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ABSTRACT
Citrulline Malate has possible exercise performance enhancement abilities due to the
vasodilatory effect of nitric oxide produced from citrulline combined with a possible increase in
mitochondrial efficiency from malate. However, the latter mechanism is unclear and has not
been studied in conjunction with an aerobic performance test. Additionally, there has been a lack
of studying how a large enough dose with proper pharmacokinetic timing from consumption to
exercise affects these measures. PURPOSE: The purpose of this study was to investigate how an
acute, 12g dose of citrulline malate affects mitochondrial function, oxygen saturation, and
performance of a handgrip critical force test in the forearm muscles. METHODS: Seventeen
participants (all women aged 18-35 years) completed three visits consisting of one
familiarization and two experimental. This study utilized a randomized, double-blind, crossover
design where participants drank either a citrulline malate or placebo solution, underwent a one-
hour rest period, completed the mitochondrial function test, and then performed the handgrip
critical force test followed by four recovery contractions. Mitochondrial function (time constant
tau values), oxygen saturation and desaturation during the handgrip test (measured using infrared
spectroscopy), and critical force variables were measured and compared between the supplement
and placebo days. RESULTS: No statistical differences for mitochondrial function, maximal
strength, critical force, force-time integral, areas-under the curve for oxy- and deoxy-
hemoglobin, hemoglobin difference, and tissue saturation index were found. Additionally, there
was no significant difference between the rate of recovery of force (p > 0.05). While there were
no significant differences between conditions for the 20-second, time-binned averages of
oxy/deoxy-hemoglobin, hemoglobin difference, and tissue saturation index during the handgrip

critical force test (p > 0.05), there were significant main effects for time for all four of these
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variables (p < 0.001). CONCLUSIONS: In conclusion, an acute, 12g dose of citrulline malate
had no influence on mitochondrial function, oxygen saturation or desaturation, or performance of
a handgrip critical force test. Future studies should investigate other mechanisms involved with
this supplement, how or if citrulline malate affects electrically stimulated critical torque, or how
other nitric oxide-producing supplements (like beet-root juice) affect mitochondrial function or

aerobic performance. A larger sample size should also be included in future studies.
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CHAPTER I: INTRODUCTION

1.01 — Introduction:

Nitric Oxide (NO) is an important signaling molecule involved in multiple physiological
processes in the body, can influence mitochondrial respiration, and is a potent vasodilator
(Vanhoutte et al., 2016). Increased vasodilation leads to more blood, and therefore oxygen, being
delivered to tissues. Supplementing one’s diet with NO precursors such as L-citrulline (CIT) or
citrulline malate (CM, the combination of L-citrulline and malate) has been shown to increase
NO levels via the Nitric Oxide Synthase (NOS)-dependent pathway (Bescoés et al., 2012). CIT, a
nonessential amino acid found commonly in watermelon, is present in CM supplements and is
converted to L-arginine by two argininosuccinate enzymes. L-arginine is then converted to NO
via NOS, which can lead to increased vasodilation and a subsequent increase in oxygen delivery
to exercising muscle (Vanhoutte et al., 2016). CM, however, is suggested to have additional
ergogenic potential compared to CIT alone due to the addition of malate, an important
intermediate in the Kreb’s Cycle, thought to improve aerobic metabolism efficiency via the
Kreb’s Cycle and Malate-Aspartate Shuttle (Bendahan et al., 2002; Wu et al., 2007; Gough et al.,
2021).

Supplementing with CM is of recent interest to exercise physiologists for its possible
enhancement of exercise performance. Acute ingestion of single-doses of 8g of CM one-hour
before exercise has been shown to increase the number of repetitions to failure at 60% of one-
repetition maximum (Wax et al., 2016; Wax et al., 2015; Pérez-Guisado & Jakeman, 2010),
increase maximal grip strength, and to increase peak/explosive power during a Wingate test
(Glenn et al., 2016). Additionally, acute CM supplementation has been shown to significantly

increase flow-mediated dilation (FMD, a surrogate measure of endothelial function) (Rogers et



al., 2020). These results confirm that an acute dose of CM can influence NO bioavailability via
the NOS pathway. However, the study of Rogers et al. (2020) did not pair their assessment of
FMD with a test of exercise performance, so it remains unclear as to whether the improved
vasodilatory capacity affects/improves exercise performance. In addition, despite several
examples of CM supplementation influencing exercise performance, there are also reports of CM
having no effect. Consumption of 8g of CM one-hour before exercise was shown to have no
influence on the number of repetitions-to-failure (Chapell et al., 2018; Farney et al., 2019;
Gonzalez et al., 2018), no change in peak torque or peak power (Farney et al., 2019), or
subjective fatigue (Gonzalez et al., 2018). Doses utilized in other CIT/CM supplementation
studies have ranged from 2.4g/day (Suzuki et al., 2016) to 6g/day of CIT (Bailey et al., 2015),
2g/day (Hwang et al., 2018), or a single dose of 8g and 12g (Cunniffe et al., 2016) of CM all
with varying time between consumption and exercise. The mixed outcomes from studies
involving CM supplementation and exercise performance may be confounded by the varying
doses utilized in the studies. Peak plasma CIT levels are highest one-hour post-consumption and
are dose-dependent (15g CIT showing the highest plasma levels as compared to 2, 5, and 10g),
(Moinard et al., 2008). There is also an exponential decrease in plasma CIT levels beginning 60
minutes after ingestion (Moinard et al., 2008), so the timing of the exercise after consumption of
the CIT or CM may also affect results. As the aforementioned studies have all utilized varied
doses and timings of doses before exercise, it is difficult to compare the results between studies.
Despite substantial research involving both CIT and CM supplements and their effects on
exercise performance, a clear understanding of the potential ergogenic mechanisms involved
remains unclear (Gough et al., 2021). The CIT present in both supplements may improve NO

bioavailability leading to a potential for increased blood flow to exercising skeletal muscle



(Schwedhelm et al., 2008; Bescos et al., 2012), and the malate present in CM may improve
mitochondrial function and thus aerobic metabolism (Wu et al., 2007; Gough et al., 2021), but
the extent to which each mechanism contributes (if at all) to improved performance, has not been
adequately tested. Given the potential for increased oxygen delivery and increased mitochondrial
function, the lack of research on CM effects on aerobic exercise performance is glaring.

Critical power (CP) is a power output that can be indefinitely maintained via aerobic
metabolism and is an under-studied dimension of aerobic metabolic function/capacity (Jones et
al., 2010). While CP is often measured on a cycle ergometer, Burnley and colleagues (2009)
have developed an exercise test that estimates critical force/torque in the knee extensor muscles
using maximal isometric contractions at a 3-second contraction/2-second rest duty cycle for a
total of five minutes. This test has been validated against traditional, multiple submaximal trial-
to-task failure tests and has been found to yield strikingly similar values (Burnley et al., 2009).
The test was adapted to the forearm flexor muscles by Kellawan & Tschakovsky (2014) with
similar findings and patterns of fatigue.

CM supplements have been shown to improve exercise performance, but there is a need
to further elucidate the aerobic mechanisms involved with possible exercise performance
improvements after a large enough dose of CM with adequate time for absorption is given
(Trexler, Persky, et al., 2019, Gonzalez & Trexler, 2020). To the author’s knowledge, there is no
study to date that investigates the possible aerobic mechanisms with CM supplementation and
how they could affect the performance of a critical force test (a type of exercise that is dependent
on the proposed aerobic mechanisms). Therefore, the purpose of this study was to investigate

how an acute 12g dose of CM, in comparison to a placebo, affects 1) mitochondrial function



assessed by Near-Infrared Spectroscopy (NIRS), 2) oxygen saturation/desaturation in the muscle,
and 3) performance of a handgrip critical force test (HGCF) in the forearm muscles.
1.02 — Purpose:

The purpose of this study was to examine the effects of a single, acute dose of CM on an
exercise performance test that is influenced by oxygen and aerobic metabolic function. More
specifically, the purpose was to investigate how an acute 12g dose of CM, in comparison to a
placebo, affects 1) mitochondrial function assessed by Near-Infrared Spectroscopy (NIRS), 2)
oxygen saturation in the muscle, and 3) performance of an HGCF test in the forearm muscles.
1.03 — Research Questions:

1. Does a single, acute dose of CM supplementation affect mitochondrial function in
the forearm muscles one-hour after ingestion?

2. Does a single, acute dose CM supplementation affect oxygen saturation in the
forearm muscles during the HGCF test one-hour after ingestion?

3. Does a single, acute dose of CM supplementation affect oxygen desaturation in
the forearm muscles during the HGCF test one-hour after ingestion?

4. Does a single, acute dose of CM supplementation affect critical force (an
equivalent to critical torque or critical power) in the forearm muscles one-hour
after ingestion?

1.04 — Sub Question:

1. Does a single, acute dose of CM supplementation affect recovery of force

production over the course of four minutes beginning one minute after a fatiguing

HGCF test in the forearm muscles one-hour after ingestion?



1.05 — Null Hypotheses:

1.

CM supplementation will have no effect on NIRS-assessed mitochondrial
function in the forearm muscles.

CM supplementation will have no effect on oxygen saturation in the forearm
muscles during the HGCF test.

CM supplementation will have no effect on oxygen desaturation in the forearm
muscles during the HGCF test.

CM supplementation will have no effect on critical force measures in the forearm
muscles during the HGCF test.

Sub Question — CM supplementation will have no effect on recovery of force

production after a fatiguing HGCF test in the forearm muscles.

1.06 — Research Hypotheses:

1.

CM supplementation will improve NIRS-assessed mitochondrial function in the
forearm muscles during the HGCF test when compared to a placebo.

CM supplementation will cause oxygen saturation to decline less in the forearm
muscles during the HGCF test when compared to a placebo.

CM supplementation will attenuate oxygen desaturation in the forearm muscles
during the HGCF test when compared to a placebo.

CM supplementation will increase critical force measures in the forearm muscles
when compared to a placebo.

Sub Question — CM supplementation will lead to a faster recovery of force
production after a fatiguing HGCF test in the forearm muscles when compared to

a placebo.



1.07 — Significance:

This study will enhance the current body of literature and allow for a better understanding

of the effect of an acute dose of CM supplementation on aerobic performance outcomes.

Citrulline supplementation has been shown to improve blood pressure, increase satiety after

eating, and could improve cardio-metabolic health in clinical populations (Burton-Freeman et al.,

2021), but there is a need to further explore CIT/CM supplementation as an ergogenic aid in non-

clinical populations. The current study provides further data that could eventually contribute to

the application of CM supplementation in clinical populations or people with endothelial

dysfunction and its effect on exercise.

1.08 — Limitations:

1.

2.

Results of this study only apply to women aged 18-35 years.

Results of this study only apply during the early follicular phase of the menstrual
cycle (when experimental testing took place).

Results of this study only apply to the forearm flexors muscle group and
therefore, small muscle-mass exercise.

Results of this study only apply to performance of static, isometric contractions of
one’s non-dominant arm.

Training status will not be controlled.

Participant recruitment was limited depending on age, sex, location, and
willingness to volunteer, which may not be fully representative of the sample
population.

The reported 2:1 ratio of citrulline to malate reported by Bulk Supplements was

not confirmed by third-party testing.



1.09 — Delimitations:

1.

2.

Healthy females aged 18-35 years.

Females with a regular menstrual cycle.

Females who have not consumed nicotine in any form for the past six months.
Females who could tolerate consumption of 12g of CM supplementation.
Females who could adhere to the testing schedule.

Females who are not pregnant or breastfeeding.

Females who are free from forearm musculoskeletal injuries.

Females who do not have any known cardiovascular, pulmonary, or metabolic
diseases/conditions that are affected by exercise performance.

Females who are taking heart or metabolic medications that could affect

endothelial responses to exercise.

1.10 — Assumptions:

1.

Participants gave a maximal effort during the critical force testing of the forearm
muscles and during any other maximal contraction outside of this test.
Participants adhered to the restrictions and instructions prior to testing.
Participants followed all instructions prior to and throughout testing.

Participants were truthful in their reports of dietary/supplement consumption and
health information prior to and throughout testing.

Participants will absorb the CM supplement similarly.

CIT will be used to form NO after ingestion and absorption.

Malate will enter the muscle cells and be used by the mitochondria after ingestion

and absorption.



8.

9.

The CM supplement will mechanistically act how it is proposed to.
The actual ratio of citrulline to malate given is equal to the reported ratio by the

supplement manufacturer.

1.11 — Operational Definitions:

1.

Citrulline Malate (CM): a supplement with a 2:1 L-citrulline to DL-malate ratio

provided by Bulk Supplements.

Near-Infrared Spectroscopy (NIRS): Wavelengths of light at 800nm and 760nm

allow for measurement of oxy-hemoglobin, deoxy-hemoglobin, and total-
hemoglobin in small blood vessels, capillaries, and muscle tissue (Mancini et al.,
1994).

Measure of Mitochondrial Function: Estimated by measuring the slopes of

deoxygenated hemoglobin during intervals of blood flow occlusion and non-
occlusion on an exponential curve (McCully et al., 2020).

OxHb (Oxygenated Hemoglobin): Relative oxygenated hemoglobin

concentrations. Value is a percentage of the participant’s maximum oxygen
saturation immediately following the release of the blood pressure cuff after five
minutes.

DeOxHb (Deoxygenated Hemoglobin): Relative deoxygenated hemoglobin

concentrations. Value is a percentage of the participant’s maximum desaturation
of oxygen when the blood pressure cuff is inflated for five minutes.

HeBDiff (Hemoglobin Difference): The relative difference between OxHb and

DeOxHb taken as a percentage of the highest HgBDiff value during the five-

minute occlusion and five-minute cuff-release.



7.

10.

11.

12.

TSI1% (Tissue Saturation Index): Representative of the oxygenation levels of the

tissue being measured. In this case, the forearm flexor muscles.

Maximal Voluntary Contraction (MVC): The maximum amount of force

produced by a particular muscle/muscle group. In this case, the forearm flexor
muscles. MVC will always represent the participant’s highest force production on
that given testing day.

Impulse: An applied force over a specific time interval, or the integral of force.

