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PAUSE OVER >5 
MINUTES BEFORE 
CONTINUING

FIELD STUDY: CRAMP PREVALENCE & RETURN TO PLAY

STUDIES SHOW  
SIGNIFICANT EFFECT

Statistically significant overall treatment 
effect of formulas with higher amounts 
of TRP activators in reducing muscle 
cramps in 37 healthy normal volunteers 
(ANOVA, p<0.0001).  Statistically significant 
treatment effect has also been shown  
with the HOTSHOT formulation.   

Integrated EMG signal was significantly 
lower with HOTSHOT compared to  
Vehicle Control (p=0.01). Dashed red  
line indicates the mean value for  
the final preconditioning trial.   

Time (H)

Statistically significant treatment  
effect with higher amounts of TRP 
activators compared to a vehicle observed 
at multiple time points; rapid onset of 
effect, first effect measured at 15 minutes, 
lasting for 6–8 hours. HOTSHOT has  
been tested up to 2 hours. 

Composite subjective ratings of  
muscle soreness from the first 20  
minutes post-cramp. Soreness was 
significantly lower for HOTSHOT  
compared to vehicle control (p=0.02). 
Dashed red line indicates the mean  
value for the final preconditioning trial.
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MUSCLE SORENESS 
RATING

ELECTRICALLY INDUCED MUSCLE CRAMPS

Effect was shown in multiple 
randomized, blinded, vehicle-
controlled studies in which 
subjects consumed various 
formulations of TRP 
activators in a small 
beverage (1,2).  This 
research was presented at 
the annual meeting of the 
American Academy of 
Neurology (2015, 
Washington DC) (3).

EXERCISE-ASSOCIATED MUSCLE CRAMPS & SORENESS

                     OVERALL  ΔAUC 

               TREATMENT EFFECTS
Effect was shown in a 
double-blind, vehicle-
controlled, crossover study 
of 20 subjects which 
maximally contracted one 
calf muscle until cramping 
occurred (4).  This research 
was independently 
conducted by Penn State 
University and presented at 
the conference of 
Experimental Biology 
(2016, San Diego CA) (5).

Of the 31 cramp-prone 
athletes,  muscle cramps 
dropped over 50% during 
and after workouts when 
HOTSHOT was used 15–30 
minutes before the workout. 
Athletes who did cramp 
returned  to play faster

externally-induced muscle 
cramp of the flexor hallucis 
brevis muscle in healthy 
subjects.
3. Short GF III, Hegarty B, 
MacKinnon R, Bean B, 
Westphal C, Cermak J. 
(2015) Orally-administered 
TRPV1 and TRPA1 
activators inhibit 
electrically-induced muscle 
cramps in normal healthy 
volunteers.  Neurology. 84 
(14 Supplement).  
Presentation given April 21, 
2015 at annual meeting of 
American Academy of 
Neurology in Washington 
DC.
4. Craighead DH, Shank SW, 
Gottschall JS, Murray B, 
Alexander LM, Kenney WL. 
(2017) Ingestion of 
transient receptor potential 
channel agonists 
attenuates exercise-
induced muscle cramps.  
Muscle Nerve. 
56(3):370-385.
5. Craighead DH, Shank SW, 
Alexander LM, Kenney WL. 
(2016) Orally Ingested 
Transient Receptor 
Potential (TRP) Channel 
Activators Attenuate the 
Intensity-Duration of 
Voluntarily Induced Muscle 
Cramps in Humans. FASEB J. 
30 (1): Supplement Ib706.  
Poster given at 
Experimental Biology 2016 
meeting in San Diego, CA.

© 2016 Flex Innovation Group  . All rights reserved.

 WHAT 
CAUSES 
 MUSCLE 
CRAMPS?

Muscle cramps are caused by the 
nerve, not the muscle. Under normal 
circumstances, motor neurons control 
muscle contractions without incident. 
But subtle changes in the nervous 
system can cause motor neurons to 
become hyper-excited and start to fire 
spontaneously and repetitively. This 
can cause a muscle cramp. Common 
remedies for muscle cramps — like 
bananas, hydration or massage — 
target  the muscle, not the nerve.

