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Menthol, a common additive to foods, medicines, and topi-
cal analgesics, elicits a pleasant cool/mint sensation. We 
recently demonstrated that menthol induces cutaneous vas-
odilation through nitric oxide (NO), endothelium-derived 
hyperpolarizing factor (EDHF), and sensory nerve-depend-
ent mechanisms.1,2 Menthol is a selective transient receptor 
potential melastatin 8 (TRPM8) channel agonist.3 TRPM8 
channels are nonselective cation channels that open in 
response to both cold/cool temperatures (8–28  °C)4 and 
menthol,3 and are present in many cell types, including 
vascular smooth muscle and endothelial cells.5 The abil-
ity of menthol to induce vasodilation is in part dependent 
on TRPM8 channel activation. It is thought that opening 
of vascular TRPM8 channels enables entry of calcium into 
the endothelium6 which can increase endothelial NO pro-
duction7 and hyperpolarize vascular smooth muscle cells by 
activating calcium activated potassium channels.8

Hypertension is a highly prevalent chronic disease that 
affects nearly one third of adult Americans9 and is a primary 
risk factor for the development of cardiovascular disease and 
stroke.10 Hypertension is characterized by increased vaso-
constrictor tone11,12 and a loss of endothelium-dependent 

vasodilation.13,14 Multiple classes of medications are available 
to treat hypertension; however, antihypertensive pharma-
cotherapy does not effectively control blood pressure in all 
patients. Approximately 40% of medicated hypertensive men 
and women have uncontrolled blood pressure.15 Therefore, it is 
important to identify additional treatments to combat hyper-
tension. Given menthol’s low cost, safety, and ability to induce 
vasodilation, menthol may be an appropriate nutraceutical 
addition to traditional antihypertensive pharmacotherapy.

In animal models, intravenous administration of men-
thol can lower blood pressure,16 while supplementation with 
orally administered menthol has been efficacious in reduc-
ing blood pressure in prehypertensive men and women.17 
However, TRPM8 expression is downregulated in animal 
models of hypertension,18,19 and TRPM8 gene polymor-
phism may increase the risk for developing hypertension.20 
Furthermore, the putative downstream mechanisms of 
menthol-mediated dilation (NO and EDHF) are downregu-
lated in men and women with hypertension.21,22 Potential 
alterations in TRPM8 expression, along with attenuation of 
downstream mechanisms, with hypertension make the anti-
hypertensive potential of menthol, at this point, unknown.
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BACKGROUND
Menthol is a selective transient receptor potential melastatin 8 (TRPM8) 
channel agonist that induces cutaneous vasodilation in young, nor-
motensive men and women through nitric oxide synthase (NOS)-, 
endothelium-derived hyperpolarizing factor (EDHF)-, and sensory 
nerve-mediated mechanisms. Microvascular dysfunction is present in 
essential hypertension and whether menthol induces vasodilation is 
men and women with essential hypertension is equivocal.

METHODS
Four intradermal microdialysis fibers were placed in the forearm of 9 
essential hypertensive and 10 age-matched normotensive control 
subjects. Sites were pretreated with lactated Ringer’s (control), l-NAME 
(NOS inhibited), TEA (EDHF inhibited), and lidocaine (sensory nerve 
inhibited). The microdialysis fibers were then perfused with 7 increas-
ing doses of menthol (0.1–500 mM). Red cell flux in response to men-
thol was measured with laser Doppler flowmetry. Data were normalized 
to mean arterial pressure and presented as a percentage of site-specific 
maximum vasodilation (%CVCmax).

RESULTS
At the control site, menthol caused vasodilation in both the normoten-
sive and hypertensive groups (menthol doses 100, 250, and 500 mM; 
all P < 0.05 compared to baseline). There were no differences between 
groups (P = 0.58, main effect). There was no effect of either NOS or sen-
sory nerve inhibition on menthol-induced vasodilation in the normo-
tensive group; however, menthol-induced vasodilation was attenuated 
with NOS and sensory nerve inhibition in the hypertensive group. EDHF 
inhibition attenuated menthol-induced vasodilation in both groups.

