
THE INVOLVEMENT OF NOREPINEPHRINE, NEUROPEPTIDE Y, AND ENDOTHELIAL 

NITRIC OXIDE SYNTHASE ON CUTANEOUS VASCULAR RESPONSES TO LOCAL 

SKIN WARMING 

 

 by 

PAUL A. SPARKS 

GARY J. HODGES, COMMITTEE CHAIR 

PHILLIP A. BISHOP 

JONATHAN E. WINGO 

STEPHEN M. SECOR 

 

 

A THESIS  

 

Submitted in partial fulfillment of the requirements 

for the degree of Master of Arts 

in the Department of Kinesiology 

in the Graduate School of 

The University of Alabama 

 

 

TUSCALOOSA, ALABAMA 

 

2012 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright Paul Sparks 2012 

ALL RIGHTS RESERVED 



ii 

 

ABSTRACT 

 We investigated the role of endothelial nitric oxide synthase (eNOS), norepinephrine (NE), and 

neuropeptide Y (NPY) in cutaneous vasodilation in response to local skin warming. In a two part 

study, we used four treatment sites on the skin of the forearm for insertion of microdialysis 

fibers, and placement of local skin heaters and laser-Doppler probes. We allowed an hour and a 

half for needle trauma resolution.  We recorded 10 min of baseline data, begin drug perfusion for 

50 min to ensure full receptor antagonism (α, β, Y1) and enzyme inhibition. In both parts of the 

study, the local warming protocol was such that local skin temperature was increased from 33 to 

42 °C at 0.5 °C · 15 s
-1

.  In Part 1 of our study, we used three sites for drug treatment 1) L-NAA 

(eNOS inhibition), 2) Yohimbine (YOH) and Propranolol (PRO) (α- and β- receptor 

antagonism), 3) a combination site (L-NAA+YOH+PRO), 4) untreated site for control. 

Treatments resulted in a reduction of vasodilation (P < 0.05) that did not differ (P > 0.05) from 

each other. In study 2 the same test procedure was utilized, with four treatment sites: 1) L-NAA, 

2) BIBP (antagonize Y1-receptors), 3) L-NAA+BIBP, 4) control site. Treated sites resulted in a 

reduction (P < 0.05) of the vasodilator response when compared to control sites; again treatments 

did not differ (P > 0.05) from each other. These data indicate that NE and NPY are working via 

eNOS in cutaneous vasodilator response to local skin warming.   
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CHAPTER I 

INTRODUCTION 

 
The human cutaneous circulation plays an important role in thermoregulation.  Under 

conditions of heat stress, skin blood flow increases in order to dissipate heat, while exposure to 

extreme cold elicits a reduction in skin blood flow to maintain temperature homeostasis.  In 

response to increased local skin temperature (no change in core temperature), the skin blood flow 

response is characterized by an initial peak and a nadir, succeeded by a stable plateau. The initial 

peak can be abolished, or greatly reduced, under conditions of sympathetic and/or sensory nerve 

blockade (12, 28, 35, 40).  The plateau phase is greatly dependent on endothelial nitric oxide 

synthase (eNOS) (23) and the sympathetic noradrenergic neurotransmitters norepinephrine (NE) 

and neuropeptide Y (NPY) (11, 12, 35). There appears to be little, if any, sensory nerve 

involvement in the plateau phase of the cutaneous vasodilator response to local skin warming (5, 

28, 34). 

Previously, we have shown that cutaneous sympathetic nerves and their 

neurotransmitters, NE and NPY, are involved in the cutaneous vasodilatation to local skin 

warming (5, 11, 12, 35).  Furthermore, we also produced data that indicated that NE and NPY 

were working via NOS to elicit this vasodilator response (12). This notion was supported by in 

vitro work that shown had shown that the binding of NE and NPY to endothelial-based α2- and 

Y1-receptors increased the activity of eNOS (1, 6, 38). Since our previous finding, Kellogg et al 

