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Abstract

Melatonin receptors have been found in the cerebrovasculature in animal models, and
melatonin has been shown to improve systemic vascular control. While there is a correlation
between low melatonin production and cardiovascular disease, the effect of acute melatonin
supplementation on the cerebrovasculature, and more specifically, cerebrovascular reactivity
(CVR), is unknown. PURPOSE: To determine if acute melatonin supplementation alters CVR
via CO rebreathing in healthy, young adults. METHODS: 14 healthy young adults (Age
23.7+4.39, 7 females tested during the first 5 days of their menstrual cycle) participated in a
familiarization visit followed by 2 experimental visits separated by 248hrs. Participants received
a sublingual dose of either a placebo (PLA, mixture of mint extract and filtered water, to mimic
taste of melatonin) or 5mg of melatonin (MEL, mint flavor) in a single-blind, randomized,
crossover design. After ingestion, participants rested for 30 minutes prior to the experiment to

allow for melatonin levels to reach peak concentration in the blood (Bartoli et al., 2013). After

vii



which, mean arterial pressure (MAP, mmHg, finger photoplethysmography), middle cerebral
artery velocity (MCAVv, cm/s, Transcranial Doppler), and end-tidal CO2 concentration (PetCOs,
mmHg, Gas Analyzer) were measured continuously for 5 minutes of supine rest while breathing
atmospheric air followed by a CO> rebreathing challenge (CO2=3%, 0>=40%, balanced N>) until
the participant displayed a PetCO: increase of 310mmHg. Cerebrovascular conductance index
was calculated as CVCi = MCAV/MAP (cm/s/mmHg). CVR was calculated in absolute
AMCAV/APetCO2, ACVCi/APetCOz, and percent change from resting values. RESULTS: Data
presented as change (A) from_rest to CO; rebreathing, as mean + SD. All values were not
different between treatments during rest. No value was significantly different between treatments
when comparing A from rest to COz rebreathing (MCAv PLA A13.35+5.1 vs. MEL
A11.62+6.03, p=0.31,d = 0.28, MAP PLA A1.75+3.91 vs. MEL A-0.55%£4.49, p = 0.20, d =
0.34, CVCi PLA A0.11+0.04 vs. MEL A0.11£0.05, p = 0.55, r = 0.16, CVRmcav PLA
A2.75+1.30 vs. MEL A3.54£2.57, p=0.92, r=0.03, %CVRmcav PLA A18.41+7.07 vs. MEL
A16.12£10.00, p=0.36, r = 0.24, CVRcvci PLA A0.02+0.03 vs. MEL A0.02+0.02,d=0.28,p =
0.31, %CVRcvci PLA A2.3242.58 vs. MEL A1.52+1.83,d=0.28, p=0.31). CONCLUSION:
Our results indicate that melatonin does not affect MCAv, CVCi, MAP, or CVR during rest or
CO: rebreathing. Reactivity was variable individually and did not trend in any direction when
comparing PLA treatment to MEL treatment. Thus, melatonin supplementation does not improve
cerebrovascular function indicating melatonin supplementation may have differential responses

between the cerebral and peripheral vasculature in humans.
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Chapter |
Introduction

The brain is an extremely metabolically demanding organ with minimal intracellular
substrate storage. Thus, the brain must rely on cerebral blood flow (CBF) for sustained neuronal
metabolism (Tarumi et al., 2018). A constant supply of blood flow is required to maintain
homeostatic conditions regardless of exogenous conditions, in order to avoid neurological
damage, ischemic stroke, and possible death (Xing et al., 2017). In the United States, the lifetime
risk of stroke has increase by >8.5% in the last 30 years, 87% of which are considered ischemic
(Tsao et al., 2022). Since reliance on CBF is crucial for the maintenance of homeostatic
conditions, proper cerebrovascular function is required to avoid disruption of neuronal
homeostasis and to avoid neurological damage and death.

In daily life, humans experience numerous conditions that call for the redistribution of
blood flow throughout the body. Simultaneously, because of the brain’s high metabolic demand
cerebral blood flow must remain constant not matter the metabolic demand of other tissues of the
external environment. Cerebrovascular reactivity (CVR) represents the ability of cerebral vessels
to dilate in response to increased tissue demand and is expressed as the magnitude of flow
response (ACBF) per unit change in arterial CO2 (APacoz, Carr et al., 2021). To be clear, cerebral
flow (CBF) if the total amount of blood traveling through a cerebral artery, while cerebral
vascular reactivity (CVR) is the vessel’s ability to respond to a stimulus and dilate or constrict.
While the arterial concentration of COz, or PaCOz, does not directly influence CVR, CO: is able
to rapidly diffuse across the blood-brain barrier and induce changes in cerebrospinal fluid and
interstitial fluid H* concentration, resulting in alterations to smooth muscle tone and thus

significant cerebrovascular vasodilation, increasing blood flow (Willie et al., 2014; Hoiland et



al., 2019). Measurement of CVR, which will be described thoroughly in the methods and
literature review sections, can be used as a metric to assess an individual’s risk of experiencing a
cerebrovascular event (Vernieri et al., 1999; Silvestrini et al., 2000; King et al., 2011; Hoiland et
al., 2019). Dampened or dysfunctional CVR has been shown to have a link to an increase in
ischemic event incidence and stroke (Hu et al., 1999; Chen et al., 2014; Hoiland et al., 2019).
Melatonin release is regulated via sympathetic innervation modulated by beta-adrenergic
receptor stimulation through the pineal gland and is known to play a substantial role in regulating
human circadian rhythm (Cajochen et al., 2003). Despite this, the melatonin receptor MT1 has
been found in the aorta and left ventricle, while the melatonin receptor MT2 has been found in
the brain vasculature, suggesting that the hormone may play a role in other unfounded
mechanisms (Ekmekcioglu et al., 2003; Pandi-Perumal, 2007; Baker & Kimpinski, 2018). Both
of these receptors have been associated with vasoconstriction and vasodilation (Pandi-Perumal,
2008; Baker & Kimpinski, 2018). Patients with cardiovascular disease have been shown to
produce less nocturnal melatonin in comparison to healthy populations, meaning that there may
be a link between low melatonin production and cardiovascular diseases (Brugger et al., 1995;
Yaprak et al., 2003). While no mechanism of the lower release of melatonin in patients with
cardiovascular disease has been identified, melatonin has been shown to both reduce free radical
production and increase antioxidant reserves in humans and rats (Girouard et al., 2004; Kozirdg
etal., 2011; Reiter 2003) suggesting that lower melatonin release could at least in theory be
related to the excess free radical production and damage consistently observed in patients with
cardiovascular diseases (Panth et al., 2016; Moris et al., 2017; Peoples et al., 2019). In
combination with reducing free radical production, melatonin has been shown to blunt a-

adrenergic receptors in rats, reducing sympathetic outflow (Girouard et al., 2004). Furthermore,



potentially due to the blunting effect of a-adrenergic receptors, melatonin serves as a potent anti-
hypertensive agent in humans (Holmes et al., 1976; Cunnane et al., 1980; Simko et al., 2007;
Katsi et al., 2012; Baker & Kimpinski, 2018). Despite this, it has been demonstrated that proper
cerebral autoregulatory function indicates that there should not be a noticeable change in CBF in
healthy individuals when comparing a melatonin and a placebo treatment group (Mil et al.,
2003). Therefore, as mentioned before, a stimulus that alters CBF directly can be used to
measure a potential difference in change in CBF between taking melatonin and taking a placebo.
In other words, a clear stimulus that alters CBF directly may highlight whether or not melatonin
presents with any cerebrovascular vasoactive properties.

Because a major contributing factor that determines CVR is the effect of Pcoz on H*
concentrations in the CSF and the interstitial fluid (ISF), the creation of hypercapnic conditions
via CO- rebreathing serves as a valuable tool for observing differences in CVR between
treatment groups. It has been demonstrated in rats that the pineal gland and melatonin play a role
in the regulation of blood flow to the brain (Capsoni et al., 1995). Regardless, the direct effect of
melatonin’s cerebrovascular properties has not yet been studied in humans. Changes to CVR in

humans during rebreathing under the effects of melatonin has also yet to be studied.

Purpose
The purpose of this study is to determine the role of acute melatonin supplementation on

cerebrovascular reactivity and flow during rest and CO: rebreathing in healthy, young adults.



Research Questions
1. Does acute melatonin supplementation affect cerebrovascular flow during rest and CO>
rebreathing?
2. Does acute melatonin supplementation affect cerebrovascular reactivity during rest and
COs- rebreathing?
3. Does acute melatonin supplementation affect prefrontal cortex oxygenation during CO>

rebreathing?

Research Hypotheses

1. Acute melatonin supplementation will increase cerebrovascular flow at rest and during
COs- rebreathing in healthy, young adults.

2. Acute melatonin supplementation will increase cerebrovascular reactivity by means of
increasing the cardiovascular conductance index (CVCi), decreasing mean arterial
pressure (MAP), and increasing middle cerebral artery velocity (MCAV) during rest and
CO:- rebreathing in healthy, young adults.

3. Acute melatonin supplementation will increase prefrontal cortex oxygenation during rest

and COz rebreathing.

Significance of Study
Proper delivery of blood to the brain is essential for everyday function and to avoid
neurological damage. While melatonin has been shown to attenuate sympathetic outflow in
animal models, and melatonin receptors have been discovered in cerebrovasculature, the effect of

melatonin on cardiovascular and cerebrovascular variables has not yet been studied during CO>



rebreathing. Low melatonin production has been positively correlated with increasing
cardiovascular disease, establishing a possible connection between the two. As a potent
hypotensive agent as well as a sympathetic outflow attenuator in animal models, understanding
the effects of melatonin on cerebrovascular reactivity has the potential to add valuable insight
into possible therapeutic approaches towards populations with dampened cerebrovascular

reactivity.

Delimitations

1. All subjects are considered healthy and do not have cardiovascular, metabolic, or
pulmonary diseases, and have no history of autonomic dysfunction.

2. All subjects are normotensive and have a resting systolic blood pressure of < 130 mmHg
and a resting diastolic blood pressure of < 85 mmHog.

3. All subjects are not taking any cardiometabolic medications that would interfere with the
present study by interfering with cerebral or systemic blood flow.

4. All subjects are 18-35 years of age.

5. All subjects have a BMI of less than 30 kg/m?.

6. All subjects are not pregnant.

7. All female subjects are tested between days 1 and 7 of the follicular phase of their
menstrual cycle.

8. All subjects have not used nicotine products within the last 6 months.

9. All subjects do not regularly use any melatonin products.



Limitations
Middle cerebral artery velocity (MCA\) has been measured and used to estimate flow and
thus vasodilation rather than directly measuring middle cerebral artery vessel diameter.
Melatonin has been administered sublingually and not venously or intra-arterially.
CO2 balloon volume was not measured directly during rebreathing.
. Total brain oxygenation was not measured, only prefrontal cortex oxygenation has been
measured.
Subject light exposure, which is a main determining factor for melatonin release, has not
been controlled for outside of the experimental protocol.

