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ABSTRACT

Introduction: Multi-ingredient dietary supplements have been developed to
increase nitric oxide (NO) production, with the expectation of improving resis-
tance training performance. Many of these supplements contain ingredients and/
or ingredient amounts that have yet to be studied for their synergy or efficacy in
increasing NO production and thus, resistance training performance.

Purpose of the study: A randomized crossover design was used to inves-
tigate the effect of a citrulline malate (CM) based non-stimulant nitric oxide
pre-workout supplement (NOPWS) blend or placebo on Young Men's Christian
Association (YMCA) bench press performance.

Applied Methodology: Thirty-minutes were provided between NOPWS' or
placebo ingestion and YMCA bench press assessment. Pre/post heart rate was
taken following each condition. Two- and one-way repeated measures ANOVAs (o
= 0.05) were run to determine the effect of each condition on heart rate (HR) and
the number of repetitions performed (respectively) during the bench press test.

Achieved major results: There was a significant two-way interaction be-
tween the treatment and time for HR, F(1, 20) = 6.82, p = .017. Resting HR was
significantly higher during the supplement session (M = 74.67, SE = 2.54 bpm)
than during the placebo session (M = 69.14, SE = 2.31 bpm), F(1, 20) = 8.19,
p =.010, npz =.290. No significant difference was found between conditions for
number of repetitions performed.

Leads: A specific CM-containing NOPWS blend had no significant effect on
a standardized assessment of upper body muscular endurance.

Practical implications: These findings highlight the need for consideration
of the minimum effective dosage and assimilation timing of each respective in-
gredient when developing or researching pre-workout supplement blends.

Originality/Value: This is the first known research to study the effectiveness
of this specific blend of ingredients on resistance training performance. Thus, this
study provides necessary foundational knowledge for future research in this area.

Keywords: Nitric oxide, YMCA bench press, supplement, citrulline malate,
pre-workout

of blood flow to skeletal muscle tissues. An

Nitric oxide (NO) is a lipid-soluble gas
that is produced in multiple locations with-
in the body including the endothelial cells of
blood vessels (Schwedhelm et al., 2007). The
vasoactive nature of NO has the potential to
cause vasodilation of arterial and venous blood
vessels, thereby promoting an augmentation

increase in blood flow provides an opportu-
nity for enhanced oxygenation of muscular
tissues and clearance of exercise metabolism
byproducts. Increases in NO availability have
also been shown to influence skeletal muscle
contractility, glucose uptake, and mitochondri-
al activity (Campos et al., 2018; Gonzalez &
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Trexler, 2020; Stamler & Meissner, 2001), all
of which are important components of perfor-
mance during exercise.

Research has suggested that NO synthesis
can be enhanced through exogenous means,
via food sources (e.g., dark green leafy veg-
etables; beet root juice) and supplementation
(Jones et al., 2020; Gough et al., 2021). Ni-
tric oxide production from exogenous sources
occurs in the endothelial cells via the L-argi-
nine-NO pathway, where L-arginine is con-
verted to NO and L-citrulline. (Gonzalez &
Trexler, 2020; Sunderland et al., 2011). Sup-
plemental L-citrulline can bypass many met-
abolic processes and be directly converted to
L-arginine (Gonzalez & Trexler, 2020; Van de
Poll et al., 2007; Windmueller & Spaeth, 1981;
Wu & Morris, 1998) which is a precursor to
NO synthesis. Therein, supplementation with
L-citrulline is a common method utilized to
enhance NO synthesis. L-citrulline may also
suppress arginase activity, thereby assisting in
the bioavailability of L-arginine for NO syn-
thesis (Bailey et al., 2015; El-Bassossy et al.,
2012; Gonzalez & Trexler, 2020; Morita et al.,
2014). Thus, L-citrulline supplementation can
potentially enhance NO production through
multiple mechanisms.

Supplementary L-citrulline is often com-
bined with malate, which is a tricarboxylic
acid intermediate. Malate has been purported
to increase the rate of ATP production (Benda-
han et al., 2002; Bescos et al, 2012; Gonza-
lez & Trexler, 2020) and mitigate lactic acid
production (Gonzalez & Trexler, 2020; Wax et
al., 2016). Malate supplementation may also
increase the effectiveness of the malate aspar-
tate shuttle in exercising musculature, thereby
leading to increased efficiency in mitochondri-
al respiration and, potentially, energy utiliza-
tion (Agudelo et al. 2019; Gough et al., 2021;
Wu et al., 2007). Although the exact mecha-
nisms have yet to be scientifically defined, it

is believed that these two ingredients work
synergistically by improving skeletal muscle
perfusion dynamics, which can then improve
the ATP production and utilization cycle (Gon-
zalez & Trexler, 2020).

The use of citrulline malate (CM) as an ex-
ercise supplement is well studied, but the find-
ings are highly inconsistent. Several authors
have found CM improve resistance training
performance. Perez-Guisadoetal. (2010) found
an acute dose of 8-grams of CM improved the
number of repetitions performed by 52.92%
in a pectoral training session (including bench
press) of 41 men. Similarly, Wax et al. (2016)
found a significant increase in the number of
repetitions performed in the number of chin-
ups, reverse chin-ups, and push-up repetitions
performed (respectively) after an acute dose of
8-grams of CM.

Several other authors have failed to find a
significant change in resistance training per-
formance after use of CM. For instance, Gon-
zalez et al. (2018) investigated the effect of
an acute dose of 8-grams of CM on multi-set
bench press repetition performance. The au-
thors did not find any consistent evidence CM
was effective at improving bench press perfor-
mance. Though an isokinetic exercise regimen
was utilized, Chappell et al. (2018) also failed
to find a significant difference in the number
of repetitions performed in the knee extension
exercise using an acute dose of 8-grams of CM
in 15 men and women.

