
ENDOTHELIUM-INDEPENDENT, BUT NOT ENDOTHELIUM-DEPENDENT, HUMAN 
MICROVASCULAR VASODILATION DIFFERS BETWEEN YOUNG, HEALTHY FEMALES AND MALES

Casey G. Turner1, Anna E. Stanehwicz2, & Brett J. Wong1
1Department of Kinesiology & Health, Georgia State University, Atlanta, GA; 
2Department of Health & Human Physiology, University of Iowa, Iowa City, IA 

• Males and females have similar microvascular endothelium-dependent vasodilation responses. 

• Compared to females, males have greater microvascular endothelium-independent vasodilation 
responses at lower doses, but the responsiveness in males diminishes at higher doses.

• Innate differences in endothelium-independent mechanisms may contribute to differing vascular 
pathologies between males and females. 

Background. Estrogen increases nitric oxide production, but a direct
comparison of endothelium-dependent and endothelium-independent
mechanisms of human microvascular vasodilation between females and
males has not been completed. Objectives. The purpose of this study
was to examine endothelium-dependent and endothelium-independent
mechanisms of human cutaneous microvascular vasodilation between
young, healthy females and males. Females were grouped by menstrual
cycle phase to assess the influence of female sex hormones. Methods.
Eighteen participants (7 males; 6 females in early follicular phase, F-EF; 5
females in luteal phase, F-L) were instrumented with two microdialysis
fibers in the skin of the forearm. A dose-response was completed at
each site: 1) acetylcholine (ACh; 10-10 – 10-1 M) to assess endothelium-
dependent vasodilation, and 2) sodium nitroprusside (SNP; 10-10 – 10-1

M) to assess endothelium-independent vasodilation. Doses were
perfused for 5 minutes. Maximal vasodilation was elicited by heating the
skin to 43°C and infusing 54 mM SNP. Laser-Doppler flowmetry (LDF)
provided an index of skin blood flow. Cutaneous vascular conductance
(CVC) was calculated (LDF/mean arterial pressure) and normalized to
maximal blood flow (%CVCmax). Data are presented as mean ± SD.
Results. There was no interaction between main effects of group and
dose in %CVCmax response to ACh, but there was a main effect of dose (p
< 0.0001). The ACh logEC50 was similar between all groups (males: -3.8 ±
0.76M; F-EF: -2.7 ± 1.00M; F-ML: -4.0 ± 0.61M). There was a significant
interaction between group and dose in %CVCmax response to SNP (p =
0.04). At 10-4 M SNP, F-ML (20 ± 9%CVCmax) displayed a lower response
compared to males (46 ± 19%CVCmax, p = 0.004). At 10-3 M SNP, F-EF (46
± 25%CVCmax, p = 0.038) and F-ML (36 ± 15%CVCmax, p = 0.002) displayed
lower responses compared to males (64 ± 16%CVCmax). The response to
10-2 M and 10-1 M SNP were not statistically different between groups.
The SNP logEC50 was not different between F-EF and F-ML; however, the
SNP logEC50 was lower in males (-4.6 ± 0.47M) compared to F-EF (-3.3 ±
0.64M, p = 0.02) and F-ML (-2.8 ± 0.36M, p < 0.0001). There was no
difference between groups or phase for maximal CVC responses (p >
0.05). Conclusions. Endothelium-dependent mechanisms of
microvascular vasodilation were similar between males and females,
regardless of menstrual cycle phase. Males displayed heightened
endothelium-independent vasodilation in response to lower doses of
SNP, but also experienced a greater tachyphylactic response, compared
to females.
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• Young, healthy males (n=7; 21±1 yr) and females (n=11; 
22±1 yr) 

• Females tested during either early follicular (EF; n=6) or 
midluteal phase (ML; n=5) of the menstrual cycle

• Two microdialysis fibers were placed in the skin of the 
forearm

• Site 1: acetylcholine (ACh; 10-10 – 10-1 M) to assess 
endothelium-dependent vasodilation

• Site 2: sodium nitroprusside (SNP; 10-10 – 10-1 M) to 
assess endothelium-independent vasodilation

• Laser-Doppler flowmetry (LDF) was used as an index of 
skin blood flow

• Local heating units were used to clamp local skin 
temperature at 33°C throughout baseline and the dose-
response protocol

• Maximal vasodilation was elicited by heating to 43°C 
and infusing 54 mM SNP at both sites

• Cutaneous vascular conductance (CVC) was calculated 
(LDF/MAP) and normalized to maximum (%CVCmax)

• Data were fitted with a 3-parameter non-linear logistic 
regression model
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ACh Response SNP Response
Males Females EF Females ML Males Females EF Females ML

Minimum 16.4 18.0 16.9 13.0 15.0 12.1
Maximum 51.6 56.4 57.7 63.4 65.1 70.8
LogEC50 -3.8 ± 0.76 -2.7 ± 1.00 -4.0 ± 0.61 -4.6 ± 0.47 * -3.3 ± 0.64 -2.8 ± 0.36

Table 1. Minimum and maximum skin blood flow measurements are reported in %CVCmax. 
LogEC50 is reported in Molar. *p < 0.05

• Examine endothelium-dependent and endothelium-
independent vasodilation responses in the human 
cutaneous microcirculation of young, healthy females 
and males.

• Estrogens and androgens influence cellular 
mechanisms of vasodilation, including endothelial and 
vascular smooth muscle cell function.1-3

• There is a lack of in vivo studies assessing sex 
differences in microvascular vasodilator mechanisms. 
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