CONCLUSIONS
Menthol-induced vasodilation has NO, EDHF, and sensory nerve com-
ponents. Menthol-induced cutaneous vasodilation is preserved in 
hypertensive subjects. However, the hypertensive subjects exhibited a 
loss of redundant vasodilator systems.
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Our previous research on menthol utilized the skin as a 
clinically relevant tissue given the common use of topical 
menthol agents.1,2 Moreover, the cutaneous microvascula-
ture is an easily accessible vascular bed that is representa-
tive of whole-body microvascular function23 and has been 
utilized to examine changes in microvasculature function in 
men and women with essential hypertension.24–26 Therefore, 
the aim of this study was to examine the magnitude and 
mechanisms of menthol-induced vasodilation in the cuta-
neous microvasculature of hypertensive men and women 
as a first step in elucidating the antihypertensive potential 
of menthol. We hypothesized that in healthy middle-aged 
adults, menthol would induce vasodilation through NO-, 
EDHF-, and sensory nerve-dependent mechanisms. We also 
hypothesized that menthol-induced vasodilation would be 
attenuated in hypertensive men and women through a loss 
of NO- and EDHF-dependent vasodilation.

METHODS

Subjects

The experimental protocol was approved by the institu-
tional review board of The Pennsylvania State University and 
conformed to the guidelines laid out in the Declaration of 
Helsinki. Written and verbal informed consent was obtained 
from all subjects prior to participation in the study. Nine 
essential hypertensive subjects and 10 age-matched normo-
tensive subjects participated in the study. Hypertensive sta-
tus was determined in accordance with The Seventh Report 
of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure, with each 
participant presenting with a seated systolic blood pressure 
≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg on 
at least 2 separate occasions.27 Blood pressure status was con-
firmed through use of a 24-hour ambulatory blood pressure 
monitor (Ambulo 2400, Mortara Instruments, Milwaukee, 
WI) that measured blood pressure every 30 minutes during 
the waking hours and every hour during sleep. Due to the 
inclusion of sleeping hours, blood pressure from 24-hour 
monitors is less than what is observed during seated blood 
pressure measurement. Hypertensive status was confirmed 
from ambulatory monitor data if average 24-hour systolic 
blood pressure was ≥130  mm Hg and/or diastolic blood 
pressure was ≥80 mm Hg.28

All subjects were normally active, nonsmokers, free from 
chronic disease other than hypertension, and not taking any 
medications that could affect the cardiovascular system. 
All women were postmenopausal and not taking hormone 
replacement therapy. Prior to the study, all subjects partici-
pated in a health screening that included measurements of 
height, weight, waist circumference, blood pressure, a health 
history form, and blood chemistry and lipid analysis (Quest 
diagnostic, Pittsburgh, PA).

Instrumentation

All protocols took place in a thermoneutral laboratory 
with subjects in a semisupine position. Subjects arrived at 
the lab having abstained from caffeine, alcohol, and vigorous 

exercise for 12 hours. Four intradermal microdialysis fib-
ers (55  kDa cutoff, CMA, Toshamnsgatan, Sweden) were 
place in the ventral side of the same forearm, as previously 
described.25 Each microdialysis fiber was randomly pre-
scribed (i) lactated Ringer’s (control, Baxter Laboratories, 
Boronia, AU), (ii) 20 mM NG-Nitro-l-arginine methyl ester 
(l-NAME; nonspecific nitric oxide synthase (NOS) antago-
nist, Calbiochem, San Diego, CA), (iii) 50 mM tetraethylam-
monium (TEA; EDHF antagonist, Abcam, Cambridge, MA), 
or (iv) topical lidocaine (4% LMX4 cream; sensory nerve 
antagonist, Ferndale Laboratories, Ferndale, MI). l-NAME 
and TEA were mixed just before use in lactated Ringer’s, ster-
ilized with syringe microfilters (Acrodisc, 0.2 µm membrane, 
Pall Corporation, Port Washington, NY), and wrapped in 
foil to prevent degradation due to light exposure. Lactated 
Ringer’s (control and lidocaine sites), l-NAME, and TEA 
were perfused through the microdialysis fibers at a rate of 
2 µl min−1 (Bee Hive controller and Baby Bee syringe drive, 
BASi, West Lafayette, IN) for at least 60 minutes. Topical 
lidocaine was applied over this same time period. Sensory 
nerve blockade with lidocaine was confirmed through lack 
of sensation to a needle prick.29

After microdialysis fiber insertion, 60–90 minutes were 
given for hyperemia due to needle insertion trauma to fully 
subside. After resolution of insertion hyperemia, local heat-
ing units (Moor Instruments, Axminster, UK) were placed 
over each microdialysis fiber and set to 33  °C to maintain 
a constant skin temperature. A  laser Doppler flowmeter 
probe (Moor Instruments) was placed within each heater 
to measure red cell flux, a relative measure of skin blood 
flow. Brachial artery blood pressure was measured via bra-
chial auscultation on the contralateral arm every 5 min-
utes throughout the study (Cardiocap5, General Electric, 
Fairfield, CT).