Similar to the use of L-citrulline and malate
together, combining ingredients is a common
practice in the supplement industry. There-
in, many pre-workout supplements (PWS)
are blends of many ingredients are designed
to work independently and/or synergistically
to amplify the efficacy of the blend. Though
CM is commonly used in supplementation and
research, CM-based PWS blends have been
sparsely studied and yielded unclear findings.
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For instance, Bergstrom et al., 2018, utilized
a PWS containing 18-primary ingredients, in-
cluding 6-grams of CM and 350 mg of caf-
feine. The authors found a significant increase
in the volume of exercise performed by the
lower body. However, the authors were unable
to distinguish if the increases were due to the
high amount of caffeine in the PWS or a com-
bination of the other active ingredients (in-
cluding CM). The PWS utilized in Bergstrom
et al. (2018) highlighted a common problem in
researching many caffeine-containing supple-
ment blends, Specifically, it is difficult to iden-
tify if performance improvements were due to
the stimulatory nature of such compounds or
the synergistic (or singular) effects of the other
ingredients.

However, there are supplement blends that
have been created to modulate NO activity with
the expectation of improving performance.
For instance, a current commercially avail-
able, non-stimulant NO-supporting pre-work-
out supplement (NOPWS; Hype Reloaded®)
has an active ingredient list consisting of CM,
glycerol monostearate, alpha-GPC, icariin,
potassium, and L-norvaline. Glycerol has the
potential to improve aerobic and anaerobic
performance (Patlar et al., 2012) and poten-
tially increase hydration levels when com-
bined with hyperhydration protocols (Lyons
& Riedesel, 1993; Magal et al., 2003; Wingo
et al., 2004). However, glycerol monostearate
is the glycerol ester of stearic acid and uti-
lized in the current study as an emulsifier to
maintain the freshness and consistency of the
NOPWS.

Another active ingredient in the NOPWS
is Alpha-GPC, which can serve as a source
of choline for acetylcholine production
(Kawamura et al., 2012; Gage et al., 2021).
Repeated muscular contractions, performed at
a high rate, can reduce the amount of acetyl-
choline available to the neuromuscular junc-

tion, thereby — potentially — reducing exercise
duration and/or performance. However, the
effectiveness of alpha-GPC in improving ex-
ercise performance parameters is mixed. For
instance, Ziegenfuss et al. (2008) found an
increase in peak bench press force (compared
to placebo) after supplementation of 600-mg
of alpha-GPC, 90-minutes before assessment.
However, Parker et al. (2015) tested the effects
of 400-mg of Alpha -GPC, 30-minutes before
assessment of mood, reaction time, hand-eye
coordination, power, speed, and agility, in a
group of young (22 + 3.4 years) males and fe-
males. No significant difference was found be-
tween the Alpha-GPC and placebo conditions
on any other physiological measure. Thus, al-
pha-GPC may be useful for improving certain
parameters of resistance training performance,
but more research is necessary.

Icariin is a flavonoid of Herba epimedii,
that has been traditionally studied for use in
treating erectile dysfunction (Chen et al.,
2014; Low & Tan, 2007; He et al., 2021), but
has yet to be studied for its usefulness in im-
proving resistance training assessment or per-
formance. Still yet, in research involving in-vi-
tro human endothelial cells, icariin was found
to significantly enhance bioactive NO (Xu et
al., 2007). These findings indicate icariin may
have an indirect avenue for increasing NO pro-
duction, but the research is too meager for any
definitive suggestions made for the purposes
of supplementation. L-norvaline is a non-pro-
teinogenic unbranched-chain amino acid and
potent arginase inhibitor (Gilinsky et al., 2020,
Rognstad, 1977). Arginase is an enzyme that
converts L-arginine to L-ornithine and urea
(Gilinsky et al., 2020). Increased arginase ac-
tivity can inhibit NO production by regulating
L-arginine availability (Durante et al., 2007,
Gilinsky et al, 2020). Several authors (Abhijit
De et al., 2016; El-Bassossy et al., 2013; Gi-
linsky et al., 2020; Romero et al., 2008) have
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found L-norvaline supplementation to be ben-
eficial for indirectly increasing NO bioavail-
ability through a reduction in arginase activity.
Reduced arginase activity through L-norvaline
supplementation has also been shown to im-
prove acetylcholine-stimulated NO generation
(El-Bassossy etal., 2013; Romero et al., 2008),
which could provide an avenue for the justi-
fication of a potential synergistic effect with
alpha-GPC. However, each of these studies
were performed on rats and no muscular per-
formance-based research is known to be avail-
able in human studies.

On their own respective merit, the additional
active ingredients found in the Hype Reloaded®
NOPWS (glycerol monostearate, alpha-GPC,
icariin, potassium, and L-norvaline) have
been either sparsely studied in their relation-
ship to resistance training or, to these author’s
awareness, not at all in humans. Therein, sim-
ply studying the effects of an ingredient such
as icariin on resistance training performance
would make a significant contribution to the
scientific body of literature. Furthermore, with
exception of CM, the synergistic expectations
from combining these specific ingredients (in
similarly specific amounts and ratios) have not
been studied. Finally, the acute use (rather than
a loading or daily regimen) of these ingredients
on standardized tests of muscular endurance
performance remains unknown. In addition to
these unknowns, it is important for supplemen-
tation development to determine which ingre-
dients work best together and if the dosage of a
single ingredient should be altered based on ex-
pected synergistic outcomes. Therein, the pri-
mary purpose of this study was to determine the
effects of a specific NOPWS blend on YMCA
bench press performance in college-aged men
and women. Secondarily, resting and post-ex-
ercise heart rate (HR) were measured to moni-
tor potential HR changes associated with use of
the supplement. We hypothesize the use of this

supplement will increase the number of repeti-
tions performed over that of the placebo, in a
group of participants who have experience with
resistance training.