HOW 
HOTSHOT 
 WORKS

When searching for a treatment  
for his own exercise associated muscle 
cramps, neuroscientist  Dr. Rod 
MacKinnon relied upon his experience 
as an endurance athlete and his Nobel 
Prize- winning expertise in ion 
channels.  He reasoned that preventing  
and treating cramps began with  
focusing on the nerve through natural 
TRP channel activation.  After five 
years of scientific research, he 
calibrated the proprietary, organic 
formulation that triggers sensory 
nerves in the mouth, esophagus  and 
stomach that send a signal  to the 
brain and spinal cord to stabilize the 
hyper-excited motor neurons. Now 
HOTSHOT is scientifically proven to 
prevent  and treat muscle cramps. 1. Clinical study report CA14297 (FLEX-001) (2015) A Randomized, Vehicle-controlled study to assess the effectiveness of the Flex-Aid beverage in preventing externally-induced muscle cramp of the flexor hallucis brevis muscle in healthy subjects.

2. Clinical study report CA14945 (FLEX-005) (2015) A vehicle-controlled study to assess multiple formulations of the Flex-Aid beverage in preventing externally-induced muscle cramp of the flexor hallucis brevis muscle in healthy subjects.
3. Short GF III, Hegarty B, MacKinnon R, Bean B, Westphal C, Cermak J. (2015) Orally-administered TRPV1 and TRPA1 activators inhibit electrically-induced muscle cramps in normal healthy volunteers.  Neurology. 84 (14 Supplement).  Presentation given April 21, 2015 at
annual meeting of American Academy of Neurology in Washington DC.
4. Craighead DH, Shank SW, Gottschall JS, Murray B, Alexander LM, Kenney WL. (2017) Ingestion of transient receptor potential channel agonists attenuates exercise-induced muscle cramps.  Muscle Nerve. 56(3):370-385.
5. Craighead DH, Shank SW, Alexander LM, Kenney WL. (2016) Orally Ingested Transient Receptor Potential (TRP) Channel Activators Attenuate the Intensity-Duration of Voluntarily Induced Muscle Cramps in Humans. FASEB J. 30 (1): Supplement Ib706.  Poster given at
Experimental Biology 2016 meeting in San Diego, CA.



Novel Treatments 
for Neuromuscular Conditions

Chemical Neuro Stimulation of TRPV1 and TRPA1 Sensory 

Neurons Decreases Muscle Cramps in Humans

Glenn F. Short III, Laura B. Rosen, Robin Sutherland, Jian Liu, Jennifer M. Cermak, Gary Maier and Thomas Wessel

Flex Pharma, Inc. Boston, MA 02199

Presentation Number:  537.15

Chemical Neuro Stimulation is the treatment of neurological disorders by using small molecules applied 
topically to sensory neurons to alter the behavior of distinct neural circuits within the central nervous 
system.  We have devised one such approach whereby the co-activation of TRPV1 and TRPA1 ion 
channels in the upper alimentary canal decreases muscle cramp frequency and severity.  Based upon 
recent evidence that α-motoneuron hyperexcitability is the underlying cause of cramps and spasticity 
(1,2), we hypothesized that TRP activation could provide sufficient excitatory sensory input via the 
solitary tract to modulate descending spinal pathway signaling to increase interneuronal inhibition and 
dampen motor neuron hyperexcitability.  We have generated data that suggests that either an oral 
solution containing a mixture of naturally-derived TRP activators (TRP-Stim) or FLX-787, a synthesized 
single molecule TRPV1/TRPA1 co-activator, stimulate TRP ion channels in the mouth, oropharynx and 
esophagus in a local, topical fashion to inhibit muscle cramping.  Efficacy studies using an electrically-
induced cramp (EIC) model demonstrated that both TRP-Stim and FLX-787 significantly reduced cramp 
intensity by as much as 3-fold relative to inactive control (p<0.01).  Moreover, the pharmacokinetic 
profile of FLX-787 could not account for its EIC efficacy, as no systemic exposure of the parent form of 
FLX-787 in human plasma was observed.  In both animals and humans, FLX-787 was found to undergo 
rapid phase 2 metabolism, resulting in extensive conjugation 15 minutes after ingestion, predominantly 
to glucuronide and sulfate metabolites.  Even at doses up to 500 mg/kg/day in rats, the conjugates of 
FLX-787 accounted for >90% of circulating drug. To understand if topical exposure to mucous 
membranes in the mouth, oropharynx and esophagus mediates the TRP-Stim and FLX-787 effect (given 
the lack of systemic exposure to FLX-787), the TRP-Stim mixture was encapsulated in gelatin capsules.  
Ingestion of the encapsulated mixture afforded no EIC efficacy relative to vehicle control.  These results 
suggest that the observed effect on electrically-induced muscle cramps does not depend on the 
systemic bioavailability of TRP activators but rather on topical exposure of sensory neurons and 
consequent neuronal signaling. Given that efficacy signals have also been observed in proof of concept 
(POC) nocturnal leg cramp (NLC) studies in humans with TRP-Stim or FLX-787, Chemical Neuro 
Stimulation may be a general approach to develop novel treatments for cramps, spasms and spasticity 
in clinical populations.  Based upon these findings, we have initiated studies with FLX-787 in MS and 
ALS.