Data may not adequately represent any population beyond young, healthy individuals.

Assumptions

. All subjects have adhered to the pre-protocol requirements.

. AMCA\ accurately represents Acerebral blood flow.

. ACVCi accurately represents Acerebrovascular conductance.

Sublingually administered melatonin was absorbed into the blood stream as previously
described (Bartoli et al., 2013).

5mg of sublingually-administered melatonin reached peak concentration within the
circulation ~30 minutes after administration as previously described (Bartoli, 2014).
Balloon volume did not limit CO, consumption during rebreathing protocol.

Subjects were properly blinded by placebo treatment.



10.

Operational Definitions
Cardiac Output (Q): The amount of blood that leaves the heart over one minute,
calculated by multiplying stroke volume and heart rate.
Stroke Volume (SV): The amount of blood pumped out of the left ventricle of the heart
during one systolic contraction.
Total Peripheral Resistance (TPR): Total systemic resistance to blood flow in the
circulatory system.
Transcranial Doppler (TCD): A rapid, noninvasive method used to measure
cerebrovascular function and flow velocity. The Doppler effect allows for ultrasonic
waves to reflect off moving erythrocytes to provide cerebrovascular information
(Purkayastha & Sorond, 2012).
Middle Cerebral Artery Velocity (MCAV): The speed at which blood travels within the
middle cerebral artery.
Cerebrovascular Conductance Index (CVCi): An index that divides middle cerebral
artery velocity by mean arterial pressure and represents conductance, or ease of flow,
within an artery.
Mean Arterial Pressure (MAP): The average arterial pressure throughout one complete
systolic and diastolic cardiac cycle (DeMers & Wachs, 2022).
End-tidal CO2 (EtCOz2): The volume of CO2 exhaled at the end of one breathing cycle.
End-tidal Oz (EtOz2): The volume of O, exhaled at the end of one breathing cycle.
Near-infrared Spectroscopy (NIRS): A method that uses relative infrared light
absorption wavelengths to determine oxygenated hemoglobin, deoxygenated hemoglobin,

and total hemoglobin levels (Sanni & McCully, 2019).
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12.

13.

14.

15.

16.

17.

18.

Total Saturation Index (TSI): A ratio between oxygenated hemoglobin and total
hemoglobin (Sanni & McCully, 2019)

Oxygenated Hemoglobin (HbOz2): Oxygen bound to hemoglobin complexes.
Deoxygenated Hemoglobin (HHb): Hemoglobin that does not have oxygen molecules
bound to itself.

Total Hemoglobin (tHb): Total amount of hemoglobin in a sample of red blood cells,
which can be used to measure oxygen transport capacity.

Sympathetic Nervous System (SNS): The part of the autonomic nervous system that
prepares the body for periods of activity.

CO2 Rebreathing: A method of inhaling large amounts of CO: to elicit a rise in EtCO-
of at least 5 mmHg without a decrease in ventilation (Barrie & Beatty, 1995).

Placebo (PLA): A mixture of one microliter of McCormicks Pure Mint Extract and 29
mL of filtered water, administered via sublingual spray.

Melatonin (MEL): Consists of 5 mg of sublingual spray (10 total sprays, Onnit, Austin,

Texas, United States).



Chapter 11

Literature Review

Introduction

It has been demonstrated that melatonin is a hormone that is responsible for the
regulation of sleep patterning and the Circadian Rhythm (Cajochen et al., 2003). Beyond this,
recent evidence has shown that melatonin may have wider implications on systems like the
cardiovascular system in both human and animal models (Cunnane et al., 1980; Simko et al.,
2007; Katsi et al., 2012; Baker & Kimpinski, 2018). It has been suggested that a-adrenergic
receptor inhibition may be related to melatonin production and thus exogenous melatonin
supplementation, implying that melatonin produces anti-hypertensive effects in addition to anti-

inflammatory and antioxidant effects (K-Laflamme et al., 1998; Baker & Kimpinski, 2018).

The brain is an organ that lacks substantial substrate storage and thus requires very
controlled blood flow matching in order to meet metabolic demand (Tarumi et al., 2018).
Because of the recent >8.5% increase in lifetime stroke risk in the United States, the proper
establishment of potential therapeutic targets as well as exogenous aids with cardiovascular
implications is of the upmost importance (Tsao et al., 2022). While no specific clinical
significant difference has been determined detailing the risk between dampened CVR and stroke
risk, studies have shown that there was a 9.8% increased annual risk of experiencing an ischemic
brain event in those with lower CVR and a statistically increased risk of experience a first-time
lacunar infarction (Molina et al., 1999; Silvestrini et al., 2000) Because measurement of CVR is
commonly used to represent an individual’s risk of an ischemic or traumatic brain event, and

dampened CVR is typically associated with an increase in ischemic event incidence, using a CO-



rebreathing challenge in order to evaluate CVR can be considered a potential predictive clinical
tool (Silvestrini et al., 2000; Vernieri et al., 1999; King et al., 2011; Hu et al., 1999; Chen et al.,
2014). The purpose of this literature review is to investigate the effects of melatonin
supplementation on cerebrovascular blood flow and CVR during a CO; rebreathing challenge.
Search terms were organized and utilized beginning in the order of the present review.
Commonly used terms included CO- rebreathing, CO2 and blood brain barrier, Middle Cerebral
Artery Diameter, Melatonin, Melatonin Cerebrovasculature, Melatonin Receptors, Melatonin

Receptors Cerebrovasculature, and other extensions or combinations of the above terms.

This chapter will discuss the production and secretion of melatonin from the pineal gland
and extra-pineal locations, the functions and proposed functions of melatonin, the potential
interaction of melatonin with cardiovascular control tissues, the pharmacokinetics and dosing of
melatonin supplementation, cerebrovascular anatomy, sex differences in cerebrovascular blood
flow and CVR, cerebrovascular responses to CO. rebreathing, the computation and interpretation
of estimated flow changes during hypercapnic conditions, and the clinical implications of

melatonin use on cardiovascular and cerebrovascular health.

Cerebrovascular Anatomy

Comprehensive understanding of the anatomy of the cerebral vasculature is important in
forming a foundation of studying cerebrovascular health outcomes. Blood flows to the brain via
four large cerebral arteries; the right and left vertebral arteries (VA) and the right and left internal
carotid arteries (ICAs) (Traystman, 2017; Vavilala et al., 2002). The former is responsible for the

distribution of blood to the posterior side of the brain while the latter is responsible for the
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distribution of blood to the anterior part of the brain. The carotid arteries and the VAs then
combine at the base of the brain’s vasculature to form the Circle of Willis (Traystman, 2017). In
particular, and in relevance to the present study, the anterior-supplying ICAs branch on both
sides to the middle cerebral arteries (MCAS), which continue to branch into the anterior cerebral
arteries (ACAS). In the posterior circulation, the right and left VAs integrate with one another,
becoming the basilar artery (BA), which branch into the posterior cerebral arteries (PCAS). In
redundant fashion, anterior and posterior communicating arteries integrate with the PCAs at the
Circle of Willis, ensuring that there is an equal and adequate distribution of blood throughout the
entire brain (Traystman, 2017). Through different branches blood then flows into arterioles,
marking the point during which blood is no longer considered to be flowing in the large arteries
of the brain. The distribution of nutrients and metabolites occurs at the level of capillary beds,

which are fed by said arterioles.

Cerebral Vascular Anatomical Variability

Many of the common vascular pathways within the brain appear with differing degrees of
variability, presenting an issue for the measurement and interpretation of cerebrovascular data. In
particular and most relevant to the present study, the MCA is a vessel that is commonly
bifurcated, trifurcated, or quadfurcated. Gunnal (2019) concluded in a cadaveric study with a
sample size of 170 preserved brains that 64.70% had at least one bifurcated MCA, 12.35% had at
least one trifurcated MCA, and 2.35% had at least one quadfurcated MCA. Other studies have
concluded between 70 and 80 percent of individuals have at least one MCA bifurcation and
between 9 and 30 percent of individuals have at least one MCA trifurcation (Idowu et al., 2002;
Tanriover et al., 2003; Pai et al., 2005; Vuiller et al., 2008). Similar results have been found in

different arteries associated with the Circle of Willis (Papantchey et al., 2013; Payne, 2016).
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Abnormalities in cerebral vascular anatomy can make obtaining symmetrical data without some
degree of variation difficult, as many of the variations in cerebral anatomy do not present with

any obvious pathology (Alpers et al., 1959).

Cerebral Vascular Sex Differences

Alongside variations present in the cerebral vasculature of humans, there are measurable
differences in both anatomical and blood flow-related variables when comparing males and
females. It has been shown that females typically have higher global and regional cerebral blood
flow compared to men, ranging depending on the study between an increase of ~6-11%, not
normalized by volume of neural tissue, but as a change from a self-baseline (Rodriguez et al.,
1988; Gur & Gur, 1990). Females also may present with more symmetrical flow in comparison
to men (Rodriguez et al., 1988). End-tidal CO- concentrations were not different, indicating that
there may be a hormonal difference that contributes to blood flow in females compared to men,
which is an important factor when considering any sex difference analyses. Estrogen
replacement therapy (ERT) has been shown to increase global cerebral blood flow in
postmenopausal women, suggesting that the hormonal differences between males and females
could contribute to cerebral blood flow responses both between males and females as well as
within the same females at different stages of their menstrual cycles (Ohkura et al., 1994;

Resnick et al., 1998; Nevo et al., 2007).

Cerebrovascular Blood Flow Control

Poiseuille’s Law is fundamental to understanding cerebral hemodynamics, similar to any

other part of the cardiovascular system. It states that the flow through a vessel is determined by

12



changes in blood velocity, viscosity, diameter, and the vessel length. The equation can be seen

as:

B APmr#
- 8l

AP = change in pressure, r = vessel radius, = blood viscosity, | = vessel length

Under ideal conditions, the length of the vessel and viscosity of blood flowing through said
vessel can typically be excluded when comparing groups. This leaves the effect of pressure and
radius as two variables that can alter flow dramatically, with the most influential contribution being
derived from changes in the radius of a blood vessel. Therefore, particular examination of vessel

diameter alterations is crucial in terms of changes to cerebral blood flow.

