M acetylcholine through the
microdialysis membrane further increased SkBF to
128 = 6 perfusion units (P < 0.05 relative to preheat
stress and heat stress values). Dialysate concentration
of NO did not increase significantly during the heat
stress (Fig. 1). However, administration of acetylcho-
line through the microdialysis membrane virtually
doubled the concentration of NO in the dialysate (P <
0.05 relative to preheat stress and heat stress periods).

DISCUSSION

The primary finding from this study is that cutane-
ous interstitial NO concentration, as detected by intra-
dermal microdialysis, does not increase during whole
body heating sufficiently to increase Ty ~1.2°C and
increase SKBF approximately fourfold. However, we
are confident that increases in cutaneous interstitial
NO concentration can be detected using intradermal
microdialysis, as evidenced by an approximately two-
fold increase in dialysate NO concentration when NO
production was stimulated with acetylcholine.

The use of intradermal microdialysis to quantify
cutaneous interstitial NO concentration in normother-
mic humans was previously performed by Clough and
colleagues (5, 6). They demonstrated that basal NO
concentration in the dialysate was 0.5-0.6 pM and
that this concentration was reduced by 31% when the
NOS inhibitor N-nitro-L-arginine methyl ester (i-
NAME) was administered in the perfusate. Moreover,
intradermal injection of histamine increased the con-
centration of NO in the dialysate by two- to threefold.
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Fig. 1. Nitric oxide concentration as measured via intradermal mi-
crodialysis during normothermia, heat stress, and administration of
1 M acetylcholine in the perfusate after the heat stress. Whole body
heating did not increase the concentration of nitric oxide in the
dialysate from microdialysis membranes placed in forearm skin.
However, after the heat stress, in 6 subjects dialysate concentration
of nitric oxide was significantly elevated because of the administra-
tion of acetylcholine relative to both the normothermic and heat
stress periods (*P < 0.05). These data suggest that cutaneous inter-
stitial nitric oxide concentration does not increase during whole body
heating in humans. Values are means * SE; n, no. of subjects.

MICRODIALYSIS AND NITRIC OXIDE

In the present experiment, the basal concentration of
NO in the dialysate was an order of magnitude greater
than that observed by Clough and colleagues. Differ-
ences in basal concentration of NO in the dialysate
between the present and cited studies could be due to
differences in flow through the microdialysis mem-
brane (2 vs. 5 pl/min, respectively), differences in the
technique used to reduce nitrate and nitrite (reaction
products of NO) to NO, and/or differences in the
method of analysis (chemiluminescence vs. amperom-
etry, respectively). Nevertheless, the relative increase
in dialysate concentration of NO because of the addi-
tion of acetylcholine in the perfusate was similar to
that observed by Clough and colleagues in studies in
which histamine was injected intradermally near the
microdialysis membrane. Taken together, it is clear
that intradermal microdialysis is a useful tool in as-
sessing cutaneous interstitial NO concentration and
that this technique is useful in assessing increases in
NO production during perturbations such as acetylcho-
line and histamine administration.

In both humans (3, 7, 10, 17) and rabbits (8, 9, 25),
increases in SKBF during a heat stress are primary due
to an active neurogenic mechanism because nerve
blockade proximal to the area where SkBF is moni-
tored abolishes the majority of cutaneous vasodilation.
In addition, inhibition of NOS prevents the elevation in
SkBF in the rabbit ear (8, 9, 24) while decreasing the
magnitude of elevation in SkBF in the human (13, 21,
22) during a heat stress. These findings could lead to
the conclusion that NO release is increased during a
heat stress and, because of its vasodilatory properties,
is responsible for or contributes to the elevation in
SkBF. However, findings by Farrell and Bishop (8, 9) in
the rabbit ear are counter to this hypothesis. In these
studies, inhibition of NOS via intra-arterial adminis-
tration of .-NAME in heated rabbits returned ear blood
flow to pre-heat stress levels. Subsequent infusion of a
small dose of the NO donor sodium nitroprusside while
the rabbits remained heated elevated ear blood flow to
levels observed before .-NAME administration. How-
ever, that same dose of sodium nitroprusside adminis-
tered in normothermic rabbits was insufficient to in-
crease ear blood flow. These investigators concluded
that NO played a permissive role in active vasodila-
tion, meaning that an unknown neurotransmitter was
solely responsible for causing active vasodilation in
heated rabbits, but it could do so only in the presence of
a basal pool of NO (8).

