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Abstract

Little is known whether topical analgesic creams, whose natural products enter the blood stream 

after application, affect myocardial infarct size. Here we tested whether topical analgesic creams 

can trigger remote cardioprotection and the mechanism involved.

Male Sprague Dawley rats were used for an in vivo rodent model consisting of 30 minutes left 

anterior descending coronary artery ischemia and 2 hours of reperfusion followed by infarct size 

assessment. The topical analgesic IcyHot, applied to the abdomen prior to ischemia, reduced 

myocardial infarct size versus control (41±3* versus 62±1, n=6/group, *P<0.001). In contrast, the 

topical analgesic creams Preparation H, Aspercreme Heat, or Tiger Balm did not alter infarct size. 

IcyHot, unlike Preparation H, increased circulating methyl salicylate levels during reperfusion 

(3.0± 0.6 versus 0.4±0.2 mg/dL, n=6, *P<0.001, measured at the internal jugular vein). Methyl 

salicylate (10μM) applied to isolated adult cardiac myocytes during reoxygenation reduced cell 

death when compared to vehicle (21±2%* versus 30±2% of trypan blue positive cells, n=9/group, 

*P<0.01).

Further, treatment with the TRPA1 inhibitors TCS-5861528 (1μM) or AP-18 (1μM) blocked the 

methyl salicylate-induced protective effect in isolated adult cardiomyocytes. In intact rodents, 

either of the TRPA1 inhibitors (1mg/kg, intravenous) given prior to IcyHot topical application 

blocked IcyHot-induced infarct size reduction. IcyHot also reduced infarct size when applied 24 

hours prior to myocardial ischemia or during myocardial ischemia versus control. Together, these 

findings support IcyHot analgesic cream can trigger remote cardioprotection through releasing 

methyl salicylate into the bloodstream with cardioprotection occurring by a TRPA1-dependent 

mechanism.
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Introduction:

Opioid abuse and addiction are important problems in our society today. As such, there is a 

societal shift to reduce opioid use. Compared to stronger medications such as opioids, 

topical ointments are widely used over-the-counter solutions for pain relief which are 

popular for their easy accessibility and mild side-effects. This is evident since over-the-

counter pain relief ointments, according to 2016 Nielsen data, produce an annual revenue of 

~$7.48 billion globally [26]. However, not much is known regarding the off-target effects of 

these topical non-opioid analgesics.

Analgesics are known to impact the cardiovascular system, as cross-talk exists between 

cellular pathways which signal pain (nociception) and those reducing cellular injury from a 

heart attack [36]. As for opioids, administration can provide pain relief while concurrently 

reducing cellular injury from a heart attack [15]. However, little is known about the 

cardiovascular effects of topical over-the-counter analgesic creams. Therefore, it is 

important to determine whether over the counter pain relieving creams, frequently accessible 

without a drug prescription, may be beneficial or perhaps detrimental to the heart during 

heart attack injury.

The active ingredients of over-the-counter analgesics are typically naturally occurring 

compounds such as menthol, camphor, and methyl salicylate. In particular, medicinal uses of 

methyl salicylate (wintergreen oil) are wide-ranging including to reduce inflammation and 

as a treatment for headaches, pain, and irritable bowel syndrome [29]. Therefore, we tested 

the hypothesis whether topically applied over-the-counter analgesic creams can reduce 

myocardial infarct size when administered remotely and the mechanism involved in 

cardioprotection.

Materials and methods:

Procedures and protocols were approved by the Animal Care and Use Committee at 

Stanford University, Stanford, California. All animal studies conformed to the National 

Institute of Health Guide for the Care and Use of Laboratory Animals (NIH Publications No. 

85–23 revised in 1996). All animal studies have been approved by the appropriate ethics 

committee and performed in accordance with the ethical standards laid down in the 1964 

Declaration of Helsinki and its later amendments. Eight to 10 week old male Sprague-

Dawley rats (Charles River) were used for the studies outlined.