METHODOLOGY

Participants

This project and the procedures within
were approved by the Tennessee State Uni-
versity institutional review board (HS-2020-
4426). Participants (N = 21) were recruited via
flyer placed in the student wellness center of
a university in the southeastern United States.
Participants were also recruited by verbal an-
nouncements made in university health and
kinesiology-based courses.

Participants consisted of healthy and inju-
ry-free males (N = 14) and females (N = 7)
between the ages of 18 and 25. Each partici-
pant’s ability to participate in exercise activi-
ty was verified by completion of the physical
activity readiness questionnaire (PAR-Q). A
reviewed and signed informed consent docu-
ment was required for participation in the ex-
periment. All participants were recreationally
trained, which was operationally defined as
participation in an average of 2 to 3 resistance
training sessions per week in the last calendar
year. To be included in the study, participants
were asked to acknowledge their recreational-
ly trained status via signing an informed con-
sent document, while also verbally verifying
this status with the primary investigator. Ad-
ditionally, only participants who were able to
verbally verify their ability to bench press at
least 80 lbs (males) or 35 lbs (female) for at
least 5-repetitions, were included in the exper-
iment. As it were, no participant who began
and/or completed the study (male or female)
performed less than 16-reps during either test-
ing session. Participant characteristics are list-
ed in Table 1.
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Table 1. Participant descriptive characteristics

Characteristic Mean SD
Age (years) 23.5 2.6
Height (cm) 174.8 8.2
Body mass (kg) 87.5 23.3
General procedures the participant outfitted with a heart rate (HR)

An experimental, 2 x 2, randomized, dou-
ble-blind, placebo-controlled cross-over design
was utilized. The double-blind procedure was
implemented with concealment of the supple-
ment or placebo performed by an independent
researcher and blinding revealed upon comple-
tion of the trial. Participants were assigned to
either the treatment or placebo condition using a
random number randomizer. Each participant re-
ported to the laboratory on 2 separate occasions,
at the same time of day, 5 days apart. Fatigue-in-
ducing activity was prohibited for 48 hours and
food consumption a minimum of 2 hours before
each testing session. Caffeinated beverages and
other forms of stimulants were prohibited for at
least 4 hours prior to testing. A study-controlled
diet or strategically specific diet was not required
of participation, but participants were informed
of a requirement to maintain their usual dietary
and hydration habits through completion of their
second and final testing session. Participants
were also required to refrain from any vasodi-
lating supplements such as beetroot juice and
L-arginine, and/or supplements with ingredients
used in the study’s NOPWS (see Table 2), for at
least 7 days prior to the first testing session.

During the first visit, each participant was
asked to sit quietly while filling out the required
paperwork (PAR-Q, informed consent). An-
thropometric measures were then taken, and

Table 2. Supplement facts

monitor strap. The participant was then asked
to sit quietly for 1 minute to allow HR to move
closer to a resting state, so a baseline measure
could be taken. After 1 minute, the HR was
recorded, and the participant was given either
the placebo or supplement. The participant was
then required to sit quietly for 15 minutes. Af-
ter 15 minutes had passed, the participant be-
gan a standardized warm-up protocol, lasting
approximately 10 minutes. Upon completion
of the warm-up, a 5 minute preparation period
was allotted for the participant to move to the
testing bench and be instructed on the testing
protocol. The metronome was started at 4:30 of
this preparation period, whereby the participant
had 30 seconds to begin the assessment. Per the
manufacturer’s recommendations and previous
research (Jagim et al., 2016) indicating an im-
provement in upper body muscular endurance
through use of multi-ingredient pre-workout
blend, 30 minutes was provided for pre-assess-
ment assimilation time. Heart rate was taken
immediately after completion of the assessment
and participants were prescribed a cool-down
period of 5 minutes of walking and deep-breath-
ing before being allowed to leave the testing fa-
cility. The same procedure was utilized for each
participant’s second visit, except anthropomet-
ric measures were omitted and the remaining
condition tested.

Ingredient Amount per serving
Citrulline malate (2:1) 6g
Glycerol monostearate 2¢g

Alpha GPC 300 mg
Icariin Horny Goat Weed (leaf) extract (std. to 20% Icariin) 150 mg
Potassium (as Potassium Chloride) 100 mg
L-Norvaline 100 mg
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SPECIFIC PROCEDURES

Anthropometric measures

Measurement of height: Height was mea-
sured to the nearest tenth of a centimeter (cm)
on the first day of testing, in bare feet, with a
stadiometer (Health-O-Meter, Perform Better,
Cranston, RI).

Measurement of body mass: Body mass
was measured to the nearest tenth of a kilo-
gram (kg) on the first day of testing, in bare
feet, with a standard Physician’s scale (Health-
O-Meter, Perform Better, Cranston, RI).

Physiological measures

Measurement of HR: Resting HR was mea-
sured with the Polar (Polar Electro, Kempele,
Finland) H10 HR monitor chest strap, linked
via Bluetooth to the investigator’s Polar Flow
application.