Summary

Results

NLC  Exploratory POC Studies Conclusions

1. Minetto MA, Holobar A, Botter A, and Farina D. Exerc. Sport Sci. Rev. 41(1): 3-10, 2013.
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 Nocturnal leg cramps (NLC)

• 50% of those over the age of 50 suffer from NLC with increasing
prevalence and frequency with age; Over 4 million in the US over age
65 suffer daily.

• Lack of clinical evidence that common “remedies” such as electrolyte
replacement, bananas and hydration afford relief.

• Quinine, prescribed in the United Kingdom for NLC, is associated with
thrombocytopenia, hypersensitivity reactions and QT prolongation
and is no longer approved in the US for NLC.

• No approved drug alternative in US to treat NLC.

Topical Chemical Neuro Stimulation

Figure 1. Overview of suspected mechanism of muscle cramps and methods of cramp inhibition by activation
of TRP ion channels. Muscle cramping is caused by the uncontrolled and repetitive firing of α-motor neurons in
the spinal cord (1), resulting in maintained contraction of the muscle. Flex Pharma’s proprietary products exploit
a general principle of neural circuits whereby strong excitatory sensory input from one source enhances overall
inhibitory tone by increased recruitment of inhibitory neurons, thereby reducing excitability in other parts of
the circuit (3). Flex Pharma’s products stimulate primary sensory neurons in the mouth, esophagus and
stomach by activating TRPV1 and TRPA1 ion channels (4,5). When activated, these sensory neurons, which
project both directly and indirectly to the spinal cord, enhance the inhibitory tone in spinal cord circuits to
reduce repetitive firing of α-motor neurons which prevents or reduces the frequency and intensity of muscle
cramps and spasms.

Muscle cramps were induced in the flexor hallucis brevis (FHB) muscle by electrical stimulation and
monitored by EMG to quantify cramp intensity and duration (Figure 2). The subject’s medial plantar
nerve was electrically stimulated by transcutaneous nerve stimulation 2Hz above the experimentally
determined cramp threshold frequency to elicit a reproducible and robust cramp. The muscle cramp
intensity and duration were measured by EMG and quantified by calculating the area under the
cramp curve (AUC) and cramp duration post cessation of electrical stimulation (Figure 3). Muscle
cramp intensity and duration were found to vary from subject-to-subject, necessitating a pre-
treatment EMG to serve as a subject-specific baseline control. After consumption of Flex Pharma
products or vehicle control, the resulting EMGs were quantified for cramp AUC and duration and
compared to baseline values. The time at which the subject received treatment or vehicle control is
referred to as time point zero.

Methods

Fig 3. Exemplary EMG  
demonstrating cramp 
induction and observable 
AUC.
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Fig 2. Muscle cramps 
were induced in the 
flexor hallucis brevis and 
monitored by EMG. 