Experimental protocol

After resolution of insertion trauma, baseline skin blood 
flow was measured for a minimum of 15 minutes. After 
baseline, 7 increasing doses of menthol (0.1, 1, 10, 50, 100, 
250, and 500  mM; Sigma-Aldrich, St. Louis, MO), mixed 
with either lactated Ringer’s (control and sensory nerve-
inhibited sites) or the appropriate pharmacological inhibi-
tor, were perfused through the microdialysis fibers. Menthol 
of 500 mM was chosen as the top dose as it was the highest 
concentration of menthol that could be dissolved in lactated 
Ringer’s. The other menthol doses were determined through 
pilot experiments in young subjects. Just prior to use, men-
thol crystals were submerged in the appropriate inhibitor-
Ringer’s solution, heated, and stirred until menthol was fully 
dissolved to create a 500 mM menthol solution. This solution 
was then diluted to the appropriate doses. Pilot data demon-
strated that 4 minutes was an adequate amount of time to 
produce a plateau in menthol-induced vasodilation; there-
fore, menthol doses were perfused in 4-minute increments.

Once the menthol dose–response protocol was com-
pleted, 28 mM sodium nitroprusside (SNP: NO donor, USP, 
Rockville, MD) was perfused through each fiber at a rate of 
4 µl min−1 and the local heating units were raised to 43 °C at a 
rate of 0.5 °C • 5 s−1 to obtain maximum skin blood flow.24,25
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Data acquisition and analysis

Red cell flux was acquired at 40 Hz with WinDaq data 
acquisition software (DataQ Instruments, Akron, OH) and 
stored offline for later analysis. Red cell flux was divided by 
mean arterial pressure to obtain cutaneous vascular con-
ductance (CVC). There was no difference in maximum CVC 
between groups (normotensive: 1.27  ±  0.1, hypertensive: 
1.29 ± 0.1 flux mm Hg−1; P = 0.83), so data were normalized 
to a percentage of maximum CVC obtained during SNP per-
fusion/local heating (%CVCmax). Data were obtained for all 
microdialysis sites during baseline, menthol dose-response, 
and during perfusion of SNP/43 °C local heat.

Unpaired t-tests were used to determine differences in 
subject characteristics between groups. A  3-way repeated-
measured mix-model analysis of variance was used to deter-
mine group, menthol dose, and microdialysis site differences 
(SAS 9.3). Specific planned comparisons were made with 
Bonferroni corrections where appropriate. The level of sig-
nificance was set a priori at α = 0.05. All values are presented 
as mean ± SE.

RESULTS

Subject characteristics are presented in Table 1. The hyper-
tensive group had significantly higher seated measures of 
systolic blood pressure, diastolic blood pressure, and mean 
arterial pressure relative to the normotensive group. There 
were also significant differences between groups in total cho-
lesterol (P = 0.03). However, total cholesterol in the hyper-
tensive group was still below clinical levels.30 Ambulatory 
blood pressure data are presented in Table 2. One hyperten-
sive and 3 normotensive subjects did not complete the night-
time portion of the ambulatory monitor due to difficulty 
sleeping. Daytime (800–2200 hours), nighttime (2200–800 

hours), and 24-hour pressures were all significantly higher in 
the hypertensive group relative to the normotensive group.

Figure  1 is an original record from the control site of a 
normotensive subject that illustrates the dose–response rela-
tion of menthol-induced vasodilation.

Menthol dose–response data at the control site are pre-
sented in Figure  2a. Relative to baseline, menthol induced 
significant vasodilation in the normotensive group at all 
menthol doses ≥100  mM (all P  <  0.0.05). Similarly, men-
thol-induced significant vasodilation in the essential hyper-
tensive group at all menthol doses ≥100 mM (all P < 0.05). 
There were no differences in menthol-induced vasodilation 
between groups at any menthol dose (all P > 0.05).

Data for the NOS-inhibited sites are depicted in Figure 2b. 
In the normotensive group, with NOS inhibition, men-
thol induced cutaneous vasodilation at all menthol doses 
≥100  mM (all P  <  0.05). Within the normotensive group, 
there were no differences between the control and l-NAME 
sites at any menthol dose (all P  >  0.05). In the essential 
hypertensive group, menthol did not induce vasodilation 
compared to baseline (all P  >  0.04) and vasodilation was 
inhibited compared to the control site at all doses ≥100 mM 
(all P  <  0.05). There were no between-group differences 
in menthol-induced vasodilation at any dose in the NOS-
inhibited site (all P > 0.05).

