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Abstract: Yohimbine hydrochloride (YHM) is an alpha-2-adrenergic receptor antagonist that pos-
sesses sympathomimetic properties, but few studies have investigated YHM in the context of exercise.
The purpose of this study was to examine the effects of acute YHM ingestion on bench press exercise
power, velocity, and strength-endurance levels. In a double-blinded crossover design, resistance-
trained males (1 = 16) participated in two separate bench press trials, each with a different single-dose
treatment: placebo (PL; gluten-free corn starch) or yohimbine hydrochloride (YHM; 2.5 mg). In each
trial, the participants consumed their respective treatment 20 min prior to exercise. Following a
warm-up, the participants completed 1 set x 2 explosive repetitions while a linear position transducer
monitored the barbell velocity. The participants then completed 3 sets X repetitions to failure (RTF)
at 75% of 1-repetition maximum (1-RM) separated by 2 min of rest. The motivation to exercise and
subjective measures of energy or fatigue were measured post-exercise. The total RTF, mean velocity,
mean power, motivation, and subjective energy or fatigue values were compared and analyzed. The
mean power (p = 0.472; d = 0.16) and mean velocity (p = 0.297; d = 0.25) values were unchanged by
treatment. However, the RTF (p = 0.002; d = 0.82) value was higher with YHM treatment. The motiva-
tion to exercise (p = 0.011; d = 0.64) and energy levels (p < 0.001; d = 1.27) were significantly higher
with YHM ingestion versus PL. The subjective fatigue was significantly lower with YHM ingestion
(p < 0.001; d = 1.65). In conclusion, the current findings show that YHM consumption enhanced
muscular strength-endurance while improving feelings of motivation, energy, and fatigue. YHM
ingestion may, therefore, be useful for athletes or competitors seeking to improve their performance
or combat subjective fatigue.

Keywords: bench press; supplement; fatigue; alertness

1. Introduction

Yohimbine is a naturally occurring alkaloid that is highly concentrated in the bark
of the Corynanthe johimbe tree native to various parts of Africa [1]. Extracts from the bark
have been used in folk medicine for centuries to prevent fatigue and improve virility [2].
Recently, standardized forms, such as yohimbine hydrochloride (YHM), have been used
in nutritional practices by athletes and competitors in an effort to optimize performance.
Physiologically, YHM exerts pleiotropic effects, which are principally mediated through the
antagonism of «2- adrenergic receptors and increased catecholamine release [3,4]. Through
sympathomimetic actions, YHM administration has been shown to increase catecholamine
release [5], blood pressure [3], and arousal [6] and to alter blow flow [4]. However, the
effects of YHM on exercise responses remain largely understudied, especially regarding
resistance exercise.

As an o2- adrenergic receptor antagonist, YHM has a rapid onset of action (~10 min)
and is typically eliminated by ~60 min post-ingestion [7]. Catecholamine responses
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(i.e., norepinephrine, epinephrine) have been shown to significantly increase during this
time frame, effectively heightening the sympathetic stimulation [2,3,8]. The mechanistic
determinants of exercise responses with YHM ingestion remain unknown. However, YHM
supplementation has been shown to result in neuromuscular hyperemia (i.e., cerebrum,
skeletal muscle) while attenuating fatigue [4,8]. Indeed, Barnes et al. reported lower
blood lactate (La) levels post-exercise, which were coupled to lower fatigue [8]. From a
performance perspective, increased catecholamines and skeletal muscle blood flow with
YHM could plausibly increase muscular force production levels and allow for a greater
ability to sustain repeated contractions. Psychophysiologically, YHM has been shown
to increase alertness [6], emotional reactivity [9], and “psyching up” or motivation [1,2].
Given that muscular endurance and strength have been shown to be limited by fatigue and
motivation [10,11], YHM may serve as an effective strategy to enhance performance, but
this remains unknown.

YHM has only recently been studied in the context of exercise, despite being widely
available as an ingredient in many commercially available supplements in the United
States [12]. While chronic dosing protocols have shown limited efficacy in humans [13],
multiple investigations have shown that acute YHM ingestion may improve aspects of per-
formance [8,14]. Hoffman et al. showed hastened reactive ability and feelings of alertness
during agility tests with an acute dosing protocol, albeit in a multi-ingredient supplement
containing YHM [15]. Al-Kuraishy et al. reported that following a single 5 mg dose of
YHM, aerobic cycling performance, and oxygen uptake levels were enhanced [14]. Recently,
our lab showed that a single 2.5 mg dose of YHM resulted in improved repeated sprint
performance (+5%), lower post-exercise La (—19%), and diminished power output loss (i.e.,
fatigue index; —16%) levels [8]. However, whether previous reports of sprint performance
enhancements with acute YHM ingestion translate to resistance exercise remains unknown.
Additionally, a large amount of the available literature on YHM treatment is decades old,
leaving a dire need for novel research, especially pertaining to exercise. The purpose of this
study was to examine the effects of acute YHM ingestion on bench press exercise power,
velocity, and strength-endurance levels, and the psychophysiological responses thereof. We
hypothesized that YHM would increase bench press power, velocity, and repetition volume
values, and would result in greater feelings of energy or lower feelings of fatigue.