Pharmacological Agents Used:

Over the counter analgesics were selected considering the active components and based on 

the availability at the local grocery store (Safeway, Menlo Park, CA). These included 

IcyHot, Preparation H, Aspercreme Heat, and Tiger Balm (6g/kg). A number of 

formulations for each brand name exist, so images of the analgesic creams tested and the 
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active ingredients listed on each label are provided (Figure 1). For additional studies, methyl 

salicylate (Catalog PHR1214, Sigma) and the TRPA1 receptor antagonists, TCS 5861528 

(TCS, 1 mg/kg, Tocris) and AP 18 (AP, 1 mg/kg, Tocris), were dissolved in DMSO. The 

TRPA1 inhibitor doses used were based upon a prior study [23].

In Vivo Myocardial Infarction Rodent Model:

The model is described in a number of publications [18,19]. After obtaining body weight, 

rats were anesthetized with Inactin (thiobutabarbital, 100mg/kg intraperitoneal, Sigma, Saint 

Louis, Missouri). A tracheotomy was performed in addition to cannulation of the carotid 

artery and internal jugular vein to measure blood pressure and to administer drugs, 

respectively. Rats were placed on a ventilator (30–40 breaths per minute, tidal volume 

8mL/kg) and adjusted to maintain a normal pH (7.35–7.45) and end tidal CO2 (35–

45mmHg) by a blood gas machine (Radiometer ABL-80, Cleveland, Ohio). Body 

temperature was monitored with a rectal thermometer (Thermalert TH-5) and maintained at 

36–38°C by heating pads and heat lamps. The heart was exposed by an incision in the fourth 

intercostal space, the pericardium excised and a suture was placed around the left anterior 

descending coronary artery (6–0 prolene, Ethicon, Somerville, New Jersey). After surgical 

manipulation and adjustment of the ventilator settings based upon blood gas analysis, 

rodents were allowed to stabilize for 30 minutes prior to initiation of the experimental 

protocol.

The experimental protocol had 13 treatment groups, which are described in detail throughout 

the manuscript (Figures 2A, 5A, 6A, and 7A). For rodents receiving topical analgesic 

creams, the abdomen was shaved free of fur in the T10 region. The area of application was 

4cm in width (across the abdomen) and 2cm in length with 6g/kg of cream applied to the 

abdomen. For rodents not treated with analgesic creams, the abdominal region was also 

shaved as a control. All rats were subjected to 30 minutes of left anterior descending (LAD) 

coronary artery occlusion followed by 2 hours of reperfusion. Following reperfusion, the 

LAD was again occluded and the heart negatively stained for the area at risk by injection of 

patent blue dye (Sigma, St. Louis, Missouri) given through the internal jugular vein. The 

heart was then excised, both atria and the right ventricle were removed, and the left ventricle 

was cut into 5 equal slices to create cross-sections from apex to base. The slices were 

separated into normal zone and area at risk, followed by incubation in 1% TTC to measure 

viability of myocardial tissue. Viable tissue stained red, while non-viable tissue remained 

unstained or white. Infarct size as a percentage of area at risk was determined by dissection 

and weighing of the heart tissue. Heart rate, blood pressure, and rate pressure product were 

monitored and calculated throughout the experimental protocol using a PowerLab 

monitoring system (AD Instruments, MLS060/8 PowerLab 4/35).

Measurement of Methyl Salicylate Blood Levels:

Additional rats receiving Icyhot or Preparation H were subjected to 30 minutes of LAD 

coronary artery occlusion followed by 2 hours of reperfusion. Approximately 0.3 ml of 

blood was withdrawn at the time of baseline, 15 minutes after application of cream, 5 

minutes of reperfusion and 120 minutes of reperfusion. Each blood sample was placed into a 

heparinized Eppendorf tube for centrifugation at the speed of 3000 r/min for 15 minutes. 
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Separated plasma was frozen at −80°C for assays. Salicylate concentrations were measured 

using a salicylate ELISA kit (Catalog 133619, Neogen) as per manufacturer instructions.

In Vitro cardiac myocyte hypoxia and reoxygenation injury model:

Adult rat primary cardiac myocytes were isolated from male Sprague-Dawley rat hearts by 

enzymatic dissociation as previously described [27]. The isolated cardiac myocytes were 

plated in 4% FBS Medium 199 on laminin coated plates (2μg/cm2) for 2 hours. The plating 

medium was changed to serum free Medium (1% BSA Medium 199) to remove non-

myocytes and cardiomyocytes were incubated at 37 °C in 5% CO2 24 hours prior to 

experiments in 24 well plates with a seeding density of 5×104.

