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Abstract: Exercise performance tends to suffer during the morning compared to the evening, which
may decrease potential training adaptations. Currently, it is unclear how nutritional interventions
may affect this phenomenon and whether supplementation may allow for the attainment of optimal
performance regardless of the time of day. The purpose of this study was to investigate the effects of
acute yohimbine ingestion on morning-associated decrements in performance and psychophysio-
logical responses to exercise. Physically active females (n = 16) were recruited to participate in three
total visits, each with a different treatment: (1) placebo-morning (PL-AM), (2) yohimbine-morning
(YHM-AM; oral 2.5 mg), and (3) placebo-afternoon (PM). The morning and afternoon visits occurred
between 7:00–8:00 h and 16:00–17:00 h, respectively. The experimental treatments in the morning
were ingested 20 min prior to capillary blood collection, which was completed pre- and post-exercise.
Following a warm-up, participants completed a 2000 m time trial on a rowing ergometer. Power
output, heart rate (HR), and rating of perceived exertion (RPE) were recorded every minute. Time to
competition (TTC) and subjective energy, focus, and alertness were documented post-exercise. Pre-
and post-exercise blood lactate (La) and plasma hypoxanthine (HX) levels were also assessed. The
trials were separated by a 48 h washout period. The results showed that power output (p = 0.010)
was lower and TTC (p = 0.003) was significantly slower with PL-AM compared to PM. Furthermore,
YHM-AM resulted in higher power output (p = 0.035) and faster TTC (p = 0.007) compared to PL-
AM, with no differences compared to PM (p > 0.05). Post-exercise La was significantly lower with
YHM-AM compared to PL-AM (p = 0.046) and PM (p = 0.001). Pre-exercise plasma HX, as measured
via conversion to xanthine, was significantly higher with PM (p = 0.039), while the levels trended
higher with YHM-AM (p = 0.060) compared to PL-AM. Subjective energy was higher with YHM-AM
(p = 0.045) and PM (p = 0.009) compared to PL-AM, while alertness was only higher for YHM-AM
compared to PL-AM (p = 0.045). No statistical differences between the treatments were found for RPE
or HR (p > 0.05). These findings indicate that YHM ingestion attenuates performance decrements in
the morning. Improvements in performance may be underpinned by improved feelings of energy
and alterations in metabolism. Practically, YHM may represent an effective ergogenic aid to combat a
lack of energy and low performance during the morning.

Keywords: yohimbine hydrochloride; endurance; power; energy; fatigue

1. Introduction

Light–dark cycles alter nearly all physiological processes, which often operate in a
circadian- or time-of-day-dependent manner. While controlled at the cellular level, circa-
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dian fluctuations in cell activity ultimately influence whole organ function [1]. Regarding
skeletal muscle specifically, changes in muscle blood flow [2], temperature [3], and force
generation [4] have been shown to be dependent on the time of day and are limiting factors
for exercise performance [5,6]. A myriad of evidence exists showing that this translates to
whole human physiology and performance, whereby physical performance and exercise
capacity tend to suffer during the morning (AM) times versus afternoon (PM) [7,8]. From
a practical perspective, habitual training at peak or near-peak performance is critical for
maximizing adaptations. Athletes and recreational exercisers may be confined to early or
irregular hours for training, leaving the need for ways to ensure similar performance and
training ability regardless of the time of day. However, feasible interventions to combat
decreases in performance during morning times have yet to be fully elucidated, especially
in the context of dietary supplementation.

Yohimbine (YHM) is an α2-adrenergic receptor antagonist, which is most commonly
derived from the bark of the Corynanthe johimbe tree [9]. In African folk medicine, YHM was
used in efforts to combat fatigue, increase alertness, and enhance sexual drive [10]. YHM in-
gestion is well documented to result in increases in sympathetic nervous system stimulation,
manifesting as systemic increases in circulating epinephrine and norepinephrine [11,12].
Noted consequences of sympathetic activation have been shown to include increased
alertness [13], muscular force [14], and muscle/cerebral hyperemia [15], which may have
implications on exercise performance. When administered acutely before exercise, YHM
has been shown to improve muscular power while concomitantly lowering blood lactate
and perceptual fatigue in females [16]. This is thought to be in part due to increased
catecholamine release, possibly leading to adaptative hemodynamic changes. Furthermore,
acute YHM ingestion before repeated bench press exercise has been shown to increase
repetition volume as well as improve subjective feelings of energy and alertness [13]. Im-
provements in aerobic capacity during cycling have also been reported with acute YHM
ingestion in trained males [17]. Altogether, YHM has been shown to possess ergogenic
potential when taken acutely prior to various modes of exercise. However, no studies on
YHM and exercise have manipulated the time of day, leaving the possible effects of YHM
on diurnal variations in exercise performance unknown.