Bench press Assessment

The YMCA bench press protocol was uti-
lized for assessment of muscular endurance.
The YMCA bench press test requires male
and female participants to lift an 80- and 35-
Ib. barbell as many times as possible while
maintaining a repetition pace set to a metro-
nome cadence of 60 beats per minute. Male
participants utilized a standard 45 1b. Olym-
pic barbell and weight plates (up to 80 lbs.),
while the female participants utilized a 35 Ib.
Olympic barbell (16). The YMCA bench press
test was utilized due to its use a standardized
assessment of upper body muscular endurance
(need source). This assessment has been found
to not only assess muscular endurance but has
also been shown to be highly correlated to max
bench press strength performance (Invergo et
al., 1991; Kim et al., 2002) and was found to
account for 86% of the variance in predicting
bench press strength (Invergo et al., 1991).

Bench press procedure: The participant po-
sitioned themselves in a supine position on the
bench. The spotter assisted the participant with
lifting the bar off the rack and into a starting

position (arms fully extended above the chest).
A research technician would start the metro-
nome and within three beats the participant
lowered the bar to their chest. Once the bar
touched the participant’s chest, the weight was
required to come to a momentary complete
stop (i.e., bouncing the bar off the chest was
counted as a ‘non-rep’), then the arms fully ex-
tended again on the ensuing metronome beat.
This process was repeated until the participant
was no longer able to complete a full repetition
without assistance from the spotter or the par-
ticipant was no longer able to keep pace with
the required metronome cadence.

Supplement Specifics

The NOPWS utilized (Hype Reloaded,
Blackstone Labs™) contains a unique blend
of 6 active ingredients (see Table 2). The sup-
plement can be purchased in nutrition/supple-
ment stores or ordered online (Blackstone labs.
com). The supplement/placebo was mixed into
an opaque cup with 8-0z. of water, per instruc-
tions from the supplement manufacturer. Fruit
punch flavor was chosen for the supplement.
While the placebo was a fruit-punch flavored
non-nutritive, non-carbonated soft drink mix
with a similar taste and consistency profile. To
match the taste and consistency profile of each
condition, 3 g of drink mix (standard serv-
ing size) was mixed with 8 oz. of water and
the suggested supplement serving size, while
4.5 grams of drink mix and 8 oz. of water was
used for the non-supplement beverage condi-
tion.

STATISTICAL ANALYSIS

Data analysis was performed with SPSS
(version 25). Descriptive statistics for partic-
ipant information are expressed as mean +
standard deviation. A two-way repeated mea-
sures ANOVA was run to determine the effect
of NOPWS supplementation overtime on HR
during the YMCA bench press test compared
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to placebo. Significant interactions were fol-
lowed by analysis of simple main effects.

A one-way repeated measures ANOVA
was run to determine the effect of NOPWS on
the number of reps performed on the YMCA.

RESULTS

Participant repetition and heart rate data
can be found in table 3. A two-way repeated
measures ANOVA was run to determine the
effect of an NOPWS on HR compared to pla-
cebo. There were no outliers, as assessed by
examination of studentized residuals for val-
ues greater than + 3. Pre/post HR data were
normally distributed, as assessed by Shap-
iro-Wilk’s test of normality on the studentized
residuals (p > .05). There was a statistically
significant two-way interaction between the
treatment and time for HR, F(1, 20) = 6.82, p
=.017.

Resting HR was significantly higher during
the supplement session (M = 74.67, SE = 2.54
bpm) than during the placebo session (M =
69.14, SE = 2.31 bpm), F(1, 20) = 8.19, p =
.010, 77172 = .290, a mean difference of 5.524
(95% CI, 1.497 to 9.551) bpm. Posttest HR
was not significantly different between treat-

bench press test compared to placebo. The
Shapiro-Wilk’s test was used to test for the
normality assumption. Statistical significance
was set at an alpha level of p < .05 for all pro-
cedures.

ment conditions. As would be expected there
was a significant difference between resting
HR (M = 69.14, SE = 2.31) and posttest HR
(M =105.05, SE=3.29), F (1,20)=180.98, p
<.001, 77,,2 =.900 in the placebo condition as
well as the supplement condition, resting HR
(M =74.667, SE = 2.539) and posttest HR (M
=102.76, SE = 2.98), F (1, 20) = 86.84, p <
.001, ;1p2 =.813.

A one-way repeated measures ANOVA
was run to determine the effect of a NOPWS
on YMCA bench press performance. There
were two outliers, but the repetition ranges for
each were acceptable and thus included in the
analysis. The data were normally distributed,
as assessed by Shapiro-Wilk’s test of normal-
ity on the studentized residuals (p > .05). The
NOPWS did not elicit significant changes in
the number of YMCA bench press repetitions
performed when compared to the placebo con-
dition, F (1, 20) = .84, p = .371, ;7p2= .040.

Table 3. YMCA Bench press test repetition and HR results

Placebo Supplement
Mean SD Mean SD
Pre HR 69.14 10.57 74.67* 11.63
Post HR 105.05%%* 15.08 102.76%** 13.66
Reps 40.76 15.65 39.33 13.73

*Significantly different from placebo. **Significantly different from pre-test HR

DISCUSSION

This was the first known study to assess
the usefulness of a NOPWS for improving sin-
gle-set muscular endurance exercise (via the
YMCA bench press test). The specific mix of
ingredients utilized in this supplement are not
known to have been scientifically studied. It
was hypothesized that the supplement would

increase the number of repetitions performed
over that of a placebo condition. However, the
supplement failed to improve YMCA bench
press performance when compared to the pla-
cebo condition.