Experimental groups were divided into a normoxic control group and a hypoxia-

reoxygenation group. In the hypoxia-reoxygenation group, cardiac myocytes were given 

DMSO, or methyl salicylate (0.1μM-1mM) with and without a TRPA1 antagonist (TCS, 

1μM, AP, 1μM) immediately before reoxygenation (Figure 4A). For the normoxic control 

group, cardiac myocytes were also treated with DMSO. Hypoxia was induced by placing the 

plates into an anaerobic gas pouch (BD Biosciences, GasPak EZ Gas Generating Pouch 

Systems, Sparks, Maryland) for 2 hours. The pouch creates an anaerobic environment where 

the oxygen level within the pouch is less than 0.1% [21]. The cells were then removed from 

the anaerobic gas pouches and reoxygenated within the cell culture incubator for an 

additional 4 hours.

To determine cell death in this model, trypan blue exclusion was used. For the trypan blue 

experiments after 4 hours of reoxygenation, trypan blue was added to adult cardiac myocytes 

at a final concentration of 0.04%. To distinguish viable cells from dead cells, two digital 

images for each experiment were acquired using a camera (Nikon Coolpix 8800) attached to 

an adapter (MM99 adapter S/N: 1925, Martin Microscope Company, Easley, South 

Carolina) connected to the microscope (Motic AE21, Xiameng, China). All images were 

taken within three minutes of trypan blue application to minimize variability associated with 

changes in the ratio of stained/unstained cells over time. The number of trypan blue positive 

cells were counted and further expressed as a percentage of the total cells in the image. 

Approximately 250 cells were counted per well from 2 images.

Statistical Analysis:

All data were presented as mean ± SEM. Based upon our prior intact rodent studies and 

considering a power analysis with α = 0.05 and 80% power, a minimum of 6 experiments 

were required for meaningful data [17]. For analysis of in vivo and cardiac myocyte models 

of ischemia-reperfusion or ischemia-reoxygenation, a one-way ANOVA followed by 

Bonferroni correction for multiplicity was used in order to compare each group to the 

control group. A two-way ANOVA was used to determine significance for hemodynamic 

parameters compared both relative to control with each time point and to baseline 

measurements within groups. For differences between only two groups, a two tailed 

unpaired Students t-test was performed. Statistical analysis was performed using GraphPad 

Prism 6. P < 0.05 was considered statistically significant.
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Results

A total of 101 rats were used for the study. 84 rats were used for the in vivo experiments for 

78 successful experiments. 8 rats were excluded including 3 rats that died during surgical 

preparation before group assignment (1 rat secondary to anesthetic overdose and 2 rats 

secondary to blood loss during experimental preparation), 2 rats in the AP+IcyHot group (1 

rat after bradycardia and ventricular fibrillation after injection of AP and the other after 

intractable ventricular fibrillation during reperfusion) and 1 rat in the group given IcyHot 

during ischemia (due to intractable ventricular fibrillation during reperfusion). Further, 9 

additional rats were used to quantify blood levels of methyl salicylate in IcyHot treated 

rodents and Preparation H treated rodents for 8 successful experiments. One rat in the 

Preparation H group was excluded secondary to hypotension during reperfusion. Eight rats 

were used to isolate adult cardiac myocytes for ischemia-reoxygenation experiments for 

seven successful cardiomyocyte isolation preparations.

Initially, one of the four analgesic creams were applied to the rodent abdomen 15 minutes 

prior to ischemia (Figure 2A). IcyHot reduced myocardial infarct size when compared to 

control (Figure 2B: 41±3%* versus 62±1%, infarct size per area at risk, respectively, n=6/

group, *P<0.01 vs control). In contrast, Preparation H, Aspercreme Heat, and Tiger Balm 

did not affect myocardial infarct size relative to control (Figure 2B: 59±2, 54±1, and 63±2, 

respectively). Representative images for the area at risk for the four creams and control 

tested are also presented (Figure 2C). Baseline hemodynamics were not significantly 

different between the groups relative to control. The rate pressure product in the Preparation 

H group was significantly greater compared to control at reperfusion, likely due to the 

systemic absorption of phyenylephrine (Supplemental Table 1). No differences between 

groups were noted when comparing the size of the area at risk to the left ventricle 

(Supplemental Figure 1).

