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Vascular Conductance is Reduced After
Menthol or Cold Application
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Objective: To compare the effects of commercially sold menthol
(3.5%) ointment and cold application on blood flow in the forearm,

Design: Prospective counterbalanced design.
Sefting: University research laboratory.
Participants: Twelve (6 men and 6 women) college-aged students,

Interventions: Each participant had blood flow measured in the
brachial artery for 5 minutes before and 10 minutes after menthol
ointment or cold application to the forearnmn,

Main Qutcome Measures: Blood velocity, arterial diameter size,
and blood pressure were recorded during testing procedures. Vascular
conductance was calculated based on these measures and used to
describe limb blood flow.

Results: We observed a significant reduction (35%; P = 0.004)

in vascular conductance within 60 seconds of menthol and cold
application to the forearm, Vascular conductance remained signifi-
cantly reduced for 10 minutes by approximately 19% after both
menthol and cold application fF(2.313, 43,594} = 10.328, P < 0.0001].
There was no significant difference between conditions [F(1, 19) =
0.000, F = 0.945].

Conclusfons: The application of a 3.5% menthol cintment signifi-
cantly reduces conductance in the brachial artery within 60 seconds
of application, and this effect is maintained for at least 10 minutes
after application, The overall decline in conductance is similar be-
tween menthol ointment and cold application.
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INTRODUCTION

Athletic trainers and physical therapists often use
cryotherapy (the application of ice for therapeutic purposes)
as a means to reduce inflanvmation and pain associated with
athletic performance or injuries. Cryotherapy or cold applica-
tion reduces inflammation by reducing blood flow to the
area,’ altering the inflanimatory cascade,? and reducing the
metabolic demand of injured tissues.? In specific regards to
blood flow, cold application significantly reduces cutaneous™®
and intramuscular blood flow™*® within seconds afier appli-
cation. Cryotherapy has also been shown to reduce localized
pain by inhibiting nerve conduction velocity.”'® In recent
years, it has been documented that these physiological
responses are multifactorial but are largely due to the activa-
tion of fransient receptor potential (TRP) channels located in
sensory neurons, which affect temperature perception and
nociceptive signaling.'"'?

Menthol products have been used for hundreds of years
as a natural analgesic with a cooling sensation, but the
mechanism by which they worked has not been well under-
stood,'®! In recent years, menthol’s effects as a natural
analgesic compound have largely been shown to be due to the
activation of some of the same TRP channels that are activated
by cold, specifically the TRP melastatin-§ (TRPMS),'!?
Interestingly, it has been found that the TRPM8 channels are
also located in the arterial vascular smooth muscle and alter
vasomotor tone.'® Thus, it is possible that menthol may also
have an effect on vascular tone and blood flow.

It has been fairly well documented that cold application
reduces inflammation, pain, and blood flow after applica-
tion"**'%; however, litfle scientific research has been con-
ducted investigating the effect of commercially sold menthol
ointments on blood flow. Due to the fact that both cold
application and menthol both can activate TRPMS channels,'?
it raises the question whether a menthot ointment would have
similar reduction in blood flow that acute cold application
elicits, Tt was hypothesized that the application of commer-
cially sold natural menthol (3.5%) ointment (Biofteeze;
Performance Health, Inc, Akron, Ohio) would result in a
reduction in arterial blood flow to the forearm in a manner that
is similar to cold application.

METHODS

Participants
Twelve healthy men (n = 6) and women {n = 6) between
21 and 32 years (24 * 4 years) of age were recruited to
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participate in the study. All subjects were either inactive or
reported only light recreational activity (le, walking, softball,
and basketball 1 to 2 days a week). Individuals who reported
exercising at moderate intensity more than 2 days a week were
not included in the study. No subject had a history of chronic
disease, had smoked, or was presently taking any medications
or dietary supplements that may have an impact on vascular
function. Subjects were asked to refrain from eating or drinking
any substances that would be stimulatory (je, caffeine) or foods
that have been shown to have a negative impact on vascular
function (ie, high-fat foods'™). All subjects signed a written
informed consent approved by the Institutional Review Board at
the University of Louisville.