2. Results
2.1. Bench Press Performance

The RTF (repetitions), mean power (watts), and mean velocity (m-s~1) values are
shown in Figure 1. The set-to-set and total RTF analysis (Figure 1a) showed the main effects
for the treatment (p = 0.002; n? = 0.021) and set (p < 0.001; n? = 0.564) variables but no
interaction effect (p = 0.082; n? = 0.008). Specifically, the YHM ingestion resulted in a greater
RTF value compared to PL (p = 0.002; d = 0.82; %A: +11.1%). The RTF values decreased from
set-to-set in a manner whereby the reps performed in set 2 (p < 0.001; d = 2.07; %A: —30.4%)
and set 3 (p < 0.001; d = 3.07 %A: —47.7%) were lower than in set 1. The RTF value in set
2 was also higher than in set 3 (p < 0.001; d = 0.93). For the total RTF, the YHM treatment
resulted in a significantly higher repetition volume cumulatively over the 3 sets compare
to PL (p = 0.015; d = 0.82; %A: +11.1%). For the mean power (Figure 1b), there were no
significant differences between YHM and PL treatments (p = 0.431; d = 0.24; %A: +1.3%).
Furthermore, the mean velocity (Figure 1c) values did not different between YHM and PL
(p=0.242; d = 0.36%A: —3.2%).
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Figure 1. (a) Repetitions to failure (repetitions) for each of the three sets and total accumulated
repetitions (Total) over the three sets. (b) Mean power (watts) and (c) mean velocity (m-s~1) values as
compared between the placebo (PL; grey bars) and yohimbine HCI (YHM,; red bars) treatments. Data
are presented as means + SD. Note: # indicates significantly different from set 1 (p < 0.05); t indicates
significantly different from set 2 (p < 0.05); * indicates significantly different from PL (p < 0.05).

2.2. Subjective Measures—Motivation, Energy, Fatigue, Alertness, Focus

The subjective measures of energy, fatigue, alertness, focus, and motivation (mm)
are shown in Figure 2. As shown in Figure 2a, energy (p < 0.001; d = 1.27; %A: +18.2%)
and alertness (p < 0.001; d = 2.7; %A: +35.8%) were significantly higher with the YHM
treatment versus PL. Furthermore, the subjective fatigue was significantly lower with
the YHM treatment compared to PL (p < 0.001; d = 1.65; %A: —21.2%). Focus was not
significantly altered as a consequence of the treatment (p = 0.167; d = 0.45; %A: +9.8%). For
the motivation to exercise (Figure 2b), the YHM ingestion resulted in significantly greater
feelings of motivation compared to PL (p = 0.011; d = 0.64; %A: +12.1%).
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Figure 2. (a) Subjective feelings of energy, fatigue, alertness, and focus as assessed by 5-point Likert
scale questioning. (b) Motivation (mm) assessed by a 100-mm visual analog scale as compared
between placebo (PL; grey bars) and yohimbine HCl (YHM,; red bars) treatments. Data are presented
as means £ SD. Note: # indicates significantly different from set 1 (p < 0.05); t indicates significantly
different from set 2 (p < 0.05); * indicates significantly different from PL (p < 0.05).

3. Discussion

Despite its pervasive availability in pre-workout and energy supplements, YHM has
been relatively understudied regarding exercise performance. Repeated sprint performance
and indices of fatigue have been shown to be improved with acute YHM ingestion [8].
However, the current findings are the first to delineate whether YHM may impart er-
gogenic benefits during resistance exercise. The present observations show that acute
YHM ingestion did not enhance the power or velocity but increased the total RTF, which
was mainly manifested in the third set. Furthermore, the subjective feelings of energy,
alertness, and motivation were higher with the YHM treatment, while also diminishing
the subjective fatigue. While the physiological determinants of the improvements in per-
formance remain unknown, these findings reveal important information on how YHM
may influence muscular strength-endurance and psychophysiological responses during
resistance exercise.