Neurogenic Contributions to Flow

The degree of contribution of the sympathetic and parasympathetic nervous systems on
vasodilatory and vasoconstrictive responses, particularly in the cerebrovasculature, is to this day
debated within the scientific community. Most current research agrees that the parasympathetic
nervous system either does not play a role or only plays a minor role in the vasodilatory and
vasoconstrictive responses of the cerebral vasculature (Willie et al., 2014). It is known that the
sympathetic nervous system does present adrenergic receptors within the vascular smooth muscle
of the cerebral vasculature (Ainslie & Brassard, 2014; Brassard et al., 2017). Beyond this,
adrenergic nerve endings have been discovered innervating the above-mentioned receptors
(Ainslie & Brassard, 2014). It has not been concluded the extent to which sympathetic innervation

contributes to cerebral blood flow control, but the influence of the SNA is evident, at least within

13



the larger arteries of the brain, where removal of sympathetic outflow results in higher total blood

flow (Jeng et al., 1999; Claassen et al., 2021).
Cerebrovascular Responses to CO> Rebreathing — Metabolic Contributions to Flow

Avrterial CO2 concentration is inversely proportional to alveolar ventilation and directly

proportional to the total volume of CO> production as described by:

V,
P,CO, = %

Where P.CO; = arterial CO; concentration, Vco, = whole-body CO; production, and Va = alveolar

ventilation (Willie et al., 2014)

So, arterial concentration of CO> can be derived through the measurement of CO> output
and ventilation. Increases in arterial CO2 concentration leads to a rapid passive diffusion of CO-
across the blood-brain barrier, which changes hydrogen ion concentration via the bicarbonate
buffering system in the intracellular and extracellular cerebrospinal and interstitial fluids of the
brain, eventually leading to alterations in cyclic GMP production and causing vascular smooth
muscle relaxation (Willie et al., 2014; Jensen et al., 1988). The subsequent change in the vascular
tone of the cerebral vessels results in changes to CBF, and CO2 concentrations have been
established as the most potent regulator of cerebral tone itself (Hoiland et al., 2019). It has
further been estimated that there is an ~4% increase in cerebral blood flow for every increase of
1 mmHg of CO, (Dagal & Lam, 2009). Therefore, controlled alterations in the concentration of
inspired CO2 will lead to possibly-predicted alterations in vasodilatory responses via the above-
mentioned change in arterial tone, with arterial CO2 concentration displaying a direct

relationship with vascular smooth muscle relaxation and vasodilation (Hoiland et al., 2019).
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CO2 Rebreathing as a Tool to Assess Cerebrovascular Reactivity

Alteration of the concentration of inspired CO2 will lead to possibly-predicted
vasodilatory responses, and so CO- rebreathing can serve as a valuable tool to assess a vessel’s
ability to respond to a stimulus. To restate, if it is understood that a vessel will dilate in response
to a particular stimulus, assessing the vessel’s capability to dilate to that stimulus could be
predictive of cerebrovascular health. Indeed, there is evidence to show that impaired CVR to
stimuli is associated with predicted risk of ischemic or traumatic brain events (Vernieri et al.,
1999; Silvestrini et al., 2000; King et al., 2011; Hoiland et al., 2019). Since it has been
demonstrated that a dampened or weakened CVR is associated with an increase in ischemic
event incidence, using CO- rebreathing as a tool to assess the capacity to which a vessel can react

to stimulus proves extremely useful (Hu et al., 1999; Chen et al., 2014; Hoiland et al., 2019).

Production and Secretion of Melatonin

Melatonin Production from the Pineal Gland

Under low light conditions melatonin is secreted from the pineal gland. Through the
retina, and in the presence of low light, a cascade beginning with activation of the
suprachiasmatic nuclei (SCN) begins (Pandi-Perumal et al., 2008; Baker & Kimpinski, 2018).
Activation of the SCN inhibits the paraventricular nucleus (PVN) which projects to the
sympathetic intermediolateral nucleus in the spinal cord, projecting to the pineal gland via
cervical ganglia (Pandi-Perumal et al., 2008; Baker & Kimpinski, 2018). Under light conditions,
contrarily, the PVN remains inhibited and the cascade for melatonin release from the pineal

gland ceases. When the cascade is allowed to continue, melatonin is released from the pineal

15



gland and can interact with targets in the brain that relate to the Circadian Rhythm but is also
released into the peripheral and cerebrovascular bloodstreams as well as the cerebrospinal fluid
where its proposed cardiovascular mechanisms may take form (Baker & Kimpinski, 2018).
Physiologically, and because of the dependence of melatonin release on the presence or absence
of light, the highest concentrations of melatonin are seen during the night and the lowest

concentrations of melatonin are seen during the day in humans (Cajochen et al., 2003).

Melatonin Extra-Pineal Gland Production

Extra-pineal sources of melatonin include immune tissues, bone marrow cells, the
gastrointestinal tract, and many more (Acuna-Castroviejo et al., 2014). Despite this, in most
situations, extra-pineal melatonin release is local and does not leak into the peripheral circulatory
system (Acuna-Castroviejo et al., 2014). One explanation for this is a molecule specifically
designed to “buffer” melatonin to keep its highly lipophilic profile within the cell, but specific
mechanisms have not yet been discovered (Acuna-Castroviejo et al., 2014). With recent
investigation into the anti-inflammatory and antioxidant effects of melatonin, it would reason
that extra-pineal and local melatonin release would be of high importance (Acuna-Castroviejo et
al., 2014). Furthermore, locally produced and locally-maintained melatonin release would be
able to exert its anti-inflammatory and antioxidant effects without leaking into the circulatory

system.
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Melatonin’s Interaction with Cardiovascular Control Tissues

Melatonin Receptor Physiology

While it has been established that melatonin plays an important role in sleep and the
regulation of the Circadian Rhythm, it also has been suggested that it plays an important role in
various cardiovascular disease risk factor attenuation. Some of these areas include oxidative
stress, diabetes, dyslipidemia, obesity, hypertension, arrythmias, and atherosclerosis (Imenashidi
et al., 2020). Three types of melatonin receptors have been identified in humans, but only the G
protein-coupled receptors MT1 and MT2 have thus far been demonstrated to exist in humans
(Pandi-Perumal et al., 2008; Baker & Kimpinski, 2018). In humans, after the pineal melatonin
release cascade through the SCN and PVN becomes active, melatonin binds to MT1 or MT2
receptors where its signaling is mediated via adenylate cyclase, guanylate cyclase, and calcium
channels (Pandi-Perumal et al., 2008; Baker & Kimpinski, 2018). Typically, activation of MT1
receptors results in a vasoconstrictive response whereas activation of MT2 receptors results in a
vasodilatory response (Pandi-Perumal et al., 2008). After intracellular signaling occurs, cyclic
AMP production becomes inhibited and intracellular calcium concentrations increase (Baker &
Kimpinski, 2018). The melatonin receptor MT3, otherwise known as the enzyme quinone
reductase 2, acts as a mechanism that prevents oxidative stress by preventing electron transfer
reactions of quinones, but have only been demonstrated thus far to be present in rats and hamster

models (Pandi-Perumal et al., 2008).
Melatonin Receptors and Cerebrovascular Control
Previous work has found that there are melatonin receptors found outside of well-

established locations like the hypothalamus and pineal gland. Besides the periphery, MT2
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receptors have been discovered in the Circle of Willis in the brain, which suggests that there may
be a mechanism of cardiovascular action derived from melatonin binding on the cerebral
vasculature (Capsoni et al., 1994; Viswanathan et al., 1990). Separate from MT1 receptors, MT2
receptors also modulate guanylyl cyclase and resulting cGMP production, which can cause
vasorelaxation and dilation by increasing conductance through potassium channels and
decreasing vascular smooth muscle cell (VSMC) calcium sensitivity (Baker & Kimpinski, 2018;
Hoiland et al., 2019). This implicates MT2 receptors as a potential location of melatonin’s
proposed cerebrovascular influence. Since MT2 receptors mediate the production of cGMP, and
MT2 receptors have been found lining the large arteries of the cerebral vasculature, investigation

of their activation and thus subsequent vasorelaxation is warranted.

The Effect of Melatonin on the Nervous System

It has been suggested that the mechanism through which melatonin exerts positive
cardiovascular effects is via the attenuation of sympathetic a-adrenergic receptors and the
stimulation of parasympathetic beta-receptors. Direct intravenous injection of melatonin resulted
in increased concentrations of gamma aminobutyric acid (GABA), a central sympatho-inhibitory
molecule, and decreased concentrations of glutamate, a central sympatho-excitatory molecule,
which displayed a following decrease in MAP (Xia et al., 2008). This may have to do with the
close connection between the SCN, which mediates melatonin release from the pineal gland, and
the rostral ventrolateral medulla (RVLM), which extends into projections towards
sympathetically-oriented cell bodies (Baker & Kimpinski, 2018). Furthermore, sympathetic
activity was significantly decreased in response to simulated hypovolemic-induced stress after

exogenous supplementation of melatonin (Ray, 2003). Numerous studies have also observed
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decreases in MAP, pulsatility, and norepinephrine and epinephrine release following acute

supplementation of exogenous melatonin (Arangino et al., 1999; Cagnacci et al., 1997).

The Effect of Melatonin as an Antioxidant and Anti-inflammatory Agent

When cells metabolize oxygen there is a potential for deleterious reactive oxygen species
(ROS) if an imbalance between pro-oxidant and antioxidant enzymatic presence, potentially
causing damage to proteins, DNA, and lipids (Touyz, 2004). Applied to hypertensive humans
and rat models, ROS production is markedly enhanced with a subsequent reduction in
antioxidant bioactivity (Touyz & Schiffrin., 2001). Melatonin has clearly demonstrated
antioxidant effects to a large capacity by the direct clearance of ROS, through the stimulation of
enzymes associated with antioxidant activity, and through the inhibition of enzymes associated
with pro-oxidant activity (Reiter et al., 2016). Consideration of melatonin as a possible route of
supplemental help towards clinical populations with hypertension or other cardiovascular
disorders that are associated with increased levels of ROS and considering that melatonin has
shown to improve antioxidant bioactivity in both human and rat models, has become more
popular in recent years (Cunnane et al., 1980; Simko et al., 2007; Katsi et al., 2012; Baker &

Kimpinski, 2018).

Following suit, as melatonin acts as an antioxidant hormone, its antioxidant activity
produces anti-inflammatory responses that have been shown to benefit multiple chronic diseases
which have an inflammatory underlying physiological cause or response (Nabavi et al., 2019).
For instance, metabolic disease, hypertension, and obesity are typically associated with high
levels of chronic and systemic inflammation (Prado et al., 2018). It has been demonstrated that
melatonin supplementation is associated with a reduction in said inflammation in similar

populations through multiple intracellular and extracellular processes, many of which are
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associated with mitochondrial protective mechanisms as well as a reduction in the previously-

mentioned ROS reduction rates (Prado et al., 2018).