Procedures

A 15-minute measurement of resting, supine, forearm
arterial blood flow was ascertained in the preliminary data
collection period on a subset of subjects (n = 10} (Figure 1)
representing a baseline control. All testing measurements were
performed in a dimly lit, quiet, temperature-controlled room
(22°C). There was no significant change in blood flow across
this baseline period indicating that blood flow does not vary
under resting supine condition, [F(1, 9) = 1.290, P = 0.298].

For experimental testing conditions, subjects reported to
the laboratory on 2 separate days during the morning hours.
On experimental test day 1, subjects were randomly assigned
a test condition [menthol ocintment (Biofireeze) or cold
application]. On day 2, the opposite test condition was
applied. All testing procedures were performed in an identical
situation as the preliminary baseline control data,

On day 1, subjects had their height (171.2 * 9.9 cm),
mass (71.7 = 15.1 kg), and their forearm surface area (553 *+
84 cm?) measured. A single investigator measured forearm
surface area by wrapping a premeasured cloth (5 X 40 cm)
around the right forearm in the following manner. First, the
person’s forearm was carefully marked from the elbow to the
wrist every 5 cm, The cloth was then placed at each mark and
wrapped snugly, being careful not to pinch or compress the
skin, around the person’s arm. The length of the cloth that was
needed to encircle the arm was determined. This process was
repeated down the entire length of the forearm. The surface
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FIGURE 1. Conductance (milliliters/minute/millimeter of

mercury) * standard error of the mean. Conductance deter-
mined for 15 minutes with no treatment (control condition).
There was no change in conductance during this period.
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area of the cloth was calculated at each placement and sumimed
together to determine total surface area of the forearm,

Once all measurements were taken, a blood pressure
monitor (Omron Healthcare, Inc, Bannockburn, Hlinocis} was
attached to the subject’s left arm, Blood pressures were taken
every 2 minutes throughout the entire testing period. The subject
was then placed in a supine position to rest quietly for 10
minutes. After the 10-minute test period, the experimental
conditions began, Blood flow velocity was measured for a total of
15 minutes during which 5 minutes of baseline bleod flow data
was gathered, followed by 10 minutes in which blood flow data
was measuted during one of the two experimental conditions.

Experimental Conditions

Menthol Appiteation

Based on the measured surface area, a standardized
amount (1 mL per 200 cm?®) of commercially available menthol
(3.5%) ointment {Biofreeze) was applied to the entire forearm.
Using this ratio, an average of 2.77 * 042 mL menthol
ointment was applied to each person’s forearm. The ratio for
the amount of menthel ointment per surface area was based on
previous pilot testing and what we found was typically applied
in several athletic training facilities.

Cold Application

Ice was applied withouf compression to the same surface
area of the forearm that the menthol ointment covered. The ice
was collected from a commercial ice machine which produced
small cubes. The ice was bagged and placed directly on the
skin, The average ice temperatute was —0.4 = 0.1°C, There
were no adverse responses to either treatment during testing.

Blood Flow Determination

Brachial artery blood velocities were measured in the
right arm noninvasively using high-resolution ulirasound
(Philips HDI 5000; Seattle, Washington) by a single in-
vestigator, The brachial artery was imaged longitudinally, 2 cm
above the antecubital fossa by B-mode ultrasound, using
a 12-5 mHz linear array transducer throughout the entire
testing period. A video file (ULead Video Studio 7; Taipei,
Taiwan) of the ultrasound data was collected throughout the
testing procedure to allow for post-test data analysis,

A single investigator, who was blinded to condition,
used a custoni-made automated software program (LabView
version 7.1; National Instruments, Austin, Texas) to measure
brachial artery diameter after each heartbeat (during diastole)
throughout the test. The analysis program also gathered all
velocity measurements from the screen using an optical
character recognition program. Velocity data are provided for
each heartbeat, thereby allowing beat-by-beat data collection,
Blood flow (milliliters/minute) was calculated as the product
of the time average maximum velocity (centimeters/second)
and the vessel cross-sectional area (square centimeter).