In humans, we (13) and others (21, 22) showed that
inhibition of NOS via intra-arterial or microdialysis
administration of NOS antagonists reduces the magni-
tude of cutaneous vasodilation during a heat stress by
~30%. However, these data do not identify whether
NO actively participates in cutaneous vasodilation or
serves solely in a permissive role with an unknown
neurotransmitter, as was shown in the rabbit (8, 9).
The present observation of a lack of increase in cuta-
neous interstitial concentration of NO in heated hu-
mans, coupled with the aforementioned observation in
heated rabbits (8, 9), strongly suggests a permissive
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role of NO in facilitating cutaneous active vasodilation
during a heat stress in humans.

Cutaneous vascular conductance in humans during
local heating is reduced by ~70% when NOS is inhib-
ited via intradermally administered .-NAME (14). This
is in contrast to ~30% reduction in the magnitude of
cutaneous vasodilation in the unheated arm during a
heat stress in humans in which NOS is inhibited (13,
21, 22). The mechanism resulting in cutaneous vasodi-
lation during local heating is different from that ob-
served during whole body heating because local heat-
ing-induced cutaneous vasodilation is preserved in
botulinum toxin-treated skin, whereas active cutane-
ous vasodilation is abolished (15). It is currently un-
known whether cutaneous interstitial NO concentra-
tion increases during local heating. If local heating
increases NO concentration, being that in the present
experiment T, over the majority of the body is locally
heated to 38.8°C during the heat stress, it is possible
that systemic NO concentrations increase during the
heat stress. However, even if this were to occur, it is
clear from the present study that the concentration of
NO released would be insufficient to cause measurable
increases in cutaneous interstitial NO concentration,
or its metabolites, in nonheated but actively vasodi-
lated skin. Thus it is unlikely that increases in sys-
temic NO concentration, if present due to local heating
under the water-perfused suit, contribute to cutaneous
vasodilation in unheated skin.

Limitations to the interpretation of the data. Micro-
dialysis is a viable method of assessing the concentra-
tion of substances in the cutaneous interstitium (1, 2,
4-6, 11, 16, 18). However, whereas 100% of the sub-
stance is not diffused into the membrane, estimates of
the concentration of a substance in the interstitium
cannot be made without identifying the relative recov-
ery of that substance. In the present experiment, we
did not quantify the relative recovery of NO and thus
we do not know the absolute concentration of NO
within the interstitium. Moreover, we assumed that
the relative recovery of the microdialysis membrane
did not change during the course of the experiment,
which is consistent with the findings of others (2).
Nevertheless, identification of relative recovery was
not required to address the question of interest, since
the hypothesis to be tested was whether cutaneous
interstitial concentration of NO increases during a
heat stress in nonheated skin. If interstitial NO con-
centration increased during the heat stress, this would
result in an increase in NO concentration in the dialy-
sate. Thus we are confident that cutaneous interstitial
NO concentration within the area measured did not
increase during a heat stress. Moreover, we are confi-
dent that, had cutaneous interstitial NO concentration
increased, we would have been able to identify this
increase because we were able to detect increases in
interstitial NO concentration during acetylcholine ad-
ministration.