Since exercise performance tends to suffer during AM times and YHM has been
repeatedly shown to improve exercise performance as a purported stimulant [13,16,17], it
is plausible that YHM may be able to mitigate AM decrements in performance. However,
virtually no studies have directly investigated how YHM may influence diurnal changes in
whole body physiology, especially in the context of exercise. Other α2-adrenergic receptor
antagonists have been shown to increase norepinephrine release, resulting in altered
circadian rhythms of melatonin and cortisol and suggesting possible changes to exercise
stress responses [18]. Sympathetic activity, which YHM exacerbates, has been reported to
be markedly lower in the morning, which may present as lower metabolic activity and
cardiovascular autonomic modulation [19]. Psychological arousal and feelings of energy
have been shown to suffer at morning times, while YHM has been shown to improve
these indices in resistance-trained males [13]. Furthermore, other neural stimulants (i.e.,
caffeine and ephedrine) have also been reported to abolish diurnal fluctuations in maximal
sprint and bench press exercise performance [20,21]. However, no studies to date have
identified if dietary YHM may provide benefits toward preventing decreases in exercise
performance during morning times. Therefore, the purpose of this study was to investigate
if acute YHM supplementation can prevent morning losses in rowing performance and
determine how psychophysiological responses may be altered. We hypothesized that YHM
ingestion would attenuate decreases in power and time to completion during the morning
compared to PL. We also hypothesized that heart rate, alertness, feelings of energy, and
indirect biomarkers of muscle metabolism would be increased compared to PL.
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2. Materials and Methods
2.1. Study Design

Physically active females were recruited to participate. In a double-blinded, crossover,
and counterbalanced approach, participants completed three total visits, each with a
different randomized treatment: (1) placebo-morning (PL-AM), (2) yohimbine-morning
(YHM-AM), and (3) placebo-afternoon (PM) [8]. The morning and afternoon visits occurred
between 7:00 and 8:00 h and 16:00–17:00 h, respectively, and were separated by a minimum
of 48 h [8,13]. During each visit, the participants consumed their corresponding treatments
and then completed a 2000 m rowing time trial. Time to completion (TTC), relative power
output, HR, and RPE were taken every minute during the exercise and averaged for
analysis. Blood lactate (La) and hypoxanthine (HPX) were measured prior to exercise (Pre)
and immediately after exercise (Post). The visits were identical except for time of day
and treatment. Before data collection, verbal and written informed consent was obtained
from each participant, and all experimental procedures were performed in accordance with
the Declaration of Helsinki and approved by the Samford University Institutional Review
Board (EXPD-HP-21-SUM-1; July 2021).

2.2. Participants

To determine sample size, an a priori power analysis was conducted using G*power
statistical software (G*power V 3.1.9.4). A previous investigation from our lab measuring
resistance exercise volume showed a greater number of repetitions performed with YHM
versus PL supplementation, with a calculated effect size of d = 0.82 [16]. To calculate an
adequate sample size, the following factors were utilized: test = t-test (matched pairs),
d = 0.82, α = 0.05, and 1 − β = 0.8. This calculated to a minimum sample size range
of n = 14 for adequate power. Physically active females (n = 16; age= 20.8 ± 1.2 years;
height = 162.5 ± 7.9 cm; body mass = 71.6 ± 4.6 kg) volunteered to participate. To be
considered physically active, participants had to self-report accruing at least 150 min/wk
of moderate-intensity exercise. Participants were excluded if they had a lower body
injury within 6 months prior to participation, had a chronic disease limiting exercise
(cardiovascular, metabolic, or renal), and were currently supplementing with YHM or any
of its forms (i.e., rauwolscine) [13,16]. To ensure suitability and safety of exercise testing,
a physical activity readiness questionnaire (PARQ) was filled out and signed by each
participant [22]. Participants were instructed to refrain from consuming caffeine, nicotine,
and other stimulants (e.g., pre-workout). They were also asked to abstain from alcohol
12 h before and engaging in vigorous exercise 24 h before each visit. Participants were also
asked to maintain similar sleep and dietary habits to the best of their ability. Participants
were unaware of any experimental hypotheses.