The primary active ingredient in this NOP-
WS was CM. Previous research utilizing CM
and/or a supplement containing CM, has shown
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an improvement in upper body resistance
training performance. For example, Glenn et
al. (2017) found a significant increase in bench
press performance (overall # of repetitions per-
formed) following 6-sets to failure at 80% of
I-rep max. Similarly, Perez-Guisado & Jake-
man, (2010) found a significant increase in the
number of bench press repetitions performed
by the CM condition, over 4 sets at 80% of 1
rep max following a pectoral training session.
However, the current study only utilized one
set to failure to test the effectiveness of the
NOPWS. Therein, in support of Perez-Guisa-
do & Jakeman, (2010) and Glenn et al. (2017),
if only the first set (which was also performed
to failure) was utilized for comparison, no sig-
nificant difference was found between the CM
and placebo conditions (i.e., all significant dif-
ferences were found due to the change in the
total multi-set training volume, not a single set
comparison). These findings fall in line with
those of Gonzalez et al. (2018) who did not
find a significant difference between placebo
and CM supplement conditions after comple-
tion of 1 or 5 sets of up to 15 repetitions or to
failure at 75% of bench press 1 rep max. Simi-
larly, though L-citrulline was used (rather than
CM), Cutrufello et al. (2015), found no sig-
nificant difference between conditions during
1 or 4 sets of chest press at 80% of 1 rep max. It
should also be noted that each of the previous-
ly mentioned studies utilized a testing proto-
col with a resistance of anywhere from 75% to
80% of bench press 1 rep max or bodyweight
(e.g., chin-ups). Comparatively, the current
study utilized the much lower standardized
resistance of the YMCA protocol. Thus, the
current findings reflect and confirm that CM-
based supplements do not increase the number
of reps performed during a single set of upper
body endurance exercise from body weight
through 80% of 1 rep max.

Though a multi-set protocol may be

required to appropriately utilize CM or an
NOPWS for resistance training performance
enhancement, a look at the dosages of each in-
gredient may provide further explanation for
the findings of the current study. The NOPWS
used for this investigation contained 6-grams
of CM. An acute dose of 6 gr of CM has been
shown to increase plasma citrulline and argi-
nine levels, and NO production (da Silva et al.,
2017; Sureda et al., 2009; Sureda et al., 2010),
but has yet to prove effective for improving
any performance or recovery parameter stud-
ied (da Silva et al, 2017). Previous research
(Perez-Guisado & Jakeman, 2010; Wax et al.,
2016) has shown an improvement in resistance
training performance with an acute dose of as
little as 8-grams of CM, but these findings oc-
curred via the result of multi-set assessment
regimen, rather than the 1-set assessment uti-
lized in the current study. Therefore, although,
as little as 5.6 gr taken daily for a week has
been shown to positively impact blood flow
dynamics in otherwise healthy middle-aged
men (Ochiai et al., 2012) it could be that a
minimum of 8 g is required for single dose-re-
lated changes and/or to improve exercise per-
formance over the course of the workout.

The supplement used for this study was a
blend of many ingredients expected to work
synergistically to improve performance. How-
ever much like the CM dosage, any expected
singular or synergistic effect from the com-
bined supplement ingredients may have been
hampered by the supplied, per-serving, dosage
of each ingredient.

For instance, in the limited research re-
lated to physical (i.e., non-cognitive) perfor-
mance parameters, 600 mg of alpha-GPC was
effective at improving peak bench press force
by 14% compared to placebo (Zeigenfuss et
al., 2008). However, the Hype Reloaded sup-
plement only supplies 300 mg per serving.
Icariin (horny goat weed) has been shown to

10
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increase testosterone in rats at a human dos-
age equivalent of 200 mg/kg of bodyweight
or roughly 900 mg of Icariin for a 150 Ib.
person. Yet, the studied supplement blend
contains only supplies 150 mg per serving.
Finally, in rats, at a dose of 50 mg per kg
(roughly a 579 mg dose for an 80 kg, 182 cm
male), L-Norvaline, has been shown to inhib-
it Arginase activity, which can help improve
NO production and assist with acetylcholine
response (El-Bassossy et al., 2013). However,
the studied NOPWS contains only 100 mg of
L-Norvaline per serving. Considered collec-
tively, these findings cannot discount the syn-
ergistic capability of the blend of ingredients
used in this study’s NOPWS — when used at
the appropriate dosages. However, it appears
many of the supplied ingredients in this NOP-
WS are under-dosed compared to the effec-
tive dosages utilized in other research.

In respect to potential dosage complica-
tions with this NOPWS, an additional consid-
eration should be given to the manufacturer’s
recommended ingestion timing. The current
study provided 30 minutes between beverage
consumption and the beginning of the YMCA
assessment. The 30 minute time frame was
chosen because this was the manufacturers
recommendation, as listed on the supplement
packaging. Yet, despite these manufacturer’s
recommendations, previous research utilizing
similar ingredients (e.g., CM, Alpha-GPC)
have allowed 60 to 90 minutes for supplement
assimilation time (Perez-Guisado & Jakeman,
2010; Glenn 2017; Zeigenfuss, 2008). In con-
trast, research conducted by (Gonzalez, 2018)
found no change (compared to placebo) in 5
sets of 75% 1 rep max bench press perfor-
mance, from ingesting 8 grams of CM 40
minutes prior to testing. Consequently, though
the current study strictly followed the man-
ufacturers recommendations, future research
utilizing similar ingredients should heavily

consider waiting a minimum of 60-minutes to
allow for complete assimilation, regardless of
the manufacturer’s recommendations.