Pharmacokinetics and Dosing of Melatonin

Exogenous supplementation of melatonin orally or intravenously ultimately ends up with
excretion through the urinary system (Tordjman et al., 2017). As typically seen with exogenous
supplementation of other substances, intravenous melatonin supplementation is effective more
quickly and eliminated more quickly than oral supplementation, which can take up to 60 minutes
to reach maximal plasma concentrations (Tordjman et al., 2017). Once concentrations are
reached, the liver clears up to 90% of exogenous melatonin in a so-called “first-pass effect”
within 30 to 60 minutes (Bartoli et al., 2013). Intake of a usual exogenous dose of melatonin can
result in up to between 10 and 100 times normal physiological nocturnal peak concentrations
with a return to basal values within 4 to 8 hours (Tordjman et al., 2017). Potential side effects of
high dosages of melatonin include mood alterations, fatigue, a decrease in cognitive
performance, and more rarely cardiovascular or endocrine system differences (Imenshahidi et al.,
2020). Studies that displayed larger amounts of adverse effects, including endocrine or
cardiovascular effects, were administering doses of between 20 and 100mg of melatonin, while
typically only between 1 to 5mg of melatonin are used for research and daily purposes, including

the present study (Imenshahidi et al., 2020).

In terms of the purposes of the present study, melatonin emulsion at the buccal mucosal
level through a spray has been demonstrated to display no difference in absorption rate when

compared to oral tablet intake (Bartoli et al., 2013). The larger surface area allows for more
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absorption through the mucosa, avoiding some of the effects of the previously mentioned so-
called “first-pass phase” (Bartoli et al., 2013). Furthermore, the total amount of melatonin that
reaches the systemic circulatory system is statistically higher in melatonin consumed via a spray

format than melatonin consumed via an oral tablet (Bartoli et al., 2013).

Computation of Estimated Flow during Hypercapnia

Limitation of Transcranial Doppler Ultrasonography in Calculating Flow

If it is to be assumed that MCA diameter remains constant then TCD, which measures
blood velocity, serves as a potent estimator of blood flow responses (Bishop et al., 1986).
Despite this, CO> challenges similar to the present study have displayed varying results as to
whether or not MCA diameter changes during hypercapnic conditions (Serrador et al., 2000;
Valdueza et al., 1997; Coverdale et al., 2014). More recently, and using a high-tesla MRI system,
it was determined that there is a nonlinear relationship between 7.5 and 15 mmHg (or 1 and 2
kPa) PetCO> changes from baseline normocapnia and MCA vessel diameter (Verbree et al.,
2014). This implies that the typical assumption of a static MCA diameter and thus proper
estimation of blood flow through the measurement of blood velocity using TCD may

underestimate true changes.

Computation of Normalized Estimated Cross-Sectional Area

The true outcome variable of the measurement of blood velocity using TCD is the
derivation or assumption of blood flow alterations. As previously stated, and especially during
hypercapnic conditions above 7.5 mmHg compared to normocapnia, TCD may underestimate
blood flow response alterations. In using a 7-Tesla MRI system, it was concluded that there are
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alterations in MCA vessel diameter under CO- challenges above 7.5 mmHg, so a third-order
polynomial was derived and compared to MRI diameter measurements allowing for an
estimation of vessel diameter change depending on CO> challenge magnitude (Verbree et al.,

2014). The third-order polynomial is displayed as:
y = 0.93x3 + 1.22x% + 1.99x + 99.64

Where y = MCA normalized area, x = APetCO, (Verbree et al., 2014)

Following Poiseuille’s Law, this normalized area formula could serve as a key tool in
more accurate estimation of blood flow alterations when measuring blood velocity changes using

TCD under CO2 challenges.
Novel Computation of Estimated Flow using Normalized Estimated Cross-Sectional Area

In following Poiseuille’s Law once again, and under ideal circumstances in which vessel

length and blood viscosity are not considered, blood flow can be calculated as:
Q=114
Where v = blood velocity, A = vessel area

In applying the third order polynomial designed to derive normalized vessel area during
COz challenges it should then be possible, during CO. rebreathing within the present study, to
estimate a more accurate change in blood flow based on the calculated vessel area by multiplying
it by the blood velocity measured using TCD (Verbree et al., 2014). In doing so, we are
estimating blood flow using an estimated normalized area, and so error becomes a relevant
problem-source. Despite this, with the relative reported accuracy of estimating normalized vessel

diameter using the above-stated polynomial (R? = 0.51), and with the knowledge that MCA
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diameter does change when measured by a 7-Tesla MRI system during CO> challenges, it may
be more apt to use estimations to derive blood flow than to assume that vessel diameter does not

change, contradicting previous literature (Verbree et al., 2014).

Clinical Implications

The Effect of Melatonin on Cardiovascular Disease and Hypertension

While many of the mechanisms surrounding the cardiovascular effects are currently
unknown on a physiological level, it is clear and has been demonstrated that acute exogenous
melatonin supplementation improves blood pressure, parameters of oxidative stress, and serum
lipid profile in clinical populations like metabolic syndrome (Kozirdg et al., 2011). Multiple
studies have also found that melatonin supplementation results in improved blood pressure
profiles in patients diagnosed with hypertension (Sun et al., 2016). Furthermore, and while
evidence linking the physiological cause to the clinical outcome is limited, there is a clear
association between sleep deprivation or lack of sound sleeping and cardiovascular and
metabolic diseases, implicating a possible role of melatonin in terms of cardiovascular health
(Tobaldini et al., 2017). Melatonin’s anti-inflammatory and antioxidant effects have also been
associated with a protective mechanism against myocardial infarctions, hypertension, and
ischemia-related injury (Chitimus et al., 2020). Therefore, while the physiological mechanisms
that underly the protective effects of melatonin as well as the supplemental positive effects of
exogenous melatonin supplementation, investigation regarding the mechanisms through which
melatonin exerts its beneficial influences is worthwhile. Few studies have investigated the effect

that melatonin has on cerebrovasculature, but even fewer studies have examined how melatonin
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effects cerebrovascular reactivity under potent vasodilatory stimuli such as CO> rebreathing.
Elucidation of how melatonin, with its potential a-adrenoreceptor inhibition and reduction in
sympathetic outflow as a result, may affect how the brain vasculature responds to different

stimuli may provide insight as to whether or not it is effective clinically in the prevention of

ischemia and brain-related trauma events.

Conclusion

Melatonin has been established to play an important role in the regulation of sleep
patterning and the Circadian Rhythm. Beyond this, it has been suggested and demonstrated that
melatonin can exert cardiovascular effects. The presence of MT2 receptors, which have
vasodilatory effects by acting on cGMP production, in large arteries of the brain vasculature
suggests that some of the cardiovascular effects seen with exogenous melatonin supplementation
may also be present in cerebrovasculature (Pandi-Perumal, 2007). As stated, it has been shown
that there is an association between decreased melatonin release or absorption and cardiovascular
disease. There is also an association between decreased CVR and ischemic or traumatic brain
events, and it has been demonstrated that CO- rebreathing is an effective methodology for the
assessment of CVR in humans (Hoiland et al., 2019). The combination of novel techniques that
can be used to estimate flow via measurements in cerebral blood velocity and standardized MCA
diameters as well as the knowledge that dampened melatonin release and CVR result in
cardiovascular disease and disorder prompts a study that investigates a gap in knowledge
regarding the effects of exogenous melatonin supplementation on CVR using effective CVR-

assessment techniques.
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Chapter 111

Methodology

The ability for our cerebrovasculature to maintain proper flow is vital to supplying
nutrients that are necessary for proper cognitive function as well as in avoiding neurological
damage, stroke, and death. It has been established that CO> rebreathing is a useful technique in
determining CVR (Silvestrini et al., 2000; Vernieri et al., 1999; King et al., 2011). The purpose
of this study was to determine the role of acute melatonin supplementation on cerebrovascular
reactivity and changes in flow during a CO- challenge. This chapter will elucidate the
participants that have been included, ethical approval, the equipment and methods that have been
implemented, threats to internal and external validity, and data collection and statistical analyses

that has been completed.

Ethical Approval

This study has been approved by the Institutional Review Board of the University of
Oklahoma Health Science Center (IRB #13084). All subjects were informed about the

implications of participation before completion of the study and all guidelines have been abided

by.

Participants

Prior to recruitment, a power analysis was performed using an a priori o value of 0.05.
Data gathered from a pilot for the present study (n=10) was with CVR as the key dependent
variable, displayed as the change in MCAv (cm/s) per unit change in CO. (mmHg). Pilot data

was not normally distributed, so a Wilcoxon signed-rank test was specified in the program
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G*Power as a two-tailed test comparing CVR during rebreathing between the placebo and
Melatonin conditions (Faul et al., 2009). Because of the non-normal distribution of the data, a
Spearman’s rho correlation value was used alongside the mean and standard deviation of the
placebo and Melatonin conditions in order to determine the effect size. To achieve a power of
0.85, 18 subjects were required to complete both experimental visits. Participants were between
the ages of 18 to 35 years old. They were considered healthy with no conflicting comorbidities,
neurological or cardiovascular disorders, and no absolute contraindications. All females were
tested during the early follicular phase within the first 5 days of their menstrual cycles to avoid
hormonal interferences in vasodilatory responses (Mannon et al., 2020). Sampling and
recruitment was localized to the University of Oklahoma and surrounding areas via flyer-posting
on the Norman campus, student base mass emails, and representative verbal recruitment during
classes held in the Health and Exercise Science department at the University of Oklahoma.
Participants were only enrolled in the study if they met the inclusion criteria outlined in this

chapter.

Inclusion Criteria Exclusion Criteria

e Use of any form of tobacco or nicotine
e 18-35 years of age

_ _ e Regular use of melatonin as a
¢ No known metabolic, neurological, or

supplement
cardiovascular disease

e Any history of autonomic dysfunction,
e No autonomic dysfunction

cardiovascular disease, metabolic
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Females are premenopausal with
regular cycles (26-30 days)

Systolic blood pressure of
<130mmHg, diastolic blood pressure

of <85mmHg

disease, or neurological disease
(Harrell et al., 2014)

Females that are pregnant

Anyone with an allergic reaction to

melatonin

e Systolic blood pressure >130mmHg,
diastolic blood pressure >85mmHg
¢ Individuals engaging in sex hormone

replacement therapies

Research Design

This study was a true experimental, randomized, placebo-controlled, crossover, single-
blind (participant only) design. Threats to internal and external validity were be limited through

the true experimental placebo-controlled design.

Experimental Protocol

Visit 1 — Informed Consent and Screening

Subjects were required to attend an initial familiarization and qualification session before
participation in the protocol. Immediately upon attendance of the first visit, subjects were
informed of the potential risks and benefits of participation, after which they signed an approved
(IRB #13084) informed consent document. Health Insurance Portability and Accountability Act
(HIPAA) authorization was then collected from the subject after informing the subject of the
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implications of the use of their data on an approved authorization form. A Pittsburgh Sleep
Quality Index (PSQI) form was completed by the subject in order to further understand sleeping
habits, as melatonin is known to affect Circadian Rhythm signaling. The International Physical
Activity Questionnaire (IPAQ) was then completed by the subject to determine their recent
physical activity level. After completion of all forms and after all risks and benefits were
discussed, if subjects agreed to continue, pregnancy tests were administered for female
participants. To account for differences in cerebral blood flow and blood flow regulation across
different menstrual cycle phases, it was ensured that each female participant experienced regular
menstrual cycles with little variation (Peltonen et al., 2016). The participant then laid in a supine
position while resting for 10 minutes, after which measurements of blood pressure were taken.
After this, height, weight, waist and hip circumference, and finger circumference measurements
were taken as 3 total measurements averaged with 1 minute breaks between each measurement.
Gathered data was used to determine whether or not the participant met the inclusion criteria of
the study. If the subject did, they were fitted for equipment, experienced CO; rebreathing
sensation, and became familiarized with the protocol. Anatomical location, gate, and depth for
the transcranial doppler ultrasonography probes were found to make experimental visit
acquisition of the MCA quicker and easier during future experimental visits. Subjects were then

scheduled for visit 2.