The technique of microdialysis uses the principle of
diffusion to sample the concentration of substances in
the interstitial space. If a substance is released in the
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vascular space and does not readily diffuse into the
interstitial space, then microdialysis cannot be used to
assess changes in the release of that substance. For
example, NO production may increase during a heat
stress from endothelial cells on the luminal side of the
vasculature and cause cutaneous vasodilation from
that compartment without altering interstitial NO con-
centration. Moreover, it is possible that increased
washout of endothelial derived NO, because of in-
creased skin blood flow during the heat stress, limits
the diffusion gradient of NO between vascular smooth
muscle and cutaneous interstitium. Work by Clough
and colleagues (5, 6) demonstrated that cutaneous in-
terstitial NO concentration can be quantified using
intradermal microdialysis under normothermic condi-
tions and after stimulation of NO production via intra-
dermal injection of histamine. In addition, we showed
in the present study that cutaneous interstitial NO
concentration increases in response to acetylcholine
administration. Thus it is clear that NO released from
the vascular endothelium is capable of being detected
in the cutaneous interstitium using microdialysis. Nev-
ertheless, the possibility remains that, during a heat
stress, NO is released in sufficient quantity to elicit
cutaneous vasodilation but, because of washout or dif-
fusion limitations, does not result in detectable in-
creases in interstitial NO concentration.

In the present experiment, we did not inhibit NOS
during either the heat stress or acetylcholine adminis-
tration. Previously we (13) and others (22) showed that
inhibition of NOS, via inclusion of L-NAME in the
perfusate of a microdialysis probe placed in the skin,
inhibited the degree of cutaneous vasodilation during a
heat stress. Moreover, Clough (5) showed that inhibi-
tion of NOS reduced the concentration of cutaneous
interstitial NO in the dialysate in normothermic hu-
mans and during intradermal administration of hista-
mine. Thus, to investigate the primary question in the
present investigation, i.e., whether cutaneous intersti-
tial NO concentration increases during whole body
heating, it was not necessary to repeat our work, or the
work of others, in demonstrating the effectiveness of
NOS inhibition in reducing cutaneous vasodilation and
cutaneous interstitial NO concentration.

In conclusion, whole body heating does not increase
cutaneous interstitial NO concentration as measured
by intradermal microdialysis. This observation, cou-
pled with prior observations that inhibition of NOS
reduces the magnitude of cutaneous vasodilation dur-
ing a heat stress (13, 21, 22), raises the possibility that
NO is not directly involved in cutaneous active vasodi-
lation but rather that a basal pool of NO acts permis-
sively with an unknown neurotransmitter to elicit ac-
tive cutaneous vasodilation.

We thank Robyn Etzel and the subjects for assistance and partic-
ipation in this study. We also thank Drs. John M. Johnson and Dean
L. Kellogg, Jr., for assistance with the collection of pilot data.

This research project was funded by National Heart, Lung, and
Blood Institute Grant HL-61388 (to C. G. Crandall); National Aero-
nautics and Space Administration Grant NAG9-1033 (to C. G. Cran-
dall); American Heart Association, Pennsylvania Affiliate, Grant



1024

B98468P (to D. A. MacLean); and National Institutes of Health
General Clinical Research Center with National Center for Research
Resources Grant M01-RR-10732 (to Pennsylvania State University).

REFERENCES

1.

10.

11.

12.

Anderson C, Andersson T, and Andersson RG. In vivo mi-
crodialysis estimation of histamine in human skin. Skin Phar-
macol 5: 177-183, 1992.

. Ault JM, Riley CM, Meltzer NM, and Lunte CE. Dermal

microdialysis sampling in vivo. Pharm Res 11: 1631-1639, 1994.

. Barcroft W, Bonnar M, and Edholm OG. Reflex vasodilata-

tion in human skeletal muscle in response to heating the body.
J Physiol (Lond) 106: 271-278, 1947.

. Church MK, Skinner SP, Burrows LJ, and Bewley AP. Mi-

crodialysis in human skin. Clin Exp Allergy 25: 1027-1029, 1995.

. Clough GF. Role of nitric oxide in the regulation of microvas-

cular perfusion in human skin in vivo. J Physiol (Lond) 516:
549-557, 1999.

. Clough GF, Bennett AR, and Church MK. Measurement of

nitric oxide concentration in human skin in vivo using dermal
microdialysis. Exp Physiol 83: 431-434, 1998.