Practical Applications

Though great care was taken to ensure a
high degree of internal validity, maintenance
of a degree of practicality introduced certain
limitations to the current study. First, no mea-
sures of supplement bioavailability were taken
to support the mechanistic pathway thought to
be responsible for vasodilation (though ideal,
this is not commonly done in supplement re-
search). However, a decrease in blood pressure
is a common occurrence in vasodilation-sup-
porting clinical and recreational supplemen-
tation (Khalaf et al., 2019). Therein, at mini-
mum, future research in this topic area should
include blood pressure measurements as part
of their data collection process. Inclusion of a
blood pressure measurement in our data col-
lection process might have helped to indirectly
confirm or deny the extent the NOPWS affect-
ed vasodilation and our overall findings.

Second, an alarming commonality in near-
ly all supplements is the standard “scoop” ap-
proach to dosage recommendations by manu-
facturers. For instance, in the current study, no
bodyweight recommendation was provided by
the manufacturer for supplement serving size
(again, this is not uncommon in supplement
research). Therein, an individual weighing
45 kg is recommended the same serving size as
someone weighing 90 kg. This is concerning
from a safety and efficacy standpoint as small-
er individuals may take more of the supple-
ment than what is safely recommended, while
larger individuals may not be taking enough to
realize potential benefits from a supplement.
The manufacturer was contacted to determine
if dosage should be adjusted based on body
mass; however, no change in recommenda-
tion was provided. That said, to account for a
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potential body mass effect on dosage, the au-
thors performed an ex-post-facto analysis of
YMCA bench press performance, relative to
body mass. Even when considering the dose of
supplement provided per kg of body mass, no
statistical difference was observed between the
placebo and supplement group. These results
cannot fully rule out that body mass should
be a consideration for dosage, but the relative
amounts of each respective ingredient in this
supplement may not have been enough to pro-
vide an improvement in performance, regard-
less of body mass. Future research with all sup-
plements, in addition to those in this this study,
should examine the effect of bodyweight-de-
pendent dosing on performance outcomes.
Third, the ingredients in this pre-workout
supplement do not appear to be synergistic
and certainly not more worthwhile than the
beneficial effects of supplementation with CM
alone (Glenn et al., 2017; Perez-Guisado &
Jakeman, 2010; Wax et al., 2016). Thus, those
who wish to supplement to support potential
NO-induced performance improvements, may
wish to consider utilizing one well-researched
ingredient (e.g., CM) with mostly positive re-
views, rather than a multi-ingredient supple-
ment with less current scientific support.

CONCLUSION

A new commercially available non-stim-
ulant NOPWS supplement was ineffective
at increasing performance in a single set test
of muscular endurance. Considering these
findings, a lack in performance improvement
could be due to a number of factors, includ-
ing dosage, supplement timing, and number of
sets performed in the experiment. Future re-
searchers and recreational users of this type of
supplement should consider and be aware of
each of these factors in their experimentation
methodologies and supplementation regimens,
respectively.

REFERENCES

Abhijit, D., Singh, M.F., Singh, V., Ram, V.,
& Bisht, S. (2015). Treatment effect of L-Nor-
valine on the sexual performance of male rats
with streptozotocin induced diabetes. Europe-
an Journal of Pharmacology, 771, 247-254.

Agudelo, L.Z., Ferreira, D.M., Dadvar, S.,
Cervenka, 1., Ketscher, L., Izadi, M., & Ruas,
J.L.(2019). Skeletal muscle PGC-1al reroutes
kynurenine metabolism to increase energy ef-
ficiency and fatigue-resistance. Nat Commun,
10(1), 1-12.

Bailey, S.J., Blackwell, J.R., Lord, T., Van-
hatalo, A., Winyard, P.G., Jones, A.M. (2015).
L-citrulline supplementation improves O2 up-
take kinetics and high-intensity exercise per-
formance in humans. Journal of applied phys-
iology, 119(4), 385-395.

Bendahan, D. Mattei, J., Ghattas, B., Con-
fort-Gouny, S., Le Guern, M.E., & Cozzone,
P.J. (2002). Citrulline/malate promotes aerobic
energy production in human exercising mus-
cle. Br J Sports Med, 36(4), 282-289.

Bergstrom, H.C., Byrd, M.T., Wallace,
B.J., & Clasey, J.L. (2018). Examination of a
multi-ingredient preworkout supplement on
total volume of resistance exercise and sub-
sequent strength and power performance. J
Strength Cond Res, 32(6), 1479-1490.

Bescos, R., Sureda, A., Tur, J.A., & Pons,
A. (2012). The effect of nitric-oxide-related
supplements on human performance. Sports
Medicine, 42, 99.

Campos, H.O., Drummond, L.R., Ro-
drigues, Q.T., Machado, F.S., Pires, W., Wan-
ner, S.P., Coimbra, C.C. (2018). Nitrate sup-
plementation improves physical performance
specifically in non-athletes during prolonged
open-ended tests: a systematic review and me-
ta-analysis. British journal of nutrition, 119,
636-657.

Chappell, A.J., Allwood, D.M., Johns, R.,
Brown, S., Sultana, K., Anand, A., & Simper,

12



JOURNAL of Applied Sports Sciences 01/2022

T. (2018). Citrulline malate supplementation
does not improve German Volume Training
performance or reduce muscle soreness in
moderately trained males and females. Jour-
nal of the International Society of Sports Nu-
trition, 15, 1-10.

Chen, M., Hao, J., Yang, Q., & Li, G.
(2014). Effects of icariin on reproductive func-
tions in male rats. Molecules, 19, 9502-9514.

Cutrufello, P.T., Gadomski, S.J., & Za-
vorsky, G.S. (2015). The effect of L-citrulline
and watermelon juice supplementation on
anaerobic and aerobic exercise performance.
Journal of Sports Science, 33(14), 1459-1466.

da Silva, D.K., Jacinto, J.L., de Andrade,
W.B., Roveratti, M.C., Estoche, J.M., Balve-
di, M.C., de Oliveira, D.B., da Silva, R A., &
Aguiar, A.F. (2017). Citrulline malate does not
improve muscle recovery after resistance exer-
cise in untrained young adult men. Nutrients,
9, 1132.