Critical Force (CF): The average of the last six contractions during the handgrip

critical force test. Represents a metabolic steady state as it is influenced by
oxygen delivery and aerobic metabolic function (Burnley et al., 2009). Also,
represents aerobic metabolic function and is a measure of aerobic capacity (Jones
et al., 2010).

Handgrip Critical Force Test (HGCF): A maximal, all-out test for the

determination of critical force. Involves a three-second MVC followed by a two-
second rest repeated for five minutes, or sixty contractions. This test is adapted
from the one developed by Burnley et al. (2009) originally designed to estimate

critical torque.

Regular Menstrual Period: Having one period per month and for at least the past

three months at the time of recruitment/informed consent.



CHAPTER II: REVIEW OF LITERATURE

2.01 — Outline:

The following chapter begins with an introduction to the research problem and highlights
the review process and search criteria for reviewing the current literature. Next, the proposed
mechanisms of action for citrulline (CIT) and citrulline malate (CM) are described. The effects
of CM and CIT supplementation on exercise are detailed, followed by a summary of these
performance effects. Next, the need for additional research using only female subjects and
considering menstrual cycle phases is highlighted. Critical force and aerobic capacity are then
explained. Next, the mitochondrial function test via NIRS is described, followed by the variables
associated with the mitochondrial function test. This chapter is concluded with a summary of the
literature findings.

2.02 — Introduction:

CIT and CM supplementation has been shown to improve time-trial cycling exercise and
VO; kinetics, in addition to improving the total number of repetitions for multiple upper-body
and lower-body resistance training exercises. CIT consumption leads to increased nitric oxide
(NO) production, which increases vasodilation and, therefore, blood flow and oxygen delivery to
the working muscles during exercise. CM, in addition to containing CIT, also contains malate,
which would increase the bioavailability of malate for use in the Kreb’s Cycle and Malate
Aspartate Shuttle (MAS), potentially leading to improved mitochondrial function; though, this
mechanism is still unclear. While CM supplementation’s effect on exercise has been studied, the
understanding of the extent to which CIT, malate, or the synergistic combination of both
ingredients contributes to changes in exercise performance is not well understood. More

specifically, the understanding of malate and its role in aerobic metabolic pathways and aerobic

10



performance is less understood than the mechanisms involved with CIT. Additionally, larger,
acute doses of both supplements have been shown to yield the greatest changes in exercise
performance, but most studies employ a low or moderate dose. Altogether, investigating the
extent (if at all) of CM supplementation on aerobic mechanisms and aerobic performance when
using a large dose with adequate timing for absorption has not been studied to the author’s
knowledge.
2.03 — Review Process:

Existing literature was searched through OU Libraries’ online databases, including

9 ¢

PubMed and Web of Science. Keywords such as, “citrulline exercise”, “citrulline malate
exercise”, “citrulline exercise performance”, “malate and exercise”, “critical power/torque”,
“mitochondrial function”, and mitochondrial capacity”. Additionally, literature was also found
by searching through the reference lists of meta-analyses reviewing CIT/CM studies.

2.04 — Proposed Mechanisms of Action:

The CIT and malate present in CM supplements is hypothesized to act differently
mechanistically. Since both are present, it is possible that the effects of CIT, malate, or some
combination of the two contribute more to possible enhancements of exercise performance.
Thus, it is important to examine the possible mechanisms of each ingredient separately and then
how they could function together.

CIT, when supplemented in the diet, can be combined with aspartate to form L-arginine
by argininosuccinate synthase (Haines et al., 2010). L-arginine can then be converted to NO via
Nitric Oxide Synthase (NOS), leading to eventual vasodilation and several other physiological

mechanisms. One might ask why not supplement with L-arginine because it requires one less

enzymatic reaction. A large amount of ingested L-arginine is cleared from the body, either by
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bacteria in the intestines (Castillo et al., 1993), with arginases (Wu, 1998), or metabolized by the
liver (Morris, 2002). Unlike L-arginine, CIT does not undergo the same elimination processes
leading to higher concentrations of it in the blood (Bescos et al., 2012). Therefore, CIT
supplementation has been identified as a more efficient way to increase L-arginine levels and
subsequently NO.

NO is an extensively researched molecule in exercise physiology due to its ability to
regulate blood flow through vasodilation and mitochondrial respiration, thus affecting exercise
performance (Oral, 2021). While it is widely known that NO is critical for vasodilation (Jones et
al., 2021), there is nuanced evidence that NO can inhibit or enhance mitochondrial function
depending on the circumstances (Pappas et al., 2023; Poderoso et al., 2019). More specifically,
NO can inhibit cytochrome ¢ oxidase, which is the final complex in the electron transport chain
and mediates nearly all oxygen consumption in mammals (Poderoso et al., 2019). Because NO is
a diatomic molecule similar in structure to oxygen, it competitively and non-competitively
inhibits cytochrome ¢ oxidase, which reduces mitochondrial efficiency (Stamler & Meissner,
2001). Additionally, NO can indirectly reduce aerobic respiration by inhibiting aconitase, which
isomerizes citrate to isocitrate in the Kreb’s Cycle, leading to an overall reduction in ATP
production (Williams & O’Neill, 2018).

Contrasting the possible reductions in mitochondrial function from NO and even NOS
activity (Stamler & Meissner, 2001), other evidence suggests that NO can improve mitochondrial
oxidative efficiency during exercise by increasing ATP synthase coupling and reducing the
proton gradient (Pappas et al., 2023). It is possible that several of the above mechanisms are
occurring simultaneously as NO has a host of targets (Stamler & Meissner, 2001). This is

important information to be cognizant of when examining possible mechanisms involved with
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CM supplementation as NO has a hand in a multitude of physiological pathways (Jones et al.,
2021).

With possible decreases in mitochondrial function because of NO, it begs the question of
whether malate, an intermediate in the Kreb’s Cycle, could help mitigate any decrements to
mitochondrial efficiency caused by NO production. Malate has been suggested to increase
aerobic ATP production, in addition to delaying fatigue through the mitigation of lactic acid
formation by promoting pyruvate oxidation into acetyl coenzyme-A (Bendahan et al., 2002;
Gonzalez & Trexler, 2020). It is also hypothesized that malate will additionally enhance the
efficiency of the MAS, further improving mitochondrial function (Gough et al., 2021). Still, the
proposed mechanisms of enhancement to exercise performance from malate supplementation
have not been directly observed in humans, resulting in an unclear understanding of aerobic
respiration contributions to possible exercise performance enhancements (Gough et al., 2021).

The combination of malate and CIT in CM supplements is proposed to cause a
synergistic enhancement to exercise performance. This is due to the eventual production of NO
through NOS propagated and increased FMD (Rogers et al., 2020) by CIT coupled with possible
improvements (or at least mitigating any decrements) to oxidative energy production via malate
(Gonzalez & Trexler, 2020). Overall, it is unclear the extent to which CIT (through the NOS
pathway) and malate (through the Kreb’s Cycle) contributes to aerobic pathways or performance.
2.05 — Citrulline Malate and Exercise:

As previously discussed, CM is suggested to improve or mitigate aerobic energy
production capacity due to the combination of malate to CIT, possibly providing a synergistic
ergogenic enhancement of exercise performance. In terms of CM supplementation studies and

exercise performance, there is less research on types of aerobic exercises than there is on types of
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resistance exercises, further highlighting the need to better understand how CM supplementation
influences aerobic variables. One of the first studies reporting on aerobic performance effects of
CM supplementation found that rates of oxidative ATP production increased, but this was after
ingesting 2g of CM per day for 15 days (Bendahan et al., 2002). However, the results from this
article should be cautiously interpreted due to there being no control/placebo group and the
participants being symptomatic of fatigue. Most studies have investigated how an acute dose of
CM primarily affects resistance training, where maximum number of repetitions (MNR) was
measured, which could give insight into aerobic aspects of exercise as aerobically trained
individuals generally have a higher MNR (Panissa et al., 2013).

In a randomized, double-blind crossover study, participants increased total number of
bench press repetitions after consuming an acute 8g dose of CM taken one hour prior to exercise
(Pérez-Guisado & Jakeman, 2010). Using a similar study design, participants significantly
increased total number of repetitions in the last of five sets of the leg press, hack squat, and leg
extension after an acute 8g dose of CM taken one hour before exercise (Wax et al., 2015). Wax
et al. (2016) also investigated changes to upper body lifting performance after an acute 8g dose
of CM taken one hour prior to exercise, and reported a significant increase in total number of
repetitions for chin-ups, reverse chin-ups, and push-ups. Participants in all three of the
aforementioned studies were resistance-trained males.

In recreationally resistance-trained males, after an 8g dose of CM 40 minutes prior to
exercise, there were no significant improvements to total repetitions after a bench press training
protocol (Gonzalez et al., 2018). These results may, in part, be due to the fact that the CM dose
was taken only 40 minutes before exercise as opposed to 60 minutes prior, which allows for the

highest bioavailability of CIT in the plasma (Moinard et al., 2008). In another study involving
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recreationally active males, there was no significant increase in total repetitions of leg press or
hack squat exercises following an acute 6g dose of CM taken one hour prior to exercise (da Silva
et al., 2017). Again, one of the reasons behind the nonsignificant results could partly be because
of the lower dose utilized in this study. Similarly, Chappell et al. reported no significant
increases in total repetitions in leg curls (2020) or barbell curls (2018) after 8g of CM one hour
prior to exercise.

In a study involving recreationally active males performing maximal leg extensions for
five sets of 30 repetitions two hours after an acute 8g dose of CM, there were no significant
changes to plasma nitrates, blood flow, metabolic efficiency, or hormonal response (Trexler,
Keith, et al., 2019). In a similar study but with submaximal isotonic leg extensions, an acute 8g
dose of CM taken two hours before exercise also did not improve performance, blood flow,
metabolic efficiency, or hormonal response (Trexler et al., 2020). According to the findings
reported by Moinard et al. (2008), the highest levels of plasma CIT are found one hour after
ingestion and decrease by more than half two hours after ingestion. This suggests that at two
hours post-CM-consumption, when exercise began in both aforementioned Trexler studies, there
were not high enough levels of CIT available in the plasma, which could have contributed to the
lack of significant results reported by both studies.

Overall, CM supplementation yielded the most improvements to performance with doses
of 8g or higher given one hour prior to resistance exercise (Chappell et al., 2020; Glenn et al.,
2016; Glenn et al., 2017; Pérez-Guisado & Jakeman, 2010; Wax et al., 2015; Wax et al., 2016) as
opposed to doses smaller than 8g (da Silva et al., 2017) or doses given more than one hour after
consumption (Trexler, Keith, et al., 2019; Trexler et al., 2020). The studies mentioned did little

to no measuring of possible mechanisms involved with performance improvements, further
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supporting the need for exploration into this topic. Additionally, future recommendations from a
recently published meta-analysis further emphasize that acute CM supplementation could
improve muscle endurance, but further research is needed to confirm this claim; especially
regarding the dosing, timing, and aerobic performance measures (Park et al., 2023).

2.06 — Citrulline and Exercise:

Because CIT is a main ingredient in CM supplements that can cause its own
physiological responses independent of malate, it is necessary to discuss existing literature where
only CIT supplementation was used. Several studies have investigated loading doses of CIT
taken over the span of several days to several weeks, but the results from studies utilizing acute
doses of CIT will be focused on as this is what is being tested in the current study.

There are perplexing results reported after acute CIT supplementation, which is most
likely due to varying dosing and timing protocols used in each study. Cutrufello et al. (2015)
found no significant changes to maximal oxygen consumption (VO2 max) or FMD one or two
hours after 6g of CIT supplementation. These results could be explained by the timing of the
dosing, as peak plasma levels of CIT are highest one hour after consumption, rather than two
(Moinard et al., 2008). In addition, larger doses of CIT consumption have been shown to
increase plasma CIT levels the greatest (Moinard et al., 2008), suggesting that an acute dose of
6g was not enough to improve exercise performance due to less bioavailability of CIT. Similar
results were reported by Hickner et al. (2006), wherein an acute 3g dose of CIT 3 hours before
exercise or a 9g dose given over 24 hours did not elicit significant changes to VO, peak or
submaximal oxygen consumption. Additionally, Martinez-Sanchez et al. (2017) reported
participants who completed a half-marathon did not have any improvements in time to

completion but did have a significant reduction in muscle soreness up to 72 hours after the race
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following ingestion of 500mL of watermelon juice (with 3.45g of CIT). These results emphasize
the need to utilize optimal dosing and timing of supplementation before exercise in order to
ensure exercise is taking place near the time point where CIT levels are increased rather than
depleted (Gonzalez et al., 2023). Overall, acute doses of only CIT have inconsistent results that
require further exploration.

2.07 — Summary on CIT/CM Performance Effects:

Despite a multitude of studies investigating both CIT and CM influence on a variety of
exercise performance variables, it is challenging to make comparisons due to the varying dosing
and timing protocols implemented in each study. Experiments investigating aerobic effects from
CIT are lacking (Cutrufello et al., 2015; Hickner et al., 2006; Martinez-Sanchez et al., 2017). On
the contrary, there is substantial evidence that CM supplementation could potentially alter
aerobic performance variables as acute doses have significantly increased MNR performed in
several exercises (Chappell et al., 2020; Glenn et al., 2016; Glenn et al., 2017; Pérez-Guisado &
Jakeman, 2010; Wax et al., 2015; Wax et al., 2016).

2.08 — Emphasis on only Sampling Women:

Most literature investigating performance effects of CM have either solely involved
males or included both males and females in the sample, as few have exclusively included
females. One study involving resistance-trained females ingesting 8g of CM one hour before
performing bench press and leg press exercises (6 sets at 80% 1-RM to failure) reported a
significant increase in total repetitions for both lifts and a decrease in RPE during bench press for
the CM group (Glenn et al., 2017). Another study only involving females reported a significant
increase in maximal and average grip strength, and peak and explosive power during a Wingate

test after an acute 8g dose of CM taken one hour prior to exercise (Glenn et al., 2016). Gills and
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colleagues (2022) investigated how an acute 8g dose of CM affected peak power and torque
output during a S-repetition and 50-repetition isokinetic knee extension test and found that CM
did not influence performance on the 50-repetition test, but did increase total work completed
during the 5-repetition test. The participants in this study were also tested during the
menstruation phase of the menstrual cycle to control for estrogen levels (Gills et al., 2022), as
estrogen has been shown to up-regulate genes related to NO production (Mendelsohn & Karas,
1994). These three studies are the only three, to the author’s knowledge, that only have female
participants. Thus, there is a need to attempt to fill this gap in the literature which is one of the
goals of this study.