Previous investigations have reported increased power output values with acute YHM
ingestion during repeated sprints, which are in opposition to the current findings [8,14].
While not confirmed currently, the disparities in findings may be due to the exercise dura-
tion or fatigue state. Previous studies reporting enhanced power output and performance
values with YHM treatment noted an attenuation in fatigue as a principal underlying
mechanism [8,14]. Indeed, the indirect markers of fatigue, such as La, have been shown
to be lower following intense repeated exercise [8]. Since non-fatiguing exercise was used
to measure power and velocity, the benefits from YHM ingestion may have eluded the
current exercise protocol. Although context- and intensity-dependent, this is partially
supported by the previous evidence suggesting that stimulants and sympathomimetics
in moderate doses may be more effective later into exercise rather than at the onset of the
exercise bout [16,17]. Since no optimal dosing or training protocols have been identified
to accompany YHM ingestion, future research will be necessary to establish which perfor-
mance variables may benefit the most from acute supplementation. Contrary to the lack
of changes in explosive performance, the participants were able to accumulate a greater
repetition volume with YHM treatment, which was most pronounced in the last of the
three bench press sets. While speculative, these changes may be possibly due to changes in
blood flow and nociception. YHM has been widely researched and used to improve blood
flow to combat impotence [18]. However, YHM and other «2-adrenergic antagonists have
been shown to also induce hyperemia in neural and skeletal muscle tissues in rodents and
humans [4,19]. YHM ingestion has been shown to lower La levels during anaerobic exercise
and is possibly implicated in greater lactate clearance [8]. While La was not measured in
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the current study, while the increased blood flow from YHM ingestion may have resulted
in greater La clearance, thereby attenuating pH disturbances and fatigue and allowing for
greater RTF values. Furthermore, YHM has been shown to have antinociceptive actions,
although these appear to be dose-dependent [20,21]. This has been elucidated in exercising
rodent models, where YHM ingestion blunted pain perception during cold water swim-
ming tests [21]. Mechanistically, this may be due to the inhibition of sodium ion channels
and vanilloid receptors (TRPV1), which mediate peripheral pain sensations in sensory
neurons [22]. In humans, YHM and pain have been primarily studied in clinical popula-
tions [23]. Burhel et al. showed that the intravenous delivery of YHM initiated hypoalgesia
in individuals with chronic back pain [24]. Furthermore, Park et al. showed that periodic
YHM administration resulted in antinociception in patients with peripheral nerve pain [23].
While uncertain, it is plausible that YHM ingestion may have induced mild hypoalgesia,
which could have led to a superior ability to endure fatiguing exercise. This is bolstered
by previous studies utilizing stimulants where acute ingestion decreased muscle pain and
increased RTF values during resistance exercise [25,26]. However, mechanistic studies of
how YHM influences resistance exercise performance are non-existent, and further studies
will be needed to substantiate the previously discussed performance mediators.
Interestingly, YHM ingestion had pronounced effects on psychological measures re-
lated to energy and fatigue. The findings of increased energy and alertness with YHM
administration are supported by previous findings using a multi-ingredient energy supple-
ment containing YHM [15]. Indeed, a2-adrenergic antagonists, including YHM, have been
shown to increase both plasma and cerebral spinal fluid catecholamine levels, which may
underlie increased feelings of vigor accompanying performance enhancements [27,28]. For
example, Plewnia et al. showed that YHM administration resulted in greater neural recruit-
ment and cortico-motoneuronal excitability, likely through increases in norepinephrine [29].
This is also partially supported by other studies showing that YHM may in turn aid in link-
ing regions of the brain responsible for psychological arousal to locomotor activity [2,30].
Since arousal and alertness are closely linked to optimal performance [31], increases in
arousal from YHM may serve as another effective mechanism for the enhancement of
strength-endurance. Similarly, the self-reported levels of motivation were higher here with
YHM treatment. While the current findings are among the first to describe increases in
motivation to exercise with YHM ingestion, other groups have shown that catecholamine
stress responses from YHM administration result in increased motivated behavior and
impulsivity [32]. Previous studies have suggested that YHM ingestion alters the basal
neural signaling in the pre-frontal cortex, which may lead to greater anticipatory drive and
impulsive responding [33]. When paired with findings of increased reward-biased decision
making with YHM treatment [34], the improvements in strength-endurance may be a psy-
chophysiological manifestation of motivation or a synergistic amalgam of other subjective
states, including energy and alertness. However, much of this is speculative as to whether
it translates to exercise, which will require further study to form sound conclusions.
Although the current study provides novel findings of the ergogenic potential of YHM,
it was not without limitations. First, the dosage protocols are heterogenous in the YHM
literature, and the current study was not able to elucidate an optimal YHM regimen. The
performance enhancement with the current dose used here may not translate to other doses,
protocols, or athletic populations. Dose-response investigations, particularly with YHM
in the context of exercise, will be needed to better determine strategies for optimizing
performance. Additionally, blood flow and changes in neural activation have been widely
reported as mechanistic underpinnings of YHM ingestion [2,4,5,22]. While the present
findings support these mechanisms, the precise contribution to the performance enhance-
ment remains elusive. The mechanistic confirmation of YHM responses during exercise in
humans will be necessary to substantiate the aforementioned mechanisms. Lastly, only a
single upper body resistance exercise and load were tested. Since stimulants may influence
upper and lower body resistance exercise performance levels differently [35], the current
performance improvements may not appertain to other types of resistance exercise or loads.
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In conclusion, the current findings reveal that the YHM ingestion had little impact on the
explosive bench press performance but improved the muscular strength-endurance results.
The adaptive psychophysiological responses of increased energy, alertness, motivation,
and lower fatigue accompanied and likely mediated the changes in performance. From a
practical perspective, athletes and competitors may use an acute dose of YHM to increase
strength-endurance and combat fatigue during repeated sets of resistance exercise or pos-
sibly during gameplay where upper body pressing is involved (i.e., American football,
rugby, shotput, etc.). While it is still unknown how chronic YHM supplementation influ-
ences long-term resistance exercise adaptations, the current findings of acute performance
enhancements could suggest greater adaptive responses over time if repeated, and the
ergogenic effects of YHM maintaining their efficacy and strength. However, it should be
noted that YHM is a potent stimulant, which like many stimulants may have heterogeneous
effects, depending on the individual. Thus, athletes and competitors should practice tem-
perance if they are beginning a YHM regimen and should assess their individual tolerance
and efficacy. While the current findings alone cannot readily predict how well all individu-
als will respond to YHM, the increases in strength-endurance and subjective feelings of
energy suggest that YHM ingestion may be useful for some athletes and competitors.