Mean atterial pressure (MAP) was measured at baseline
and throughout the entire testing period (Omron Healtheare,
Inc) to control for alterations in blood pressure. Cold treatment
has been found to increase MAT and sympathetic re-
sponses®!®; thus, blood flow will be reported as conductance
to control for alterations in blood pressure. Conductance was

www.cjsportmed,com | 373

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




Olive et al

Clin | Sport Med + Volume 20, Number 5, September 2010

calculated by dividing the maximal blood flow (milliliters/
minute) by the MAP (millimeters of mercury), Mean arterial
pressure did vary throughout the testing period in some
individuals (menthol, MAP range = 80-83 mm Hg; #(10) =
~2.006; P = 0.06; cold application, MAP range = 81-85 mm
Hg; 1(11) = —4.436; P = 0.04),

Statistical Analysis

Conductance data that was available on a beat-by-beat
basis was averaged over time to provide 6 time measurements for
simplification of data reporting. Because there was no significant
change in conductance over the baseline petiod, all data collected
during the 5-minute baseline period were averaged fo provide
a baseline conductance value. During the experimental con-
ditions, conductance was averaged to provide blood flow
measurements at 60, 120, 180, 240, and 600 seconds,

A mixed model repeated measures analysis of variance
using SPSS 16.0 (SPSS, Inc, Chicago, Illinois) was used to
test for time, treatment, and interaction effects of the cold
application and menthol ointment. Significant main effects
were further evaluated by calculating Tukey least significant
post hoc differences. For all analyses, differences were
considered to be statistically significant at P < 0.05.

RESULTS

Conductance was determined at baseline and then
throughout a 10-minute period after the application of menthel
ointment and ice (Figure 2). There was a significant time effect
[F(2.313, 43.594) = 10.328, P < 0.0001]. However, there was
no significant difference between the conditions [F(1, 19) =
0.000, P = 0.945]. Finally, there was no interaction effect
[F(2.313, 43.594) = 0.709, P = (1.517]. Post hoc analyses were
conducted to determine where the differences existed across
time. It was found that baseline bloed flow was significantly
higher than blood flow measures recorded at 60 (P = 0.004; 4=
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FIGURE 2. Conductance (milliliters/minute/millimeter of
mercury) * standard error of the mean. Conductance
determined at baseline and for 10 minutes after the application
of menthal ointment and ice. *Time point significantly
different than baseline (P < 0.03).
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0.66), 120 (P = 0.008; d = 0.42), 180 (P = 0.006; d = 0.39), 240
(P = 0.029; d = 0.37), and 600 (P = 0.03; d = 0.36) seconds.
Furthermore, the blood flow at 60 seconds was reduced (=35%)
to a greater extent than at 120, 180, 240, and 600 seconds
{(~=19%) (P = 0.039) compared with baseline. There was no
significant difference between any time points after 120 seconds,
Blood flow was reduced by approximately 19% from baseline
over the entire testing period for both conditions (Figure 3).

DISCUSSION

The main finding of this study was that brachial artery
conductance was significantly reduced for up to 10 minutes
after the application of menthol ointment to the forearm.
Due to the fact that TRPMS channels are stimulated by both
cold and menthol!""'%!% and that they are also lacated in the
arterial smooth muscle,'® it was hypothesized that the applica-
tion of mentho! ointment would significantly reduce blood
flow to the forearm after its application. We also found that the
reduction in conductance after menthol cintment application
was similar in magnitude to that of cold application.

Cold application has been used for many years to reduce
pain and reduce edema after exercise or injury, but the exact
mechanism for how cold is felt or how it works has not
been clear, Studies have just recently begun to elucidate the
physiological effects of cold and how cold is perceived,'*?
Recent work has identified specific ion channels known as
TRP channels that are located in afferent nerves, It is the
increased activation of these TRP channels at temperatures
that range from 30 to 15°C that is considered critical for our
perception of cold sensation,'™'? Interestingly, these TRP
channels may also have an effect on the vasculature, as their
activation results in an increase in sympathetic activity
resulting in a release of norepinephrine and arterial vasocon-
striction in response to cold >&1&18

Research studies investigating the roles of cold applica-
tion on intramuscular blood flow have shown that 10 minutes
of local cold application via ice packs resulted in a 45%
reduction in intramuscular blood flow." Other research using
magnetic resonance imaging has shown that cooling via ice
or cooling pads reduces intramuscular blood volume®®” and
decreases blood oxygenation.® In our study, we found that
conductance was significantly reduced by cold application via
ice by approximately 19% over the 10-minute period.