In addition to contributing to the amount of literature solely using a female sample, there
are some skeletal muscle biological sex differences between men and women that require
acknowledgment. Women tend to have more type I, oxidative muscle fibers when compared to
men who tend to have more type 11, glycolytic muscle fibers (Staron et al., 2000; Lindholm et al.,
2014). Type I fibers have higher amounts of mitochondria, more mitochondrial and oxidative
enzymes, and increased capillary density (McArdle et al., 2015). Because of these differences,
we wanted to use a sample that was similar in muscle composition.

2.09 — Menstrual Cycle Considerations:

It is important to consider the menstrual cycle and its potential impact on exercise
performance outcomes and bioenergetics as hormones fluctuate greatly during the entire cycle.
Current literature regarding menstrual phase and exercise is contradictory, but one thing is clear:
it depends on what is being measured and what phase it is being measured in (McNulty et al.,
2021). There are three phases of the menstrual cycle that are of particular interest: the

menstruation or early follicular phase (EF), the midfollicular phase, and the luteal phase (Brown,
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2022). Gonzales and colleagues (2020) reported no changes in exercise-onset vasodilator kinetics
between the follicular phase and luteal phase after CIT supplementation, although vasodilator
kinetics were slower during the luteal phase than follicular phase. Additionally, FMD (a
proposed mechanism of NO production) has not been shown to fluctuate across the menstrual
cycle in women with natural cycles and those on oral contraceptive pills (OCP) (Shenouda et al.,
2018). Bioenergetics and mitochondrial dynamics have been shown to be regulated by estrogen
via gene expression (Klinge, 2020), which could have implications on this study as estrogen
levels fluctuate throughout the menstrual cycle and is elevated in the luteal phase. In a study
analyzing substrate utilization fluctuations in healthy, physically active women, carbohydrate
utilization and oxidation values were significantly higher in the follicular phase than in the luteal
phase during aerobic exercise (Willett et al., 2021). The results from Klinge (2020) and Willett et
al. (2021) demonstrate that mitochondrial activity and bioenergetics are subject to change during
the menstrual cycle, which needs to be considered in the current study.

In the present study, it was decided to test during the EF phase due to there not being any
changes in FMD (Shenouda et al., 2018), having no changes to vasodilator kinetics (Gonzales et
al., 2020), and levels of the hormones associated with the menstrual cycle being the lowest
(Holesh et al., 2023). Because mitochondrial dynamics and gene expression (Klinge, 2020) and
substrate utilization (Willett et al., 2021) are influenced by estrogen levels, testing participants in
the current study during the EF phase provides the best control for these variables as estrogen
levels (among other hormones) are the lowest during this phase. Additionally, potential
participants were not excluded due to the use of OCP specifically (Shenouda et al., 2018); they
just needed to have a regular menstrual cycle with menstruation (defined as having one period

per month for at least the past three months).
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2.10 — Critical Force:

Critical power (CP) represents a threshold of power output that can be indefinitely
maintained via oxidative ATP production and allows for a better understanding of fatigue and
aerobic capacity (Jones et al, 2010). For this study, the term “impulse” is used because the
exercise performed is an isometric contraction performed over a period of time with no lever
arm. The concept of CP still applies to critical impulse (CI) and critical force (CF). The time to
fatigue during high-intensity muscular exercise proceeds in an expected, hyperbolic fashion
(Jones et al., 2010). A five-minute “all-out” test developed by Burnley and colleagues (2009)
allowed for an estimation of critical torque (using isometric contraction of the knee extensors)
that utilized a 3-second contraction/2-second rest duty cycle for five minutes. A similar protocol
was employed by Kellawan & Tschakovsky (2014), but for an isometric handgrip exercise test
with a 1-second contraction/2-second rest duty cycle for ten minutes. The current study
combined aspects from each of these protocols as we used a 3-second contraction/2-second rest
duty cycle for five minutes but for an isometric handgrip test. Altogether, this test provides an
estimate of aerobic capacity.

Critical power/force is influenced by several variables, one of them being oxygen
delivery to exercising tissues (Goulding & Marwood, 2023). When a cycling CP test was
performed during blood-flow occlusion (hypoxic conditions), CP was significantly lower than
during non-occlusion (Broxterman, Ade, et al., 2015). These results were also reported when
blood flow was occluded during a handgrip CF test (Broxterman, Craig, et al., 2015).
Contrastingly, when CP was measured on a cycle ergometer when breathing in hyperoxic gas,
CP significantly increased in comparison to those who breathed in normoxic gas (Goulding et al.,

2020). Whether blood flow or oxygen levels were inhibited (Broxterman, Ade, et al., 2015) or
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enhanced (Goulding et al., 2020), CP changed accordingly, which further confirms that CP is a
parameter of aerobic metabolic function. Because CP is influenced by oxygen delivery, if blood
flow or oxygen delivery is increased, oxygen extraction by the tissues presumably decreases due
to a lower partial pressure of oxygen in the tissues, potentially influencing VO, and therefore CP
(Broxterman, Ade, et al., 2015). Therefore, if CM supplementation does increase blood flow or
oxygen delivery to exercising muscle through its proposed mechanisms, CF, in this case, could
be altered. By performing a handgrip CF test (HGCF) after CM supplementation, and in
comparison to a placebo, it allows for a better understanding of how (if at all) aerobic
mechanisms involved with CP are affected by an acute dose of CM.
2.11 — Mitochondrial Function Testing via Near Infrared Spectroscopy (NIRS):
Traditionally, muscle oxidative capacity has been estimated using invasive procedures
such as biochemically analyzing muscle biopsies (Nagasawa et al., 2003). More recently, though,
noninvasive technologies have been developed to estimate muscle oxidative capacity, two of
those being Magnetic Resonance Spectroscopy (MRS) and NIRS technology. MRS monitors
phosphorus metabolites in the body by specifically measuring recovery rates of phosphocreatine
(PCr) (Ryan et al., 2013), which estimates mitochondrial function as recovery of PCr levels is
controlled by mitochondrial ATP production (Nagasawa et al., 2003). NIRS, another noninvasive
tool to measure oxidative capacity or mitochondrial function, utilizes light at two different
wavelengths to estimate oxygenated and deoxygenated forms of hemoglobin and myoglobin.
More specifically, both oxygenated and deoxygenated forms of hemoglobin and myoglobin
absorb light at 800nm, but only deoxygenated forms of hemoglobin and myoglobin absorb light
at 760nm, allowing for an estimation of percentages of each form in small blood vessels,

capillaries, and intracellular muscle points of oxygen uptake (Mancini et al., 1994).
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An early study reported a significantly strong, positive correlation between post-exercise
oxygen consumption time constant and recovery of PCr time constant (Nagasawa et al., 2003),
further supporting PCr recovery rates representing validity in this measure to estimate
mitochondrial function. More recently, a cross-validation study between P-MRS and NIRS
testing conducted by Ryan et al. (2013), reported very high agreement between the time
constants from P-MRS and NIRS, suggesting that NIRS testing is a valid way to measure
mitochondrial function. This test has high repeatability day-to-day (Zhang et al., 2020).
However, there are limitations to NIRS technology in terms of estimating skeletal muscle
oxidative capacity. Sites with large layers of adipose tissue decrease accuracy of NIRS
measurements as the signal only protrudes about 1.5cm deep, limiting accurate measurements to
sites with less adipose tissue and good access to superficial muscles (Ferrari et al., 2011), which
is partly the reason why the mitochondrial function test is being performed on the elbow flexor
muscles in the current study.

2.12 — Summary of Literature Findings:

CM supplementation is hypothesized to influence exercise by increasing vasodilation via
NO production from CIT and increasing mitochondrial function through the Kreb’s Cycle/MAS
from malate (Wu et al., 2007; Gough et al., 2021). However, NO has been shown to inhibit or
improve mitochondrial function depending on the circumstances (Pappas et al., 2023; Williams
& O’Neill, 2018). This, in conjunction with the influence of malate, has led to ambiguity on
possible mechanisms involved with CM and the implications on exercise performance as malate
supplementation has only been studied in mice (Wu et al., 2007) and not humans. Specifically,
estimating mitochondrial function while also analyzing an aerobic performance test after CM

supplementation has not been done, let alone with proper pharmacokinetic dose and timing
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protocols (Moinard et al., 2008). CF, a measure of aerobic capacity (Jones et al., 2010) and is
dependent on blood flow and oxygen delivery (Broxterman, Ade, et al., 2015; Goulding et al.,
2020), has not been measured following CM supplementation, which is thought to influence

these mechanisms. Furthermore, there is a lack of female representation in this body of research.
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CHAPTER III: METHODOLOGY

3.01 — Introduction to Chapter:

Research has suggested that CM supplementation could improve exercise performance
(Gills et al., 2022; Glenn et al., 2016; Glenn et al., 2017; Pérez-Guisado & Jakeman et al., 2010;
Wax et al., 2015; Wax et al., 2016). CIT by itself is hypothesized to increase NO bioavailability,
potentially leading to increased oxygen delivery to skeletal muscle (Bescos et al., 2012). Malate
is hypothesized to increase mitochondrial function by increasing the efficiency of the Kreb’s
Cycle and the MAS, but this is unclear and has only been observed in mice (Wu et al., 2007).
Thus, it has been suggested that the CIT and malate present in CM supplements may provide a
synergistic effect to improve exercise performance, but the mechanisms with malate and its role
in aerobic metabolic pathways and how they affect aerobic exercise performance are not fully
understood. Additionally, the utilization of a potent enough dose of CM with adequate timing for
absorption and utilization in studies investigating CM is warranted. Finally, there is a lack of CM
studies using solely female participants. To date, no studies have investigated how a large (12g)
dose of CM affects a possible aerobic mechanism or an aerobic performance test in only women.

This chapter will begin by describing the sample that was used in the study, followed by
a highlight of the inclusion and exclusion criteria. An explanation of the research design and the
experimental overview is described. Next, the instruments and measurement protocols are
detailed. The HGCF test, supplementation procedures (drinks, dose, timing, randomization) are
then explained, followed by the data collection procedures. The chapter is then concluded by
detailing the data management tools and devices, data analysis procedures, and statistical

analyses used.
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3.02 — Participants:

A total of 25 female participants (age: 21.8 + 4.3 years, height: 161.2 + 7.3 cm, weight:
64.4 £ 11.9 kg, values are mean + SD) were recruited for the study, but only 17 completed all
experimental procedures and were subsequently included in the analysis. Five participants
dropped out of the study due to scheduling and period fluctuation issues, and three participants
completed all visits after the deadline to be included in this sample. Convenience sampling was
utilized for this study as all participants volunteered and were a part of the OU community. OU
Mass-Mail emails sent out to all female faculty, staff, and students, paper flyers posted in
classrooms and common areas in the Department of Exercise Science at OU, word-of-mouth,
and announcements in student club meetings/classes were all methods used for recruitment of
participants. A sample of 17 participants was found to be sufficient to detect an effect of 0.34 SD
(low-moderate Cohen’s d effect size) using a dependent measures t-test (used in the present
study to examine differences between the CM and placebo conditions on multiple measures;
please see statistical analysis section) assuming a correlation of 0.90 between repeated testing.
Additionally, a sample of 17 was sufficient to detect an interaction effect of 0.46 SD (moderate
effect size) using a 2 condition x 16 time point completely within repeated measures ANOVA
(see statistical analysis section).

Before any testing or data collection began, participants were made aware of all
experimental procedures, gave informed consent, signed a HIPAA Authorization form, recalled
their physical activity from the last seven days using the International Physical Activity
Questionnaire (IPAQ), and completed the Physical Activity Readiness Questionnaire (PAR-Q) to
determine if they were fit for exercise. Additionally, participants completed a Menstrual History

Questionnaire to determine when the participants’ menstruation phase occurred and a Health
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Status Questionnaire to assess possible medications, nicotine habits, and basic health
information. All participants were classified as either moderately- (600+ METmin/week) or
highly-trained (1500+ METmin/week) according to the IPAQ classifications. All forms
mentioned can be found in Appendices B-G.

3.03 — Inclusion Criteria:

To be included in the sample for this study, participants needed to be female between the
ages of 18-35 years and have a regular menstrual period.
3.04 — Exclusion Criteria:

Exclusion from the study resulted if the person was outside of the specified age range,
had musculoskeletal injuries that affected forearm exercise performance, answered “yes” to any
questions on the PAR-Q, had consumed nicotine within the last six months, were pregnant or
breastfeeding, had any known cardiovascular, pulmonary, or metabolic diseases that influenced
exercise performance, or any took heart/metabolic medications that could affect endothelial
responses to exercise.

3.05 — Experimental Design and Overview:

This study utilized a randomized, double-blind, placebo-controlled, crossover design.
Participants completed three visits. Visit 1 included completion of paperwork, measurement of
height and weight, and familiarization to the mitochondrial function test, handgrip MVCs,
handgrip critical force (HGCF) test, and recovery MVCs. Visits 2 and 3 took place when
participants were on their menstrual period and were separated by a minimum of 48 hours.

Before Visits 2 and 3, participants were instructed to not eat anything 8 hours prior to
arrival time, not consume any non-steroidal anti-inflammatory drugs (NSAIDs), caffeine, or

participate in any vigorous exercise for 12 hours before arrival time. These requirements are
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based on the recommendations from Harris et al. (2010) for FMD testing, which has been shown
to be affected by CM supplementation (Rogers et al., 2020). Once at the laboratory, participants
had a maximum of 15 minutes to drink either the CM or PLAC drink. Neither the participant nor
researcher knew the contents of the drink. The order of drinks on testing days were randomly
assigned and counter balanced. Immediately after the participant consumed the drink, a one-hour
timer was started. During this time, the participants all watched the same 1.5-hour (45 min
during Visit 2 and 45 min during Visit 3) documentary in a seated position. As soon as the one-
hour rest period was completed, the mitochondrial function test began. After this was finished,
participants transitioned to the custom handgrip apparatus and performed a series of MVCs,
completed the HGCF test, and then performed four MVCs one minute apart beginning one
minute after completion of the HGCF test (known as the recovery MVCs). The same procedures

were completed for Visit 3, just after consuming the drink that was not consumed on Visit 2.