Since the analgesic cream IcyHot reducing myocardial infarct size had the natural product 

methyl salicylate, we quantified the blood concentration of methyl salicylate during the 

experimental procedure. Blood concentrations of methyl salicylate steadily rose during the 

experimental protocol when rodents were given IcyHot as opposed to the rodents who were 

treated with Preparation H (Figure 3, measurement at 5 minutes reperfusion: 3.0 ± 0.6* 

versus 0.4 ± 0.2 mg/dL and at 2 hours reperfusion: 5.2 ± 0.6* versus 0.3 ± 0.1 mg/dL, n=4/

group, *P<0.01).

Based upon these concentrations measured, we next determined based on a dose-dependent 

response how methyl salicylate will affect cellular injury when applied directly to the 

cardiac myocyte at reoxygenation (Figure 4A). Methyl salicylate dose-dependently reduced 

the amount of cardiac myocyte cell death versus DMSO vehicle (Supplemental Figure 2: 

0.1μM, 30±2%, 1μM 32±3%, 10μM, 23±2*% 100μM, 24±2*%, 1mM, 23±1*%, and 2mM, 

22±1*%, versus DMSO, 37±2%, *P<0.01).

Methyl salicylate treatment (10μM, preceded by DMSO treatment) also resulted in nearly a 

50% reduction in cell death when compared to DMSO and sham controls (Figure 4B: 21±2*

% versus 30±2% and 11±1%, respectively, *P<0.01). This methyl salicylate-induced 
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reduction in cellular injury was also blocked by TRPA1 inhibitors TCS or AP-18 (Figure 

4B: 29±1% and 27±2%). Representative bright field for the cardiomyocytes after 

reoxygenation are also depicted (Figure 4C).

To further determine whether IcyHot reduces cellular injury by a TRPA1-dependent 

mechanism in vivo, we additionally performed experiments in the presence of TRPA1 

inhibitors. Both TRPA1 inhibitors, TCS and AP, blocked the infarct size sparing effect when 

given intravenously prior to topical IcyHot application to the abdomen (Figure 5B: 62±6% 

and 58±3%, infarct size/area at risk%, respectively, n=6/group, #P<0.01 versus IcyHot). TCS 

or AP when given alone had no effect on infarct size compared to control rodents (Figure 

5B: 64±2% and 64±2%, respectively). Representative images for the area at risk are also 

presented (Figure 5C). Baseline hemodynamics were not significantly different between the 

groups relative to control (Supplemental Table 2). No differences between groups were 

noted when comparing the size of the area at risk to the left ventricle (Supplemental Figure 

3).

We further determined whether administration of IcyHot just prior to reperfusion reduces 

myocardial infarct size (Figure 6A). Interestingly, IcyHot when given prior to reperfusion 

reduced myocardial injury versus control (Figure 6B: 48±2* versus 63±2, n=6 per group, 

*P<0.001). Representative images for the area at risk for the groups are also presented 

(Figure 6C). We also tested whether IcyHot could provide delayed cardioprotection if 

applied 24 hours prior to ischemia. IcyHot applied 24 hours prior to ischemia also reduced 

myocardial infarct size when compared to control (Figure 7B: 43±2* versus 62±3, n=6 per 

group, *P<0.001). Representative images for the area at risk are also presented (Figure 7C). 

Baseline hemodynamics were not significantly different between the groups relative to 

control (Supplemental Table 3). No differences between groups were noted when comparing 

the size of the area at risk to the left ventricle (Supplemental Figure 4).

Discussion

Since ~81% of people use over the counter medications to treat illnesses and nearly one third 

of people in the United States have cardiovascular disease, the effects of topical analgesics 

on the cardiovascular system is important to discern [5, 11]. Our findings support that 

topical analgesics such as IcyHot have remote cardioprotective benefits in addition to the 

known benefit of pain relief. This finding is significant since it highlights that natural 

products in topical analgesics, such as methyl salicylate, can mitigate cell death caused by 

myocardial ischemia-reperfusion injury. Here, IcyHot is observed to have cardioprotective 

effects when applied either during myocardial ischemia, immediately prior to ischemia, or 

up to 24 hours before ischemia. Considering this reduction of cardiac injury has an extended 

therapeutic window, in addition to the ease of application, IcyHot may be used to develop a 

novel class of analgesics with an added benefit of remote organ protection.