2.3. Supplementation

Supplementation for all treatments was followed in an identical manner to previous
work from our group [13,16]. For each visit, participants consumed either a PL (gluten-free
cornstarch) or Yohimbine Hydrochloride (YHM; 2.5 mg; Primaforce, Burlington, NC, USA)
treatment 20 min prior to the first blood sample. The treatments were orally ingested and
delivered in indistinguishable gelatin capsules (size 0; transparent), with the color and
shape of capsules being identical between treatments. Furthermore, the treatments were
distributed in a double-blinded manner whereby an independent researcher organized
non-identifiable opaque bags containing each treatment. No participants reported any
side effects from supplementation throughout the investigation. Participants ingested the
same PL treatment during PL-AM and PM trials in efforts to minimize participant bias.
Participants were unaware of any experimental hypotheses.

2.4. Metabolic Biomarkers (Blood Lactate and Plasma Hypoxanthine)

Capillary blood samples were collected in accordance with previous methods from
investigations in our lab [16,23]. Briefly, ~500 µL of capillary blood was collected from the
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fourth finger via finger prick using a 17-gauge 2.0 mm depth disposable blade lancet. The
first drops of blood were used to quantify blood La using a portable lactate meter (Lactate
Plus Meter, Nova Biomedical, Waltham, MA, USA). To obtain the remaining blood volume,
a gentle massaging technique was used as whole blood was collected through capillary
action into lithium heparin-coated microvette® tubes (SARSTEDT, Newton, NC, USA).
To obtain plasma, whole blood was immediately centrifuged at 10,000 rpm for 10 min,
and plasma was decanted and subsequently stored at −80 ◦C until biochemical analysis
was performed at the conclusion of data collection. Hypoxanthine levels were determined
using a commercially available colorimetric assay through enzymatic conversion of hy-
poxanthine ® xanthine (Raybiotech, Peachtree Corners, GA, USA) [24]. All samples were
analyzed in duplicate and according to the manufacturer’s instructions.

2.5. Procedures

Upon arrival, height and weight were recorded, and participants consumed their
corresponding treatment 20 min prior to the first blood collection. Participants were
outfitted with a chest-strap HR monitor (Polar Electro, Lake Success, NY, USA) and HR
was monitored throughout the testing. Participants then completed a 2000 m rowing time
trial as previously described by Karow et al. and others [25,26]. Briefly, 20 min following
supplement ingestion, participants completed a 5 min warm-up on a stationary rowing
ergometer (Concept2, Morrisville, VT, USA), which was timed once they achieved 50%
of their age-predicted HRmax. After the warm-up, participants were directed to row
2000 m as fast as possible while the researchers provided verbal encouragement. HR,
RPE (1–10 scale), and power output were documented each minute and then averaged for
analysis. Blood collection procedures were repeated as previously described at the end
of the exercise. Time to completion and subjective feelings of energy, focus, and alertness
were documented at the end of the exercise. A 5-point Likert-scale questionnaire (1 = very
low; 2 = low; 3 = average; 4 = high; 5 = very high) was used to assess energy, focus, and
alertness levels as described by Hoffman et al. and others [13,27].