Visit 1 Visit 2 Visit 3
Informed Consent CM or PLAC Drink CM or PLAC Drink
Paperwork 1-hr Rest Period 1-hr Rest Period

Familiarization
Mito. Function
MVCs
HGCF Test
Recovery MVCs

w/ Documentary
Mito. Function
MVCs
HGCF Test
Recovery MVCs

w/ Documentary
Mito. Function
MVCs
HGCF Test
Recovery MVCs

X # of days

48 Hours Apart During
Menstruation Phase

Figure 1: Experimental timeline and overview of measures.
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3.06 — Experimental Procedures:

Mitochondrial Function Testing Using Near Infrared Spectroscopy (NIRS):

A total of three estimations of mitochondrial function using NIRS were completed on
each participant, one during each visit. For each test, the subject laid on their back on a table
with their legs uncrossed. Blood pressure was taken with a sphygmomanometer (Omron
Healthcare, Inc., Lake Forest, IL 60045) and then recorded. The NIRS Portamon device (Artinis
Medical Systems B.V., The Netherlands), after it was wrapped in plastic wrap to keep out
moisture, was placed on the subject’s non-dominant forearm superficial flexor muscles felt for
by palpation. The NIRS device was secured using two bandage wraps to keep out excess light.
The device was connected to a laptop with OxySoft software (Artinis Medical Systems B.V.,
The Netherlands) via Bluetooth. The wavelengths utilized were 848nm and 759nm and the
sampling rate was set at a rate of 10Hz.

A blood pressure cuff was placed on the upper part of the subject’s nondominant arm and
connected to a Hokanson E20 Rapid Cuff Inflator and Hokanson AG101 Cuff Inflator Air
Source (D.E. Hokanson, Inc., Bellevue, WA 98005). The pressure setting on the Hokanson Air
Source was set to 100mmHg above the subject’s systolic blood pressure. Once the equipment
was set up, a 2.5-minute resting period occurred to allow for the oxygenated hemoglobin
(OxHb), deoxygenated hemoglobin (DeOxHDb), difference between OxHb and DeOxHb
(HgBDifY), and tissue saturation index percentage (TSI%) readings to normalize. After this 2.5-
minute resting period, a series of cuff inflations, deflations, and exercise was performed
according to the procedure below:

e Inflate 30 seconds/Deflate 30 seconds X 2

e Isometric Handgrip Pulse (2s on 2s off for 20 seconds)
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e Rest period 3 seconds
e Inflate 5 seconds/Deflate 5 seconds X 7
e Inflate 7 seconds/Deflate 7 seconds X 4
e Inflate 10 seconds/Deflate 10 seconds X 4
e Isometric Handgrip Hold 3 seconds
e Inflate 5 minutes
e Deflate 5 minutes
This protocol was adapted from Brizendine et al. (2013). After the 5-minute deflation
period, another file on the OxySoft software was opened for the HGCF test. The NIRS Portamon
device on the forearm was not moved in between tests.
A blood volume correction was performed on the raw values of OxHb, DeOxHb,
HgBDiff, and TSI1%, as outlined by Ryan et al. (2012). Raw OxHb and DeOxHb values were

used in the following equations:

(OxHb|

M B B |OxHb|+DeOxHb|
) cOxHb = OxHb - [TotalHb x (1- B)]
3) cDeOxHb = DeOxHb - (TotalHb x )

Equation 1 represents S, the blood volume correction factor, and was calculated for every
data point during the mitochondrial function test. To calculate the OxHb after correcting for
blood volume, raw OxHb values were substituted into Equation 2. The same was done for
DeOxHb values but using Equation 3. These methods are congruent with similar studies (Ryan et
al., 2012). For estimation of mitochondrial function, the slope of the increase in DeOxHb after

each inflation following the 20-second incremental handgrip exercise was determined. The slope
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was calculated by using Microsoft Excel to find the largest, most consistent segment during the
inflation period. The slopes from the first six inflations after the handgrip exercise and the
average of the first 30-second inflations was used in accordance with McCully et al. (2020)
because the metabolic rate changes the greatest during the first six inflations and the date tends to
be cleaner. More specifically, these slopes were fit with a single exponential decay curve in
which a time constant (tau) value (measured in seconds) was calculated and used to estimate
mitochondrial function.

Handgrip Critical Force (HGCF) Test and Setup.

The participant sat upright on a traditional preacher curl bench to attempt to limit as
much arm movement as possible and keep the angle of the subject’s arm/forearm consistent
between participants. The subjects grasped a custom, 3D printed handgrip device with four
fingers wrapped around the handle and the thumb wrapped underneath. Their forearm was placed
on a support while gripping the device. The custom handgrip device was connected to a force
transducer which sampled at a frequency of 2000Hz (Transducer Techniques, Temecula, CA
92590). The table position was adjusted depending on the participant’s anthropometrics and
comfort and recorded in order to replicate in future tests.

The force transducer transmitted a reading in Volts to a BIOPAC MP150 data acquisition
system (BIOPAC Systems Inc., Goleta, CA 93117) for analysis with AcqKnowledge Acquisition
and Analysis software (BIOPAC Systems Inc., Goleta, CA 93117). This signal was filtered using
a low pass filter at SHz and converted to Newtons according to the manufacturer’s calibrations.
A screen was placed directly in front of the participants which displayed the BIOPAC force
outputs and a video with the timing of each contraction for them to observe and follow. Before

completion of the HGCF test, participants performed multiple three-second MVCs to practice
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giving maximal effort. They observed their force output on the screen and tried to increase it
with each effort. One minute of rest was provided between MVCs.

During the HGCF test, participants were instructed to perform a MVC for three seconds
followed by a two-second rest period. This cycle repeated for a total of five minutes, or a total of
60 contractions. A PowerPoint presentation converted to a video with these timings played on
the TV in front of the participants as a prompt of when to contract and relax. Verbal
encouragement was given throughout the test. After the five minutes were completed, subjects
completed four MVCs each with one minute of rest to represent recovery after a fatiguing test.

NIRS Recordings During the HGCF Test:

The NIRS device recorded OxHb, DeOxyHb, HgBDiff, and TSI values during the pre-
test MVCs, HGCF test, and the recovery MVCs. These values were normalized to the subject’s
0% oxygen saturation (the minimum OxHb reading during the five minutes of total occlusion
after the mitochondrial function test) and 100% oxygen saturation (the maximum OxHb reading
during the four minutes of reactive hyperemia following cuff-release after the mitochondrial
function test). These procedures are in accordance with previous studies (Ryan et al., 2012).
3.07 — Supplementation Procedures:

All drinks were prepared by the same researcher, but this researcher was blinded to the
contents in the drinks used on a particular participants’ testing day and were randomly assigned
by a different researcher. The PLAC drink contained 1g (one packet) of no-calorie saccharin
sweetener (Walmart Inc., Bentonville, AR 72716) and 2.4g (one packet) of zero-sugar artificial
raspberry lemonade electrolyte water beverage mix (Propel, distributed by Gatorade, Chicago, IL
60604) thoroughly mixed into 500mL of water. The CM drink contained 12g of 2:1 L-citrulline

to DL-malate powder (Bulk Supplements, Henderson, NV 89011) measured out on a food scale.
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The same raspberry lemonade flavor packet used in the PLAC drink was mixed with the CM and
500mL of water. Both drinks were transparent and were indistinguishable by sight and taste. On
Visits 2 and 3, participants were given 15 minutes maximum to drink the entire 500mL, but most
consumed it in less than three minutes.

3.08 — Data Analysis:

The BIOPAC AcqKnowledge files for pre-exercise MVCs, HGCF test, and recovery
MVCs were converted to text files and then run through a custom-written MATLAB
(MathWorks Inc., Natick, MA 01760) script which calculated peak force, mean force, and area
under the curve (impulse) for each contraction during the HGCF test. Critical force and critical
force-time integral were calculated as the average of the final 6 contractions. The NIRS data for
the mitochondrial function tests were exported as text files and downloaded into Microsoft Excel
(version 16.71 for Mac) for analysis. Raw DeOxHb and OxHb values were corrected for blood
volume changes using the calculations mentioned in section 3.06. The NIRS data (OxHb,
DeOxHb, HgBDiff, and TSI1%) from the HGCF test were exported as text files and downloaded
to Excel for analysis. The values were corrected as mentioned in section 3.06. A custom-written
Excel template then calculated the total areas under the curve (AUC), 5-second, time-binned
averages, and 20-second, time-binned averages for each variable during exercise.

3.09 — Statistical Analysis:

Microsoft Excel and SPSS (version 28.0, IBM, Chicago, IL 60604) were used for
statistical analyses. All data are reported as mean = SEM unless otherwise noted. Dependent-
measures t-tests were used to compare the CM and PLAC conditions for maximal isometric
handgrip strength, critical force, critical force-time integral or impulse, NIRS estimation of

mitochondrial function, NIRS-derived AUC for OxHb, DeOxHb. A 2 (condition; CM and
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PLAC) x 16 (time) completely within, repeated measures ANOVA was performed to analyze
how OxHb, DeOxHb, and TSI% changed between the two conditions (CM and PLAC) and over
16 time periods (one pre-exercise and 15 during-exercise time points). This data was obtained
from the 20-second, time-binned averages of each variable. Lastly, a 2 x 5 completely within,
repeated measures ANOVA was performed to analyze how the recovery MVCs changed
between the two conditions (CM and PLAC) and over five time periods (final contraction at the
end of the HGCEF test and four time points after HGCF test). The Greenhouse-Geisser correction
was used if Machly’s test of sphericity was violated. Effect sizes are reported as Cohen’s d,
calculated by dividing the mean difference of the variables by the pooled standard deviation. A
small effect is 0.20, a moderate effect is 0.50, and a large effect is denoted as 0.80. The alpha

level was set at p < 0.05 for all tests.
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CHAPTER I1V: RESULTS

4.01 — Maximal Isometric Handgrip Strength:

MVCs from the CM testing day and PLAC (182.7 £49.9 N vs 187.9+ 53.2 N,
respectively) testing day were averaged and compared (Table 1). A dependent samples t-test
showed no significant differences between the CM condition and the PLAC condition (p =
0.288, Cohen’s d = -0.10).

4.02 — Critical Force:

The peak force from all 60 contractions of the critical force test are shown in Figure 2. A
dependent samples t-test found no significant differences between the mean of the peak force
from the final 6 contractions of the test in the CM condition and the PLAC condition (see figure
insert; p = 0.857, Cohen’s d = 0.02). Peak contraction force, expressed as a percentage of each
participant’s MVC on the respective testing day, can be seen in Figure 3. A dependent samples t-
test showed no significant differences between the mean of the force from the final 6
contractions of the test in the CM condition and the PLAC condition (see figure insert; p = 0.443,

Cohen’s d = 0.20).
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Figure 2: Peak force from all 60 contractions during the HGCEF test. Values are mean + SEM.

Insert shows mean CF values calculated from the final 6 contractions.
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Figure 3: Peak force from all 60 contractions during the HGCF expressed as a percentage of the

highest MVC obtained on the respective testing day. Values are mean + SEM. Insert shows mean

CF values calculated from the final 6 contractions expressed as a percentage of MVC.
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4.03 — Critical Force-Time Integral:

The mean of force-time integral (FTI) from each of the 60 contractions during the test
from the CM testing day and PLAC testing day are shown in Figure 4. A dependent samples t-
test showed no significant differences between the average FTI over the final 6 contractions of
the test in the CM condition and the PLAC condition (see insert; p = 0.093, Cohen’s d = 0.21).
The sum of the FTI (area or impulse) during the final 6 contractions as well as the sum of all 60
contractions from the HGCEF test for the CM testing day and the PLAC testing day are shown in
Table 1. A dependent samples t-test revealed no significant differences between the CM
condition and the PLAC condition for the sum of the final 6 contractions (p = 0.093, Cohen’s d =

0.21) and the sum all 60 contractions (p = 0.925, Cohen’s d =-0.008).
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Figure 4: Mean force-time integral from each of the 60 contractions during the HGCF test.
Values are mean + SEM. Insert shows mean critical FTI calculated from the final six

contractions.
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4.04 — NIRS Estimation of Mitochondrial Function:

Mean time constant (tau) values from the single-exponential curve fit from the
mitochondrial function tests are shown in Figure 5. Data from 2 participants were not included in
the analysis due to software malfunction and data loss. Therefore, only 15 participants from the

sample were analyzed. A dependent samples t-test revealed no significant differences between

the CM condition and the PLAC condition (p = 0.790, Cohen’s d = -0.09).
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Figure 5: Mean time constant (tau) values from the mitochondrial function test. N = 15. Values

are mean + SEM.
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Table 1. Average Values on CM and PLAC testing days.

CM PLAC
MVC (Newtons)? 182.7 +49.9 187.9 +53.2
YFTI Final 6 (N-s)* 1254.5 +392.6 1165.3 +£475.7
YFTI All 60 (N's)® 16024.9 + 5217.7 16070.6 + 6004.5
AOC OxHb (uM:s)° 3963.5 + 2522.5 3860.5 + 3789.8
AUC DeOxHb (uM's)®  14232.0 + 5987.9 15535.8 + 6878.0

Values are mean + SD. * indicates a sample size of 17 and  indicates a sample
size of 16. CM = citrulline malate; PLAC = placebo; MVC = maximal voluntary
contraction; Y FTI Final 6 = the sum of the force-time integral of the last six
contractions from the HGCF test; Y FTI All 60 = the sum of the force-time
integral of all 60 contractions during the HGCF test; AOC OxHb = area over the
curve for oxygenated hemoglobin during HGCF test; AUC DeOxHb = area under
the curve for deoxygenated hemoglobin during HGCF test.