4. Materials and Methods
4.1. Study Design

Using a double-blinded, counterbalanced, crossover study design, this study exam-
ined the effects of acute YHM supplementation on explosive bench press performance.
Resistance-trained males volunteered to participate and underwent two experimental
bench press trials, each with a different randomized condition: (1) YHM; (2) placebo (PL;
gluten-free cornstarch). Following supplement ingestion, the participants completed a
series of bench press sets while measurements were collected for their mean barbell velocity,
power, and repetitions performed. The subjective measures of energy, fatigue, alertness,
focus, and motivation were collected following the completion of exercise. The visits were
separated by a minimum of 72 h.

4.2. Participants

To determine the appropriate sample size, an a priori power analysis was conducted
using statistical software (G * power V 3.1.9.4). A previous investigation from our lab
measuring anaerobic sprint performance with YHM supplementation in females showed a
lower fatigue index with an estimated effect size of d = 1.08 [8]. To calculate the minimal
sample size, the following parameters were used: test = -test (matched pairs), d = 1.08,
o =0.05, 1-8 = 0.8. These were calculated to a minimum sample size range of n =9 for
adequate power. Healthy resistance-trained males (1 = 16) participated and their descrip-
tive characteristics are shown in Table 1. In order to be deemed resistance-trained, the
participants were required to complete > 2 days of resistance exercise each week, including
performance of the barbell bench press regularly [36,37]. To ensure the safety of the exercise
protocol, a physical activity readiness questionnaire (PARQ) was completed by each partici-
pant for exercise screening [36]. The exclusion criteria included: upper body injuries within
the past six months, a current disease or diagnosis limiting exercise ability, and current
supplementation with YHM or any of its constituents in any form [38]. The participants
were instructed prior to each visit to refrain from consuming caffeine, nicotine, and alcohol
12 h before and engaging in vigorous exercise 24 h before exercise [38]. The participants
were also asked to maintain similar sleep and dietary routines for each visit. Preceding any
data collection, verbal and written informed consent was obtained from each participant.
All experimental procedures were conducted in accordance with the Declaration of Helsinki
and approved by the Samford University Institutional Review Board.
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Table 1. Descriptive characteristics (n = 16).

Characteristic Mean + SD
Age (years) 208 £1.3
Height (cm) 168.2 £ 5.1

Body mass (kg) 82.3 £10.6
1-RM (kg) ! 99.14+19.4
Rel. 1-RM 2 12+0.1

RT exp. (years) 3 55+13

1 One-repetition maximum; 2 relative one-repetition maximum, which was calculated as the quotient of 1-RM
(kg)/body mass (kg); ® resistance training experience.