Visits 2 & 3

Upon arrival for visits 2 and 3 subjects indicated verbally that they had adhered to the
pre-protocol requirements established earlier in this chapter. Participants were reminded of the
protocol as they were shown during their first visit. They were instructed to use the restroom and

don the Equivital ECG vest that they were fitted for during their first visit. Participants were then
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instrumented with the equipment detailed below. During instrumentation, administration of
either the melatonin treatment (5mg, Onnit, Austin, TX, mint flavor) or the placebo treatment
(one pL of McCormicks Pure Mint extract and 29 mL of filtered water, to mimic flavor of
melatonin treatment) was given sublingually in the form of 10 sprays under the tongue,
randomized via a coin flip and not investigator-blinded. Whether the participant received the
melatonin was randomized and counterbalanced with a placebo upon their next visit. Subjects
were seated in the supine position and further instrumentation and verification of measurements
occurred for 30 minutes (the amount of time melatonin has been described to reach peak blood
concentration when consumed via a spray) (Bartoli et al., 2018). The laboratory was kept dark
and temperature-controlled (22-24°C). After a measurement line-up, 5 minutes of baseline was
followed by 2 CO2 rebreathing challenges, which occurred until the participant displayed a >

10mmHg increase in End-tidal CO2, was continuously measured.

PLA or 5mg MEL - Instrumentation Rebreathing| RestS | Rebreathing
1 Minutes 2

Figure 1. Protocol Outline. Placebo (PLA); Melatonin (MEL). Rebreathing 1 and 2 was conducted until a
physiological increase in end-tidal CO, of +10 mmHg was observed. Central cardiovascular variables described

above, MCAv, CVCi, and TSI were collected during all stages.

Instrumentation

Transcranial Doppler Probes (Neurovision Transcranial Doppler Ultrasound, Multigon
Industries, EImsford, New York) are 2MHz probes that are ideally insonated at an ~90° angle to
the middle cerebral artery to accurately measure flow velocity. The Equivital Life Monitor and
Vest (EQ life monitor, Equivital Limited, Cambridge, United Kingdom) detects alterations in

chest expansion and relaxation to output breathing frequency (BF) and uses a 2-lead ECG to
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detect heart rate (HR). The Hans Rudolph V2 oro-nasal Mask (Hans Rudolph, Shawnee, KS) fits
over the subject’s nose and mouth and is attached to a custom 3-way valve allowing for breath-
by-breath sampling and CO> rebreathing to be switched to seamlessly. The Finapres Finometer
(Finapres® NOVA, Finapres Medical Systems B.V, Enschede, Netherlands) is a finger
plethysmography unit that allows for the measurement of beat-to-beat mean arterial blood
pressure (MAP), stroke volume (SV), total peripheral resistance (TPR), and cardiac output (Q)

by means of small-balloon expansion within a cuff placed around the subject’s middle finger.

Measurements

Middle Cerebral Artery Velocity (MCAV):

Alterations in middle cerebral artery velocity have been assessed using 2MHz transcranial
robotic doppler probes. Just before or after administration of the treatment, subjects were seated
while two technicians placed one probe on the temporal window of the skull of the participant.
Each probe was affixed to an adjustable headset. Participants were asked to limit head and neck
movement from the point of signal acquisition until the end of the experiment. Previous literature
has established that TCD is an effective measurement of both blood velocity and blood flow in
the middle cerebral artery (Bishop et al., 1986.).

Cardiac Output (Q), Stroke Volume (SV), Mean Arterial Pressure (MAP), and Total

Peripheral Resistance (TPR):

These mentioned cardiovascular outcome variables were continuously measured using a
finometer. Blood pressure tracking using this technique, which measure blood pressure

waveforms and takes the difference between systolic and diastolic pressure to produce a mean
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pressure, has been shown to be reliable and valid in other similar protocols in producing beat-by-
beat MAP measurements (Reisner et al., 2007; Reisner et al., 2011).

Breathing Frequency (BF) and Heart Rate (HR):

HR and BF have been collected continuously using a 2-lead Equivital ECG vest capable of
detecting alterations in chest expansion.

End-tidal CO2 concentrations:

EtCO- has been derived with the use of breath-by-breath sampling at the mouth and Gemini
02 and CO- gas analyzer (CWE Incorporated, Ardmore, Pennsylvania), which detects alterations

in gas concentrations through changes in infrared absorption levels.

Threats to Validity

Threats to internal validity included participant sympathetic activation through the
exposure to the new environment and procedure itself. While sympathetic activation could have
occurred due to the instrumentation of multiple new pieces of equipment, as well as the audible
volume of some stages of the protocol, this was controlled through the familiarization period that
each participant was required to complete. Through exposure to the new stimuli, sympathetic
response was assumed to be less variable from participant to participant independent of their
given treatment on visits 2 or 3. Another possible threat to internal validity includes the
possibility of technician error. Between 4 and 5 technicians are required to be present during
each protocol, and a lack of practice on operating a certain piece of equipment is a threat to the
integrity of data collection or instrumentation. To control for this, each technician was properly
trained and instructed on every piece of equipment that they would need to run properly during

each trial. Each piece of equipment has a very specific and detailed checklist associated with it,
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and on each day of a protocol every technician signed an accountability form indicating that they
were responsible for that piece of equipment on each specific day. Each technician was tested on
their ability to run every piece of equipment, and every technician was signed off via an MOP by
the laboratory principal investigator. Beyond this, a lack of intravenous melatonin concentration
measurement could have threatened internal validity, as there was no verification that the
sublingual melatonin supplementation caused changes to systemic or cerebrovascular melatonin
concentrations. Despite this, previous literature has demonstrated that sublingual melatonin
supplementation is safe and effective in altering intravenous melatonin concentrations (Bartoli et
al., 2013). Melatonin receptor expression is also variable depending on a multitude of factors,
including light exposure, duration of exposure to exogenous melatonin, and endogenous
melatonin concentrations (Pandi-Perumal, 2007). Therefore, because the time of each visit was
not regulated, it is possible that peak melatonin receptor concentrations were different between
subjects as well as within subjects on different visits. Finally, it has been established that there is
a clear reduction in cerebrovascular CO; reactivity and endothelium-dependent vascular
reactivity early in the morning due to an unknown mechanism (Ainslie et al., 2007). Because of
the fasting requirement for participation, many subjects chose to conduct their visits early in the
morning, meaning that the influence of a reduction in cerebrovascular CO> reactivity may have
had a direct substantial result on measured CVR. A threat to external validity includes a lack of
applicability to populations other than young and healthy males and females between the ages of
18 and 35. Because young and healthy individuals between the ages of 18 and 35 are the target

population, this is to be expected and possibly expanded upon in future research.
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Data Acquisition and Analysis

All data was recorded and stored in LabChart (ADInstruments, CO, USA). Power Lab
(ADInstruments, CO, USA) is a device that integrates inputs from multiple pieces of equipment
associated with cardiovascular outcome variables and enables readability within the LabChart
software at an approximate sampling rate of ~20kHz. Cardiovascular outcome variables were
scripted and transferred into Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).
Calculation of the cardiovascular conductance index was completed through the use of the
following equation:

CVCi=MCAv/MAP

Estimated MCA diameter change was calculated using a third-order polynomial from
previous research using a 7-Tesla MRI system during a similar CO; rebreathing protocol that has
displayed an R? value of up to 0.51 (Verbree et al., 2014). The polynomial itself can be shown
as:

y = 0.93x3 + 1.22x% + 1.99x + 99.64

Where y is representative of estimated vessel area change in a percentile and X is
representative of APetCO2 in kPa. The same normalized area was inserted into an equation
capable of estimating flow in ideal conditions, not considering changes in pressure, changes in
blood viscosity, or changes in vessel length, as displayed below:

Q =Av

Where Q displays middle cerebral artery blood flow in mL/min, A represents the cross-
sectional area of the vessel in cm?, and v represents the TCD-measured middle cerebral artery
velocity in cm/s. Using established baseline data from the same 7-Tesla MRI analysis during

CO2 rebreathing, a multiplication of the percent change in area (calculated via the third-order
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polynomial) and the baseline vessel area allows for us to estimate flow by multiplying our
measured velocity values by the estimated area (Verbree et al., 2014). Our baseline vessel areas
are derived from 7-Tesla MRI data and are a generalization based on sex (Verbree et al., 2014).
Therefore, while each individual’s vessel area will not be measured, using the generalized
baseline areas allows for us to view changes in estimated flow. Not measuring each individual’s
vessel diameter is a limitation, so future methods should focus on taking individual

measurements of MCA diameters and making comparisons with same-subject TCD data.

Statistical Analysis

Statistical analysis was performed during each rebreathing protocol against the last 30
seconds of the previous baseline’s average. SPSS Version 27 (IBM, Chicago, IL, USA) and
Microsoft Excel was used for statistical analysis. Shapiro-wilks tests of normality were
conducted before carrying out paired samples t tests or Wilcoxon paired samples tests based on
the normality of the data. Differences between estimated blood flow, MCAv, CVCi, TSI, and
MAP were acquired and reported. Effect sizes were calculated using Cohen’s d in the case of a
paired samples t test or as an r value, shown in the following equation, in the case of non-normal

data calling for a Wilcoxon analysis:

Z
r=—
Vny ++/n,

Alpha was set a priori as 0.05.
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Chapter 1V
Results

Subject Demographics

A total of 22 subjects completed all three study visits, and 18 subjects (11 males, 7
females; 24.12 £ 4.06 years old) were included for the final analysis. Three subjects were not
included due to poor MCAV signal acquisition during at least one of the experimental visits, and
one additional subject’s TSI values were excluded due to poor data quality. One subject opted to
only complete one rebreathing trial during both experimental visits. All subjects matched the
required population parameters; being between 18-35 years of age with no known neurological,
cardiovascular, or metabolic diseases, having a systolic blood pressure of <130 mmHg, having a
diastolic blood pressure of <85 mmHg, having not used nicotine products within the last 6
months, having not used prescription medications that could interfere with the present study, and
having not used melatonin supplements on a regular basis. Female subjects were tested within

the early follicular phase of their menstrual cycles.