4.05 — NIRS-derived Area Under the Curve (AUC) for Ox and DeOx Hemoglobin:

The mean area under/over the curve (area under/over the curve representing change from
resting values) for the OxHb and DeOxHb during the HGCF test can be found in Table 1. A
dependent samples t-test revealed no significant differences between the CM condition and the
PLAC condition for the AOC for OxHb (p = 0.88, Cohen’s d = 0.03). A dependent samples t-test
also revealed no significant differences between the CM condition and the PLAC condition for
the AUC for DeOxHb (p = 0.722, Cohen’s d = -0.20).
4.06 — NIRS-derived Oxygen Sat/Desaturation During HGCF Test:

Figure 6 shows five-second averages for OxHb, DeOxHb, and TSI% from the 1-min pre-

exercise, rest period and the HGCF test.
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Figure 6: Five-second averages for OxHb (A), DeOxHb (B), and TSI% (C) during the HGCF

and the one-minute rest period prior. Values are mean = SEM.

Statistical analysis was performed on 20-second averages (20 seconds covers 4
contractions during exercise), due to having too few participants to compare the 60 contractions
to each other and compared to the average across the 1-minute of rest prior to exercise. Values

for OxHb can be seen in Figure 7. A two-way repeated measures ANOVA was performed to
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analyze the effect of CM supplementation (condition) and time on OxHb values in comparison to
a placebo. Machly’s test of sphericity was violated for condition x time (p < 0.001), so the results
are reported after using the Greenhouse-Geisser correction. There was not a significant condition
X time interaction (p = 0.552) nor was there was a significant main effect for condition (p =
0.283). There was a significant main effect for time (p < 0.001). Analysis of main comparisons
across time points showed pre-exercise values were significantly higher than all 15 time-points
(p £0.012) during exercise. The average of OxHb values during the first 20 seconds (time point
1) was significantly lower than the resting time point (p < 0.001), significantly higher than the

average of time points 2 and 3 (p < 0.010), but not significantly different than time points 4-15 (p

>0.090).
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Figure 7: Twenty-second averages of OxHb during the HGCF test and one-minute prior. Values
are mean = SEM. * indicates pre-exercise values are significantly different than all 15 time

points during test (p < 0.001). ** indicates time points 2 and 3 are significantly lower than time

point 1 (p <0.010).
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A similar trend was observed for DeOxHb values and can be seen in Figure 8. Machly’s
test of sphericity was violated for condition x time (p < 0.001), so the results are reported after
using the Greenhouse-Geisser correction. The was not a significant condition x time interaction
(p = 0.666), nor was there was a significant main effect for condition (p = 0.738). There was a
significant main effect for time (p < 0.001). The DeOxHb was significantly lower at rest than any
of the 15 time points (p < 0.001) during exercise. The average of DeOxHb values during the first
20 seconds of exercise, during 20-40 seconds of exercise, and during 40-60 seconds of exercise

were significantly larger than the resting time point and significantly differed from all other time

points (p < 0.048).
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Figure 8: Twenty-second averages of DeOxHb during the HGCF test and one-minute prior.
Values are mean + SEM. * indicates pre-exercise values are significantly different than all 15
time points during test (p < 0.001). # indicates first, second, and third 20s averages were

significantly larger than resting and significantly different than all other time points (p < 0.048).
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Twenty-second averages of TSI% values are shown in Figure 9. Machly’s test of
sphericity was violated for condition x time (p < 0.001), so the results are reported after using the
Greenhouse-Geisser correction. There was not a significant condition x time interaction (p =
0.292). There was also not a significant main effect for condition (p = 0.358). There was a
significant main effect for time (p < 0.001). The average of TSI% values from the resting point
were significantly higher than all other time points (p < 0.001). The averages during the first
20sec of exercise were reduced compared to pre (p < 0.001) but elevated compared to all other
time point (p < 0.001). The average TSI% values during 20-40sec of exercise was significantly

larger than those from 40-60sec, 60-80 sec, and 80-100sec of exercise (p < 0.027), but not

significantly different from any of the time points after 100sec of exercise (p > 0.067).
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Figure 9: Twenty-second averages of TS1% during the HGCF test and one-minute prior. Values
are mean = SEM. * indicates pre-exercise values are significantly different than all 15 time

points during test (p < 0.001). * indicates value from the 0-20sec differed from all other

42



exercising time points, and ® indicates the value from 20-40sec of exercise differed from 40-
60sec, 60-80 sec, and 80-100sec of exercise. (p < 0.05).
4.07 — Recovery of MVC Following Exercise:

The final contraction during the HGCF test (End) and four recovery MVCs (Recl —
Rec4) were all divided by the largest MV C recorded during that test day and expressed as a
percentage of MVC. This is represented in Figure 10. A 2 x 5 repeated measures ANOVA was
performed to analyze the effect of CM supplementation (condition) and time on recovery MVCs
as a % of MVC in comparison to a placebo. Machly’s test of sphericity was violated for
condition x time (p = 0.003), so the results are reported after using the Greenhouse-Geisser
correction. There was not a significant condition x time interaction (p = 0.642). There was also
not a significant main effect for condition (p = 0.897). There was a significant main effect for
time (p < 0.001). The value from the final contraction of the HGCF test was significantly lower
than all 4 of the recovery MVCs (p < 0.001). Recl, performed one minute after completion of
HGCEF test, was significantly lower than Rec2-4 (p < 0.001). Similarly, Rec2 was significantly
lower than Rec3 and Rec4 (p < 0.001). Finally, Rec3 was significantly lower than Rec4 (p <

0.004).
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Figure 10: Recovery MVCs performed one minute, two minutes, three minutes, and four
minutes after completion of the HGCF test expressed as a percentage of the highest MVC
recorded on the respective testing day. “End” value represents the average of the final
contraction of the HGCF test. Values are mean + SEM. * indicates each time point differed from

all other time points (p < 0.05).
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CHAPTER V: DISCUSSION

5.01 — Purpose and Hypotheses:

The purpose of this study was to investigate if a single, acute dose of CM
supplementation affects mitochondrial function, forearm flexor critical force, and oxygen
saturation/desaturation in the forearm muscles during the critical force test, 60 minutes after
ingestion. It was hypothesized that an acute dose of CM supplementation would increase
mitochondrial function, improve performance of the HGCF test by increasing CF, and limit the
fall in oxygen saturation and rise in desaturation during the HGCF test. Based on the results
presented, none of these hypotheses are supported. Therefore, the null hypotheses are accepted.
An acute, 12g dose of CM, in comparison to a placebo, did not affect mitochondrial function,
performance of a HGCF test, or oxygen saturation/desaturation during the HGCF test in healthy
women aged 18-35 years.

5.02 — Maximal Isometric Handgrip Strength:

Handgrip MVC was not significantly different between the PLAC and CM
supplementation conditions. This contrasts the results from Glenn and colleagues (2016), where
they reported a significant increase in peak and mean maximal grip strength in women 60
minutes after consumption of 8g of CM. However, their participants were older (average age of
51 years) and were avid tennis players. Additionally, the grip strength was measured in the
subject’s dominant arm. The participants in the current study did all exercise performance on
their non-dominant arm to control for possible unequal training. Because the ability to produce
force decreases with age (Frontera et al., 2000; Rogers & Evans, 1993; Williams et al., 2002),
this could explain the discrepancy between results as older women might have a decreased

ability to produce force when compared to young women, allowing for more room for
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improvement. Glenn et al. (2016) discuss that maximal grip strength correlates with explosive
power, which was also increased after CM supplementation. However, the mechanisms leading
to the increased grip strength and explosive power reported by Glenn et al. (2016) are unclear
because there were no measures of a possible mechanism in addition to the participants being in
different menopausal stages.

5.03 — Critical Force:

CF and CF expressed as a percentage of MVC were not significantly different after CM
supplementation. While there is no direct reporting of CM supplementation on CP or CF in
previous studies, there are reports of CM supplementation on repetitions to failure. Glenn et al.
(2017) showed a significant increase in total repetitions of the bench press exercise following 8g
of CM supplementation in women. It is important to note that the type of exercise utilized by
Glenn et al. (2017) required more muscle mass than the handgrip exercise employed in the
current study. Thus, it is possible that performance effects of CM supplementation could be
dependent on the size of muscle mass involved with the exercise due to the hemodynamic of
small-mass and large-mass exercise. For example, Green et al. (2004) reported significantly
higher sheer stress on the endothelium during cycling exercise when compared to handgrip
exercise; possibly leading to more NO-mediated vasodilation with cycling exercise. This
suggests that NO-mediated vasodilation is more predominant in large muscle-mass exercises
when compared to small muscles-mass exercises like intermittent handgrip contractions (Green
et al., 2005).

Similar to findings from the current study, Farney and associates (2019) reported CM did
not attenuate muscular fatigue during high-intensity resistance training (squats, lunge jumps,

squat jumps, and lateral jumps) after an acute dose of 8g. Similarly, Fick et al. (2021) reported
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no significant change in fatigue rate in the quadricep muscle. While Farney et al. (2019) and Fick
et al. (2021) measured fatigue variables, there was no direct measurement of CF. Our results
suggest that CM supplementation did not influence the absolute or relative average peak of the
force produced in the last 30 seconds of a HGCF test in moderate- to highly-trained women.
Additional research should be done investigating if CM affects CF in other populations, such as
untrained individuals or men.

While CF or CP has not been directly measured after CM supplementation, CP has been
measured after beetroot supplementation. Beetroot contains nitrate, which, when supplemented
in the diet, can increase NO production through the nitrate-nitrite pathway independently of
oxygen (Jones et al., 2021). Although through a different mechanism, beetroot supplementation
could lead to an increase in vasodilation and oxygen delivery similarly to CIT/CM
supplementation. In recreationally active males, acute beetroot supplementation did not influence
CP performed on a cycle ergometer (Kelly et al., 2013). In this way, our results are congruent
with this study.

5.04 — Critical Force-Time Integral:

The FTI is the mean of the area of the final six contractions during the HGCF test. This
represents the absolute amount of work performed in the last 30 seconds of the HGCF test, and
these results suggest, similar to critical force, that CM supplementation does not increase the
work performed during this period when compared to a placebo. Similarly, the sum of the area
from all 60 contractions was also not affected by CM supplementation. These measures represent
the total amount of work done in the last 30 seconds and the total work during the whole 5-
minute HGCEF test, respectively. We are limited in the ability to directly compare these results to

those of another study analyzing CIT or CM supplementation on CP/CF, but there are similar
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measures that can be discussed. Glenn and colleagues (2017) reported an increase in the total
number of repetitions of the bench press after acute CM supplementation. A significant increase
in number of repetitions to failure was also reported by Wax et al. (2015, 2016), and Pérez-
Guisado & Jakeman (2010), but still, there are some studies that did not report any significant
increase to total repetitions to failure (Gonzalez et al., 2018; Martinez-Sanchez et al., 2017;
Trexler, Keith, et al., 2019). These incongruent results could be partly explained by the different
doses and timing of CM supplementation utilized. However, one study that investigated how 12g
of CM, the same dose used in the current study, affected a cycle time-to-exhaustion (TTE) test,
and reported no significant change (Cunniffe et al., 2016). While this is a TTE test, this study
used the same dose as the current one and found similar results. Gills et al. (2022) reported an
increase in the total work done during a 5-repetition isokinetic leg extension protocol, but not in
a 50-repetition protocol (though not technically a critical torque test) after acute supplementation
of CM. These variables were measured during a leg extension test which involves additional
muscle groups than the handgrip test in this study. In addition, the exercise tests conducted by
Gills et al. (2022) measured power compared to fatigue and endurance resistance exercise used
in the current study. Based on the results presented and those of other studies with similar
outcomes, CM supplementation has not been able to consistently improve fatigue resistance or
CP variables.
5.05 — NIRS Estimation of Mitochondrial Function:

A previous study in mice by Wu et al. (2007) found that 30 days of malate
supplementation let to an increase in forced swimming time and an increase in mitochondrial
malate dehydrogenase activity. As such, we hypothesized CM supplementation would improve

NIRS assessed mitochondrial function in the present study. However, unlike these findings, CM
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did not improve the mitochondrial function as presented in this study, which suggests that a
single, acute dose of CM was not sufficient enough to alter mitochondrial variables as
hypothesized. The mean time constants (tau values) reported in this study were generally larger
(therefore, slower) than those presented by Beever et al. (2020) (average tau value of S1sec vs.
23sec, respectively), though, these measurements were done in the vastus lateralis and
gastrocnemius muscles. Similarly, the tau values in this study were also slower than those
reported by DePauw et al. (2021), measured in the flexor forearm muscles (average tau value of
51sec vs. 35sec, respectively). These discrepancies could be due to the large variability in our
results, as the time constants varied greatly between participants and even between testing days.
5.06 — NIRS-Derived Area Under the Curve (AUC) for Ox and DeOx Hemoglobin:

OxHb and DeOxHb were measured during the HGCF test and expressed as a percentage
of peak saturation or desaturation from the total cuff occlusion measure. The AUC for DeOxHb
and area over the curve (AOC) for OxHb were calculated to represent a measure of the change in
oxygen saturation during the HGCF test. There was no significant difference between the change
in OxHb and DeOxHb during exercise after CM supplementation, compared to a placebo. This
finding contrasts with the results of Bailey et al. (2015), who reported an increase in VO2
kinetics and a decrease in the amount of DeOxHb following CIT supplementation. They
interpreted these results as CIT improving oxygen availability and distribution at the muscle.
However, an acute dose of CM was used in the current study whereas a loading dose of CIT over
the course of seven days was utilized by Bailey et al. (2015). Our results are, however, in
agreement with the results of Trexler et al. (2020), where total muscle oxygen consumption
measured via NIRS during exercise was not significantly different after 8g of CM

supplementation.
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5.07 — NIRS-Derived Sat/Desaturation During HGCF Test:

Throughout the HGCF test, OxHb, DeOxHb, and TSI1% were measured and expressed as
a percentage of peak saturation and desaturation, and TSI value during cuff occlusion. The
average of all four of these variables were taken over 20-second intervals which represents four
consecutive contractions.