. Edholm OG, Fox RH, and Macpherson RK. Vasomotor con-

trol of the cutaneous blood vessels in the human forearm.
J Physiol (Lond) 139: 455—-465, 1957.

. Farrell DM and Bishop VS. Permissive role for nitric oxide in

active thermoregulatory vasodilation in rabbit ear. Am J Physiol
Heart Circ Physiol 269: H1613—-H1618, 1995.

. Farrell DM and Bishop VS. The roles of cGMP and cAMP in

active thermoregulatory vasodilation. Am J Physiol Regulatory
Integrative Comp Physiol 272: R975-R981, 1997.

Grant RT and Holling HE. Further observations on the vas-
cular responses of the human limb to body warming; evidence for
sympathetic vasodilator nerves in the normal subject. Clin Sci
(Lond) 3: 273—-285, 1938.

Jansson PA, Krogstad AL, and Lonnroth P. Microdialysis
measurements in skin: evidence for significant lactate release in
healthy humans. Am J Physiol Endocrinol Metab 271: E138—
E142, 1996.

Johnson JM and Proppe DW. Cardiovascular adjustments to
heat stress. In: Handbook of Physiology. Adaptations to the
Environment. Bethesda, MD: Am. Physiol. Soc., 1996, sect. 4,
vol. II, chapt. 11, p. 215-243.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

MICRODIALYSIS AND NITRIC OXIDE

Kellogg DL Jr, Crandall CG, Liu Y, Charkoudian N, and
Johnson JM. Nitric oxide and cutaneous active vasodilation
during heat stress in humans. J Appl Physiol 85: 824829,
1998.

Kellogg DL Jr, Liu Y, Kosiba IF, and O’Donnell D. Role of
nitric oxide in the vasculature effects of local warming of the skin
in humans. J Appl Physiol 86: 1185-1190, 1999.

Kellogg DL Jr, Pérgola PE, Piest KL, Kosiba WA, Crandall
CG, and Johnson JM. Cutaneous active vasodilation in hu-
mans is mediated by cholinergic nerve co-transmission. Circ Res
77: 1222-1228, 1995.

Krogstad AL, Jansson PA, Gisslen P, and Lonnroth P.
Microdialysis methodology for the measurement of dermal inter-
stitial fluid in humans. Br J Dermatol 134: 1005-1012, 1996.
Lewis T and Pickering GW. Vasodilation in the limbs in
response to warming the body; with evidence for sympathetic
vasodilator nerves in man. Heart 16: 33—-51, 1931.

Petersen LdJ, Kristensen JK, and Bulow J. Microdialysis of
the interstitial water space in human skin in vivo: quantitative
measurement of cutaneous glucose concentrations. J Invest Der-
matol 99: 357-360, 1992.

Roddie IC, Shepherd JT, and Whelan RF. The contribution
of constrictor and dilator nerves to the skin vasodilation during
body heating. J Physiol (Lond) 136: 489-497, 1957.

Rowell LB. Reflex control of the cutaneous vasculature. J Invest
Dermatol 69: 154—-166, 1977.

Shastry S, Dietz NM, Halliwill JR, Reed AS, and Joyner
MdJ. Effects of nitric oxide synthase inhibition on cutaneous
vasodilation during body heating in humans. J Appl Physiol 85:
830-834, 1998.

Shastry S, Minson CT, Wilson SA, Dietz NM, and Joyner
Md. Effects of atropine and L-NAME on cutaneous blood flow
during body heating in humans. J Appl Physiol 88: 467—-472,
2000.

Shibasaki M and Crandall CG. Effect of local acetylcholines-
terase inhibition on sweat rate in humans. J Appl Physiol 90:
757-762, 2001.

Taylor WF and Bishop VS. A role for nitric oxide in active
thermoregulatory vasodilation. Am J Physiol Heart Circ Physiol
264: H1355-H1359, 1993.

Taylor WF, DiCarlo SE, and Bishop VS. Neurogenic control
of rabbit ear blood flow. Am J Physiol Regulatory Integrative
Comp Physiol 262: R766—R770, 1992.