Table 1. Subject Characteristics.

Total (n=18) Males (n=11) Females (n=7)
Age (years) 24.12 +4.18 24.92 + 4.06 2271 +4.31
BMI (kg/m?) 23.82+3.44 25.16 + 3.28 21.53+249*
SBP (mmHg) 114.16 £ 8.75 119.14 + 6.88 105.61 +2.86 *
DBP (mmHg) 71.22 + 3.68 71.49+4.01 70.76 + 3.26
Height (cm) 176.00 + 9.32 181.33 + 6.46 166.86 + 5.46 *
Weight (kg) 73.84 +14.43 91.91+9.95 60.00 £ 9.51 *
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Waist Circ. (cm) 85.14 +10.18 88.21 +9.81 79.87 £9.13

Hip Circ. (cm) 99.76 *+ 8.56 101.75+£9.22 96.36 + 6.51
Chest Circ. (cm) 87.43 £ 11.75 94.13+5.81 75.96 £10.43 *
HR (bpm) 57.30 £9.55 55.80 +7.91 59.86 +12.10
PSQI 6.64 + 4.54 8.23£5.23 414+0.90*
IPAQ 4496.31 + 3528.31 3235.77 = 2380.97 6477.14 + 4281.69 *

Values displayed as mean £ SD. * represents significant difference compared to males. BMI:
Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HR: Resting
Average Heart Rate; PSQI: Pittsburgh Sleep Quality Index; IPAQ: International Physical

Activity Questionnaire.

Central Cardiovascular Variables

No statistically significant differences in any measured cardiovascular or pulmonary
variables when measured between melatonin and placebo treatment conditions were found
during the rebreathing trial (Table 2, p > 0.05). As expected, PerCO: significantly increased as
an average from baseline to rebreathing (Table 2, PLA 42,59 + 1.95 vs. 49.52 + 2.22 mmHg, p =
<0.001, d =-8.00; MEL 43.78 + 3.12 vs. 50.49 + 3.08 mmHg, p = <0.001, r = -0.88).
Predictably, Bs also significantly increased during rebreathing when compared to baseline (Table
2, PLA 15.16 + 3.22 vs. 56.40 + 3.51 bpm, p =<0.001, d = -8.53; MEL 15.30 + 3.72 vs. 57.51 +
2.87 bpm, p = <0.001, d =-8.87). While MAP did visually increase during the transition from
baseline to rebreathing (Table 2, Figure 2), no statistical differences were found. No other
cardiovascular or pulmonary variable displayed a statistically significant difference when

measuring from baseline to rebreathing (Table 2).
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Table 2. Central Pulmonary and Cardiovascular Variables (n = 18, 11 males, 7 females)

Baseline p Value, Rebreathing p Value,
Effect Size Effect Size

Q (L/min)

PLA 6.24 £1.92 p = 0.469 6.22+£1.92 p=0.616

MEL 6.06 = 1.46 r=-0.166 5.99+1.39 r=-0.118
SV (mL/beat)

PLA 95.71 + 23.15 p =0.829 95.16 + 23.16 p =0.850

MEL 94.86 + 19.75 d =0.050 94.39 + 19.48 d =0.045
TPR

PLA 1.09+0.31 p = 0.469 1.11+0.31 p=0.913

MEL 1.11+0.31 r=-0.166 1.11+0.28 r=-0.026
HR (bpm)

PLA 62.91 + 7.96 p =0.209 63.51+7.41 p =0.206

MEL 61.51+9.21 d=0.299 61.69 + 8.20 d=0.310
MAP (mmHg)

PLA 107.88 + 15.69 p =0.968 109.43 £ 15.51 p =0.647

MEL 107.19 £ 11.79 r=-0.092 107.43 £ 10.19 r=-0.108
PerCO:
(mmHg)

PLA 42.59+195* p=0.212 49.52 £2.22 * p=0.472

MEL 43.78 £3.12 * r=-0.286 50.49 + 3.08 * r=-0.170
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Bt (bpm)
PLA 15.16 £ 3.22 * p=0.828 56.40+3.51* p=0.298

MEL 1530+3.72* d =-0.050 57.51+287* d=-0.253

Values displayed as mean + SD. * represents significant differences between baseline and

rebreathing. PLA: Placebo Treatment Group; MEL: Melatonin Treatment Group; Q: Cardiac
Output; SV: Stroke Volume; TPR: Total Peripheral Resistance; HR: Heart Rate; MAP: Mean
Arterial Pressure; PerCO2: End-tidal CO, measured during the last 30s of baseline and as an

average over the entire rebreathing trial; Br: Breathing Frequency.
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Figure 2. Data is displayed as mean £+ SD. Shows alterations in mean arterial pressure from baseline to CO;
rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=18). AMAP was
calculated as an average value, derived from subtracting an average value of the last 30s of the preceding baseline
from each data point during rebreathing. Alpha was set a priori as p < 0.05. No significant difference was seen

between treatment groups.
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Cerebrovascular Variables

No cerebrovascular variable showed a statistically significant absolute difference
between treatment groups during baseline or during the rebreathing trial (Table 3, Table 4). No
measured variable showed any statistical differences between treatment groups when comparing
the change seen during rebreathing calculated against the last 30s of baseline (Table 3, Table 4).
MCAV increased significantly when transitioning from baseline to rebreathing (Figure 3, Table
3, PLA 70.90 + 11.59 vs. 83.43 £ 13.39 cm/s, p =<0.001, d =-2.14; MEL 72.08 + 15.77 vs.
83.95 + 15.68 cm/s, p = <0.001, d = -2.20). CVCi also increased significantly when comparing
the transition from baseline to rebreathing (Figure 4, Table 3, PLA 0.67 £ 0.14 vs. 0.78 £ 0.16
cm/s/mmHg, p =<0.001, d =-2.10; MEL 0.68 + 0.16 vs. 0.79 + 0.16 cm/s/mmHg, p = <0.001, d
=-2.33). TSl increased significantly from baseline to rebreathing (Figure 5, Table 3, PLA 66.57
+6.99 vs. 68.12 + 7.22 %, p = <0.001, r = -0.88; MEL 68.65 *+ 5.95 vs. 69.62 + 6.16 %, p =
<0.001, r = -0.87). No particular visual or statistical trend was visible when comparing CVR
calculated using MCAV or CVCi absolutely or as a percentage change from rebreathing onset

between treatment groups (Figure 6-9, Table 4).

Table 3. Cerebral Vascular Variables (n = 18, 11 males, 7 females; TSI n = 17, 11 males, 6

females)
Baseline pValue, Rebreathing pValue, ABL-RB p Value,
Effect Size Effect Size Effect Size
MCAVvV (cm/s)
PLA 7090+ 1159 p=0612 83.43+13.39 p=0860 13.07 +5.74* p=0818
MEL 72.08 £15.77 d=-0118 8395+ 15.68 d=-0.04212,68+5.65* d=0.055
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CVCi
(cm/s/mmHg)
PLA
MEL
TSI (%)
PLA

MEL

0.67+£0.14

0.68 £ 0.16

66.57 + 6.99

68.65 = 5.95

p=0.759

d=-0.072

p=0.528

r=-0.149

0.78 £0.16

0.79+0.16

68.12 +7.22

69.62 + 6.16

p=0.755 0.11+0.05*

d=-0.075 0.12 £ 0.05*

p=0906 1.39+0.92*

r=-0.029 0.99 +£0.60 *

p=0.926

d =-0.022

p =0.106

d =0.415

Values displayed as mean £ SD. * represents significant differences when comparing the

transition from baseline and rebreathing. p Value represents a comparison between PLA and

MEL treatments. MCAv: Middle Cerebral Artery Velocity; CVCi: Cerebrovascular Conductance

Index. TSI: Total Saturation Index.

Table 4. Rebreathing Cerebrovascular Reactivity (n = 18, 11 males, 7 females)

Rebreathing p Value, RB % Change p Value,
Effect Size Effect Size
CVRwmcav
(cm/s/mmHg)
PLA 1.83+0.81 p =0.949 537+1.23 p=0.148
MEL 1.84+0.72 d =-0.015 6.01 +1.52 d =-0.357
CVRcvci
Gy /mmHg)
PLA 0.02+0.01 p =0.500 498 +1.77 p=0.315
MEL 0.02+0.01 r=-0.159 5.51+1.89 d=-0.244
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Values displayed as mean £ SD. p Value represents a comparison between PLA and MEL
conditions. CVRwmcav: Cerebrovascular Reactivity calculated using MCAv; CVRcvci:

Cerebrovascular Reactivity calculated using CVCi.
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Figure 3. Data is displayed as mean + SD. Shows alterations in middle cerebral artery velocity from baseline to CO»

rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=18). AMCAv was

calculated as an average value, derived from subtracting an average value of the last 30s of the preceding baseline

from each data point during rebreathing. Alpha was set a priori as p < 0.05. No significant difference was seen

between treatment groups. MCAw significantly increased from baseline to rebreathing in both treatment groups.

41



0.25

0.20 - * S
=) °
=
£ 0.15 - I
I=
S 0.10 | H
=
>
% 0-05 T s
0.00 .

PLA MEL

Figure 4. Data is displayed as mean £+ SD. Shows alterations in the cerebrovascular conductance index from
baseline to CO; rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=18).
ACVCi was calculated as an average value, derived from subtracting an average value of the last 30s of the
preceding baseline from each data point during rebreathing. Alpha was set a priori as p < 0.05. No significant
difference was seen between treatment groups. CVCi significantly increased from baseline to rebreathing in both

treatment groups.
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Figure 5. Data is displayed as mean + SD. Shows alterations in the total saturation index from baseline to CO»
rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=17). ATotal Saturation
Index (TSI) was calculated as an average value, derived from subtracting an average value of the last 30s of the
preceding baseline from each data point during rebreathing. Alpha was set a priori as p < 0.05. No significant
difference was seen between treatment groups. TSI significantly increased from baseline to rebreathing in both

treatment groups.
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Figure 6. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using
MCAv from baseline to CO; rebreathing as a comparison between the placebo treatment and the melatonin
treatment (n=18). CVRwmcav was calculated as an average value, where AMCAv was divided by APetCO,. Alpha was

set a priori as p < 0.05. No significant difference was seen between treatment groups.
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Figure 7. Data is displayed as mean £+ SD. Shows alterations in the cerebrovascular reactivity calculated using CVCi

from baseline to CO- rebreathing as a comparison between the placebo treatment and the melatonin treatment

(n=18). CVRcvcj was calculated as an average value, where ACVCi was divided by APetCO,. Alpha was set a priori

as p < 0.05. No significant difference was seen between treatment groups.
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Figure 8. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using
MCAVv from baseline to CO; rebreathing as a comparison between the placebo treatment and the melatonin
treatment as a percent change (n=18). CVRwmcav Was calculated as the percent change in MCAv divided per unit
change in end-tidal CO,. Alpha was set a priori as p < 0.05. No significant difference was seen between treatment

groups.
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Figure 9. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using CVCi
from baseline to CO- rebreathing as a comparison between the placebo treatment and the melatonin treatment as a
percent change (n=18). CVRcvci was calculated as the percent change in CVCi divided per unit change in end-tidal

CO:s,. Alpha was set a priori as p < 0.05. No significant difference was seen between treatment groups.