During the HGCEF test, OxHb levels decreased immediately after the test began and fell
until they plateaued after =180 seconds. This trend is consistent with the results from Hammer et
al. (2020) who also showed an immediate decline in OxHb until a plateau is reached during a
HGCEF test. Also congruent with the results from Hammer et al. (2020), the DeOxHb levels
increased immediately after exercise began until a plateau was reached after ~120 seconds of
exercise. This same plateau of DeOxHb was also observed by Bailey et al. (2015), where
DeOxHb leveled-off just before =120 second into a bout of moderate-intensity cycle exercise.
Because the results presented in this study have the same patterns presented in other studies, it
increases the confidence that CM supplementation did not affect the variables measured.

OxHb and DeOxHb are embedded into the TSI% calculation, which accounts for why
there were no significant changes after CM supplementation. The changes in TSI1% over time are
consistent with what was reported by Hammer et al. (2020), where TS1% decreased immediately
after the HGCF test began and eventually leveled-off after =100 seconds of exercise. Bailey et al.
(2015) also reported a similar trend during a severe intensity cycling test.

5.08 — Recovery of MVC Following Exercise:

Another possible effect of CM supplementation could have been a faster recovery

following exercise. We completed four MVCs after the HGCEF test to test “recovery” of force

after exercise. CM supplementation did not influence how quickly force recovered compared to a
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placebo. It was hypothesized that due to the possible vasodilatory effects of CIT, more blood
flow to the exercising muscle after the fatiguing test would lead to a faster recovery of force
when compared to a placebo, but this was not the case in this study. The only studies that exist
investigating the effects of CIT/CM supplementation on recovery have mostly focused on
perceptions of muscle soreness after exercise, not how quickly force or another exercise
parameter was recovered after exercise. Most studies have reported a decreased feeling of muscle
soreness between 24-48 hours after exercise when CIT/CM was supplemented (Tarazona-Diaz et
al., 2013; Suzuki et al., 2016; and Pérez-Guisado & Jakeman, 2010; Rhim et al., 2020).
Subjective perceptions of muscle soreness were not measured in this study, but we can report
that force production after a fatiguing exercise test was not influenced by acute CM
supplementation.

Given the lack of data using CIT or CM to examine the recovery of force following
exercise, we looked to other supplements that lead to increases in NO bioavailability. Nitrate
supplementation through beetroot juice and other foods leads to increased NO production and
may influence of recovery rates following exercise (Larsen et al., 2011). This supplement acts
through similar mechanisms via NO as CM is proposed to. Nitrate supplementation has been
shown to speed up phosphocreatine (PCr) recovery kinetics after exercise, perhaps through
increased oxygen delivery (Vanhatalo et al., 2014). Because PCr recovery is a function of
aerobic ATP production, it is reasonable that if PCr is recovered faster, then this could translate
to an increase in the rate of force production after a fatiguing test. PCr recovery was not assessed
in the current study, however, given CM did not alter recovery of MVC it does not seem likley
that PCr recovery was influenced by CM. Vanhatalo et al. (2014) did observe the increase in PCr

recovery in a hypoxic environment, however, so it is possible that there needs to be some kind of
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oxygen deficit in order for CM supplementation to be effective in improving the recovery of
force production.
5.09 — Limitations:

There are limitations to this study. A larger sample size is needed as 17 participants only
allows for an effect size of (0.34-0.46 SD) to be detected. Additionally, plasma levels of CIT and
arginine were not measured, so there was no indication of how CIT was absorbed and then
converted to arginine. Therefore, we cannot confirm the extent to which CIT increased following
supplementation and/or whether there were inter-participant differences. Additionally, the CF
test was performed with voluntary contractions, and no measures specific to the origin of fatigue
(central vs. peripheral) were made. Also, the dose of CM and timing of the dose given affects the
amount of CIT available in the plasma to potentially be used in the NOS pathway. The dose used
in this study was 12g of a 2:1 citrulline:malate ratio, which equates to 8g of CIT and 4g of
malate. The quality of the supplement in this study was not sent off for secondary analysis, so the
exact ratio was not determined. Therefore, we can only assume a 2:1 ratio was used, and, if
different, could have affected results. Another limitation pertains to the testing taking place
during the menstruation phase of the menstrual cycle, so these results may not be extrapolated to
other phases of the menstrual cycle as levels of estrogen and progesterone could affect results
(Gonzales et al., 2020). Finally, due to NIRS software malfunctions, some participants were
delayed in the start of the HGCF test, usually by only 10 minutes. Because plasma CIT levels
decrease exponentially one hour after consumption (Moinard et al., 2008), it is possible that just
10 minutes of delay could have drastically impacted the amount of CIT available. Lastly, the
participants in this study were moderately or highly-trained, which could explain the lack of

improvement in performance or other variables as there would be less room for improvement.
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This is supported by the findings of Gough et al. (2021), as there were less improvements to
exercise performance tests if the participants were either resistance or aerobically trained.
5.10 — Significance and Future Study Recommendations:

The results of this study suggest that an acute dose of CM supplementation given
approximately one hour before a mitochondrial function test and HGCF test, had no influence on
aerobic capacity or aerobic performance in menstruating women aged 18-35 years. CM
supplementation did not affect mitochondrial function. To our knowledge, this is the first study
to examine CM supplementation on mitochondrial function in humans. Despite the proposed
mechanisms of CM would affect aerobic exercise performance more so than anaerobic exercise
performance, some studies have demonstrated improvements to anaerobic performance. In a
repetitions to failure test using 80% of the subject’s one-repetition max, those who supplemented
with CM were able to significantly increase in repetitions in the last set of exercise (Pérez-
Guisado & Jakeman, 2010). The authors postulate that high-intensity anaerobic exercises could
be greater influenced after CM supplementation. Glenn and associates (2016) reported a
significant increase in peak and explosive power during a Wingate test after 8g of CM
supplementation. This contrasts the results reported by Gills et al. (2021), where peak and mean
power were not changed after an acute 8g CM dose. It could be interesting to explore the use of a
larger dose of CM with effects on anaerobic performance moving forward.

Nitrate supplementation through consuming beet root juice is thought to work similar
mechanistically to CIT/CM by increasing NO production. A meta-analysis reports greater
performance on endurance exercises after nitrate supplementation comparted to CIT
supplementation (d’Unienville et al., 2021), which is attributed to elevated nitrate and nitrite

levels and a decrease in systolic blood pressure. Therefore, in the future, the effect of nitrate
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supplements on performance of a CF test could offer better insight to possible NO contributions
to exercise. It could also be interesting to compare nitrate/beetroot supplementation to CM
supplementation as both supplements could increase NO production but through different
mechanisms.

The type of dose (acute or loading), amount of supplement, and timing of supplement
before exercise could all impact results. Cunniffe et al. (2016) used the same dose of CM that we
used and reported no significant differences between mean power or TTE of a cycle ergometer
exercise test after CM supplementation compared to a placebo. Both the current study and
Cunniffe et al. (2016) reported no significant changes to performance after an acute 12g dose of
CM, but investigating how loading doses of CM affect performance is recommended for future
studies. Loading doses of CIT (6g/day for seven days) were utilized by Bailey et al. (2015), who
reported improved VO kinetics and total amount of work done during an exercise performance
test on a cycle ergometer. Similarly, Suzuki et al. (2016) utilized a 2.4g of CIT/day for seven
days dosing regimen and reported a reduction in time to complete a 4-km cycling exercise. One
of the only articles to investigate how a loading dose of CM (2g/day for four and eight weeks)
affected lean mass and muscle strength reported no improvements after CM supplementation for
8 weeks (Hwang et al., 2018). However, only muscular strength variables were measured, so in
the future, using a loading dose of CM to assess its effect on aerobic performance measures is
justified.

It is possible that in the present study, participants were not performing at their maximal
effort, but this cannot be confirmed as electromyography activity in the forearm muscles was not
measured. Electrically stimulated critical torque tests the variables associated with peripheral

fatigue as the muscle is being stimulated directly (Kent-Braun et al., 2012). In the future,
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assessing how (or if) CM supplementation solely affects peripheral fatigue during an electriclaly-
stimualted critical torque test could allow for a better delination and understanding of fatigue.
Additionally, the use of participants who are not trained is warranted as there could be a blunting
of ergogenic effects with more trained individuals (Gough et al., 2021; Hultstrom et al., 2015).
The total amount of work completedwas increased during severe-intensity cycling
exercise after a loading CIT dose was given for seven days, which was also accompanied by a
significant decrease in DeOxHb during this test (Bailey et al., 2015). While this study did utilize
a loading dose, it is possible that severe-intensity exercises that utilize a larger muscle mass are
more sensitive to the variables that CM is suggested to change. Thus, utlilizing a severe-intensity

exercise performance test is warranted in the future.
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Institutional Review Board for the Protection of Human Subjects

Initial Submission — Board Approval

Date: January 19, 2023 IRB #: 15311
To: Christopher D Black, PhD Meeting Date: 12/19/2022
Approval Date:  01/18/2023
Expiration Date: 11/30/2023
Study Title: The Effect of Acute Citrulline Malate Supplementation on Mitochondrial Function,
Oxygen Saturation, and Handgrip Critical Impulse in the Forearm Muscles.
Study Status: Active - Open - Expedited | CR Req

The University of Oklahoma Health Sciences Center’s Institutional Review Board (IRB) reviewed the
above-referenced research study at its regularly scheduled meeting and requested specific changes to
the submission. On behalf of the IRB, | have verified that the specific changes requested by the convened
IRB have been made and | grant final approval for this study.

Approval for this research is limited to the activities described in the approved protocol and application. In
accordance with this approval, specific conditions for the conduct of this research are listed below, and
informed consent from participants must be obtained as indicated.

Risk/Benefit Assessment: Research not involving greater than minimal risk.

Informed Consent Determination:
Informed consent and research privacy authorization must be obtained using the currently approved,
stamped forms. You must retain all original, signed forms.

Continuing Review Determination:

As part of this approval, annual continuing review is required. You must promptly submit a Continuing
Review/Final Closure Report Form and appropriate supporting documents to the IRB upon notification;
approximately 60 days prior to the expiration date indicated above.

Principal Investigator Responsibilities:
¢ Conduct the research study in a manner consistent with the requirements of the IRB and federal
regulations at 45 CFR 46 and/or 21 CFR 50 and 56.

¢ Request approval from the IRB prior to implementing any/all modifications.

¢ Promptly report to the IRB any harm experienced by a participant that is both unanticipated and
related per IRB Policy.

¢ Maintain accurate and complete study records for evaluation by the HRPP quality improvement
program and if applicable, inspection by regulatory agencies and/or the study sponsor.

The following are also required if applicable to this research study:

¢ You may not begin your study until the contract through Office of Research Administration (ORA) is
finalized and signed as per OUHSC Institutional policy.

« |f this study involves external sites requiring a reliance agreement for OUHSC to serve as IRB of
record, submit a modification to add each non-OU site and non-OU collaborator to the application
after a reliance agreement has been finalized.

Study documents approved or accepted with this submission are listed below. If you have questions
about this correspondence, contact the IRB at 405-271-2045 or irb@ouhsc.edu.

Sincerely,

Karen Beckman, MD, Chair
Institutional Review Board
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701A Consent | OUHSC IRB Version Date: 01/18/2022
IRB Number: 15311

Consent Form to Participate in a Research Study
University of Oklahoma Health Sciences Center (OUHSC)
University of Oklahoma, Norman

Study Title: The Effect of Acute Citrulline Malate Supplementation on Mitochondrial Function, Oxygen
Saturation, and Critical Impulse in the Forearm Muscles

Sponsor: Department of Health and Exercise Science

Principal Investigator: Dr. Christopher Black
Phone Number: 706-255-3750 (cell); 405-325-7668 (office)

KEY INFORMATION ABOUT THE RESEARCH STUDY

You are being asked to participate in a research study. Research studies are voluntary and include
only people who choose to take part. This consent form begins with a ‘Key Information’ section to
provide important information to help you decide whether or not to participate in this study. More
detailed information is provided after the key information. Please take your time, discuss this with family
and friends, and ask the investigator and study team any questions you may have.

WHY HAVE | BEEN ASKED TO PARTICIPATE IN THIS STUDY?

You are being asked to participate in this research study because you are a healthy female between
the ages of 18-35 years with no known cardiovascular or neurological diseases, with a menstrual
period, and has not consumed nicotine within the past six months.

WHY IS THIS STUDY BEING DONE AND HOW LONG WILL IT LAST?

The purpose of this study is to examine how an acute dose of citrulline malate, a common exercise
supplement, affects aerobic capacity, oxygen availability, and recovery after a high-intensity exercise
test in healthy women.

We think that you will be in the study for a total of four hours spread over three separate visits.

WHAT WILL | BE ASKED TO DO IN THIS STUDY?

If you decide to participate in this study, you will be asked to consume an acute dose of citrulline malate
or a placebo (sugar drink), then perform a test that measures aerobic capacity, and perform a handgrip

exercise test. This will take place over three visits; the first being a familiarization visit, and the next two
being experimental visits taking place during the menstruation phase of your menstrual cycle. The total

time commitment will be four hours over these three visits.

WHY MIGHT | WANT TO PARTICIPATE IN THIS STUDY?

If you agree to take part in this study, there will not be direct medical benefit to you. We hope that the
information learned from this study will benefit other participants looking to take this supplement in the
future.

WHY MIGHT | NOT WANT TO PARTICIPATE IN THIS STUDY?
You may decide that you do not want to participate because you are unable to consume a 500mL drink
within the required fifteen minutes or if you have any injuries in your upper body. The researchers do

| IRBNUMBER: 15311
QJ IRB APPROVAL DATE: 01/18/2023
Page 10f5 IRB EXPIRATION DATE: 11/30/2023

72



701A Consent | OUHSC IRB Version Date: 01/18/2022
IRB Number: 15311

not know all of the side effects that could happen. For a complete description of known risks, refer to
the Detailed Information section of the consent form.

WHAT OTHER OPTIONS ARE THERE?
You may choose not to participate in this study.

HOW WILL PARTICIPATING IN THE STUDY AFFECT ME FINANCIALLY?
There is no additional cost to you if you participate in this study.
You will receive compensation in the form of a $20 gift card after you complete all testing.

DETAILED INFORMATION ABOUT THE RESEARCH STUDY

The following pages of the consent form will provide you with more information about this study. Please
take your time in reviewing this information and ask the investigator and study team any questions you
may have.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?
A maximum of 20 people will take part in this study. All of these individuals will participate at this
location.