Data for the EDHF-inhibited sites are shown in Figure 2c. 
With EDHFs inhibited, menthol did not induced vasodila-
tion in either the normotensive or essential hypertensive 
groups (all P > 0.05). There were no differences in cutaneous 
vasodilation between the normotensive and essential hyper-
tensive groups with any menthol dose (all P > 0.05). Within 
the normotensive group, vasodilation was significantly 
attenuated in the EDHF-inhibited site relative to the control 
site at 100 mM (P = 0.01) and 250 mM (P = 0.006) menthol. 
Within the essential hypertensive group, vasodilation was 
attenuated in the EDHF-inhibited site relative to the control 
site at all menthol doses ≥10 mM (all P < 0.05).Table 1.  Subject characteristics

Normotensive Hypertensive

Sex (M, F) 3, 7 5, 4

Age (year) 50 ± 1 53 ± 2

Height (m) 1.70 ± 0.02 1.69 ± 0.04

Weight (kg) 77.1 ± 3.7 73.5 ± 4.7

BMI (kg m−2) 26.8 ± 1.3 25.6 ± 1.2

Total cholesterol (mg dl−1) 158 ± 18 205 ± 6*

LDL cholesterol (mg dl−1) 105 ± 8 117 ± 7

HDL cholesterol (mg dl−1) 54 ± 6 64 ± 6

HbA1C 5.5 ± 0.1 5.3 ± 0.1

SBP (mm Hg) 117 ± 2 143 ± 2*

DBP (mm Hg) 74 ± 2 94 ± 1*

MAP (mm Hg) 88 ± 2 110 ± 1*

Group mean  ±  SE. *P  <  0.05 compared to the normotensive 
group. Abbreviations: BMI, body mass index; DBP, diastolic blood 
pressure; F, female; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; M, male; MAP, mean arterial pressure; SBP, systolic 
blood pressure.

Table 2.  Ambulatory blood pressure data

Normotensive Hypertensive

24-hour

  SBP (mm Hg) 112 ± 3 138 ± 2*

  DBP (mm Hg) 71 ± 1 88 ± 1*

  MAP (mm Hg) 85 ± 2 104 ± 1*

Daytime

  SBP (mm Hg) 114 ± 3 139 ± 2*

  DBP (mm Hg) 72 ± 1 89 ± 1*

  MAP (mm Hg) 86 ± 2 105 ± 1*

Nighttime

  SBP (mm Hg) 96 ± 2 118 ± 6*

  DBP (mm Hg) 63 ± 2 75 ± 4*

  MAP (mm Hg) 74 ± 2 87 ± 5*

Group mean  ±  SE. *P  <  0.05 compared to the normotensive 
group. Abbreviations: DBP, diastolic blood pressure; MAP, mean 
arterial pressure; SBP, systolic blood pressure.
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Data for the sensory nerve blockade site are depicted in 
Figure 2d. In the lidocaine site, menthol induced significant 
cutaneous vasodilation in the normotensive group with all 
menthol doses ≥100  mM (all P  <  0.05). Within the nor-
motensive group, there were no differences in vasodilation 

between the lidocaine and control sites with any menthol 
dose (all P > 0.05). In the essential hypertensive group, men-
thol did not elicit cutaneous vasodilation at any dose (all 
P > 0.05). Within the essential hypertensive group, vasodi-
lation was attenuated at the lidocaine site compared to the 
control site at all menthol doses 10–100 mM (all P < 0.05); 
the attenuation approached significance at 250 and 500 mM 
(P = 0.06 for both). There were no differences in menthol-
induced cutaneous vasodilation between the normotensive 
and essential hypertensive groups at any dose of menthol  
(all P > 0.05).

DISCUSSION

The main findings from this study were that (i) menthol 
induced cutaneous vasodilation to a similar degree in nor-
motensive and essential hypertensive men and women, (ii) 
in normotensive subjects, only EDHF inhibition attenuated 
menthol-induced vasodilation, and (iii) inhibition of NO, 
EDHFs, and sensory nerves abolished vasodilation in the 
essential hypertensive subjects. These results are consistent 

Figure 1.  Original record from the control site of a normotensive sub-
ject. Menthol elicits dose-dependent vasodilation. Abbreviation: CVC, 
cutaneous vascular conductance.