(23, 25) found that the NOS isoform involved in cutaneous vasodilator response to local skin 

warming was the eNOS isoform. While it is generally accepted that the endothelium regulates 

vasculature tone independently of sympathetic function, our previous data, and more recently, 

that of Nausch et al (29) indicates that sympathetic nerves can influence endothelial function.     
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Our previous data indicated that the antagonism of α-, β- and Y1-receptors decreased 

cutaneous vasodilation via the production of NO (11, 12). The current study directly investigated 

the inhibition of the eNOS isoform while also antagonizing, α-, β- and Y1-receptors to determine 

if these systems are working in a series fashion to elicit cutaneous vasodilation to localized skin 

warming. In Part 1 we examined the role of NE and in Part 2 the role of NPY. We hypothesized 

that the attenuation of the vasodilator response to local skin warming would not differ among the 

treatments (inhibition of eNOS and antagonism of NE and NPY receptors), which would be the 

case if these systems were working in a series fashion. Furthermore, we also clarified the relative 

contributions of the 2 sympathetic neurotransmitters, NE and NPY in the cutaneous vasodilator 

response.  
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CHAPTER II 

METHODS AND PROCEDURES 

Participants 

All studies were approved by the local Institutional Review Board, and all participants 

were fully informed of the methods and risks before consent was obtained. Seven participants 

(27 ± 2 yr, 175 ± 4 cm, 75 ± 2 kg) volunteered for both parts of this study. Participants were 

healthy, normotensive, non-smokers, and not taking any medications. All study participants 

visited the Human Performance Laboratory at the University of Alabama for two testing 

sessions. Participants reported to the laboratory after a 2-h fast, but well hydrated.  

 

Instrumentation 

Intradermal microdialysis was used to deliver pharmacological agents into the skin (5, 8, 

10-14, 35). Four intradermal microdialysis fibers were placed in the skin on the dorsal surface of 

the right forearm of each participant. These probes consisted of 2 cm of microdialysis tubing 

(inner diameter 200 μm, 18 kDa nominal molecular weight cutoff) attached at each end to 

polyimide tubing providing a 1 cm window for drug transfer between the fiber and skin. Before 

implantation, the area of skin was temporarily anesthetized by the application of an ice pack for 

5 min (8). A 22-gauge needle was inserted superficially into the skin and ∼2.5 cm across the skin 

before exiting. The microdialysis probe was introduced into the skin via the lumen of the needle, 

the needle was then removed, leaving the probe in place. All probes were placed in this manner, 

and ∼1.5 h was allocated for the effects of the insertion trauma to subside (8).The four 

intradermal microdialysis fibers were placed ~3 cm apart and taped in place. The participant was 

supine throughout this procedure. 
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Measurements 

All measurements were performed with the subjects resting in a supine posture. Skin 

blood flow was measured from the dorsal aspect of the forearm by laser-Doppler flowmetry 

(Moor Instruments Inc., Axminster, UK), and expressed as laser-Doppler flow (LDF) (20, 30).  

LDF has no known side-effects and is a reliable and accurate, non-invasive method for the 

measurement of blood flow in the skin and these measures are not contaminated by underlying 

skeletal muscle blood flow (31). LDF uses low-level laser light, Class 1, output power 2.5 mW 

max, and does not require additional certificates for health and safety. Local skin temperature 

(Tloc) control was achieved with heating probe holders (Moor Instruments Inc., Axminster, UK); 

these control surface temperature over an area of 133 mm
2
 with the exception of a small aperture 

(7.1 mm
2
) in the centre of the holder to enable placement of the laser-Doppler probe. Tloc can be 

precisely maintained within 0.1 °C. Blood pressure was recorded non-invasively by auscultation 

from the contralateral arm. Mean arterial pressure (MAP) was calculated as: MAP = (SBP + (2 * 

DBP))/3. Whole body skin mean temperature (Tsk) was recorded as the weighted mean from six 

thermocouples placed on the body surface and controlled by the use of a water-perfused suit 

(33).  

 

Pharmacological treatments 

Five pharmacological agents were administered via microdialysis from a syringe pump at 

a rate of 4 µl·min
-1

, and
 
all agents were filtered sterilized with 0.2-µm micropore syringe filters 

(Acrodisc, Pall, Ann Arbor, MI) (14). All agents were dissolved in sterile lactated Ringer’s 

solution. Antagonism of α-adrenergic receptors was achieved by the application of yohimbine 

(YOH) (Sigma-Aldritch, St. Louis, MO, USA) at a concentration of 5 mM (11, 35). YOH is 
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traditionally regarded as an α2-adrenergic antagonist; however, prior work has successfully used 

YOH at this concentration and infusion rate in antagonizing all α-receptors (11, 12, 21, 35).  