Over Entire Test
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FIGURE 3. Percent change in conductance (*standard error
of the mean) from baseline over the entire test. There is
no significant difference between menthol or ice conditions
(P = 0.945).
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Interestingly, the TRPMS channel that responds to cold
also responds to menthol'* and is responsible for the cold
sensation that accompanies menthol ointments,'! The effects
of topically applied menthol ointments on blood flow are
sparse. We found in our study that brachial artery conductance
was reduced after menthol ointment application in a manner
that was similar in the response and magnitude as cold
application.

Two studies have documented an increase in cutancous
blood flow after the application of eucalyptamint (eucalyptus
oil, lanolin, and 15% natural menthol)?® and a 40% l-menthot
balm.?! The increase in cutaneous blood flow is not consistent
with our findings. The differences in our findings may be due
to different substances or concentrations used. Both of these
studies use balms that confained menthol in much higher
concentrations than what was used in this study or what is
typically used in athletic clinical settings (2%-10% menthol}.
Another possibility may be that blood flow is increased
directly to the skin, an area we did not measure, whereas
blood flow to the whole limb and the muscle are decreased.
The design of this study did not aliow us to determine what
portions of the vasculature network were affected by cold
application or menthol ointment treatment. We calculated the
conductatice in the brachial artery, which is the main conduit
artery for the forearm. Based on our measurements, it is
impossible to ascertain if blood flow was significantly reduced
both to the superficial and deeper vasculature. Thus, future
research needs to investigate how blood flow is regulated to
different tissues afler the use of such substances,

Other research has shown findings that would be more
consistent with our research. Two animal studies have shown
that the pressor response to exercise is attenuated after the
application of analgesic balms that include menthol® or
methyl salicylate and capsaicin.® The authors of this
research thought that the attenuation in blood pressure was
most likely due to an increase in total peripheral resistance
al the muscle area®** and therefore a reduction in overall
blood flow to the area.

From a clinical perspective, menthol ointments are
routinely used to reduce pain both before and after exercise.
Athletic trainers report that athletes often use menthol
ointments to aid in the warm-up period, Qur finding of
a reduction in conductance after menthol application brings to
question whether menthol application that is applied before
exercise has the potential to negatively impact exercise
performance due to limited blood flow to the exercising
muscles. This would be of particular interest in the lower
limb where the conduit vessels are deeper than those in the
arm, and thus, menthol effects may potentially be attenuated
due to the depth of the vessels. Thus, futwre research of interest
would be to investigate the role of menthol ointment on
exercise performance and to determine if menthol has similar
effects in other limbs.

There are several limitations to our study. First, our
population is young and homogeneous. Our study does not
allow us to extrapolate our results to other populations that
may be older and/or diseased. Second, we did not measure
cutaneous blood flow response; thus, we are unable to deter-
mine how blood flow was distributed across the limb. We did
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measure blood flow in the brachial artery, which is the main
conduit for blood flow to the forearm and hand and would
distribute blood to both the superficial and deeper vasculature,
But we were unable to determine how blood flow was
regulated. A third limitation is that we do not measure how
long the reduction in blood flow would last after the applica-
tion of menthol, We found that conductance remained reduced
for at least 10 minutes, but due to testing constraints, we were
unable to continue measuring conductance for a longer period.
Future research of interest would be to determine if the
conductance response is similar in other populations and
limbs and to determine how long conductance is reduced after
the application of a menthol ointment,

In conclusion, this study found that the application of
a 3.5% menthol ointment significantly reduces conductance
in the brachial artery within 60 seconds of application and
that this effect is maintained for at least 10 minutes after
application, The overall decline in conductance was similar
between mentho! ointment and cold application.
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