4.3. Supplementation

The acute supplementation protocol was followed in an identical manner to
Barnes et al. [8]. Briefly, each participant ingested either a PL (gluten-free cornstarch)
or YHM (2.5 mg; Primaforce, Burlington, NC, USA) treatment 20 min prior to exercise.
The treatments were orally ingested and delivered in indistinguishable gelatin capsules.
The color and shape of the capsules were identical between the PL and YHM treatments.
Furthermore, the treatments were distributed in a double-blinded manner, whereby an
independent researcher organized non-identifiable opaque bags containing each treatment.
The participants were not aware of any experimental hypotheses and remained blinded
until the completion of the study.

4.4. One-Repetition Maxium (1-RM) and Familiarization

Prior to the experimental trials, the participants completed a one-repetition maxi-
mum (1-RM) and familiarization visit [37,39,40]. A progressive bench press warm-up was
completed according to the American College of Sports Medicine (ACSM) recommenda-
tions [36]. After the cessation of the warm-up, the barbell load was progressively increased
by 2.5-20.0 kg for one attempt until the participant could not finish the concentric phase of
the lift. The 1-RM load was attained within four attempts separated by 3-5 min each [40,41].
To ensure that the participants were familiar with completing the bench press explosively, a
20 kg Olympic barbell was lifted as quickly and explosively as possible for three repetitions.
This was repeated for a total of three sets and their form was corrected as needed.

4.5. Experimental Procedures

Following the ingestion of the corresponding treatment, the participants completed
a repeated bench press test as previously described by Williams et al. [37,42]. First, the
participants completed a progressive warm-up consisting of 5 repetitions at 40% of 1-RM
and 3 repetitions at 60% of 1-RM, with each set separated by a 2 min rest period [37]. To
measure the barbell velocity and power, the participants then completed 2 sets x 2 repeti-
tions of bench press at 75% of 1-RM as explosively as possible. A linear position transducer
(GymAware, Kinetic Performance Technology, ACT, Australia) was fixed to the barbell
during this time to attain the mean velocity and power measurements. This device had been
previously validated for velocity measurements by multiple groups [43,44]. Additionally,
our group had previously used this equipment with excellent test-retest reliability in our
laboratory (ICC = 0.932) [35,41]. The device was employed according to the manufacturer’s
instructions, such that the device was attached to the barbell with an approximate per-
pendicular angle being achieved throughout the lift [45]. The mean barbell velocity and
power values were averaged across the 2 sets x 2 repetitions and used for the analysis. The
participants then rested for 5 min before completing 3 sets X repetitions to failure (RTF) of
the bench press exercise at 75% 1-RM [37,40,46]. Each set of RTF was separated by 2 min of
rest. Failure was deemed by the participant’s inability to complete the concentric phase
of the repetition or if the participant deviated from proper form. The repetitions for each
set and the total repetitions were recorded for the analysis. Following the completion of
the exercise, subjective feelings of energy, fatigue, alertness, focus, and motivation were
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measured. A 5-point Likert scale questionnaire (1 = very low; 2 = low; 3 = average; 4 = high;
5 = very high) was used to assess energy, fatigue, alertness, and focus levels in an identical
manner to Hoffman et al. [15]. The motivation was assessed via a visual analog scale as
previously described by our lab [37,40,47,48]. In brief, the participants were presented with
a 100 mm line and asked to mark how motivated they felt to exercise, where 0 was “no
motivation” and 100 was “extremely motivated”.

4.6. Data Analysis

The data analysis was completed using Jamovi software (Version 0.9; Sydney, Aus-
tralia). There were no violations of data normality detected with the Shapiro-Wilk method
for any comparisons. The mean barbell velocity, mean power, total RTF, energy, fatigue,
alertness, focus, and motivation were analyzed using a paired samples t-test. For the
analysis of set-to-set RTF values, a 2 x 3 (treatment x set) repeated measures ANOVA
was utilized. For the significant main effects, an individual means post-hoc analysis was
performed as previously recommended by Wei et al. with a Bonferroni-Holm post-hoc
test [49]. Each percent change (%A) was also calculated for mean comparisons as ((initial
value — final value)/final value) * 100. The estimates of effect size for the main effects
were calculated using eta squared (n2) and interpreted as: 0.01—small; 0.06—medium;
>0.14—Ilarge [50,51]. The individual mean effect sizes were calculated via Cohen’s d
(d) between conditions and interpreted as: 0.2—small; 0.5—moderate; 0.8—large [50,51].
Significance was set at p < 0.05 a priori.
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