Time to Peak Analysis

The time to peak end-tidal CO was calculated for both the first and second trials of
rebreathing. No significant difference in the time to peak was seen comparing between treatment
groups (Table 5). The time to peak was significantly shorter during the second trial of
rebreathing for both the placebo group and the melatonin group (Table 5, PLA 100.10 £ 17.79
vs. 63.39 + 24.78 seconds, p = <0.001, d = 1.40; MEL 95.68 £ 18.48 vs. 58.04 + 21.22 seconds,

p = <0.001, d = 2.06).
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Table 5. Time to End-tidal CO> Peak during RB1 & RB2 (RB1 n =19, 12 males, 7 females, RB2

n =18, 11 males, 7 females)

RB1 p Value, RB2 p Value, p Value (RB1-
Effect Size Effect Size RB2)
TTP
(seconds)
PLA 100.10 £ 17.79 p=0.241 63.39 £ 24.78 p=0.493 <0.001
MEL 95.68 + 18.48 d=0.278 58.04 £ 21.22 d=0.165 <0.001

Values displayed as mean £ SD. p Value represents a comparison between PLA and MEL
conditions. TTP: Time to reach peak End-tidal CO. concentrations from the beginning of a

rebreathing stage.

Experimental Estimated Flow Analysis

There was no statistically significant difference between treatment groups in terms of the
estimated change of flow calculations, despite a visual reduced change in flow in the melatonin
group when compared to the placebo group (Figure 10, Table 6, p < 0.05). When comparing the
first trial of rebreathing to the second trial within each treatment group, no statistically

significant difference was found (Figure 10, Table 6, p < 0.05).

Table 6. Estimated ACerebral Blood Flow (n = 18, 11 males, 7 females)

Absolute p Value, CVR Percent p Value, p Value

Effect Size Effect Size

Change Change (RB1-RB2)
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Estimated
AFlow (ml/min)
PLA 60.73 + 26.64 p=0.787 6.75+1.19 p =0.249 0.643

MEL 58.52 + 27.26 d = 0.065 7.18+1.24 d =-0.282 0.774

Values displayed as mean £ SD. p Value represents a comparison between PLA and MEL
conditions. Estimated A Flow: Polynomial-based estimation of a change in cerebral blood flow
using previous literature and measured flow velocity values (Verbree et al., 2014); CVR Percent
Change: displays a calculation of CVR using estimated flow percentage changes per unit change
in end-tidal CO.. RB1-RB2 displays a comparison between the first trial of rebreathing to the

second.
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Figure 10. Data is displayed as mean + SD. Shows alterations in the estimated change of cerebral flow in the middle
cerebral artery from baseline to CO, rebreathing as a comparison between the placebo treatment and the melatonin

treatment (n=18). AFlow was calculated as a multiplication of the estimated area derived from a previously
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described 7-Tesla MRI origin study and our measured MCAv (Verbree et al., 2014). Alpha was set a priori as p <

0.05. No significant difference was seen between treatment groups.
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Figure 11. Data is displayed as mean = SD. Shows alterations in the estimated change of cerebral flow in the middle

cerebral artery from baseline to CO; rebreathing as a comparison between the placebo treatment and the melatonin

treatment as a percent change (n=18). AFlow% was calculated using estimated baseline areas (Verbree et al., 2014).

Alpha was set a priori as p < 0.05. No significant difference was seen between treatment groups.
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Figure 12. Data is displayed as mean = SD. Shows alterations in the estimated change of cerebral flow in the middle
cerebral artery from baseline to CO, rebreathing as a comparison between the placebo treatment and the melatonin
treatment as a percent change per unit change of end-tidal CO, (n=18). ACVRgiowe Was calculated using estimated
baseline areas (Verbree et al., 2014). Alpha was set a priori as p < 0.05. No significant difference was seen between

treatment groups.

IPAQ and PSQI Correlations

IPAQ and PSQI results were analyzed using a correlation test with our outcome CVR
values both during individual treatment conditions (placebo or melatonin) and then as a
combined group due to the lack of significant differences found between placebo and melatonin
treatment conditions. The combined group incorporated both the placebo and melatonin
conditions averaged with one another. When compared using individual conditions (placebo or
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melatonin) or as a combined group, there was no statistically significant correlation (Table 7).

Furthermore, there was no large effect size for any of the mentioned comparisons (Table 7).

Table 7. Correlations between IPAQ, PSQI and CVR outcomes (n = 18, 11 males, 7 females)

CVRwmcav CVRwmcav %0 CVRcvci CVRcvciw
Combined Combined Combined Combined
PSQI
p Value 0.531 0.857 0.669 0.587
r Coefficient 0.158 0.046 0.108 0.137
IPAQ
p Value 0.249 0.853 0.268 0.284
r Coefficient 0.286 0.047 0.276 0.267

Values displayed as mean = SD. p Value represents the significance of the Pearson or Spearman
correlation. PSQI: Pittsburgh Sleep Quality Index; IPAQ: International Physical Activity
Questionnaire; CVRmcav Combined: the combined CVR values between placebo and melatonin
treatments using MCAv; CVRwmcay % Combined: the combined CVR values as a percentage
change and per unit change in CO. between placebo and melatonin treatments using MCAv;
CVRcvci Combined: the combined CVR values between placebo and melatonin treatments using
CVCi; CVRcvci % Combined: the combined CVR values as a percentage change and per unit

change in CO> between placebo and melatonin treatments using CVCi.

52



Chapter V
Discussion
The purpose of the present study was to investigate the effects of melatonin

supplementation on cerebrovascular hemodynamics during rest and CO2 rebreathing in healthy,
young adults. Contrary to our first hypothesis, melatonin supplementation did not alter MCA, or
estimated cerebrovascular flow during rest or the CO- rebreathing trial. Applied to our second
hypothesis, melatonin supplementation did not alter cerebrovascular reactivity, did not
significantly increase CVCi, and did not significantly decrease MAP. In opposition of our third
hypothesis, acute melatonin supplementation did not increase prefrontal cortex oxygenation

during either rest or rebreathing.

Melatonin and Cerebral Hemodynamics

The present study found that cerebral hemodynamic variables did not change during
acute melatonin supplementation during a resting steady state. Few studies have investigated the
effects of melatonin on the cerebrovasculature, but our findings come in contrast to previous
literature, where acute melatonin supplementation reduced both circulating catecholamines and
blood pressure within 90 minutes (Arangino et al., 1999). There was a visual decrease in blood
pressure, with no statistical difference, but our inability to reproduce the blood pressure
reduction seen in previous literature may be due to only allowing for 30 minutes to pass from the
time of consumption to the beginning of the experimental protocol. Previous literature has
primarily used either intravenous melatonin dosing or tablet dosing, which can take up to 60
minutes to reach maximal plasma concentrations (Tordjman et al., 2017). We based our dosing

and the time between intake and experiment initiation on previous literature that showed both no
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significant difference in absorption rate when compared to tablet dosing and a 30 minute time
period with which melatonin may reach maximal plasma concentrations when consuming
melatonin via a spray (Bartoli et al., 2013). As would be expected during a rebreathing trial, both
MCAV and CVCi increased significantly from baseline to rebreathing. Despite this change, no
significant difference between the placebo and melatonin treatment groups was found.
Furthermore, TSI was also found to increase significantly from baseline to rebreathing, but there
was no significant difference between the placebo and melatonin treatment groups.

This is the first time, to our knowledge, that cerebrovascular reactivity was measured
under the effect of acute melatonin supplementation during rest and a potent vasodilatory
stimulus such as CO; rebreathing. The melatonin receptor MT2 has been located in the large
vessels of the brain and is known to influence the production of cyclic GMP, a molecule that
plays an important role in the process of vasodilation (Petit et al., 1999; Yu et al., 2001). Despite
melatonin’s possible effect on cyclic GMP production, melatonin’s ability to blunt sympathetic
activity increases seen during lower-body negative pressure, and a lower total release of
melatonin at night in patients with multiple cardiovascular diseases related to impaired
cerebrovascular function, the promising possibility that melatonin could serve as a useful
therapeutic option for those with impaired cerebral vascular reactivity did not display itself in the
present study (Petit et al., 1999; Yu et al., 2001; Ray, 2003; Ovsenik et al., 2020). Our results
indicated that our participants were within the healthy response range (~3-6%) during both the
placebo and melatonin treatments in regards to the percent change in CVR during CO>
rebreathing (Willie et al., 2014). Despite this, no discernable significant difference that would
indicate that melatonin affected cerebrovascular reactivity when compared to the placebo group

was found.

54



Melatonin Central Cardiovascular Effects and CO2 Rebreathing

The physiological effects of CO> rebreathing on the cerebral vasculature are numerous.
Supported by plentiful previous research, and because arterial CO2 concentrations are directly
proportional to the total volume of CO> production, the arterial concentration of CO> can be
derived through the measurement of end-tidal CO (Willie et al., 2014; Carr et al., 2021;
Manferdelli et al., 2023). Increases in said arterial CO concentration rapidly lead to passive
diffusion of CO- across the blood-brain barrier. This ultimately alters hydrogen ion concentration
via the bicarbonate buffering system in the intracellular and extracellular cerebrospinal and
interstitial fluids, finally altering cyclic GMP production and causing a smooth muscle relaxation
and vasodilation (Jensen et al., 1988; Willie et al., 2014). While the body displays a clear goal of
returning to normal homeostasis following the start of concentrated CO; rebreathing by
increasing Q, SV, HR, and MAP and clearing out the resulting excess hydrogen, the level to
which end-tidal CO. was increased in our study was not enough to increase the mentioned
central cardiovascular variables. One potential issue with the measurement of CBF during
hypercapnia is hypercapnia’s impairment of dynamic cerebral autoregulation, where
hypercapnia-induced increases in MAP can “mask” a thorough interpretation of cerebrovascular
reactivity (Birch et al., 1995; Zhang et al., 1998; Panerai, 2003; Ainslie et al., 2008; Ainslie &
Duffin, 2009). The use of conductance calculated both by itself and as a measure of CVR,
because of its incorporation of changes to MAP in the equation itself, also negate the possibility
of changes in pressure altering the outcome of our results (Figure 4, 7, 9). Since MAP was not
artificially increased during our rebreathing trials, our CVR measurements are more
representative than if MAP had increased significantly, further involving autoregulatory

responses. Furthermore, increased arterial CO> concentrations leads to chemoreceptor activation
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and stimulation of the respiratory center in the medulla oblongata, which induces an increase in
ventilation (Willie et al., 2014; Hoiland et al., 2019). Our data is consistent with this finding, as a
statistically significant increase in end-tidal CO2 concentrations led to a significant increase in
breathing frequency.