Antagonism of β-adrenergic receptors was achieved by the application of propranolol (PRO) 

(Sigma-Aldritch, St. Louis, MO, USA) at a concentration of 1 mM (11, 12, 35). A 10 µM 

solution of the N
2
-(diphenacetyl)-N-([4-hydroxyphenyl] methyl)-D-arginine amide (BIBP3226) 

(Sigma-Aldritch, St. Louis, MO, USA), was used to antagonize Y1-receptors. This concentration 

and administration has proven effective in revealing NPY involvement in cutaneous 

vasoconstrictor responses (12, 32). Inhibition of eNOS (the enzyme that produces endothelial-

derived NO) was achieved by the use of N
G
-amino-L-arginine (L-NAA) at a concentration of 3 

mM (23, 25). 

To attain maximal skin blood flow levels, local skin temperature was raised and held at 

42 °C, and sodium nitroprusside (SNP) (Sigma-Aldritch, St. Louis, MO, USA)  was 

administered at a concentration of 58 mM, which previous work has shown to elicit maximal 

skin blood flow (5, 23-27). 

Protocols 

 Part 1 assessed the contribution eNOS to the cutaneous vasodilator response from the 

sympathetic neurotransmitter, NE (Fig 1). 

Site one acted as an untreated control site 

and was perfused with lactated Ringer’s 

only (vehicle). At microdialysis site 2, 

blockade of the α- and β-receptors was 

achieved by the infusion of YOH+PRO. 

At microdialysis site 3, inhibition of eNOS was achieved via the infusion of L-NAA. At site 4, a 
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combination of the 3 agents was used. After the effects of the microdialysis fiber insertion 

trauma subsided (1.5 h) (8), drug infusion began as previously described for 40 min. Then local 

warming protocol was initiated at each of the laser-Doppler probe sites, increasing Tloc from 33 

°C to 42 °C at a rate of 0.6 °C · min
-1

.  Once Tloc of 42 °C was reached, this temperature was 

held constant for 50 minutes to evaluate skin blood flow responses to the individual treatments. 

Then, all sites were warmed to 42 °C and  infused with 58 mM SNP to elicit maximal cutaneous 

vasodilation (maximal skin blood flow). Blood pressure (BP) was taken by auscultation every 10 

min.  

The protocol for Part 2 is illustrated in figure 2. This protocol determined the 

contribution of eNOS to the cutaneous vasodilator response from the sympathetic 

neurotransmitter, NPY. Site one acted as an untreated control site and was perfused with 

Ringer’s only. At microdialysis site 2, blockade of Y1-receptors was achieved by the infusion of 

BIBP3326. At microdialysis site 3, 

inhibition of eNOS was achieved via 

the infusion of L-NAA. At site 4, a 

combination of the 2 agents was used. 

The sequence and timing was the same 

as described for Part 1. 

 

Data and statistical analysis 

Blood pressure was recorded by auscultation every 10 min. All other variables (LDF and 

Tloc at each skin site, and Tsk) were collected at 100 Hz and stored for offline analysis (Biopac, 

MP150). Skin blood flow is expressed as cutaneous vascular conductance (CVC; LDF/MAP) 
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and given as a percentage of maximal CVC (achieved in response to 58 mM SNP). Thus, the 

data is normalized to the CVC values obtained from the local skin temperature of 42 °C 

combined with SNP infusion. Stable 5 min sections of baseline and plateau data were used for 

comparisons. Due to the rapid and transient nature of the initial peak response, 30 s periods of 

data were used for analysis of this section. To assess involvement of NE and eNOS in the 

vasodilator responses observed, we compared the PRO+YOH, L-NAA to one another, while we 

also analyzed all 3 treated sites with the control site. To assess the involvement of NPY in the 

vasodilator responses observed, we compared the BIBP3226, L-NAA, and combination treated 

sites to the control site. For both Parts differences among the 4 treatments were evaluated by a 

mixed-model two-way repeated measures analysis of variance. Planned comparison tests, 

including Bonferroni post-hoc tests, were performed where appropriate to determine where 

differences occurred. Statistical analyses were performed using SAS (v9.2, SAS Institute inc., 

USA). Sample size was determined using nQuery (v7.0, Statistical Solutions, Cork, Ireland). 