2.6. Data Analysis

All data were analyzed using Jamovi statistical software (Version 0.9; Sydney, Aus-
tralia). A Shapiro–Wilk test was used to confirm data normality. A 1 × 3 [Trial × Treatment]
repeated measures ANOVA was used for the analysis of power output, TTC, HR, RPE, and
subjective energy, focus, and alertness ratings. For the analysis of metabolic biomarkers, a
2 × 3 [Timepoint × Treatment] repeated measures ANOVA was used with a Bonferroni–
Holm post hoc test. For significant main effects, post hoc analysis of individual means was
performed as previously recommended by Wei et al. [28]. Estimates of effect size for the
main effects were calculated using eta squared (η2) and interpreted as follows: 0.01—small;
0.06—medium; and ≥0.14—large [29,30]. For individual mean comparisons, Cohen’s d
effect sizes (d) were calculated between conditions and interpreted as follows: 0.2—small;
0.5—moderate; and 0.8—large [29,30]. Significance was set at p ≤ 0.05 a priori. All data are
presented as mean ± standard deviation (SD).

3. Results
3.1. Power Output and Time to Completion (TTC)

Average power output over the time trial and TTC are presented in Figure 1. For
power output (watts; Figure 1a), there was a main effect for treatment (p = 0.006; η2 = 0.079).
Post hoc analysis revealed that power output was higher during PM (p = 0.010; d = 0.638)
and YHM-AM (p = 0.035; d = 0.730) compared to PL-AM. However, no differences were
observed between PM and YHM-AM (p = 0.495; d = 0.074). For TTC (minutes; Figure 1b),
there was a main effect for treatment (p < 0.001; η2 = 0.072), whereby TTC was faster during
PM (p = 0.031; d = 0.610) and YHM-AM (p = 0.031; d = 0.477) compared to PL-AM. No
differences were noted when comparing TTC of PM and YHM-AM (p = 0.031; d = 0.142).



Nutraceuticals 2024, 4 27

Nutraceuticals 2024, 4, FOR PEER REVIEW  5 
 

 

there was a main effect for treatment (p < 0.001; η2 = 0.072), whereby TTC was faster during 

PM (p = 0.031; d = 0.610) and YHM-AM (p = 0.031; d = 0.477) compared to PL-AM. No 

differences were noted when comparing TTC of PM and YHM-AM (p = 0.031; d = 0.142). 

   
(a)  (b) 

Figure 1. Changes in (a) average power output (watts) and (b) time to completion (TTC; minutes) 

between placebo-morning (PL-AM; black), yohimbine-morning (YHM-AM; green), and placebo-af-

ternoon (PM; white). Data are presented mean ± SD. * indicates significantly different from PL-AM 

(p < 0.05). 

3.2. Heart Rate (HR), Rate of Perceived Exertion (RPE), and Subjective Ratings of Energy, 

Focus, and Alertness 

For average HR (bpm; Figure 2a), there were no differences between treatments (p = 

0.270; η2 = 0.015). Furthermore, there were no differences in average RPE (1–10 scale; Fig-

ure 2b) between treatments (p = 0.089; η2 = 0.048). An analysis of subjective measures (ar-

bitrary units; Figure 2c) revealed significant main effects of treatment for energy (p = 0.008; 

η2 = 0.160) and alertness  (p = 0.032; η2 = 0.170) but not  for  focus  (p = 0.960; η2 = 0.001). 

Specifically, subjective energy was significantly higher during PM (p = 0.009; d = 0.910) 

and YHM-AM (p = 0.045; d = 0.791) treatments compared to PL-AM. Subjective alertness 

was higher with YHM-AM compared to PL-AM (p = 0.045; d = 0.477). No differences in 

alertness were noted between PL-AM (p = 0.999; d = 0.001) and YHM-AM (p = 0.092; d = 

0.375). 

   
(a)  (b) 

0

50

100

150

200

P
o
w
er
 (
w
at
ts
)

PL-AM

YHM-AM

PM

*

5

6

7

8

9

10

11

T
T
C
 (
m
in
)

PL-AM

YHM-AM

PM

*

140

150

160

170

180

190

200

H
ea
rt
 R
at
e 
(b
p
m
)

PL-AM

YHM-AM

PM

0

2

4

6

8

10

R
P
E
 (
1-
10
 s
ca
le
)

PL-AM

YHM-AM

PM

Figure 1. Changes in (a) average power output (watts) and (b) time to completion (TTC; minutes)
between placebo-morning (PL-AM; black), yohimbine-morning (YHM-AM; green), and placebo-
afternoon (PM; white). Data are presented mean ± SD. * indicates significantly different from PL-AM
(p < 0.05).

