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ABSTRACT

International Journal of Exercise Science 13(2): 312-318, 2020. Capsaicin, the active pungent ingredient
in chili peppers and various spicy foods, is demonstrated to influence a variety of physiological systems including
skeletal muscle. The purpose of this study was to examine if a chewable capsaicin supplement (1.2 mg) could
enhance isokinetic knee extensor contractile performance. Nine young, recreationally active individuals (5
females/4 males; 23.6 £ 1.5 yrs; 24.2 + 3.3 kg/m?) participated in this randomized, single-blind crossover study.
Following a familiarization session, participants completed two isokinetic knee extensor contractile function
assessments, 45 minutes after ingesting either a capsaicin fruit gummy or eucaloric placebo, the order of which was
randomized. Knee extensor peak torque (strength), summed torque (endurance) and fatigue index (fatigue) were
compared between trials. Knee extensor peak torque was significantly greater (p < 0.05; d = 0.80) in the capsaicin
(126.0 + 40.4 N-m) than the placebo (118.8 + 41.3 N-m-?) trial. No significant differences (p > 0.05) were found for
summed torque (8012 + 2771 vs. 7823 £+ 2611 N-m; d = 0.45) or fatigue index (56.0 + 17.1 vs. 48.7 £ 21.0 %; d = 0.46)
between capsaicin and placebo trials, respectively. These findings, in a relatively modest and mixed-gender sample,
suggest that pre-exercise capsaicin ingestion may benefit knee extensor muscle strength but does not appear to
affect parameters of skeletal muscle endurance or fatigue.
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INTRODUCTION

Capsaicin (8-methyl-N-vanillyl-trans-6-nonenamide), the pungent ingredient in chili peppers,
has recently been explored by a number of physiological studies due to its unique ability to
influence an array of bodily systems. The physiological implications of capsaicin are mediated
by its binding to transient receptor potential vanilloid receptor-1 (TRPV1) ion channels found
primarily in the peripheral and central nervous systems (16). Functional expression of TRPV1
on the sarcoplasmic reticulum of skeletal muscle has also been observed where it is suggested
to participate in intracellular calcium regulation (13). Capsaicin-mediated TRPV1 activation in
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skeletal muscle may potentiate calcium release in a manner that modifies myofilament
interaction and ultimately intensifies force production.

In animal models, capsaicin doses more substantial than can be safely tolerated in human
subjects have proven to increase both strength (10) and endurance (14). More modest capsaicin
doses in human studies have yielded equivocal results (4-6, 12, 17), and may still evoke
gastrointestinal distress (17). To overcome possible gastrointestinal complications, oral
stimulation of TRPV1 in the oropharynx has been suggested (8, 12). The present study sought to
evaluate the effect of a commercially available, chewable, low-dose (1.2 mg) capsaicin
supplement on contractile performance of the knee extensors in recreationally active
individuals. Notably, previous findings from our laboratory in a cohort of 13 young,
recreationally-active individuals demonstrated that this dose was well-tolerated, although no
improvements in endurance cycling performance were observed (12). Using a novel isokinetic
knee extensor testing protocol (2, 7), we evaluated the potential for capsaicin to improve
multiple domains of skeletal muscle function including peak torque (strength), summed torque
(endurance) and fatigue index (fatigue). Based on previous findings demonstrating capsaicin-
mediated enhancements in total mass lifted (i.e., endurance) when performing squat sets to
failure (4), we hypothesized that acute capsaicin ingestion would improve both muscular
endurance and fatigue. To our knowledge, this was the first study to evaluate whether capsaicin
may enhance maximal force production in human subjects.

METHODS

Participants

Nine young (18-30 yrs), recreationally active (= 30-min self-reported moderate-vigorous
physical activity = 3-d per week for = 3 months) males and females were recruited to participate
in this single-blind, randomized crossover study, consisting of three total visits. All participants
were deemed fit for maximal exercise participation by means of the Physical Activity Readiness
Questionnaire (PAR-Q+) and a pre-participation health screening questionnaire, per the
guidelines of the American College of Sports Medicine (1). Participants with pre-existing
orthopedic or neurologic conditions, or those reporting allergies to any ingredients in the
capsaicin supplement were excluded. Prior to providing their consent to participate, all
participants were verbally informed of the risks, procedures, and goals of the study. This study
was approved by the Georgia Southern University Institutional Review Board and all subjects
provided written informed consent to participate. Research was carried out fully in accordance
with the ethical standards of the International Journal of Exercise Science (15).