WHAT IS THE STATUS OF THE CITRULLINE MALATE SUPPLEMENT USED IN THIS STUDY?
The US Food and Drug Administration has allowed Citrulline malate to be sold asa
commercially available dietary supplement.

WHAT IS INVOLVED IN THE STUDY?

You will be randomized to receive either study supplement citrulline malate or placebo (inactive
substance, which will look like the study drug), during Visit Two of the study. During Visit Three, you will
receive whichever substance that was not given during Visit Two. Neither you nor the researcher will
know which substance you receive at the time of consumption.

Randomization means that you are assigned the substances by chance. You will consume both
substances (citrulline malate and a placebo), it is just a coin flip for which one you receive on Visit Two
and Visit Three. A computer program at the study sponsor will make this random assignment. Neither
you nor the researcher will choose which group you will be in.

If you take part in this study, you will have the following tests and procedures:

Procedures that are being tested in this study: A mitochondrial function test (measures the efficiency of
mitochondria), a handgrip critical impulse exercise test (measures endurance of the handgrip muscles),
and a maximal voluntary contraction (MVC) recovery of force test (measures how quickly recovery is
reached after a maximum effort test). All tests will take place at the Sensory and Muscle Function Lab
at the University of Oklahoma, Norman Campus.

WHAT ARE THE RISKS OF THE STUDY?

In addition to the risks described in the Key Information section, you may also be at risk for these side
effects. You should discuss these with the researcher and/or your regular doctor. Other drugs may be
given to make side effects less serious and uncomfortable. Many side effects go away shortly after the
mitochondrial function and handgrip critical impulse test are stopped, but in some cases side effects
can be serious or long lasting and permanent. The procedure may involve risks that are currently
unforeseeable.
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Risks and side effects related to the mitochondrial function test we are studying include:

« Discomfort during and immediately after inflation of blood pressure cuff on the upper arm.
Discomfort should subside within minutes of completing the test.

+ Risks and side effects related to the handgrip critical impulse test we are studying include:

¢ Discomfort and/or soreness during and immediately after performing MVCs in the forearm
muscles. The effort required to produce maximal force may be uncomfortable. You may
experience some lightheadedness or nausea. There is also the risk for cardiovascular events
when performing MVCs. You will be screened out if you have any cardiovascular/neurological
conditions or injuries to your forearms/arms. Any discomfort, soreness, or other side effects
should subside within minutes of completing the test.

For more information about risks and side effects, ask the researcher.

REPRODUCTIVE RISKS FOR WOMEN

If you are a female, you must not be and should not become pregnant nor breast-feed an infant while
on this study. There is no foreseeable risk to the fetus/pregnancy, but you need to have a menstruation
phase in order to participate in this study. In order to reduce your risk of pregnancy, you or your partner
should use one or more of the acceptable methods of birth control listed below, regularly and
consistently, while you are in this study.

Acceptable methods of birth control (continuing throughout the study) include:
o An approved oral contraceptive (birth control pill)
Intra-uterine device (IUD)
Hormone implants
Contraceptive injection (Depo-Provera)
Barrier methods (diaphragm with spermicidal gel or condoms)
Transdermal contraceptives (birth control patch)
Vaginal contraception ring (birth control ring)
o Sterilization (tubal ligation, hysterectomy or vasectomy)
If you are already using a method of birth control, you should check with the researcher to make sure it
is considered acceptable for this study. Certain drugs may interact with contraceptive agents and
reduce their effectiveness; therefore, you should inform the researcher of all medications (prescription
and over-the-counter) that you are currently taking or begin taking during the study.

0 0 0 0 © O

IN CASE OF PREGNANCY:

If you become pregnant or suspect that you are pregnant, you should immediately inform the study
personnel. If you become pregnant or suspect that you are pregnant while on this study, tell the
researcher immediately. The study will end if you become pregnant during this study. Payment for all
aspects of obstetrical, child, or related care will be your responsibility.

TO WHAT EXTENT WILL MY INFORMATION BE KEPT CONFIDENTIAL?

Efforts will be made to keep your personal information confidential. You will not be identifiable by name
or description in any reports or publications about this study. We cannot guarantee absolute
confidentiality. Your personal information may be disclosed if required by law. You will be asked to sign
a separate authorization form for use or sharing of your protected health information.

There are organizations outside the OUHSC that may inspect and/or copy your research records for
quality assurance and data analysis. These organizations may include the US Food & Drug
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Administration and other regulatory agencies. The OUHSC Human Research Participant Program
office, the OUHSC Institutional Review Board, OUHSC Office of Compliance, and other University
administrative offices may also inspect and/or copy your research records for these purposes.

Storing and Sharing Your Information:

Your data/measurements may be used for future studies without your additional consent. We will
remove direct identifiers from your data/measurements and assign a code. The key to this code will be
kept separately and only the researcher for this study will have access to the code. If your
data/measurements is shared with another investigator for research purposes, they will not have
access to the key code and will not be able to re-identify you.

CAN | WITHDRAW FROM THE STUDY?

You can stop participating in this study at any time. However, if you decide to stop participating in the
study, we encourage you to talk to the researcher first. There are no consequences if you decide not to
stop participating in the study.

There may be circumstances under which your participation may be terminated by the investigator
without your consent. Examples include if you fail to follow study requirements or if the study is stopped
by the researcher.

WHAT IF | AM INJURED OR BECOME ILL WHILE PARTICIPATING IN THIS STUDY?
In the case of injury or illness results from this study, emergency medical treatment is available.
However, you or your insurance company will be expected to pay the usual charge from this treatment.

Complications arising as a result of the natural progression of an underlying or pre-existing
condition may be billed to you or your insurance. Please check with the investigator or with your
insurance company if you have questions.

No other funds have been set aside by the University of Oklahoma Health Sciences Center,
University of Oklahoma Norman Campus to compensate you in the event of injury, illness, or for
other damages related to your event of injury or iliness.

WHAT ARE MY RIGHTS AS A PARTICIPANT?
Taking part in this study is voluntary. You may choose not to participate. Refusal to participate will
involve no penalty or loss of benefits to which you are otherwise entitled.

If you agree to participate and then decide against it, you can withdraw for any reason and leave the
study at any time. However, at certain times during the treatment, it may be harmful for you to withdraw,
so please be sure to discuss leaving the study with the principal investigator or your regular doctor.

You may discontinue your participation at any time without penalty or loss of benefits to which you are
otherwise entitled.

We will provide you with any significant new findings developed during the course of the research that
may affect your health, welfare, or willingness to continue your participation in this study.

You have the right to access the medical information that has been collected about you as a part of this
research study. However, you may not have access to this medical information until the entire research
study has completely finished. You consent to this temporary restriction.

DO | HAVE ANY OTHER RIGHTS OVER MY DATA?
Depending on where the sponsor for your study is located and other factors, you may have additional
rights over your personal data collected in this study. For example, the European Union General Data
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Protection Regulation (GDPR) and some state privacy laws might apply. If the GDPR applies, generally
you may have the following rights:

1. The right to request the information collected to be corrected.
2. The right to withdraw your consent for the use of your personal information at any time.

3. The right, in some circumstances, to receive your personal information in a structured,
commonly used and machine-readable format and the right to provide your information to a third

party.

The right to strict confidentiality of your personal data when it is used/shared.

The right to limit the use/sharing of your personal information in certain circumstances.
The right under some circumstances to request the erasure of your personal data.

The right to file a complaint with a privacy protection regulator if you believe any of the rights
above have been violated.

N oA~

You can receive more information regarding these rights in the Privacy Notice for Research
Participants, located on the OUHSC Office of Human Research Participant Protection (HRPP) website
at https://compliance.ouhsc.edu/HRPP/Participant/Privacy-Notice.

If you have any questions and requests, please contact the HRPP Office at 405-271-2045.

WHOM DO | CALL IF | HAVE QUESTIONS, SUGGESTIONS, OR CONCERNS?
If you have questions, concerns, or complaints about the study or have a research-related injury,
contact Dr. Christopher Black at 706-255-3750 (cell) or 405-325-7668 (office).

If you cannot reach the Investigator or wish to speak to someone other than the investigator and for
questions about your rights as a research participant, contact the OUHSC Director, Office of Human
Research Participant Protection, at 405-271-2045.

SIGNATURE:

By signing this form, you are agreeing to participate in this research study under the conditions
described. You have not given up any of your legal rights or released any individual or entity from
liability for negligence. You have been given an opportunity to ask questions. You will be given a copy
of this consent document.

| agree to participate in this study:

PARTICIPANT SIGNATURE (age >18) Printed Name Date

SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT
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APPENDIX C: HIPAA AUTHORIZATION FORM

University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

AUTHORIZATION TO USE or SHARE
HEALTH INFORMATION: THAT IDENTIFIES YOU FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research involving psychotherapy notes.

Title of Research Project: The Effect of Acute Citrulline Malate Supplementation on
Mitochondrial Function, Oxygen Saturation, and Handgrip Critical Impulse in the Forearm

Muscles.
Leader of Research Team: Christopher D. Black, PhD
Address: 1401 Asp Avenue, #110 SFC, Norman, OK, 73019

Phone Number: 706-255-3750 (cell); 405-325-7668 (office)

If you decide to sign this document, University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share information that identifies you (protected health information) for their
research. Protected health information will be called PHI in this document.

PHI To Be Used or Shared. Federal law requires that researchers get your permission
(authorization) to use or share your PHI. If you give permission, the researchers may use or share
with the people identified in this Authorization any PHI related to this research from your medical
records and from any test results. Information used or shared may include all information relating to
any tests, procedures, surveys, or interviews as outlined in the consent form; medical records and
charts; name, address, telephone number, date of birth, race, government-issued identification
numbers, and results from the mitochondrial function test, handgrip critical impulse test, recovery of
Maximal Voluntary Contraction C) force test, menstrual cycle history, health screening (overall
health, prescription medications, nicotine product use), and physical activity history.

Purposes for Using or Sharing PHI. If you give permission, the researchers may use your PHI to
determine if it is safe for you to participate in the exercise used in this study.

Other Use and Sharing of PHI. If you give permission, the researchers may also use your PHI to
develop new procedures or commercial products. They may share your PHI with other researchers,
the research sponsor and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and government agencies such as the Food and Drug Administration (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with with your physician and/or a University of Oklahoma

hysician in the event of a serious health risk or adverse event that occurs during the study.

! Protected Health Information includes all identifiable information relating to any aspect of an individual’s
health whether past, present or future, created or maintained by a Covered Entity.

IRB Office Use Only Qj | IRB NUMBER: 15311
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Confidentiality. Although the researchers may report their findings in scientific journals or meetings,
they will not identify you in their reports. The researchers will try to keep your information
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
information covered by this document to keep it confidential, so they could release it to others, and
federal law may no longer protect it.

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFORMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntary Choice. The choice to give OUHSC researchers permission to use or share your PHI for
their research is voluntary. It is completely up to you. No one can force you to give permission.
However, you must give permission for OUHSC researchers to use or share your PHI if you want to
participate in the research and, if you cancel your authorization, you can no longer participate in this
study.

Refusing to give permission will not affect your ability to get routine treatment or health care unrelated
to this study from OUHSC.

Canceling Permission. If you give the OUHSC researchers permission to use or share your PHI,
you have a right to cancel your permission whenever you want. However, canceling your permission
will not apply to information that the researchers have already used, relied on, or shared or to
information necessary to maintain the reliability or integrity of this research.

End of Permission. Unless you cancel it, permission for OUHSC researchers to use or share your
PHI for their research will never end.

Contacting OUHSC: You may find out if your PHI has been shared, get a copy of your PHI, or
cancel your permission at any time by writing to:

Privacy Official or Privacy Board

University of Oklahoma Health Sciences Center ~ University of Oklahoma Health Sciences Center
PO Box 26901 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73190

If you have questions, call: (405) 271-2511 or (405)271-2045.

Access to Information. You have the right to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

IRB Office Use Only Qj IRB NUMBER: 15311
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PHI Research Authorization

Giving Permission. By signing this form, you give OUHSC and OUHSC’s researchers led by the

Research Team Leader permission to share your PHI for the research project listed at the top of this
form.

Patient/Participant Name (Print):

Signature of Patient-Participant Date
or Parent if Participant is a minor

Or

Signature of Legal Representative** Date

**If signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the authority to act as Legal Representative:

OUHSC may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Patient-Participant or the Legal Representative at
the time this signed form is provided to the researcher or his representative.
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APPENDIX D: INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
(October 2002)

LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years)

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires.
Long (5 activity domains asked independently) and short (4 generic items) versions for use by
either telephone or self-administered methods are available. The purpose of the questionnaires
is to provide common instruments that can be used to obtain internationally comparable data on
health-related physical activity.

Background on IPAQ

The development of an international measure for physical activity commenced in Geneva in
1998 and was followed by extensive reliability and validity testing undertaken across 12
countries (14 sites) during 2000. The final results suggest that these measures have acceptable
measurement properties for use in many settings and in different languages, and are suitable
for national population-based prevalence studies of participation in physical activity.

Using IPAQ

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is
recommended that no changes be made to the order or wording of the questions as this will
affect the psychometric properties of the instruments.

Translation from English and Cultural Adaptation

Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the
availability of IPAQ in different languages can be obtained at[www.ipaq ki.se| If a new
translation is undertaken we highly recommend using the prescribed back translation methods
available on the IPAQ website. If possible please consider making your translated version of
IPAQ available to others by contributing it to the IPAQ website. Further details on translation
and cultural adaptation can be downloaded from the website.

Further Developments of IPAQ
International collaboration on IPAQ is on-going and an International Physical Activity
Prevalence Study is in progress. For further information see the IPAQ website.

More Information

More detailed information on the IPAQ process and the research methods used in the
development of IPAQ instruments is available atjwww.ipag.ki.se|and Booth, M.L. (2000).
Assessment of Physical Activity: An International Perspective. Research Quarterly for Exercise
and Sport, 71 (2): s114-20. Other scientific publications and presentations on the use of IPAQ
are summarized on the website.

IRB NUMBER: 15311
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal.