3.2. Heart Rate (HR), Rate of Perceived Exertion (RPE), and Subjective Ratings of Energy, Focus,
and Alertness

For average HR (bpm; Figure 2a), there were no differences between treatments
(p = 0.270; η2 = 0.015). Furthermore, there were no differences in average RPE (1–10 scale;
Figure 2b) between treatments (p = 0.089; η2 = 0.048). An analysis of subjective measures (ar-
bitrary units; Figure 2c) revealed significant main effects of treatment for energy (p = 0.008;
η2 = 0.160) and alertness (p = 0.032; η2 = 0.170) but not for focus (p = 0.960; η2 = 0.001).
Specifically, subjective energy was significantly higher during PM (p = 0.009; d = 0.910)
and YHM-AM (p = 0.045; d = 0.791) treatments compared to PL-AM. Subjective alertness
was higher with YHM-AM compared to PL-AM (p = 0.045; d = 0.477). No differences
in alertness were noted between PL-AM (p = 0.999; d = 0.001) and YHM-AM (p = 0.092;
d = 0.375).
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Figure 2. Changes in (a) average heart rate (HR; bpm), (b) rate of perceived exertion (RPE; 1–10 scale),
and (c) subjective ratings of energy, focus, and alertness between placebo-morning (PL-AM; black),
yohimbine-morning (YHM-AM; green), and placebo-afternoon (PM; white). Data are presented
mean ± SD. * indicates significantly different from PL-AM (p < 0.05).

3.3. Blood Lactate (La) and Plasma Hypoxanthine (HX)

Pre- and post-exercise La (mmol/L) results are shown in Figure 3a. The analysis
revealed main effects for time point (p < 0.001; η2 = 0.856) and treatment (p = 0.002;
η2 = 0.018). There was also an interaction for time point x treatment (p = 0.008; η2 = 0.008).
Post-exercise La concentrations were significantly higher than pre-exercise concentrations
regardless of treatment (p < 0.001; d = 5.382). Furthermore, post-exercise La was significantly
lower during YHM-AM compared to PL-AM (p = 0.036; d = 0.667) and PM (p < 0.001;
d = 1.033). Pre- and post-exercise hypoxanthine (mmol/L) results are shown in Figure 3b
and are reflected in the conversion of hypoxanthine to xanthine. There were main effects
for time point (p < 0.001; η2 = 0.421) and treatment (p = 0.003; η2 = 0.143). An interaction
for time point x treatment (p = 0.005; η2 = 0.093) also existed. Hypoxanthine levels were
significantly higher post-exercise compared to pre-exercise (p < 0.001; d = 4.562). For
treatment, pre-exercise hypoxanthine levels were significantly higher during PM compared
to PL-AM (p = 0.039; d = 3.75), while the levels trended higher with YHM-AM compared to
PL-AM (p = 0.060; d = 0.645).
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4. Discussion

Diurnal patterns in physical performance have been widely described, with AM times
typically resulting in poorer performance outcomes [7,8,21]. Given this, training in the AM
may present challenges for athletes and recreational exercisers as training performance will
dictate enhanced physiological adaptations and sports performance. YHM is a potent sym-
pathomimetic that has been incompletely characterized in the context of exercise despite a
high prevalence in nutritional supplements. Previous work from our group has shown that
acute YHM ingestion improves sprint and bench press performance [13,16]. However, it is
unknown if YHM may be able to combat AM-associated declines in physical performance.
Thus, this study sought to elucidate if acute YHM supplementation could abolish decreases
in rowing performance during AM times and further characterize subjective and objective
markers of energy and fatigue. The main findings revealed that acute YHM supplemen-
tation in the AM resulted in greater power output and faster TTC during a rowing time
trial compared to PL-AM, which was similar to performance in the PM. While no changes
in HR or RPE were noted between treatments, subjective ratings of energy and alertness
were enhanced with YHM-AM. Post-exercise La was significantly lower with YHM-AM
compared to PL-AM and PM, while pre-exercise hypoxanthine levels trended higher with
YHM-AM compared to PL-AM. Although physiological determinants of performance
enhancement were not assessed comprehensively, these findings may have important
implications regarding using YHM to combat decreases in performance associated with
morning times.