Based on the therapeutic window for IcyHot, IcyHot can be administered prior to surgeries 

for a more vulnerable population that are at a higher risk for myocardial infarction. This is 

important to consider since anywhere from 20–40% of patients that are at high risk for 

cardiovascular complications during surgery develop a myocardial infarction perioperatively 
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[38]. Application of an analgesic cream 15 minutes before the start of surgery can be 

performed by an anesthesiologist in the operating room. IcyHot could also be given up to 24 

hours prior to surgery by the staff caring for a patient on a hospital floor. IcyHot can also be 

effective when given during an acute myocardial infarction potentially in the emergency 

room while waiting for a patient undergo percutaneous coronary angioplasty. Additionally, 

application in these situations may also have an added benefit of providing analgesia.

Methyl salicylate (a primary active ingredient in IcyHot) when given directly to isolated 

adult primary cardiac myocytes is also effective in reducing myocardial injury. Generally, 

the mechanism of action for methyl salicylate is not well known. Previous studies 

established that 600μM methyl salicylate selectively activates TRPA1 without activating 

TRPV1 or TRPM8 in CHO cells [6]. In our study, administration of TRPA1 antagonists AP 

18 or TCS 5861528 block intra-cellular calcium-mediated influx and the ability for IcyHot 

or methyl salicylate to reduce cardiac injury. Together, these findings support that the methyl 

salicylate within IcyHot activates TRPA1 to trigger cardioprotection through calcium-

mediated influx.

Although initially TRPA1 was not detectable within the heart by Northern blot, several 

studies now report the TRPA1 receptor is present and functional within the heart by using 

PCR, Western blot, and calcium imaging [30, 2, 3, 13, 23]. In addition, TRPA1 agonists such 

as optovin or ASP 7663 given intravenously limit myocardial infarct size in rodents [23]. In 

addition, these agonists given to isolated adult cardiac myocytes also prevent cardiac 

myocyte cell death from hypoxia-reoxygenation, indicating a TRPA1 channel within the 

cardiomyocyte is important in reducing cellular injury [23]. After TRPA1 is activated in 

isolated adult cardiomyocytes, cardioprotection is initiated by phosphorylation of Akt [2]. 

This leads to subsequent triggering of downstream signaling cascades such as inhibiting 

GSK3β and limiting mPTP opening at the mitochondria; an established molecular basis for 

cardioprotection by ligands (such as opioids, insulin, adenosine, and bradykinin as well as 

ischemic preconditioning and postconditioning [16, 20, 37, 10, 31, 33]). Together, these 

studies support why IcyHot, which contains methyl salicylate, can trigger cardioprotection 

unlike the other topical analgesics tested that are without methyl salicylate. The mechanism 

of action likely occurs by triggering a classical pathway of cardioprotection through 

phosphorylating Akt and triggering the reperfusion injury salvage kinase (RISK) pathway 

[41].

Reactive aldehydes, such as 4-hydroxynonenal (4-HNE), are generated during myocardial 

ischemia-reperfusion injury that are detrimental to the cardiomyocyte [24]. The TRPA1 

receptor is recognized to selectively respond to oxidative stress and lipid peroxidation 

products, including the reactive aldehyde 4-HNE [1,32]. Interestingly, the TRPA1 receptor 

response to oxidative stress is a basic biological mechanism conserved for both mammalian 

and plant TRPA1 receptors [4]. The TRPA1 receptor is also widely expressed within 

different cell types including endothelial cells [14]. As such, studies also indicate TRPA1 

activation mitigates injury from stroke [28]. Thus, IcyHot cream could have broader 

applications than just the heart in protecting organs from reperfusion injury and could 

potentially be leveraged as a general mechanism to prevent organ injury.
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In our study, blood levels of methyl salicylate are within the reported therapeutic range of 3–