Statistical significance was set at P < 0.05 and data were expressed as mean ± standard deviation.  
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CHAPTER III 

RESULTS 

3.1. Contribution of eNOS and NE to cutaneous vasodilation in response to local skin heating.  

Baseline  

Inhibition of eNOS with L-NAA significantly reduced baseline CVC compared to control (6 ± 3 

vs. 15 ± 3 CVC%max) (P < 0.05) (Fig 3). By contrast, antagonism of α- and β-receptors with 

YOH+PRO significantly increased baseline CVC when compared to the untreated control (21±3 

vs. 15 ± 3 CVC%max) (P < 0.05). The combined treatment of L-NAA, YOH, and PRO did not 

change (P > 0.05) baseline CVC (12 ± 4 CVC %max) when compared to the control skin sites. 

 

 

 

 

 

 

 

 

  

Initial Peak  

The initial peak response to the increase in local skin temperature from 33 to 42°C caused a 

significant increase in CVC at all skin sites (P < 0.05) (Fig. 4). Treatment with L-NAA caused a 

modest reduction (P < 0.05) in the initial peak relative to the untreated control site (62 ± 6 vs. 76 

± 5 CVC%max) (Fig. 4). As seen in our previous studies (12, 35), under conditions of 

[Type a quote from the 

document or the summary of 

an interesting point. You can 

position the text box anywhere 

in the document. Use the 

Drawing Tools tab to change 

the formatting of the pull quote 

text box.] 

Figure 3. The effect of drug 

treatment on baseline in part 1. 

Inhibition of eNOS with L-NAA, 

significantly decreased baseline 

CVC. Antagonism of α- and β-

receptors increased baseline CVC. 

The + and − indicate sites were or 

were not treated with antagonists, 

respectively. Values are means ± 

SD; n = 7 subjects. *P < 0.05 vs. 

untreated site; †P < 0.05 vs. L-

NAA treated site. 
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YOH+PRO treatment, there was a marked reduction in the initial peak, with CVC%max at these 

skin sites reaching only 49 ± 4 CVC%max, significantly reduced compared to both control and 

L-NAA (both P < 0.05). Interestingly, skin sites treated with the combination of L-NAA, YOH, 

and PRO, while significantly reduced when compared to control and L-NAA (P < 0.05), were 

not different when compared to the YOH+PRO skin sites (47 ± 4 vs. 49 ± 4 CVC%max). 

 

 

 

 

 

 

 

 

 

Plateau  

A stable plateau in CVC was reached across all skin sites at 42 °C (P < 0.05 vs. 32 °C). The 

plateau achieved at skin sites treated with L-NAA (64 ± 3 CVC%max), YOH+PRO (62 ± 3 

CVC%max), and combination of L-NAA+YOH+PRO (61 + 4 CVC%max) were attenuated to 

similar extents compared to CVC at control sites (87 ± 5 CVC%max) (Fig. 5). CVC at all treated 

sites did not differ (P > 0.05).  

 

 

 

Figure 4. The initial peak 

responses to local skin warming in 

part 1. Inhibition of eNOS with L-

NAA, significantly decreased the 

response. Antagonism of α- and β-

receptors further reduced the initial 

peak response. Combination 

treatment was not different to only 

YOH_PRO treatment. The + and − 

indicate sites were or were not 

treated with antagonists, 

respectively. Values are means ± 

SD; n = 7 subjects. *P < 0.05 vs. 

untreated site; †P < 0.05 vs. L-

NAA treated site. 
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3.2. Contribution of eNOS and NPY to cutaneous vasodilation response to local skin heating 

Baseline 

CVC averaged 13 ± 2 CVC%max at control sites,7±3 CVC%max at L-NAA treated sites, 14 ± 4 

CVC%max at BIBP treated sites, and 8±5 CVC%max at L-NAA+BIBP combination treatment 

sites. Inhibition of eNOS with L-NAA significantly reduced baseline CVC compared to control 

and BIBP (both P < 0.05). CVC at BIBP treatment sites differed significantly from L-NAA 

treatment sites (P < 0.05), but did not differ from control sites or L-NAA+YOH+PRO (both P > 

0.05). CVC for L-NAA+BIBP treated sites were not significantly different from other treatment 

sites (P > 0.05).  