Durante, W., Johnson, FK., & Johnson,
R.A. (2007). Arginase: a critical regulator of
nitric oxide synthesis and vascular function,
Clinical and Experimental Pharmacology and
Physiology, 34(9), 906-911.

El-Bassossy, H.M., El-Fawal, R., Fahmy,
A. Watson, M.L. (2012). Arginase inhibition
alleviates hypertension associated with diabe-
tes: effect on endothelial dependent relaxation
and NO production. Vascular pharmacology,
57, 194-200.

Gage, M., Phillips, K., Noh, B., & Yoon,
T. (2021). Choline-based multi-ingredient sup-
plementation can improve explosive strength
during a fatiguing task. Int. J. Environ. Res.
Public Health, 18, 11400.

Gilinsky, M.A., Polityko, Y.K., Markel,
A.L., Latysheva, T.V., Samson, A.O., Polis, B.,
& Naumenko, S.E. (2020). Norvaline reduc-
es blood pressure and induces diuresis in rats
with inherited stress-induced arterial hyperten-
sion. Biomed Research International. https://

doi.org/10.1155/2020/4935386

Glenn, J.M., Gray, M., Wethington, L.N.,
Stone, M.S., Stewart Jr., R.-W., Moyen, N.E.
(2017). Acute citrulline malate supplemen-
tation improves upper- and lower-body sub-
maximal weightlifting exercise performance
in resistance-trained females. Eur J Nutr, 56,
775-784.

Gonzalez, A.M., & Trexler, E.T. (2020).
Effects of citrulline supplementation on exer-
cise performance in humans: A review of the
current literature. Journal of strength and con-
ditioning research, 34(5), 1480-1495.

Gonzalez, A.M., Spitz, R.W., Ghigiarelli,
J.J., Sell, K. M., & Mangine, G.T. (2018). Acute
effect of citrulline malate supplementation on
upper-body resistance exercise performance
in recreationally resistance-trained men. The
Journal of Strength & Conditioning Research,
32, 3088-3094.

Gough, L.A., Sparks, S.A., McNaughton,
L.R., Higgins, M.F., Newbury, J.W., Trexler,
E., Faghy, M.A., & Bridge, C.A. (2021). A crit-
ical review of citrulline malate supplementa-
tion and exercise performance. European jour-
nal of applied physiology, 121, 3283-3295.

He, W,, Liu, H., Hu, L., Wang, Y., Huang,
L., Liang, A., Wang, X., Zhang, Q., Chen, Y.,
Cao, Y., Li, S., Wang, J., Lei, X. (2021). Icariin
improves testicular dysfunction via enhancing
proliferation and inhibiting mitochondria-de-
pendent apoptosis pathway in high-fat diet and
streptozotocin-induced diabetic rats. Repro-
ductive Biology and Endocrinology, 19, 168.

HYPE RELOADED. Retrieved from
https://blackstonelabs.com/products/hype-re-
loaded?variant=30306658582633.

Invergo, J.J. Ball, T.E., & Looney, M.
(1991). Relationship of push-ups and absolute
muscular endurance to bench press strength.
Journal of Applied Sports Science Research,
5(3), 121-125.

Jagim, A. R., Jones, M. T., Wright, G. A.,

13



EFFECT OF A NITRIC OXIDE ...

M. Mclntosh, R. Cochrum, R. Conners, V. Moreno, M. Black, J. Heimdal

Antoine, C. S., Kovacs, A., & Oliver, J. M.
(2016). The acute effects of multi-ingredient
pre-workout ingestion on strength perfor-
mance, lower body power, and anaerobic ca-
pacity. Journal of the international society of
sports nutrition, 13(11).

Jones, A.M., Vanhatalo, A., Seals, D.R.,
Rossman, M.J., Piknova, B., & Jonvik, K.L.
(2020). Dietary nitrate and nitric oxide metab-
olism: mouth, circulation, skeletal muscle, and
exercise performance. Medicine & Science in
Sports and Exercise, 53(2), 280-294.

Kawamura, T., Okubo, T., Sato, K., Fu-
jita, S., Goto, K., Hamaoka, T., & Lemitsu,
M. (2012). Glycerophosphocholine enhances
growth hormone secretion and fat oxidation in
young adults. Nutrition, 28, 1122-1126.

Khalaf, D., Kruger, M., Wehland, M., In-
fanger, M., & Grimm, D. (2019). The effects
of oral L-arginine supplementation on blood
pressure. Nutrients, 11, 1679.

Kim, P., Mayhew J., Peterson, FA (2002).
Modified YMCA Bench Press Test as a Pre-
dictor of 1 Repetition Maximum Bench Press
Strength. Journal of Strength and Condition-
ing Research, 16(3), 440-445.

Low, W-Y., & Tan, H-M. (2007). Asian tra-
ditional medicine for erectile dysfunction. J.
Mens Health Gender, 4, 245-250.

Lyons, T.P., & Riedesel, M.L. (1993).
Glycerol-induced hyperhydration: its effects
on fluid compartments in the rat. Life Sci, 53,
1779-1787.

Magal, M., Webster, M.J., Sistrunk, L.E.,
Whitehead, M.T., Evans, R.K., & Boyd, J.C.
(2003). Comparison of glycerol and water hy-
perhydration regimens on tennis-related per-
formance. Med Sci Sports Exerc, 35, 150-156.