Both power output and TTC were worse during PL-AM compared to PM, which
further reinforces the notion of diurnal changes in exercise performance [31]. Indeed, lower
performance in the AM has been widely described in various modes of exercise, including
resistance, sprint, and endurance-based exercise [7,8,32]. The physiological underpinnings
of performance decrements during the AM are multi-faceted and have yet to be fully expli-
cated, but may be linked to lower core/muscle temperatures and alterations in autonomic
nervous system activity [33,34]. Presently, acute YHM ingestion during the AM attenuated
diurnal losses in performance and restored them to similar values as during the PM. This
supports previous findings of improved power capabilities with acute YHM ingestion.
For example, Barnes et al. showed enhanced power output and lower fatigue (power
output loss) during repeated sprint exercise in physically active females [16]. Interest-
ingly, catecholamine levels were also shown to be elevated prior to sprinting, suggesting
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increased sympathetic neural activation. While not directly confirmed, performance en-
hancement with YHM in the AM may be rooted in similar mechanisms such as increases
in catecholamines. Although some debate exists, autonomic output has been shown to
be altered in the AM upon waking, whereby sympathetic activity progressively increases
in intensity hours thereafter [35]. This phenomenon is largely influenced by regulatory
mechanisms through α-adrenergic receptors, which YHM potently antagonizes [36]. The
initiation of these responses triggers increases in cardiac function, muscle contractility, and
alteration in distribution of blood flow, which may ultimately control exercise performance.
For example, Roatta et al. showed that increases in sympathetic activity alter motor neuron
firing rates and accelerate the relaxation rates of muscle fibers [37]. Since YHM possesses
sympathomimetic properties capable of elevating sympathetic output to muscle [38], the
improvements with acute YHM ingestion may manifest in a more rapid induction of sym-
pathetic activity in the AM, thereby leading to altered inotropic effects whereby muscle
contractile force is increased while relaxation is hastened, allowing for more frequent
contractions. However, it should be noted that sympathetic activation was not directly
measured in the current investigation, leaving the precise mechanisms of continuation of
sympathetic activation unknown. Future research is needed to understand possible ways
of how YHM influences sympathetic output throughout the day.

Psychologically, heightened feelings of energy and alertness were also noted with YHM
ingestion during the AM, which suggests heightened psychological arousal. This reinforces
previous findings showing increased energy and lower fatigue with acute YHM ingestion
in resistance-trained males [13]. Of particular importance, these subjective changes occur
concomitantly with increases in repetition volume and muscular endurance [13]. Other
studies have suggested that YHM ingestion increases neural signaling in the pre-frontal
cortex, which could lead to greater anticipatory drive [39]. Taken together, YHM might have
increased neural drive, leading to greater arousal and, thereby, increasing power output
and endurance performance. Given that arousal is under circadian control and tends to
be lowest during AM times [40], the addition of YHM ingestion might have improved
performance through the abrogation of AM-associated declines.

Irrespective of treatment and time of day, HR and RPE remained largely unaltered
during exercise. The lack of changes in HR is in opposition to previous work showing
that average HR was elevated during exercise when performing repeated sprints fol-
lowing YHM ingestion [16]. Physiologically, previous work showing increased plasma
catecholamines and NE spillover following YHM administration supports the notion of
YHM-induced increases in exercise HR [12,16]. While the lack of changes in HR observed
in the current study remains unclear, the disparities in findings may be due to differences
in the alteration of cardiac function during exercise. Previous evidence has suggested that
stroke volume during physical activity is under circadian control, whereby stroke volume
progressively increases throughout the day and peaks during evening times [41]. Given that
stroke volume may be a limiting factor to systemic oxygen delivery during exercise [42,43],
greater stroke volume in the evening might have allowed for better rowing performance
and might have blunted exercise-induced escalations in HR during PM compared to AM.
YHM has been shown to possess inotropic properties, which are likely mediated through
catecholamine release and NE spill over at sympathetic junctions [38]. Increases in circulat-
ing epinephrine, as previously shown with acute YHM ingestion [16], have been implicated
in the amplification in stroke volume during exercise through inotropic mechanisms [44].
While purely speculative, increases in stroke volume could explain the lack of changes in
HR since higher stroke volumes have been shown to decrease chronotropic responses to
exercise [43]. However, it should be cautioned that the role of YHM in cardiac function has
not been well studied in humans and investigations with more comprehensive measure-
ments of cardiac function are warranted. Furthermore, the lack of changes in RPE may be
related to this since RPE closely follows the trends of cardiac variables [45]. However, the
lack of changes in RPE with increases in performance, as observed in the current study,
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may be viewed favorably as it suggests that participants were able to exercise at higher
work rates with YHM in the AM despite not perceiving additional exertion.