Ion channel in cell surface membrane

FLX-787, taken orally, topically stimulates primary 
sensory neurons in the oropharynx and 
esophagus by activating TRPV1 and TRPA1 ion 
channels

Stimulated  sensory neurons send impulses to 
the spinal cord presumably via brainstem relays

Descending spinal pathways, similar to the 
endogenous antinociceptive pathway, activate 
inhibitory interneurons to increase inhibitory 
tone

OUR HYPOTHESIS

Activation of inhibitory interneurons reduce 
excessive firing of the a-motor neuron circuit

Reduction in a-motor neuron hyperexcitability 
inhibits muscle cramp or spasm

1

5

2

4

a-motor neuron circuit

3

Figure 4.  Topical exposure to oropharynx and 
esophagus is required for cramp inhibition  

Figure 5.  FLX-787 Inhibition of electrically-Induced 
cramps in healthy subjects is dose-responsive
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• Seven doses of FLX-787 ODT yield classic sigmoidal dose curve (n=5,
p<0.05)

• Efficacy saturates at 32 mg FLX-787-ODT

FLX-787 (29 mg), a single molecule that activates both TRPA1 and TRPV1,
afforded a greater decrease in cramp intensity compared to other treatments
tested. The effect of treatment was calculated based upon the AUC change
from a pre-treatment baseline cramp. FLX-787 treatment led to a 5-fold
reduction in AUC compared to its study specific vehicle control. Treatments
that demonstrated a significant difference from study-specific vehicle
controls are annotated with an asterisk (* p<0.05, ** p < 0.01).

Figure 6.   FLX-787 is not systemically available in its parent 
form in humans

• 1h after PO administration of a liquid formulation containing 19 mg FLX-787
• The parent form of FLX-787 was not detected in plasma only conjugates (LLOQ 0.100

ng/mL).
• Suggests rapid first-pass phase 2 metabolism with no measurable systemic exposure of

parent drug.

Figure 7.   Primary systemic exposure of
glucuronide and sulfate conjugates of FLX-787  in all species
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• Bioanalytical methods for FLX-787 were validated with LLOQ of 0.100 ng/mL; Total FLX-787
methods are semi-quantitative with LLOQ of <0.200 ng/mL

• The variability noted in the metabolic conversion of FLX-787 to conjugates suggests rapid
and extensive phase 2 metabolism (first pass likely at the enterocyte level)

• Study 1: Efficacy signals (cramp frequency, p=0.06) with ODT in sub-analysis (n=37) of parallel portion

– Data from 1 site (n=35) excluded

• Study 2 (dosing/formulation): Significant effect (cramp frequency, p<0.05) in first exposure parallel
analysis (repeated, sequential, multiple crossovers, n=29 from prior NLC study)

– Statistically significant on some, but not all crossover endpoints

Multi-Center Trials in NLC: Two randomized, double-blind, placebo-controlled, cross-over studies to
evaluate the effects of a FLX-787 on the frequency of nocturnal leg foot/cramps when self-administered
approximately 45 minutes before going to bed.

Figure 8.  Interim data analyses of NLC Exploratory POC Studies 
signal efficacy and  carry-over effects 

Figure 9. Effect sizes calculated for the parallel portion of the cross-over
studies are on-average larger than those reported in the quinine clinical literature  

• Exploratory ANOVA analyses across studies showed a period effect within each cross-over
• To avoid the potential influence of carry-over on effect size estimates  were calculated from the first

exposure in each study
• Average effect size of cramp frequency derived from quinine literature is 0.12 (95%CI[-3.5,-1.36]). (6)

• FLX-787 has demonstrated a sigmoidal dose-response curve in a
human EIC-model in the absence of systemic exposure.

• Topical Chemical Neuro Stimulation of TRPA1/TRPV1 indirectly inhibits
a-motor neuron hyperexcitability.

• FLX-787 has shown positive signals on cramp frequency in the parallel
design portion of two exploratory human POC NLC studies.

• FLX-787 is well tolerated and safe, and no SAEs have been reported.
• Consistent with FDA guidance, future FLX-787 studies in NLC will be

parallel design with emphasis on patient selection, data capture &
monitoring.

• Clinical studies in MS and ALS are underway to explore the utility of
FLX-787 in additional indications of different etiology where cramping
and/or spasticity is prevalent.

• Planned initiation of IND-opening Phase 2 parallel design study in H1
2017.
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*The effect size of Study 1 is a sub-analysis (n=37) excluding data from 1 site (n=35).