Morita, M., Hayashi, T., Ochiai, M. Mae-
da, M., Yamaguchi, T., Ina, K., & Kuzuya, M.
(2014). Oral supplementation with a combina-
tion of L-citrulline and L-arginine rapidly in-
creases plasma L-arginine concentration and

enhances NO bioavailability. Biochem Bio-
phys Res Commun, 453, 53-57.

Ochiai, M., Hayashi, T., Morita, M., Ina,
K., Maeda, M., Watanabe, F., Morishita, K.
(2012). Short-term effects of L-citrulline
supplementation on arterial stiffness in mid-
dle-aged men. International journal of cardi-
ology, 2155, 257-261.

Parker, A.G., Byars, A., Purpura, M., &
Jager, R. (2015). The effects of alpha-glycer-
Iphosphorylcholine, caffeine, or placebo on
markers of mood, cognitive function, power,
speed, and agility. Journal of the international
society of sports nutrition, 12(S1), 41.

Patlar, S., Yalcin, H., & Boyali, E. (2012).
The effect of glycerol supplements on aerobic
and anaerobic performance of athletes and
sedentary subjects. Journal of Human Kinet-
ics, 34, 69-79.

Pérez-Guisado, J., & Jakeman P.M. (2010).
Citrulline malate enhances athletic anaerobic
performance and relieves muscle soreness.
The Journal of Strength & Conditioning Re-
search, 24, 1215-1222.

Rognstad, R. (1977). “Sources of ammonia
for urea synthesis in isolated rat liver cells,”
Biochemica et Biophysica Acta (BBA) — Gen-
eral Subjects, 496(2), 249-254.

Romero, M.J., Platt, D.H., Tawfik, H.E.,
Labazi, M., El-Remessy, A.B., Bartoli, M.,
Caldwell, R.B., Caldwell, R.W. (2008). Dia-
betes-induced coronary vascular dysfunction
involves increased arginase activity. Circ Res.,
102, 95-102.

Schwedhelm, E., Maas, R., Freese, R.,
Jung, D., Lukacs, Z., Jambrecina, A., Spickler,
W., Schulze, F., & Boger, R. H. (2007). Phar-
macokinetic and pharmacodynamic properties
of oral L-citrulline and L-arginine: impact on
nitric oxide metabolism. British journal of
clinical pharmacology, 65(1), 51-59.

Stamler, J.S. & Meissner, G. (2001). Phys-
1ology of nitric oxide in skeletal muscle. Phys-

14



JOURNAL of Applied Sports Sciences 01/2022

iological reviews, 81, 209-237.

Sunderland, K.L., Greer, F., & Morales, J.
(2011). VO,max and ventilatory threshold of
trained cyclists are not affected by 28-day L-ar-
ginine supplementation. Journal of strength
and conditioning research, 25(3), 833-837.

Sureda, A. Cordova, A., Ferrer, M.D., Taul-
er, P, Perez, G., Tur, J.A., & Pons, A. (2009).
Effects of L-citrulline oral supplementation
on polymorphonuclear neutrophils oxidative
burst and nitric oxide production after exer-
cise. Free Radic. Res. 43, 828-835.

Sureda, A., Cordova, A., Ferrer, M.D.,
Perez, G., Tur, J.A., & Pons, A. (2010). L-Ci-
trulline malate influence over branched chain
amino acid utilization during exercise. Eur J.
Appl. Physiol, 110, 341-351.

Van de Poll, M.C., Siroen, M.P., Van Lecu-
wen, P.A., Soeters, P.B., Melis, G.C., Boelens,
P.G., Deutz, N.E.P. & Dejong, C.H. (2007).
Interorgan amino acid exchange in humans:
consequences for arginin and citrulline metab-
olism. American journal of clinical nutrition,
85, 167-172.

Wax, B., Kavazis, A.N., & Luckett, W.
(2016). Effect of supplemental citrulline-ma-
late ingestion on blood lactate, cardiovascu-
lar dynamics, and resistance exercise perfor-
mance in trained males. Journal of Dietary
Supplements, 13, 269-282.

Windmueller, H.G., & Spaeth, A.E. (1981).
Source and fate of circulating citrulline. Amer-
ican journal of physiology and endocrine me-
tabolism, 241, E473-E480.

Wingo, J.E., Casa, D.J., Berger, EM.,
Dellis, W.O., Knight, J.C., & McClung, J.M.
(2004). Influence of a pre-exercise glycerol
hydration beverage on performance and phys-
iologic function during mountain-bike races
in the heat. Journal of athletic training, 39(2),
169-175.

Wu, G., & Morris, S.M. (1998). Arginine
metabolism: nitric oxide and beyond. Bio-
chemistry journal, 312, 717-723.

Wu, J.L., Wu, Q.P., Huang, .M., Chen, R.,
Cai, M., Tan, J.B. (2007). Effects of L-malate
on physical stamina and activities of enzymes
related to the malate-aspartate shuttle in liver
of mice. Physiol. Res., 56, 213-220.

Xu, H-B., & Huang, Z-Q. (2007). Icariin
enhances endothelial nitric-oxide synthase ex-
pression on human endothelial cells in vitro.
Vascular Pharmacology, 47, 18-24.

Ziegenfuss, T., Landis, J., & Hofheins,
J. (2008). Acute supplementation with al-
pha-glycerylphosphorylcholine augments
growth hormone response to, and peak force
production during resistance exercise. Journal
of the International Society of Sports  Nutri-
tion, 5, 15.

Corresponding author:

Robbie Cochrum

Tennessee State University
Department of HPSS

3500 John A. Merritt Blvd.
Gentry Center

Nashville, TN 37209, USA
E-mail: rcochrum@tnstate.edu

15