Figure 2.  Cutaneous vasodilation expressed as %CVCmax in response to increasing doses of menthol in normotensive (black symbols) and essential 
hypertensive (white symbols) subjects at (a) control, (b) NOS-inhibited, (c) EDHF-inhibited, and (d) sensory nerve-inhibited sites. The dashed line rep-
resents peak dilation in the control site of the normotensive subjects. *P < 0.05 between menthol dose and site-specific baseline in the normotensive 
group. †P < 0.05 between menthol dose and site-specific baseline in the essential hypertensive group. ‡P < 0.05 between menthol dose at pharmaco-
logically inhibited site and corresponding dose in the control site for normotensive subjects. #P < 0.05 between menthol dose at pharmacologically 
inhibited site and corresponding dose in the control site for essential hypertensive subject. Abbreviations: CVC, cutaneous vascular conductance; EDHF, 
endothelium-derived hyperpolarizing factor; NOS, nitric oxide synthase.
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with our previous findings, demonstrating that menthol-
induced cutaneous vasodilation is EDHF-dependent.1,2 
Further, these data corroborate that there are differences in 
vasodilator mechanisms between normotensive and hyper-
tensive men and women.31,32

The main goal of this study was to characterize menthol-
induced vasoreactivity in a group of essential hypertensive 
patients as a first step to evaluate the potential for men-
thol to act as a nutraceutical additive therapy in the treat-
ment of hypertension. Despite evidence of altered TRPM8 
expression with essential hypertension,18,20,33 we found that 
menthol-induced cutaneous vasodilation was preserved 
with no difference in the absolute magnitude of vasodilation 
between normotensive and essential hypertensive subjects. 
These data, coupled with prior data in prehypertensive sub-
jects,17 support further investigation of menthol as a novel 
vasodilator in hypertensive men and women.

Similar to our previous findings, EDHFs significantly con-
tribute to menthol-induced vasodilation. Vasodilation was 
abolished in both the normotensive and essential hyperten-
sive groups when EDHFs were inhibited. In contrast, there 
were differential contributions of both NO and sensory 
nerves between groups. When NO and sensory nerves were 
inhibited, vasodilation was apparent in the normotensive 
group, whereas the response was abolished in the essential 
hypertensive group. These data suggest that menthol medi-
ates vasodilation through multiple mechanisms. It is likely 
that healthy, middle-aged men and women can upregulate 
redundant vasodilator pathways when either NO or sensory 
nerves are inhibited to maintain vasodilation. However, 
there is likely attenuation of multiple redundant vasodila-
tor pathways in hypertensive patients. Others have observed 
that NO-24–26 and EDHF-mediated22,31 vasodilation is atten-
uated with essential hypertension, supporting this theory. In 
the cutaneous microvasculature, sensory nerves are known 
to contribute to reactive hyperemia,34 reflex vasodilation,29 
and menthol-induced vasodilation.1,2 Alterations in sensory 
nerve contributions to cutaneous vasodilatory responses in 
men and women with essential hypertension have not been 
previously evaluated. Collectively the data in the current 
study suggest alterations in menthol-induced cutaneous vas-
odilation with sensory nerve inhibition in men and women 
with essential hypertension.

That neither NO nor sensory nerve inhibition attenu-
ated menthol-induced vasodilation in middle-aged sub-
jects is counter to our previous data in young participants 
where inhibition of NO, EDHF, or sensory nerves abol-
ished menthol-induced vasodilation.2 We have previously 
observed mechanistic differences in the control of skin 
blood flow between young and middle-aged subjects, despite 
no apparent microvascular dysfunction in the middle-aged 
subjects.35 It is likely that the different response to menthol 
between young and middle-aged subjects is due to aging-
associated alterations in microvascular function. More 
research is required to determine if menthol induces vaso-
dilation through other mechanisms, such as cyclooxygenase, 
in middle-aged subjects.

While these data suggest that menthol might be efficacious 
in men and women with essential hypertension, research 
utilizing chronic supplementation with orally administered 

menthol, both alone and co-prescribed with traditional 
antihypertensive pharmacotherapy, is required before the 
antihypertensive potential of menthol can be determined. 
Previous work in prehypertensive men and women demon-
strated that menthol can be orally administered without seri-
ous side effects. Sun et al. provided participants with 144 mg 
of menthol per day for 8 weeks; this dose decreased systolic 
blood pressure by ~6 mm Hg and was free of side effects.18 
Menthol administered other ways (i.e., peppermint oil) has 
been safely used in short-term interventions with minimal 
side effects (heartburn).36 However, data from long-term 
interventions are required to fully elucidate the safety of sys-
temic menthol supplementation.