  

 

 

ORALLY INGESTED TRANSIENT RECEPTOR POTENTIAL (TRP) CHANNEL ACTIVATORS ATTENUATE THE 

INTENSITY-DURATION OF VOLUNTARILY INDUCED MUSCLE CRAMPS IN HUMANS

Daniel H. Craighead, Sean W. Shank, Lacy M. Alexander, and W. Larry Kenney 
Department of Kinesiology, Noll Laboratory, The Pennsylvania State University, University Park, PA 16802 
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ABSTRACT 
Transient receptor potential (TRP) ion channels in the mouth, esophagus and stomach are activated by ingestion of many 

naturally occurring food extracts. Recent evidence suggests that oral ingestion of TRPA1 and TRPV1 channel agonists may 

reflexly attenuate the intensity and/or duration of electrically induced muscle cramps in humans1-3, presumably by 

dampening alpha motor neuron excitability. To test this effect on voluntarily initiated calf muscle cramps, we conducted a 

randomized, double-blinded, vehicle-controlled crossover study. Subjects performed 3 baseline experiments in which they 

underwent a voluntary exercise-induced muscle cramp protocol. From an original pool of 34 volunteers with a self-reported 

history of exercise-related muscle cramping, 6 men and 14 women (age: 22±3 yrs representing 59% of screened subjects) 

were able to consistently reproduce cramps voluntarily. Each of the 20 enrolled subjects subsequently participated in 2 

experimental trials, one 15 min after consuming less than 3 oz. of an active (A) formulation containing a mixture of TRPA1 

and TRPV1 activators derived from natural extracts and another 15 min after ingesting a vehicle control (V) in a 

randomized sequence. EMG leads were placed on the medial gastrocnemius, lateral gastrocnemius, soleus, and tibia. The 

supine subject’s foot was securely strapped to an adjustable force transducer and the knee flexed to position the foot at the 

angle of maximum plantar flexion. As directed by the experimenter, the subject then attempted to produce a cramp by first 

pre-shortening the gastrocnemius, isolating the triceps surae, and then performing a maximal voluntary static contraction 

(MVC). Contractions were held for 90 s or until a cramp occurred. If no cramp occurred, subjects rested for 10 min before 

attempting to elicit a cramp for a second time. Subjects repeated this pattern for up to 5 attempts within any given 

experiment; all experiments were separated by at least 1 week. EMG and force were recorded at baseline, during the static 

muscle contraction, and throughout the duration of the muscle cramp. There were no significant differences between active 

and vehicle control for pre-cramp MVC (A: 12.4±7.0 (SD) kg, V: 12.5±7.6 kg; p=0.99), post-cramp MVC (A: 10.1±5.6 kg, V: 

10.7±6.8 kg; p=0.40), pre-cramp contraction duration (A: 32.7±21.8 s, V: 28.3±17.2 s; p=0.16), or cramp duration (A: 

13.7±11.4 s, V: 16.9±16.3 s; p=0.08). However, the integrated EMG signal, i.e., the area under the EMG intensity-duration 

curve, was significantly lower (p=0.01) for A (0.51±0.38 V.s) than V (0.80±0.69 V.s).  Composite subjective ratings of 

soreness (on a 1 to 10 rating scale) during the initial 20 min after cessation of cramping were also significantly (p=0.02) 

lower for the active formulation (3.4±4.6) than the vehicle control (4.0±2.2). Consistent with results from studies that have 

evoked leg muscle cramps using electrical stimulation, oral TRP channel activators significantly attenuated the intensity-

duration profile of voluntarily initiated muscle cramps in this sample of young adults.   

SUMMARY AND CONCLUSIONS 

• Oral consumption of a mixture of TRPV1 and TRPA1 agonists prior to exercise

mitigated muscle cramp intensity and perceived soreness. 

• Overall muscle activity during cramping (integrated area of EMG intensity-

duration curve) was reduced with the active treatment. 

• Self-reported ratings of muscle soreness were lower within the first 20

minutes after cramp cessation with the active treatment. 

• No delay in cramp onset, shortening of cramp duration, or improved preservation

of muscle force were detected with the active treatment. 

• Athletes who experience EAMC may benefit from consuming TRP channel

agonists immediately prior to exercise. 

RESULTS 

#8503 

LB706 

RESULTS 

BACKGROUND AND SIGNIFICANCE 

• Exercise associated muscle cramping (EAMC) is a highly prevalent condition

that afflicts many athletes, particularly during endurance activities. 

• Despite conflicting theories about the etiology of EAMC, the final common

pathway is the α-motor neuron4.

• A strong excitatory neural stimulus increases overall inhibitory neural tone5.

