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Abstract 
The pain experienced when eating spicy foods such as peppers, wasabi, 
horseradish, or spicy mustard come from particular natural compounds 
binding to specific receptors in our mouth on nerve endings communicating 
with the sensory cortex. When concentrated, compounds humulene and 
myrcene, both existent in different ratios in varieties of hops (Humulus lu-
pulus), bind to the TRPM8 receptor. While bound to this receptor at the same 
time as either capsaicin is bound to the TRPV1 receptor or allyl isothiocya-
nate (AITC) is bound to the TRPA1 receptor, the pain from the TRPV1 and 
TRPA1 is severely reduced or eliminated. Test subjects have volunteered to 
test the efficacy of the humulene & myrcene concentrate through both forma-
lized controlled environment experiments as well as informal field sample ef-
ficacy demonstrations on social media. 
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1. Introduction 

Throughout history, the tingling pain sensation caused by eating spicy foods has 
both drawn people to and driven people away from, experiencing it. This sensa-
tion, Chemesthesis, refers to the sensory perception of chemical compounds, 
such as capsaicin found in spicy foods, which can induce sensations of heat, 
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burning, tingling, or pain. [1] This sensory experience is distinct from the basic 
taste sensations (sweet, sour, bitter, salty, umami) and is related to the activation 
of sensory receptors like the TRPV1 receptor, which is sensitive to capsaicin and 
responsible for the heat and pain sensations associated with spicy foods. [2] 

The sensory cortex, situated in the cerebral cortex of the brain, is a complex 
neural structure essential for processing and interpreting sensory information 
from the body’s various sensory modalities [3]. This region is parcellated into 
distinct areas, each specializing in the perception of specific sensory stimuli, in-
cluding tactile, thermal, auditory, visual, and chemesthetic sensations [1]. The 
sensory cortex integrates and maps incoming sensory signals, allowing for the 
conscious perception of stimuli like touch, pain, temperature, sound, and sight. 
[1] [4] These neural representations of sensory input are further processed, ul-
timately contributing to the multifaceted and dynamic human sensory expe-
rience, enabling recognition, interpretation, and response to the surrounding 
environment. [4]The relationship between chemesthesis and the sensory cortex 
is a fundamental aspect of how we perceive and process the sensory experiences 
associated with chemical compounds, such as those found in spicy foods. 

1) Compounds and Sensory Perception: Particular compounds can activate 
specific transient receptor potential (TRP) sensory receptors found in the muc-
ous membranes of the mouth, nose, and other areas of the body. [1] 

2) Sensory Receptors: Particular sensory receptors, including the TRPV1 
(vanilloid type 1), TRPA1 (ankyrin 1), and TRPM8 (melastatin 8) receptors, are 
sensitive to different chemical compounds and are responsible for detecting 
sensations like spiciness (TRPV1), irritation (TRPA1), and cooling (TRPM8). [1] 

3) Sensory Cortex Processing: When consuming spicy foods or making con-
tact with chemesthetic compounds, the activation of these sensory receptors 
sends signals to the brain. These signals are transmitted to the primary somato-
sensory cortex, a region in the brain responsible for processing tactile, tempera-
ture, and pain sensations. [1] [2] [4] 

4) Brain’s Interpretation: The primary somatosensory cortex processes the 
incoming sensory information and interprets it, creating the conscious expe-
rience of chemesthetic sensations. For example, when capsaicin activates the 
TRPV1 receptors, the primary somatosensory cortex interprets this signal as a 
burning or pain sensation. [5] [6] 

5) Integration with Other Sensory Information: The sensory cortex doesn’t 
work in isolation. It integrates chemesthetic information with other sensory da-
ta, such as sight, taste, and smell, to provide a comprehensive perception of the 
overall sensory experience. This integration can affect how we perceive the flavor 
and spiciness of foods. [1] [5] 