Protocol

On the day of the first study visit, participants reported to the laboratory and height and body
mass were obtained on a wall-mounted stadiometer and calibrated digital scale, respectively.
Body fat percentage was then assessed via bioelectrical impedance analysis using an Omron
HBF-306CN portable device (Omron Healthcare, Osaka, Japan) (18) prior to familiarization with
the isokinetic knee extensor performance test. The isokinetic knee extensor contractile function
test was performed on a Biodex System 3 dynamometer (Biodex Medical Systems, Shirley, NY)
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and consisted of 120 maximal isokinetic knee extensions at 120° per second with passive flexion
at 240° per second, as previously described (2, 7). This assessment protocol has been
demonstrated to exhibit excellent test-retest reliability for evaluation of knee extensor strength,
endurance and fatigue by our laboratory in a similar population (3). Prior to departure, subjects
were scheduled for their second and third study visits, which were at least 72 hours but no more
than 14 days apart.

The day prior to the second and third study visits participants were asked to avoid spicy food
and to refrain from vigorous physical activity. They were also asked to follow similar dietary
patterns for the 24 hours preceding the study visits, which was verified by completion of a
dietary log in which participants were asked to document all food and drink, besides water,
consumed. Upon arrival to the testing facility, participants consumed either a 1) spicy fruit
gummy (139 kcals) containing 1.2 mg capsaicin (Bollox Ltd, Admirality, Hong Kong) or 2)
eucaloric placebo, the order of which was randomized. For the next 45 minutes subjects were
asked to sit quietly without audio/visual stimulation. Consumption of food or drink, excluding
water, was prohibited between the time of supplement consumption and the start of testing.
After the waiting period, participants were brought to the dynamometer for completion of the
isokinetic knee extensor contractile function assessment. The test lasted approximately 4
minutes in duration and standardized verbal encouragement was provided throughout the test
by the research team. Prior to departure, subjects were given a gastrointestinal distress form
where they were asked to document any unusual symptoms occurring over the next 48 hours.
Second and third study visits were conducted at roughly the same time of day (+ 2 hours) for
chronobiological control.

A detailed description of variables obtained from the isokinetic knee extensor fatigue test has
been previously described (2, 7). Skeletal muscle strength was quantified as peak torque, which
was defined as the greatest amount of torque produced within a 10-millisecond increment over
the course of the test. Muscle endurance was quantified as summed torque, a composite index
of strength and fatigue, calculated by summing the peak torque for each of the 120 repetitions
(9). Finally, fatigue index, was expressed as a percent and calculated by subtracting the mean
torque from the first five contractions from the mean torque of the last five contractions, divided
by the torque from the first five contractions. In this manner, performance at the end of the test
is compared to initial torque, with a higher value indicating greater fatigue development and a
value of 0 indicating no fatigue has occurred.

Statistical Analysis

Data was analyzed using SPSS, version 25.0 (SPSS Inc, Chicago, IL, USA). Normality was
verified using the Shapiro-Wilk test. Inter-trial comparisons of peak torque, summed torque,
and fatigue index were conducted using a paired samples t-test. Statistical significance was set
at p < 0.05. The effect size was calculated using Cohen’s d, and whereby a value of 0.20 was
considered small, 0.50 moderate, and 0.80 large.
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RESULTS

Participant characteristics are provided in Table 1 as means + SD. The capsaicin supplement was
well-tolerated by all participants, without a single complaint of gastrointestinal distress.

Table 1. Subject characteristics (Means * SD).