• Excitation of oral/esophageal TRPV1 and TRPA1 receptors may reflexly 

decrease neural hyperexcitability, potentially preventing cramping. 

• Oral TRP receptor activation is efficacious in relieving electrically-induced

muscle cramps1-3.

SPECIFIC AIM 

To determine if reflex activation of oral and esophageal TRPA1 and TRPV1 

receptors mitigates EAMC induced by maximal isometric contractions in young 

healthy men and women with a history of lower body muscle cramping. 

METHODS 

 

 

 

 

 

 

• Self-induced cramp model:

1. Triceps surae placed in pre-shortened position.

2. Maximal voluntary isometric contraction of triceps surae until initiation of cramp

(up to 90 seconds). 

• Upon cramp initiation, subject halted MVC, remained still and relaxed until cessation

of the muscle cramp. 

METHODS 

Table 1. Subject characteristics. Values are mean ± SEM. All subjects were healthy, 

regularly active, free of neuromuscular diseases, and had a history of lower body EAMC.  

Sex (M,F) Age (years) Height (cm) Weight (kg) 

6,14 22 ± 3 167 ± 3 67 ± 4 

Figure 2. Experimental protocol schematic. If no cramped occurred during first attempt, 

subject rested for 10 minutes and the protocol was repeated (maximum 5 attempts). 

Figure 5. Integrated EMG signal. Area under the curve for cramp intensity-duration curve. 

Representative of total muscle activity during cramp. Integrated EMG signal was significantly lower in A 

compared to V (p=0.01). Dashed red line indicates the mean value for the final preconditioning trial. 

Figure 7. Muscle soreness. Composite 

subjective ratings of muscle soreness from the 

first 20 minutes post-cramp. Soreness was 

significantly lower in the A compared to V 

treatment (p=0.02). Dashed red line indicates the 

mean value for the final preconditioning trial. 

Figure 1. Study design schematic. Double-blind, vehicle-controlled, crossover study design. All 

visits were separated by ≥1 week to allow for full abatement of muscle soreness.   

Participants avoided consumption of TRP agonists for 24 h prior to study, fasted 12 h prior to 

study, did not exercise 24 h before study and avoided treating muscle soreness 48 h post-cramp. 

Figure 3. Experimental set up. Six recording EMG electrodes were affixed to all 

three heads of the triceps surae. EMG and muscle force were continuously 

measured during MVC and throughout the muscle cramp. 
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Figure 6. Muscle soreness. Self-reported 

rating of muscle soreness (1 to 10 scale) at 

all measured time points after cramp 

cessation when consuming the A (black bars) 

and V (grey bars) treatments. 

Figure 4. Sample EMG tracing. Cramping was 

confirmed through continued EMG activity after 

cessation of voluntary muscle contraction6. 
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Table 2. Self-reported cramp frequency.  Self-

reported frequency of muscle cramps occurring during 

or within 2 hours post-exercise in study participants. 
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Effects of Spice-TRP Channel Activator Drink on Performance during 
Intermittent High-Intensity Exercise

Purpose: Transient Receptor Potential (TRP) channel activation in the mouth, esophagus and 
stomach after ingestion of spicy food extracts can have direct effects on central nervous 
system (CNS) function that have been linked to increased maximal power output and 
decreased muscle cramps. However, no studies have evaluated the effects of consuming TRP 
agonists on exercise performance.  

Methods: This “proof of concept” study was designed to test the effects of a spice-TRP channel 
activator drink (1.7 fl oz with organic spice extracts, known TRPV1 and TRPA1 agonists; STA) 
on intermittent high-intensity cycling (IHI) using a randomized, double-blinded, placebo-
controlled (PLA), crossover design in 20 healthy, active, college-aged men (n=10) and women 
(n=10). Subjects performed 2 trials (STA and PLA), each trial consisting of a 30-s maximal 
sprint (MS), 10-min rest, 45-min IHI (60%VO2max ride with 1-min 100% VO2max sprints every 5 
min), 15-min rest, and a 10-min time trial (TT). Drinks were given before MS and TT. 
Performance measures included power output during MS (5-s intervals, mean, total), and 
distance covered during TT. Leg muscle pain (pain), heart rate, mean arterial pressure, core 
body temperature, profile of mood state (mood), plasma glucose, IL-6, and IL-10 were also 
measured at multiple times during exercise and rest. Data were analyzed via paired t-tests 
and 2-way repeated-measures ANOVA. 