6) Subjective Experience: The perception of chemesthetic sensations, like 
spiciness or cooling, can be highly subjective. Factors such as an individual’s ge-
netic predisposition, previous exposure to such sensations, and cultural influ-
ences can influence how chemesthetic experiences are perceived and tolerated. 
[1] [4] [6] 
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Hops (Humulus lupulus) is a flowering plant that has been for the most part 
relegated to the brewing industry as the bittering offset to the sweetness from the 
malted grains in beer. This flower holds many different compounds. [7] Two 
compounds, which bind to the TRPM8 receptor, humulene and myrcene, are 
terpenes found in hops, and they are known for their roles in contributing to the 
flavors and aromas of these plants. [7] 

Humulene (C15H24), a sesquiterpene, and myrcene (C10H16), a monoter-
pene, are both lipophilic compounds. [8] This combination leads to the opening 
of ion channels within the TRPM8 receptor, allowing the influx of cations, par-
ticularly calcium (Ca2+) and sodium (Na+). This influx of ions triggers a signaling 
cascade within the sensory neuron.  

The activation of TRPM8 typically leads to a cooling sensation. [9] In the case 
of humulene and myrcene, they produce a cooling or soothing feeling in the 
sensory area where the activation occurs. The sensory information generated by 
the TRPM8 activation would be transmitted to the brain, specifically to the so-
matosensory cortex, where it is processed and interpreted as a cooling or tin-
gling sensation. [10] 

A complex sensory modulation phenomenon, neurological modulation, oc-
curs when the TRPM8 receptor is activated and the TRPV1 and/or TRPA1 re-
ceptors are also activated, leading to a reduced perception of pain from TRPV1 
and/or TRPA1 activation. [9] Neurological modulation highlights the complexi-
ty of the brain’s interpretation of sensory input, where the perception of one 
sensation can modulate or mitigate the perception of another. [5] [9] [10] 

2. Method of Testing 

First, to demonstrate the efficacy of humulene and myrcene on neurological 
modulation of chemesthesis, a formula was created by boiling 56.7 g of pelletized 
hops in 1.42 L of distilled water. The formula was cooled then dispensed in the 
form of a spray bottle. It was initially tested by the author and his family as a ba-
sic test of the theory that hops by themselves played a part in the chemesthesis 
pain reduction. Each subject in this informal test reported a significant decrease 
in the painful sensation of consuming approximately 5 ml hot sauce made from 
ghost peppers (Capsicum chinense). 

The feedback collected was that the hop spray was effective, eliminating the 
pain associated with the hot sauce. Additional feedback from the subjects was 
the highly bitter taste was not enjoyed by the subjects. Another test was con-
ducted with the same batch, but with honey added to sweeten the flavor. Each 
subject reported greater enjoyment of the flavor with the same results. 

In an effort to identify the effects of humulene and myrcene alone, isolates of 
each were introduced. This subsequent demonstration consisted of 0.00000383 
ml of humulene isolate and 0.00000383 ml of myrcene isolate combined with a 
“tea” made with the 21.1-degree Celsius results following boiling 22.71 L of wa-
ter with 0.19 kg of hops and 1.42 L of honey (for flavor), cooling it, then pouring 
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the contents into 59 ml spray bottles. 
The original subjects reported a significant increase in the effectiveness of this 

increased humulene and myrcene isolate batch.  
To gather more data, a randomized study of 20 adult volunteer subjects 

agreed to test the efficacy of the spray.  

3. Results 

Due to the subjective nature of chemesthesis [1], these random subjects were 
asked to describe their pain tolerance to spicy foods (Figure 1) then choose a hot 
sauce or spicy food, either which included capsaicin or AITC, that they believed 
created pain beyond their tolerable threshold (Figure 2), then afterward spray 
the elixir in their mouths 5 - 10 times then report on their response (Figure 3).  

1) 100% neurological modulation occurred at an 85.097% mean reduction in 
the pain perception. Each subject reported the pain from the hot sauce had dis-
sipated while continuing to have full control of their taste senses. 

2) Following the initial spraying, 8 subjects reported the pain returned and 
they took additional sprays, which eliminated the burning sensation. 