Age (yrs) Height (cm) Weight (kg) BMI (kg/m?) Body Fat (%)
Males (n = 4) 253+3.1 1799 £3.6 86.5+9.7 270+26 17.0+3.7
Females (n = 5) 223+21 162 +£9.0 68.0+£8.5 262+1.0 27.0+27

Contractile Function: Peak torque production was significantly greater (p = 0.04; 4 = 0.80)
following the capsaicin (126.0 + 40.4 N-m!) versus placebo (118.8 + 41.3 N-m!) supplement, a
finding that was observed in 6 of our 9 subjects (Figure 1). Exploratory analyses revealed a lack
of significant gender (2 females/1 male) or anthropometric differences (p > 0.05) between the
three individuals in whom a lack of benefit was noted and the six in whom strength was
improved. No significant differences (p > 0.05) in summed torque (8012 + 2771 vs. 7823 + 2611
N-m; d = 0.45) or fatigue index (56.0 £ 17.1 vs. 48.7 £ 21.0 %; d = 0.46) were observed between
capsaicin and placebo trials, respectively. Between trial changes in measures of contractile
function did not appear to be influenced by gender and no order effects were observed.
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Figure 1. Means + SD (bars) and individual data points (lines) for placebo and capsaicin peak torque trials.
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DISCUSSION

We explored the effects of a commercially available, chewable, low-dose (1.2 mg) capsaicin
supplement on isokinetic knee extensor contractile performance. Lower-extremity peak torque
(i.e., muscle strength) was ~6% greater following the capsaicin trial. Pertinently, the
administered capsaicin dose (1.2 mg) was well-tolerated by all participants, offering confidence
to athletes and practitioners debating the pros and cons of low-dose pre-exercise capsaicin
ingestion. However, contrary to our hypothesis the capsaicin supplement failed to provide any
appreciable benefit for measures of muscular endurance or fatigue.

To our knowledge, this was the first study to demonstrate the potential for acute capsaicin
supplementation to enhance skeletal muscle strength in humans. In mice, 4 weeks of capsaicin
administration was similarly demonstrated to improve grip strength concomitant with
enhancements in endurance capacity (i.e., swim time) (10). Human studies using larger
capsaicin doses in pill form have also observed acute enhancements in muscular endurance (4-
6), quantified during both aerobic (i.e., 1500-m run time) and resistance (i.e., squat sets to failure)
exercise. The apparent lack of ergogenic benefit for measures of muscular endurance and fatigue
observed in the present study may be attributed to the very low-dose of capsaicin administered,
which was likely insufficient to provide any significant modulation of bioenergetics (14, 19).
Nonetheless, a similar low capsaicin dose (2.56 mg) has proven to influence substrate
metabolism (i.e., enhance fat oxidation), albeit in subjects following a hypocaloric diet (11).

A limitation of the present investigation is a lack of ability to delineate the mechanisms
underlying the acute increase in force production following capsaicin administration. Though
transient modulation of calcium kinetics (13) or upregulations of autonomic nervous system
activity (19) may have contributed, the placebo effect should not be dismissed. Indeed, placebo
administration is demonstrated to augment isokinetic knee extensor muscle force production by
a comparable (~10%) extent (20). To avoid exacerbating this issue, we refrained from asking the
participants whether they could differentiate between treatments, but were told by many that
the capsaicin supplement was notably pungent. While this is an obvious limitation of the present
study, if an understanding of whether oral TRPV1 stimulation may potentiate the ergogenic
benefits of capsaicin is desired, this obstacle is difficult to overcome. It is worthy to note that
previous research by our laboratory using the same chewable capsaicin dose reported a lack of
benefit for time-to-exhaustion during cycling exercise (12), although these inter-study
differences may simply be a product of highly discrepant exercise modalities rather than a lack
of placebo effect, per se.

In summary, acute ingestion of a low-dose (1.2 mg), chewable, capsaicin supplement
significantly improved knee extensor force production, but did not affect measures of muscular
endurance of fatigue. Importantly, no cases of gastrointestinal distress were reported following
ingestion of the capsaicin supplement. These findings in a relatively modest and mixed-gender
sample suggest that tolerable quantities of capsaicin ingested prior to exercise may be of benefit
for individuals seeking to enhance lower-extremity muscle strength. However, conformation of
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this apparent capsaicin-mediated acute enhancement in skeletal muscle force production in a
larger sample is warranted prior to making any definitive claims.
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