In attempts to characterize underlying metabolic changes, La and HX were measured
pre- and post-exercise as indirect humoral markers of metabolic activity. As expected, La
increased from pre- to post-exercise. However, La did not appear to be dependent on AM
or PM times. Intriguingly, the addition of YHM in the AM resulted in lower post-exercise
La levels. This agrees with previous findings showing lower post-exercise La following
YHM ingestion with repeated sprints in trained females [16]. While not confirmed in the
current study, YHM has been well described to alter hemodynamics through enhanced
catecholamine responses. Release of epinephrine has been shown to shunt blood flow
away from visceral areas to active skeletal muscle. This may, in turn, explain the lower
post-exercise La levels in that enhanced oxygen delivery may blunt La formation and
increased circulation may aid in La clearance. Ultimately, this may lead to decreases in
fatigue and may aid in explaining the superior performance in the AM when supplemented
with YHM compared to PL. HX, an indirect humoral marker of ATP breakdown, was also
increased pre- to post-exercise irrespective of treatment or time, supporting the expectation
of elevated metabolic rate and energy breakdown with exercise. However, pre-exercise HX
was significantly higher during PM versus PL-AM, while YHM ingestion only resulted
in trends showing higher levels of HX pre-exercise. We interpret this to indicate that
energy breakdown is likely higher during PM compared to AM, while YHM might have
partially abolished these differences. Differences in AM and PM HX levels may manifest in
differences in thermal states as body temperature steadily increases throughout the day,
resulting in increased metabolic rate. YHM has been reported to abrogate hypothermia
and might have resulted in increased body temperatures in the current study during the
AM times, which could have accelerated energy breakdown and metabolism. However, it
is unclear how this relates to performance and if increases in basal HX result in adaptive
or maladaptive responses. Further mechanistic physiological evidence is a dire need in
this area and may aid in our understating of how α-adrenergic receptors mediate diurnal
changes during exercise performance.

While the current study provides novel information on how YHM mitigates diurnal
changes in exercise performance, there were several limitations. Although deemed ade-
quate for an a priori power analysis, samples from larger and more diverse populations
will be needed beyond the homogenous one used in the current study to make widespread
recommendations on YHM supplementation. Furthermore, accounting for factors such as
maximal oxygen consumption, body composition, and habitual nutrition will need further
study. Neither participant chronotype (i.e., morning or afternoon “person”) nor preference
for time of day to exercise were controlled for in the current study. Thus, we cannot rule
out the possibility that the participants may have been habituated to exercising at different
times of day than the times used for data collection. The menstrual cycle phase of the
participants was not strictly controlled for, which might have influenced the results. But, it
is worth noting that our basis for excluding this control is due to previous evidence showing
that acute high-intensity exercise performance, such as that of the current investigation,
remains largely unchanged regardless of menstrual cycle phase [46–49]. Furthermore,
females are extremely understudied in exercise research, and the current results add to
the body of exercise literature utilizing females [46,50]. More research studies on YHM
supplementation with females are still required to form firm conclusions on efficacy. In
conclusion, acute YHM ingestion mitigates endurance exercise performance loss during
AM times and effectively restores performance to the level during PM. From a practical
standpoint, loss in training volume and intensity, as seen during AM times, may lead to
poorer training adaptation over time. Thus, YHM may be an effective way to improve
exercise performance during AM times and may optimize training to improve adaptations
over time. Study on chronic supplementation is a dire need and may provide knowledge
on how to integrate supplementation most effectively into training and sports.
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