11mg/dL and achieved a value of 3mg/dL at 5 minutes of reperfusion [35]. Based on our 

data in Figure 3, applying IcyHot to the abdomen provided a continuous delivery of methyl 

salicylate in the bloodstream throughout the experiment. As such, the mechanism of IcyHot-

induced remote cardioprotection is humoral as the depot of methyl salicylate at the abdomen 

is continuously being delivered to the blood stream to provide cardioprotection. This is 

supported from human data indicating ~2% of methyl salicylate is absorbed within 30 

minutes of application to the skin and reaches 12–20% absorption after several hours with a 

peak serum concentration at 6 hours [22,25]. This is unlike other remote cardioprotective 

triggers, such as the neuronal trigger which occurs with an abdominal incision [18] or 

humoral factors released with remote ischemic preconditioning [34].

However, one concern is that overuse of topical creams containing methyl salicylate in 

humans (such as 26g of methyl salicylate is applied topically daily for 7 days) can result in 

salicylate toxicity, which produces symptoms such as metabolic acidosis and respiratory 

alkalosis secondary to salicylate toxicity [9, 35]. Symptoms of toxicity such as lethargy, 

tachypnea, diaphoresis, and hyperpyrexia occur when salicylate levels are above the 

therapeutic range and reported at levels of ~50mg/dL or greater [9, 35]. Since 5mL of 

purified methyl salicylate is estimated to contain ~7,000mg of salicylate, to avoid potential 

for toxicity, over the counter formulations typically contain 30% or less of methyl salicylate 

[12]. Although topical creams containing methyl salicylate are relatively safe to use, it is 

important to note our study does not encourage applying several tubes of IcyHot on people 

that actively have an acute myocardial infarction. Overuse of IcyHot may lead to secondary 

problems such as salicylate toxicity outlined here.

Remote conditioning of the myocardium continues to be an exciting research area since 

identifying that manipulations targeting the abdomen can reduce myocardial infarct size. 

Initially, this effect was observed with a surgical incision to the abdomen which reduced 

myocardial infarct size by 81% in mice termed remote preconditioning of trauma [39]. This 

was extended in a seminal study discovering that application of capsaicin cream also reduces 

infarct size by 85% reduction when applied to the abdomen in mice [40]. The infarct size 

sparing effects of remote preconditioning of trauma and capsaicin cream were also 

confirmed to occur in rats [18, 19]. Our results are important within the context of these 

prior findings since IcyHot belongs to a class of analgesic rubs widely used for 

musculoskeletal pain rather than capsaicin creams which are less commonly used and 

applied to joints to treat pain from arthritis.

Our study should be interpreted within the context of potential limitations. Although we did 

not test a methyl salicylate only formulation, the findings provided here are for topical 

analgesic creams which are available for use by people. A methyl salicylate only 

formulation is not sold or available to people. Although it cannot be excluded that the 

menthol in IcyHot could act synergistically with methyl salicylate to reduce myocardial 

infarct size, analgesic creams containing menthol were tested for our study (Tiger Balm and 

Aspercreme Heat) and failed to reduce myocardial infarct size. It is also well established that 

menthol activates TRPM8 and menthol given to TRPA1 knockout trigeminal neurons retain 

equivocal levels of calcium-mediated influx versus wild type TRPA1 rodents [8]. Therefore, 
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it is unlikely menthol contributed to the infarct size sparing effect seen with IcyHot. 

Although we also did explore the timing of IcyHot cream administration relative to infarct 

size reduction for this study, we did not further delve into the molecular mechanism 

involved, including whether TRPA1 activation acts as a trigger or end effector when IcyHot 

was applied 24 hours prior to a myocardial infarction. Further, although we provide initial 

evidence suggesting the mechanism of IcyHot cream application is humoral, we cannot 

exclude the possibility that there is a neuronal component of this cardioprotection. To 

address this question, further studies will be needed that may eliminate neuronal signaling 

from the abdomen such as ligating the spinal cord prior to application of IcyHot cream to the 

abdomen as described in prior studies of remote cardioprotection [40].