PART 1: JOB-RELATED PHYSICAL ACTIVITY

The first section is about your work. This includes paid jobs, farming, volunteer work, course
work, and any other unpaid work that you did outside your home. Do not include unpaid work
you might do around your home, like housework, yard work, general maintenance, and caring
for your family. These are asked in Part 3.

1. Do you currently have a job or do any unpaid work outside your home?
D Yes
D No =P Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of your
paid or unpaid work. This does not include traveling to and from work.

2. During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work?
Think about only those physical activities that you did for at least 10 minutes at a time.
days per week

D No vigorous job-related physical activity - Skip to question 4

3. How much time did you usually spend on one of those days doing vigorous physical
activities as part of your work?

hours per day
minutes per day

4. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.

days per week

D No moderate job-related physical activity —} Skip to question 6
A —— — | IRBNUMBER: 15311
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5. How much time did you usually spend on one of those days doing moderate physical
activities as part of your work?

hours per day
minutes per day

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to travel to or from
work.

days per week

D No job-related walking =) Skip to PART 2: TRANSPORTATION
7. How much time did you usually spend on one of those days walking as part of your
work?

hours per day
minutes per day
PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These questions are about how you traveled from place to place, including to places like work,
stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a train,
bus, car, or tram?

days per week
I:] No traveling in a motor vehicle —} Skip to question 10

9. How much time did you usually spend on one of those days traveling in a train, bus,
car, tram, or other kind of motor vehicle?

hours per day
minutes per day

Now think only about the bicycling and walking you might have done to travel to and from
work, to do errands, or to go from place to place.

10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?

days per week

D No bicycling from place to place —} Skip to question 12
| IRBNUMBER: 15311
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1. How much time did you usually spend on one of those days to bicycle from place to
place?

hours per day
minutes per day

12. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?

days per week
D No walking from place to place —Jp  Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

13. How much time did you usually spend on one of those days walking from place to
place?

hours per day
minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days in

and around your home, like housework, gardening, yard work, general maintenance work, and

caring for your family.

14. Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?

days per week
D No vigorous activity in garden or yard —p Skip to question 16
15. How much time did you usually spend on one of those days doing vigorous physical

activities in the garden or yard?

hours per day
minutes per day

16. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, sweeping, washing windows, and raking in the garden or yard?

days per week

[:, No moderate activity in garden or yard - Skip to question 18
™ —— — | IRBNUMBER: 15311
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17. How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

hours per day
minutes per day

18. Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week
I:] No moderate activity inside home ==  Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

19. How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

hours per day

minutes per day
PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY
This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already

mentioned.

20. Not counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week
D No walking in leisure time . Skip to question 22

21. How much time did you usually spend on one of those days walking in your leisure
time?

hours per day
minutes per day

22. Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

days per week

I:‘ No vigorous activity in leisure time > Skip to question 24
7~ —— — | IRBNUMBER: 15311
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23. How much time did you usually spend on one of those days doing vigorous physical
activities in your leisure time?

hours per day
minutes per day

24. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

days per week

[] No moderate activity in leisure time == Skip to PART 5: TIME SPENT
SITTING

25. How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time?
hours per day
minutes per day

PART 5: TIME SPENT SITTING

The last questions are about the time you spend sitting while at work, at home, while doing
course work and during leisure time. This may include time spent sitting at a desk, visiting
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting
in a motor vehicle that you have already told me about.

26. During the last 7 days, how much time did you usually spend sitting on a weekday?

hours per day
minutes per day

27. During the last 7 days, how much time did you usually spend sitting on a weekend
day?

hours per day
minutes per day

This is the end of the questionnaire, thank you for participating.
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APPENDIX E: PHYSICAL ACTIVITY READINESS QUESTIONNAIRE

S RN~y X 1vVv
(A Questionnaire for People Aged 15 to 69)

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most
people. However, some people should check with their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If you are between the
ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your doctor.

Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NO.

YES NO
0O [7] 1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?
O ] 2. Do you feel pain in your chest when you do physical activity?
O [7] 3. Inthe past month, have you had chest pain when you were not doing physical activity?
O [[] 4. Do you lose your balance because of dizziness or do you ever lose consciousness?
O [[] 5. Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
change in your physical activity?
O [] 6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition?
O ] 7. Do you know of any other reason why you should not do physical activity?
>
If YES to one or more questions
Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tell
you your doctor about the PAR-Q and which questions you answered YES.
* You may be able to do any activity you want — as long as you start slowly and buld up gradually. Or, you may need to restrict your activities to
an swered those which are safe for you. Talk with your doctor about the kinds of activities you wish to participate in and follow his/her advice.
* Find out which community programs are safe and helpful for you.
H DELAY BECOMING MUCH MORE ACTIVE:
“o to a" q“GStlons « if you are not feeling well because of a temporary illness such as
If you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can: a cold or a fever — wait until you feel better; or
+ start becoming much more physically active — begin slowly and build up gradually. This is the * if you are or may be pregnant — tak to your doctor before you
safest and easiest way to go. start becoming more active.
* take partin a fitness appraisal - this is an excellent way to determine your basic fitness so
that you can plan the best way for you to live actively. It is also highly recommended that you PLEASE NOTE: If your health changes so that you then answer YES to
have your blood pressure evaluated. If your reading is over 144/94, tak with your doctor any of the above questions, tell your fitness or health professional.
before you start becoming much more physically active. Ask whether you should change your physical activity plan.

Informed Use of the PAR-Q: The Canadian Society for Exercise Physiclogy, Health Canada, and their agents assume no §abiity for persans who undertake physical activity, and if in doubt after completing
this questionnaire, consult your doctor prior to physical activity

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

NOTE: ¥ the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this section may be used for legal or administrative purpases.

"| have read, understood and completed this questionnaire. Any questions | had were answered to my full satisfaction.”

Participant ID -
WITNESS
Note: This physical activity clearance is valid for a maximum of 12 months from the itisomp randicR 15311
becomes invalid if your condition changes so that you would answer YES to any of th-4cvei uetiBhg!PROYAL DATE 01162023
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APPENDIX F: MENSTRUAL HISTORY QUESTIONNAIRE

Department of Health and Exercise Science
University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Participant ID: Date:

We are asking you to give us as complete a menstrual history as possible. All information is strictly
confidential.

Are you pregnant (circle your response)
YES- Do not complete the rest of this form
NO- Continue to section A.

SECTION A: CURRENT MENSTRUAL STATUS

1. Approximately how many menstrual periods have you had during the past 12 months?
(please circle what months you have had a period. This means from this time last year to the present month)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2. What is the usual length of your menstrual cycle (first day of your period to the next onset of your
period)?

days. Today is day of your present menstrual cycle.

3. When was the date of the onset of your last period?

4. When do you expect your next period?

5. What is the average length (number of days) of your menstrual flow? days

How many of these days do you consider “heavy™? days

6. Do you take oral contraceptives or any other medication that includes estrogen and/or progesterone?

If yes, how long have you been taking this medication?

What is the brand name and dosage of this mediation?

Has this medication affected your menstrual cycle (regularity, length and amount of flow)? If yes, indicate
changes.
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APPENDIX G: HEALTH STATUS QUESTIONNAIRE

Health Status Questionnaire

Part 1. Information about the individual

1.
Participant ID
2.
Date
3.
Mailing Address Phone #
Email
4.
Primary Physician Physician Phone#
Date of Last Physical Examination
5.
Person to contact in emergency Phone
6. Sex (circle one) Female Male
7. Age Date of Birth / /
8. Height Weight
9. Do you smoke? Yes No
10. If you are a smoker, indicate number smoked per day:
Cigarettes: 40 or more 20-39 10-19 1-9
Cigars or pipes only: 5 or more or any inhaled Less than 5, none inhaled

11. Do you consume nicotine in any way (either through vaping, nicotine pouches, gum, patches)?
Yes No

12. Are you currently taking prescription or over-the-counter medication(s)? If so, please list the medication, daily
dose, and why you are taking it.

13. Are you currently taking any vitamins or nutritional supplements? If so, please list the vitamin/supplement, the
daily dose, and why you are taking it.
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Part 2. Medical History

Check if you have had or currently have any of the following:

History

A heart attack

__ Heart surgery

___ Cardiac catheterization

___ Coronary angioplasty (PTCA)
__ Pacemaker-implantable cardiac defibrillatory/rhythm disturbance
___ Heart valve disease

__Heart failure

___ Heart transplantation

___ Congenital heart disease

___ Peripheral arterial disease
__ Stoke

Signs/Symptoms

_ You experience discomfort and/or pain with exertion in the chest, neck, jaw, arms

__You experience unreasonable breathlessness at rest or with mild exertion

_You experience dizziness, fainting, or blackouts

___You experience ankle edema

___You experience heart palpitations or tachycardia (unpleasant awareness of force or rapid heart beats)
___You have or experience intermittent claudication (muscle pain due to ischemia)

___You have a heart murmur

___You take medication(s) for ANY type of heart condition or high blood pressure

Other health issues

___You have diabetes

___You have a thyroid disorder

___You have a renal (kidney) disorder

__You have liver disease (e.g. cirrhosis)

___You have COPD, asthma, cystic fibrosis or other lung disease

__ You have burning or cramping sensation in your lower legs when walking short distances
___You have musculoskeletal problems that limit your physical activity (arthritis, etc.)
__You are pregnant

IRB NUMBER: 15311
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Part III: Cardiovascular Risk Factors

Age
___ You are a man older than 45 years
_ You are a woman older than 55 years, have had a hysterectomy, or are postmenopausal

Medical/Lifestyle

___You smoke, or quit smoking within the previous 6 months

___You vape or consumed nicotine, or quit vaping within the previous six months

__ A physician has ever said have high blood pressure (>140/90)?

___ A physician has said you have high cholesterol (Total >200 mg/dl or LDL cholesterol is >130 mg/dl)

__You have a close blood relative who had a heart attack or heart surgery before age 55 (father or
brother) or age 65 (mother or sister)

__You are physically inactive (i.e., you get <30 minutes of physical activity 3 days per week)

__You have impaired fasting glucose (> 100mg/dl) that has been confirmed by a doctor on two separate
occasions

_ Your BMIis>30 BMI

I understand my participant ID and date signifies a signature of this form, that I have read and understand
all the information on the questionnaire, that I have truthfully answered all the questions, and that any
questions/concerns I may have had have been addressed to my complete satisfaction.

Participant ID Date
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APPENDIX H: EMAIL RECRUITMENT SCRIPT

Email Recruitment

To whom it may concern,

Hello, my name is Elise Hodges and [ am a Master’s student in the Department of Health
and Exercise Science. Dr. Chris Black and I are looking for research participants for a
study titled: The effect of acute citrulline malate supplementation on mitochondrial
function, oxygen saturation, and handgrip critical impulse in the forearm muscles. We are
conducting research looking at possible mechanisms of action for citrulline malate
supplementation with how it can impact exercise. If you are a female between the ages of
18-35 who is not pregnant and has had a regular menstrual cycle for the past six months,
we invite you to participate! You also cannot have consumed nicotine within the past six

months.

Participation in this research includes completing informed consent and a battery of
questionnaires, as well as 2 sessions of experimental testing. You will be required to
come to our lab for a total of 3 visits, one to become familiar with the
equipment/exercises, and two for testing. The two experimental visits entail consuming a
500mL drink containing citrulline malate and then performing a mitochondrial function
test and a handgrip critical impulse test. The mitochondrial function test requires a series
of inflation/deflations of a blood pressure cuff while measuring rates of oxygen
saturation/desaturation. The handgrip critical impulse test requires a maximal voluntary
contraction (MVC) of the handgrip muscles to be held for three seconds followed by a
two second rest period for a total of sixty contractions, or five minutes. This test will be

concluded with five MVCs with a one-minute rest period in between each one. The
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familiarization visit will be about 60 minutes and the experimental visits will be roughly
90 minutes in length for a total time commitment of 4 hours. You will be compensated
for your time. If you have any questions or would like to participate, please contact me at

817-821-8007 or elise.j.hodges-1(@ou.edu, or contact Dr. Black at 705-255-3750 or

cblack@ou.edu.

All the best,

Elise Hodges and Christopher Black
The University of Oklahoma is an equal opportunity institution
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APPENDIX I: VERBAL RECRUITMENT
Hi everyone, my name is Elise Hodges and [ am a second-year master’s student in Dr. Black’s
sensory and muscle function lab. I am conducting my thesis research project on how the
supplement citrulline malate affects muscle aerobic performance and fatigue specifically in
women. Not much is known about specific mechanisms with citrulline malate, and there is even
less research studying women especially.

Some requirements to participate are that you need to be a female with a regular menstrual cycle,
between the ages 18-35, do not have any musculoskeletal injuries in the arm/forearm, do not
have any known cardiovascular, pulmonary, or metabolic diseases, are not
pregnant/breastfeeding, have not consumed nicotine within the past 6 months, and are not on any
heart/metabolic medications.

There will be a total of three visits for a time commitment of about 4 hours. You will be
compensated in the form of a $20 gift card at the end of the third and final visit.

If you meet the criteria and are interested in participating, please contact me either at my phone

number or my email. I am leaving one of my study flyers up at the front which has my
information on it. Thank you so much and I hope to hear from you!
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APPENDIX J: RECRUITMENT FLYER

Interested in Muscle Aerobic Performance and Fatigue?

Research Participants Needed

The Sensory and Muscle Function Lab is conducting a study titled:
The effect of acute citrulline malate supplementation on mitochondrial function,

oxygen saturation, and handgrip critical impulse in the forearm muscles.

- Be a female between 18-35 years of age.

- Healthy participants with no cardiovascular or neurological disorders, free from any
forearm musculoskeletal injuries

- Females: you are not pregnant and have a regular menstrual cycle

- Participants must not have consumed nicotine within past 6 months

3 Visits Required
e Total time commitment is approximately 4 hours.
o First visit will take ~1 hour, the two experimental visits will take ~1.5 hours

e Testing will take place in the Sensory and Neuromuscular Function Lab at the University of
Oklahoma Norman Campus

mpensation
¢ You will be compensated for your time in the form of a gift card

If you are eligible and interested, please contact:
Elise Hodges, or Elise.J.Hodges-1@ou,edu, Dr. Chris Black (Primary Investigator),
cblack@ou.edu

The University of Oklahoma is an equal opportunity institution.
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