The postulated mechanism for menthol-induced vaso-
dilation involves a TRPM8 channel-mediated increase in 
calcium flux into the vascular endothelium, resulting in 
upregulation of NO/EDHF. However, TRPM8 is also local-
ized on the plasma membrane of vascular smooth muscle 
cells5 and it is expected that increased intracellular calcium 
concentrations in smooth muscle cells would induce vaso-
constriction, introducing an apparent paradox in our 
mechanistic explanation. In endothelium-denuded vessels 
menthol has been shown to induce vasoconstriction; how-
ever, in pre-constricted vessels menthol can induce vasodila-
tion,5 indicating that the actions of menthol are dependent 
on current vascular tone. At thermoneutral temperatures, 
the cutaneous microvasculature is in a relatively constricted 
state (i.e., has a robust capacity to vasodilate),37 suggesting 
that menthol is likely to induce vasodilation in the cutaneous 
microvasculature. Investigation of systemic menthol admin-
istration will determine if the vasodilatory effect of menthol 
is apparent in other tissues, or if menthol possess vasocon-
strictor properties in vivo.

Limitations

While menthol is largely specific for TRPM8 channels, 
there is crosstalk with TRP vanilloid 3 (TRPV3) channels,38 
which are capable of inducing vasodilation.39 Therefore, it is 
unknown whether these findings are influenced by TRPV3 
channel activation. However, the main objective of this study 
was to determine the efficacy of menthol to induce vasodi-
lation in essential hypertensive subjects, which was suc-
cessfully demonstrated. Therefore, this limitation does not 
diminish the significance of these findings.

Inhibition of either NO or sensory nerves inhibited vaso-
dilation in the hypertensive, but not normotensive, subjects. 
Our hypothesis is that normotensive subjects have redun-
dant vasodilatory systems capable of inducing dilation and 
that these redundant systems are attenuated with hyperten-
sion. However, it is also possible that neither NO nor sen-
sory nerves play a role in menthol-induced vasodilation in 
middle-aged normotensive subjects.

Menthol is highly soluble in alcohol-based solutions; 
however, the solubility in aqueous solutions is limited. The 
top dose of menthol utilized in this study (500  mM) rep-
resents the limit of menthol that can be dissolved in lac-
tated Ringer’s solution. The inability to administer greater 
doses of menthol limited our ability to measure maximum 
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menthol-mediated vasodilation. Greater dilation can be 
achieved with topical menthol1; it is unknown if this would 
differ in men and women with essential hypertension. The 
use of a partial ethanol solution could have increased the 
maximum dose of deliverable menthol; however, ethanol 
deactivates TRPM8 channels,40 so this would have influ-
enced the results. Furthermore, we may have been under-
powered to observe between-group differences due to the 
limited magnitude of menthol-induced vasodilation; this 
would explain why between-group differences were not 
observed. Despite these limitations, a significant degree of 
menthol-induced vasodilation was detected within a limited 
vasodilatory window.

While the hypertensive subjects were not hypercholester-
olemic, there were differences in cholesterol between groups. 
Therefore, we cannot rule out that cholesterol contributed 
to the observed differences in menthol-mediated dilation. 
Finally, the essential hypertensive subjects in this study rep-
resent a unique group that present with elevated blood pres-
sure but no other accompanying cardiovascular disease risk 
factors. While this is advantageous for isolating the role of 
blood pressure, the results are less translatable to the general 
public. It is possible that in a more real-world subject popu-
lation with multiple other cardiovascular disease risk factors 
or chronic diseases accompanying hypertension, menthol-
induced vasodilation may be attenuated to a greater degree 
due to the presence of more severe endothelial dysfunction.

In conclusion, menthol induced an equal magnitude 
of cutaneous vasodilation in normotensive and essential 
hypertensive men and women. It was also confirmed that 
menthol-induced cutaneous vasodilation involved NO, 
EDHF, and sensory nerve pathways. These data support fur-
ther research into the use of menthol as a nutraceutical addi-
tion to traditional antihypertensive pharmacotherapy due to 
menthol’s ability to act as a vasodilator in men and women 
with essential hypertension.
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