Results: No significant differences (p<0.05) were found between STA and PLA for any of the 
variables. However, there was a consistent trend toward benefits of STA, including increased 
muscular power output (5s intervals, mean, total, p=0.09), increased TT distance (13 of 19 
subjects, p=0.20), reduced pain (p=0.17), and enhanced mood (p=0.20); all except TT 
produced moderate-to-large effect sizes (Cohen’s d and partial Eta2). Meanwhile, no 
treatment differences were observed for cardiovascular, metabolic, and inflammatory 
measures.  

Conclusion: Results of this “proof of concept” study support further research on the CNS 
benefits of consuming natural spice-derived TRPV1 and TRPA1 agonists as a novel 
intervention to improve performance during intermittent high-intensity exercise, with no 
apparent adverse side effects. 
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• Chemical neurostimulation by mouth sensing of nutrients has been shown to improve
exercise performance and positively affect neuromuscular performance (Burke & Maughan, Eur J
Sports Science, 2015).

• These beneficial effects have been shown with the following nutrients: carbohydrate,
pickle juice, quinine, caffeine, and certain natural spice extracts.

• The mechanism of action likely differs from one nutrient/compound to another but all
seemingly involve activation of oral receptors and stimulation of brain centers.

• TRP ion channels are present in primary sensory nerve endings in the mouth, throat,
esophagus and the rest of the gastrointestinal tract.

• TRP channels detect tastes (spicy, bitter, tart), temperature, and pressure and trigger
the activity of other types of neurons within the spinal cord, brain stem, and upper brain.

• TRP channel stimulation can influence muscle cramps, pain perception, and
inflammation. A recent study showed that TRP stimulation by TRP-agonist spices
mitigated muscle cramp intensity and perceived soreness (Craighead et al., 2016 FASEB Annual Meeting).

• The purposes of our study were to 1) determine the effect of STA drink on performance of
IHE and 2) identify possible mechanisms related to performance benefits, as well as any
adverse side effects.

Background

Methods

Results (cont.)

Conclusions

• There were no statistically significant differences between STA and PLA drinks on any of
the variables measured in this study. However, there were consistent beneficial trends
observed for STA treatment across several important variables including:
• Greater mean power output (p=0.09) and total power output (p=0.09) during 30-s MS
• Greater TT distance in 13 of 19 subjects (p=0.20)
• Lower ratings of leg pain sensation during the course of experimental sessions

(treatment*timepoint effect: p=0.17, Partial Eta2=0.07)
• No differences between treatments for cardiovascular, metabolic, or inflammatory

measures
• These results support our central hypothesis of STA treatment working through a CNS

mechanism of action.
• These preliminary findings suggest that STA drink warrants further investigation as a

novel dietary supplement to enhance exercise performance, with no apparent negative
side effects.
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• This “proof of concept” study was designed to test the effects of STA drink on IHE using a
randomized, double-blinded, PLA-controlled, crossover design in 20 healthy, active,
college-aged subjects.

• Subjects performed 2 trials (STA and PLA), each consisting of a 30-s MS, 10-min rest, 45-
min IHE (60% VO2max ride with 1-min 100% VO2max sprints every 5 min), 15-min rest, and a
10-min TT. Drinks were given before MS and TT.

Figure 4. Core body temperature during experimental trial 
Treatment: p=0.54; Timepoint: p=0.00; Treatment*Timepoint: p=0.42 

Results

Table 1. Participant characteristics 

Figure 5. Mean arterial pressure during experimental visit 
Treatment: p=0.26; Timepoint: p=0.00; Treatment*Timepoint: p=0.40

Figure 1. Performance during 30-s maximal sprint 
Mean power output by treatment group (left; p=0.09)  
Total power output by treatment group (right; p=0.09) 

Figure 2. Performance during 10-min time trial 
Average distance covered by treatment group (left; p=0.25)  
Plot of individual distance covered by treatment group (right; STA: greater distance in 
13 of 19 subjects; p=0.20)

Values represented as mean ± standard deviation 
* Significant difference between groups (p < 0.05)

Age  
(years)

Height* 
(cm)

Weight* 
(kg)

Body Fat*  
(%)

VO2max * 
(ml/kg/min)