 

 
Figure 1. Spice pain tolerance level (1 - 10). 1 = Very low, 10 =Very High. 

 

 

Figure 2. Pain level observed from hot sauce (1 - 10). 1 = Little/No Pain, 10 = Immense 
Pain. 
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Figure 3. Pain level observed after spray (1 - 10). 1 = Little/No Pain, 10 = Immense Pain. 
 

3) 16 subjects took subsequent tastes of the same hot sauce following the 
sprays and did not experience the pain they had prior to spraying the elixir in 
their mouths. 4 did not take additional tastes of the hot sauce. 

4) 14 subjects reported that small sips of cold water accentuated the cooling 
sensation from the spray. 6 subjects did not take sips of water to report. 

5) Subjects who consumed the higher Scoville Heat Unit (SHU) foods re-
ported the highest chemesthesis pain experience after eating the hot foods and 
required, on average, 5 more sprays, to fully eliminate the painful burning sensa-
tion.  

6) 100% of subjects reported that the next day, they experienced either severe-
ly reduced or eliminated “exit burn.” This term is associated with the final step 
of digestion, which, after consuming spicy foods, is usually painful due to the ac-
tivated TRPV1 and TRPA1 receptors present in our anal glands. Due to the 
coexistence of the TRPM8 receptor as well, the humulene & myrcene presence in 
the digestive tract provided neurological modulation in this situation as well. 

4. Discussion 

The relationship humans have had with spice has been long and complicated, 
with the compounds of some being used for medicinal purposes, weapons, and 
flavor enhancement. The recent rise in popularity around the subject includes 
the television series, “Hot Ones”, the Hulu series “Superhot: The Spicy World of 
Pepper People”, and the viral PaquiTM One Chip Challenge. Keeping the topic 
relevant as a global cultural phenomenon, in 2023, the Guinness Book of World 
Records recognized a new world’s hottest pepper. For decades, Pepper Spray has 
been used as both a self-defense and proactive non-lethal weapon, used across 
the globe as a personal defense option for individuals as well as by first respond-
ers, military, and others. 

This research of humulene and myrcene, two compounds that neutralize the 
pain caused by capsaicin and AITC, introduces options not previously available 
in the arenas of medicine, military application, culinary circles, and natural re-
medies. In this study, subjects who could not tolerate the pain of spice found 
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themselves able to consume spicy foods pain-free. This newfound ability opens 
up a world of cuisine and the benefits that brings. It is the hope of the author to 
identify new benefits in other areas where the neutralization of pain is possible.  

5. Future Research 

The Additional areas of study are wide open for the efficacy of the humu-
lene/myrcene benefits in areas of scientific and human benefit. One area would 
be the neurological modulation benefits in relation to offsetting weaponized irri-
tants such as pepper spray (oleoresin capsicum), mustard gas (bis(2-chloroethyl) 
sulfide), or tear gas, which bind to and activate the TRPV1 and/or TRPA1 re-
ceptors in the eyes. 

Another area is the relief of chemical and thermal injuries. Both humulene 
and myrcene may help reduce inflammation associated with chemical and ther-
mal injuries, contributing to pain relief. 

Precision of efficacy is another area garnering further research. The author 
combined isolates with additional ingredients for palatability, which may have 
created an entourage effect with other hop-based compounds. [11] The addition 
of honey for improved flavoring was done following initial tests that demon-
strated neurological modulation. Increased results have not been attributed to 
the compounds in honey, albeit subjects reported positive responses to the flavor. 

6. Conclusion 

This initial randomized study introduces data supporting the evidence that a 
pain-reducing sensory phenomenon is produced when the activation of the 
TRPM8 receptor by humulene and myrcene when the TRPV1 and/or TRPA1 are 
activated. The results of this initial investigation into the effects of humulene and 
myrcene on the TRPM8 receptor show a highly effective neurological modula-
tion against the activated TRPV1 and TRPA1 receptors.  
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