 

Initial Peak  

The initial peak response to the increase in local skin temperature from 33 to 42°C caused a 

significant increase in CVC at all skin sites (P < 0.05). These CVC values were 73 ± 5 

CVC%max at control sites, with significantly reduced responses in CVC at the L-NAA (60 ± 4 

CVC%max), BIBP (52 ± 5 CVC%max), and L-NAA+BIBP treated sites (50 ± 6 CVC%max) (all 

Figure 5. The plateau phase 

responses to local skin warming in 

part 1. All treatments reduced the 

vasodilator response similarly. The 

+ and − indicate sites were or were 

not treated with antagonists, 

respectively. Values are means ± 

SD; n = 7 subjects. *P < 0.05 vs. 

untreated site. 
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P < 0.05 compared to control). CVC values at sites treated with L-NAA, BIBP, and L-

NAA+BIBP were attenuated to similar extents compared with control sites (all P < 0.05).  

 

Plateau  

A stable plateau in CVC was reached across all sites at 42 °C (P < 0.05 vs. 32 °C). These CVC 

values were 88 ± 6 CVC%max at control sites, 62 ± 3 CVC%max at L-NAA treated sites, 60 ± 6 

CVC%max at BIBP treated sites, and 61 ± 3 CVC%max at L-NAA+BIBP combination 

treatment sites (Fig. 6). CVC at L-NAA treatment sites significantly differed from control sites 

(P < 0.05). CVC attenuation at L-NAA treatment sites did not differ from BIBP or L-

NAA+BIBP combination treated sites (P > 0.05). CVC at BIBP treated sites significantly 

differed from control sites (P < 0.05) but did not differ from L-NAA or L-NAA+BIBP treatment 

sites (P > 0.05). Treatment with L-NAA+BIBP caused significant attenuation in CVC compared 

to control sites (P > 0.05). Interestingly L-NAA+BIBP treatment did not cause a significant 

attenuation in CVC when compared to L-NAA and BIBP treatment (P > 0.05).  

 

 

 

 

 

 

 

 

 

Figure 6. The plateau phase 

responses to local skin warming in 

part 2. All treatments reduced the 

vasodilator response similarly. The 

+ and − indicate sites were or were 

not treated with antagonists, 

respectively. Values are means ± 

SD; n = 7 subjects. *P < 0.05 vs. 

untreated site. 
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CHAPTER IV 

DISCUSSION 

The present studies were designed to investigate further the involvement and relationship 

of eNOS, NPY, and NE in generating vasodilation in the cutaneous vasculature of the forearm to 

local skin warming. Previously, Hodges and co-workers (5, 9, 11, 12, 35) reported that the 

classical vasoconstrictors, NE and NPY, were involved in the vasodilation response to local skin 

warming. Additionally, prior work by Kellogg et al. (23) differentiated between NOS isoforms 

that were involved in the cutaneous vasodilator response to local skin warming, finding eNOS, 

but not nNOS, was involved. We chose to investigate the involvement of eNOS, NPY, and NE in 

conjunction to further characterize the roles of each in cutaneous vasodilation. Such an approach 

allowed investigation of each systems involvement in vasodilation individually, while also 

enabling determination of whether these mechanisms respond in series fashion or in parallel. We 

reasoned that if eNOS, NE, and NPY functioned in a series fashion this would result in identical 

attenuation of CVC responses from combination or separate enzyme inhibition and receptor 

antagonism. Indeed, we found this to be the case.  

The major finding of these studies is that NE and NPY elicit cutaneous vasodilation via 

eNOS. We make this conclusion based on the lack of significant differences in CVC during 

plateau phases under separate inhibition of eNOS, antagonism of NE and NPY receptors, or the 

combined treatments. While the notion that NE and NPY can elicit vasodilation is counter-

intuitive with respect to the classical view of these neurotransmitters, there are in vitro data that 

show NE and NPY bind to α2- and Y1-receptors on endothelial cells and stimulate eNOS 

production (1, 6, 38). These observations further elucidate the importance of NE and NPY in the 

production of NO in cutaneous vasodilation and also confirm that NE and NPY must be present 
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for a full vasodilation response to occur (plateau phase vasodilation). The findings of these 

studies suggest that NE and NPY work via eNOS in a series fashion, as we originally 

hypothesized.  