VO2max*  
(L/min)

Male 
(n=10) 23.9 ± 4.3 179.0 ± 7.8 84.0 ± 10.8 16.5 ± 5.4 40.4 ± 3.8 3.4 ± 0.4 

Female 
(n=10) 21.5 ± 1.8 164.4 ± 5.3 60.4 ± 6.5  24.4 ± 4.6 45.4 ± 5.2 2.7 ± 0.3
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Figure 3. Leg muscle pain during experimental trial 
Treatment: p=0.70; Timepoint: p=0.00; Treatment*Timepoint: p=0.17 
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THE SCIENCE  
BEHIND HOTSHOT 

A MUSCLE CRAMP IS CAUSED BY HYPERACTIVE MOTOR NERVES. 

•  Katzberg HD. Neurogenic muscle cramps. Journal of Neurology 262: 1814-1821, 2015.  

•  Miller KC, KL Knight. Electrical stimulation cramp threshold frequency correlates well with the occurrence of 

skeletal muscle cramps. Muscle Nerve 39(3):364-368, 2009. 

•  Miller KC. Rethinking the cause of exercise-associated muscle cramping: moving beyond dehydration and 

electrolyte loss. Current Sports Medicine Reports 14(5):353-354, 2015.  

•  Minetto MA. A Botter. Elicitability of muscle cramps in different leg and foot muscles. Muscle and Nerve 40(4):

535-544, 2009. 

•  Minetto MA, A Holobar, A Botter, R Ravenni, D Farina. Mechanisms of cramp contractions: peripheral or central 

generation? Journal of Physiology 2011;589(Pt 23):5759-5773. 

•  Murray KC, MJ Stephens, EM Ballou, CJ Heckman, DJ Bennett. Motoneuron excitability and muscle spasms are 

regulated by 5-HT2B and 5-HT2C receptor activity. Journal of Neurophysiology 105: 731-748, 2010. 
 

A NUMBER OF FACTORS CAN, ALONE OR IN COMBINATION, INCREASE MOTOR NERVE EXCITABILITY.  
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Muscle cramps are caused by hyperactive motor 
neurons that send repetitive signals to muscles 
causing them to cramp.   

IT’S THE NERVE. NOT THE MUSCLE. 

1

Drinking HOTSHOT stimulates  sensory neurons in 
the mouth, esophagus and stomach. 2

3

4

These stimulated neurons send impulses to the 
spinal cord that control the hyperexcitability and 
inhibit the repetitive signals being sent to the 
cramping muscle.  

The muscle cramp is treated or prevented.  



AN ENHANCEMENT IN PERSISTENT INWARD CURRENTS (PICS), A NORMAL ASPECT OF NERVE  FUNCTION AND 

COMMUNICATION, CAN RESULT IN MOTOR NERVE EXCITABILITY AND POTENTIALLY DRIVE CRAMPING. 

• Heckman CJ, MA Gorassini, DJ Bennett. Persistent inward currents in motoneuron dendrites: implications for

motor output. Muscle Nerve 31(2):135-156, 2005.
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influence on human motor neuron firing patterns. Neuroscientist, 14(3): 264-75, 2008.
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THE INGREDIENTS IN HOTSHOT™ ACTIVATE TRANSIENT RECEPTOR POTENTIAL ION CHANNELS (TRPA1 AND 

TRPV1) THAT RESIDE IN THE MEMBRANES OF SENSORY NERVES IN THE OROPHARYNGEAL SPACE, SENDING 

NERVOUS IMPULSES FROM MOUTH TO BRAIN. 
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RESEARCH CONDUCTED ON HOTSHOT™ AND ITS TRP-ACTIVATING INGREDIENTS HAS DEMONSTRATED ITS IMPACT 

ON ATTENUATING MUSCLE CRAMPS.  THE STIMULATION OF TRP CHANNELS ACTIVATES A NEURAL PATHWAY THAT 

RADIATES FROM THE MOUTH TO THE BRAIN, WITH ADDITIONAL NEURAL SIGNALS SENT DOWN THE SPINAL CORD 

THAT RETURN THE HYPERACTIVE MOTOR NERVES TO NORMAL FUNCTION, A RESPONSE THAT CAN BE EFFECTIVE 

AT PREVENTING AND STOPPING CRAMPING. 
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