In summary, here we describe how the analgesic cream IcyHot reduces myocardial injury 

remotely when applied to the abdomen 24 hours, just prior to, or during myocardial 

ischemia (Figure 8). These findings suggest that in addition to relieving pain, topical 

analgesic creams can provide the secondary benefit of reducing cellular injury during a heart 

attack. Using analgesic creams such as IcyHot for cardioprotection has promising 

translational potential for humans, as they are low-cost, widely available, and can easily be 

applied to the abdomen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Brief Commentary:

Background:

Over the counter topical analgesic creams are widely used and in 2019, ~725 million 

dollars of creams were sold in the United States. As there is a shift in using non-opioid 

therapies to treat pain secondary to the abuse and misuse of opioids, it is important to 

determine whether over the counter analgesics have off-target cardiovascular effects.

Translational Significance:

Using a rodent model of heart attack injury, we find the topical analgesic cream IcyHot 

reduces myocardial infarct size through the activation of TRP ankyrin 1 (TRPA1) 

indicating some topical analgesic creams may have unexpected cardiovascular benefits.
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Figure 1. Analgesic creams available without prescription.
A. Images of analgesic creams tested for the study. B. Table of active ingredients in each 

analgesic cream tested. For each brand name, several different formulations exist. The active 

ingredients were listed for each cream.
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Figure 2. The effect of analgesic creams on myocardial infarct size in intact rodents.
A. Experimental protocol with analgesic cream applied to the abdomen 15 minutes prior to 

ischemia. B. Infarct size over area at risk percentage for each experimental group. Individual 

data points for each experiment shown. C. Representative images for area at risk for each 

experimental group. Infarcted tissue remains unstained (white) while viable tissue is stained 

red. n=6/group, *P<0.01 versus control using one-way ANOVA with Bonferroni correction.
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Figure 3. Salicylate plasma levels after IcyHot application.
Measurement of plasma levels of methyl salicylate during the time course of the 

experimental protocol. Measurements were performed at baseline, 15 minutes after cream 

application, 5 minutes of reperfusion and 2 hours of reperfusion. As a control, plasma 

samples were obtained from rodents treated with preparation-H. n=4/group, *P<0.01 relative 

to Preparation H treated rodents for each time point using 2-way ANOVA with Bonferroni 

correction.
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Figure 4. Isolated adult cardiac myocytes treated with methyl salicylate.
A. Experimental protocol. All agents were given at reoxygenation. B. Percentage of trypan 

blue positive cells for cardiac myocytes treated with vehicle, methyl salicylate, or a 

combination of methyl salicylate and TRPA1 inhibitors at reoxygenation C. Representative 

images of cardiac myocytes after trypan blue staining for each experimental group (black 

bar represents 50μm), n=9/group, *P<0.05 versus all other groups.
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Figure 5. Dependence of IcyHot-induced myocardial infarct size reduction on TRPA1 in intact 
rodents.
A. Experimental protocol. B. Infarct size over area at risk percentage for each experimental 

group. Individual data points for each experiment are shown. A dotted line was drawn to 

show the effect of IcyHot treatment alone, which was presented in Figure 2B. C. 
Representative images for area at risk for each experimental group. Infarcted tissue remains 

unstained (white) while viable tissue is stained red. n=6/group #P<0.01 versus IcyHot using 

1-way ANOVA with Bonferroni correction.
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Figure 6. Effect of IcyHot cream on myocardial infarct size when given during ischemia.
A. Experimental protocol B. Infarct size over area at risk percentage for each experimental 

group. Individual data points for each experiment shown. C. Representative images for area 

at risk for each experimental group.

Wu et al. Page 19

Transl Res. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. Delayed cardioprotective effect of IcyHot cream on myocardial infarct size when given 
24 hours prior to ischemia.
A. Experimental protocol B. Infarct size over area at risk percentage for each experimental 

group. Individual data points for each experiment shown C. Representative images for area 

at risk for each experimental group. n=6/group. *P<0.01 versus control using a two-tailed 

unpaired Student’s t-test.
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Figure 8. Summary Figure.
Applying IcyHot to the abdomen causes a depot of methyl salicylate to be absorbed and 

distributed to the bloodsteam for circulation. This results in a reduction in myocardial infarct 

size and occurs in a TRPA1-dependent mechanism.
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