How do NE and NPY elicit both vasoconstriction and vasodilation in skin? It is now well 

established that the vasoconstrictor responses to local skin cooling are mediated almost entirely 

by the cooling-induced activation of Rho-kinase A producing a translocation of α2C-receptors 

from the Golgi apparatus to the cell surface, thus increasing the number of available receptors (2, 

3, 36, 37). This is further supported by in vitro and isolated systems that indicates  the cooling of 

skin vessels decreases the synthesis, release, and reuptake of NE and NPY (4, 7, 19, 39); 

consequently, it seems unlikely that the adrenergic component of the cutaneous vasoconstriction 

is due to a net increase in the concentration of norepinephrine in the subsynaptic cleft, and thus 

vascular responses to skin cooling are elicited by the extant neurotransmitter available. Indeed, 

Hodges et al., (11) produced an intriguing, if only indirect in vivo finding, which indicated that in 

response to local skin warming, the release of sympathetic neurotransmitters was increased. 

Thus, the increased release of NE and NPY during local skin warming might lead to the 

increased binding to endothelial-based receptors. Whether skin warming changes the expression 

of endothelial-based α- or Y1-receptors is currently not known. 

The important secondary finding of the studies are the different roles NE and NPY 

perform during baseline and in the initial stages of cutaneous vasodilation.  Antagonism of α- 

and β- receptors produced a marked increase in skin blood flow at rest compared to control; by 

contrast, Y1-receptor antagonism had no effect. This finding supports reports in rats that show 

there is no role for NPY in basal control of skeletal muscle blood flow (16-18). Furthermore, 

antagonism of α- and β- receptors caused a pronounced reduction in the initial peak compared to 
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both the untreated control response and that achieved under conditions of eNOS inhibition.  

However, while Y1-receptor antagonism also reduced the initial peak, this was to a lesser extent 

than α- and β- receptor antagonism, and similar to that which was achieved with eNOS 

inhibition. This is interesting that these differences are not present during the overall vasodilator 

response (plateau phase), in which the plateau phase is equally suppressed under conditions of α- 

and β-receptor and Y1-receptor antagonism. Previous studies by our group have determined 

antagonism of NE and NPY in combination did not cause greater attenuation than separate 

treatment (12, 35); as to why this is the case is currently not clear. 

Kellogg et al. (23-25) investigated two specific isoforms of NOS, eNOS and nNOS, to 

determine if a particular isoform is more or less active in local and whole body warming. The 

authors determined eNOS is responsible for vasodilation in local skin warming, whereas nNOS 

is active in whole body warming, with both functioning in these responses exclusively. Hodges 

et al. (12) determined that antagonism of α-, β-, and Y1-receptors significantly reduces CVC 

responses to local skin warming. The present investigation verifies the importance of eNOS in 

cutaneous vasodilation, while also determining the roles of NE and NPY. The current data 

strongly suggest that NE and NPY work via eNOS to elicit vasodilation in a series fashion.  

An interesting tertiary finding of this study indicates basal eNOS activity may play an 

important role in normothermic cutaneous blood flow control. CVC was significantly lower at L-

NAA treated sites compared to the control skin sites during the baseline period (Fig. 3). This 

suggests endothelial-derived NO may play an important role in maintaining cutaneous blood 

flow under normothermic conditions. Future work in this area should involve activities 

downstream from the endothelial layer but may include how eNOS activity affects other 

mechanisms involving substance P, reactive oxygen species, or guanylyl cyclase. 
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Because the isoform specificity of NOS antagonists declines with increasing 

concentration, we performed studies that defined the lowest L-NAA concentration that 

attenuated the vasodilator response to exogenous acetylcholine that is in part NO dependent and 

mediated by eNOS (15, 22, 23, 25). These studies demonstrated that 3 mM was the lowest L-

NAA concentration that would reliably attenuate endothelium-dependent vasodilation caused by 

exogenous acetylcholine and yet also be the least likely to inactivate nNOS. 

In summary, we found that inhibiting eNOS and antagonizing α-, β-, and Y1 receptors 

significantly attenuated cutaneous vasodilation responses in the human forearm. We determined 

that NE and NPY elicit cutaneous vasodilation via eNOS. Secondarily, we also determined that 

the initial peak response is primarily mediated via NE and NPY but not NO. These findings 

indicate that the cutaneous vasculature has multiple, redundant systems responsible for eliciting 

vasodilation.  
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