We found that CO> rebreathing induced to a peak change in end-tidal CO2 of 10 mmHg
from the beginning of the trial did not significantly alter any central variables apart from
breathing frequency. Furthermore, we found that there was no significant difference between the
placebo and melatonin treatment groups in terms of any measured central cardiovascular or
cardiopulmonary variable, indicating that 30 minutes post-melatonin spray consumption does not
cause a significant difference in central or pulmonary cardiovascular variables during rest or CO>

rebreathing.

Time to Peak Analysis

The time it took to reach a maximal end-tidal CO. concentration measuring from the
beginning of each rebreathing stage was investigated in the present study to search for a temporal
effect of melatonin on the cerebrovasculature. There was no difference during either the first or
second trial of rebreathing between treatment groups. There was, however, a significant decrease
in the time to peak for both treatment groups when transitioning from the first rebreathing stage
to the second. This can more than likely be attributed to an increased chemoreceptor sensitivity
seen in previous literature (Miyamura et al., 1976; Yamashiro et al., 2021). This mechanism is
not fully understood but may have to do with central nervous system and carotid body

chemoreceptor interactions, where activation of one set is critically dependent on the other,
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leading to hypersensitivity if circulating concentrations of H* ions in the systemic circulatory
system are not fully cleared (Blain et al., 2010).

Another, more probable explanation is that the time given between bouts of CO>
rebreathing was not enough to reach a true baseline. While absolute values of end-tidal CO- did
reach resting levels in between bouts of CO2, we did not take blood samples to confirm
circulating H+ ion concentrations. Future studies should investigate the mechanism behind the
rapidity change between the first and second bouts of CO- rebreathing, as ensuring that baseline
is achieved between bouts of CO- rebreathing is critical to replicating exactly similar responses

between bouts.

Experimental Cerebral Flow Analysis

To our knowledge, this study is the first time that a 7-Tesla MRI-derived polynomial and
standardized MCA diameters have been used to estimate changes in cerebral blood flow using
only velocity measurements outside of the original description of the technique (Verbree et al.,
2014). A previous study that induced hypercapnia through CO; rebreathing discovered a change
in MCA flow using a 3-Tesla MRI of ~114 + 68 ml/min, where our study found values of 60.73
+ 26.64 ml/min and 58.52 + 27.26 in the PLA and MEL groups, respectively. This discrepancy
could be due to subject sex distribution, as the mentioned study used a similar 19 subjects, 11 of
which were female, where the present study used 18 subjects, 11 of which were male (Coverdale
et al., 2014). MCA anatomy as well as responses are highly variable within each individual, but
it has been shown that there may be a significant sex difference when measuring cerebral flow
changes and comparing males and females (Alwatban et al., 2021). To mitigate this, we did

control for menstrual phase, which is a major contributor to the differences in male and female
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cerebral flow changes, but the sex-based discrepancy may still exist. Furthermore, our estimated
percent change CVR values using the estimated changes in flow were higher when compared to
our percent change CVR values measured using MCAv or CVCi alone. This would indicate that
the consideration of a change in vessel diameter is vital when looking at vascular reactivity
during conditions where the vessel diameter may be changing. TCD alone does not consider
these vessel diameter changes, so attempting to derive flow during these conditions may be
insufficient without using corrective factors such as the one described above. It would be wise to
involve MRI flow measurements whenever possible when assessing changes in cerebral flow,
particularly under conditions where the MCA is known to change such as CO> rebreathing to an

increase of 10 or more mmHg end-tidal CO> (Coverdale et al., 2014; Verbree et al., 2014).

IPAQ and PSQI Correlations

There did not seem to be any statistical or visible relationship between IPAQ and PSQI
scoring and CVR outcomes. This would indicate that sleeping habits, which has a large amount
of variable between different individuals, did not show a relationship with their vascular
reactivity. Physical activity levels also did not show any indication of acting as a predictive
factor of differential CVR outcomes. To investigate further, a study would need to be more
thorough with their monitoring and surveying of physical activity levels and sleep habits in
subjects in order to solidify that no relationship exists with CVR. More specifically, a more
controlled study that closely monitored physical activity levels and provided more
comprehensive sleep quality measurements would be more appropriate in determining the

relationship between these variables and cerebral vascular reactivity.
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Implications of the Present Study

Our results indicate that acute melatonin supplementation does not play a role in MAP,
MCAVv, CVCi, TSI, cerebral reactivity as calculated using MCAVv, or cerebral reactivity as
calculated using CVCi during rest or CO- rebreathing (Table 2, Table 3, Table 4). Resting
results are in accordance with previous literature, but to our knowledge, no other study has
examined the effects of acute melatonin supplementation during repeated bouts of CO>
rebreathing (Mil et al., 2003; Willie et al., 2014).

The time to peak analysis conducted to view the temporal aspect of melatonin’s effect
during rebreathing yielded no statistically significant results (Table 5). Repeated bouts of
rebreathing became significantly faster when comparing the first and second rebreathing trials,
but no difference in speed was shown when comparing the placebo and melatonin treatments,
indicating that melatonin had no effect on the overall rapidity of reaching the goal +10 mmHg
end-tidal COo.

Similar to our results for other cerebral vascular variables, there was no significant
difference in our calculated change in cerebral flow between treatment groups (Table 6). While
MCAV has been shown to be an accurate conduit of flow in conditions where the diameter of a
vessel is not changing, it has been shown that an increase of +10 mmHg end-tidal CO> should
cause an increase in the diameter of the middle cerebral artery (Serrador et al., 2000; Coverdale
etal., 2014; Verbree et al., 2014). Using an area estimation polynomial derived from 7-Tesla
MRI data serves as the closest available tool to assess any cerebral flow differences between the
placebo and melatonin treatment groups in the event that our CO- rebreathing trial did in fact
cause a substantial increase in diameter (Verbree et al., 2014). Our results showed lower total

increases in absolute flow compared to a study that used a 3-Tesla MRI with a similar protocol
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and with the same subject count, but an opposite distribution of male and female participants; a
factor that would reason, as females tend to have higher global and regional cerebral flow when
compared to men (Rodriguez et al., 1988; Gur & Gur, 1990; Coverdale et al., 2014).
Furthermore, our calculated change in CVR using the estimated flow was reportedly higher than
when using MCAV to calculate CVR, indicating that using corrective tools or estimation
techniques may prove extremely interesting during conditions in which a vessel diameter may be
changing. MRI is an extremely useful technique, but does not cover nearly as much temporally
as the TCD (Aaslid et al., 1989; Anzola et al., 1995; Tiecks et al., 1995). So, a combination of
confirmation of a vessel diameter change via MRI use and the temporal change in flow using the
corrective factors described here would prove more thorough than either technique alone. Future
studies should compare the same experimental analysis with results from the same subjects using
an MRI confirmation, as to further assess the validity and accuracy of the described method,
which would extend the usefulness of velocity-only TCD measurements towards conditions

where vessel diameter is known to actively change (Verbree et al., 2014).

Limitations and Considerations
Multiple limitations may have interfered with the outcome of the present study. First and
foremost, the accurate reporting of health status, medicine intake, menstrual phase, pre-study
exclusion criteria, and physical activity levels was dependent on the honesty of the participants.
Secondly, we used transcranial doppler ultrasonography to estimate changes in flow, but
we did not measure cerebral blood flow itself. Previous literature has demonstrated that the TCD
serves as a potent tool for the estimation of changes to cerebral flow (Bishop et al., 1986;

Serrador et al., 2000). Despite this, more recent literature has shown that MCA diameter may
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change during hypercapnic conditions (Coverdale et al., 2014; Verbree et al., 2014). Because of
our direct manipulation of end-tidal CO> concentrations, within the range where previous
research tells us that MCA diameter may significantly change, it is possible that coming to
conclusions regarding changes in cerebral flow based on our MCAV data would not be wise
(Verbree et al., 2014). To mitigate this, we recorded the gate, depth, and anatomical location of
each subject’s MCA in order to as consistently as possible locate the MCA as an insonation
angle of 90°. Furthermore, we conducted a further experimental analysis using standardized
MCA diameter change values in combination with a polynomial based on end-tidal CO, changes
in order to derive a potential solution to the TCD’s only provides blood velocity problem
(Verbree et al., 2014).

Third, we did not conduct any intravenous procedures to confirm that the level of
circulating melatonin changed upon consumption of our mentioned oral spray. Despite this, it
has been shown that the large buccal mucosal surface area that a melatonin spray contacts may
avoid some of the negative effects of the so-called “first-pass phase” (Bartoli et al., 2013). It has
also been stated in previous literature that the total amount of melatonin that reaches the general
circulatory system is greater when melatonin is consumed via a spray in comparison to the
consumption of a tablet (Bartoli et al., 2013).

Fourth, during the rebreathing stages, we did not directly measure our COz balloon
volume. While this could affect the concentration of CO» that each participant inhales in the case
that there is a mask leakage and rebreathing does not occur properly, particularly towards the end
of the stage if the balloon becomes depleted, we did not experience any situation during which

the stage had to be stopped early due to a depletion of gas from the balloon.
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Fifth, only prefrontal cortex oxygenation was measured, not global brain oxygenation.
Despite this, there was a distinct lack of stimuli that would trigger a neurovascular-couple effect
and thus an increased neural metabolic demand. Because of the location of the measured cerebral
artery, the MCAV located in the prefrontal cortex, any alterations to cerebral oxygenation would
more than likely permeate to other locations in the brain.

Sixth, the total amount of light exposure our participants received was not controlled for
outside of the experimental protocol. Our protocol also did not consider participants traveling
across other time zones, which may change their overall light exposure, as a factor. Because light
exposure is the main determining factor of melatonin release, and in order to minimize any
potential challenges that a lack of control of light exposure may pose, our study kept the protocol
room dark, with only one small flood light to provide operator safety (Pandi-Perumal et al.,
2008; Baker & Kimpinski, 2018).

Finally, previous literature has shown that there is a clear and established reduction in
cerebrovascular CO; reactivity as well as endothelium-dependent vascular reactivity in the
morning due to an undiscovered mechanism (Ainslie et al., 2007). Many of our participants
chose to complete their experimental visits early in the morning due to our fasting requirement,
so this may have directly affected our measured CVR results. In order to attempt to mitigate this
and still be able to view changes within each single individual, we attempted to schedule each

participant at a similar time of day to their previous visit.

62



Chapter VI
Conclusion
The purpose of the present study was to investigate the role of acute melatonin
supplementation on cerebrovascular reactivity and flow during rest and CO3 rebreathing in

healthy, young adults.

Main Findings of the Current Study

1. We reject the first hypothesis that acute melatonin supplementation will increase
cerebrovascular flow during rest and CO> rebreathing in healthy, young adults.

2. We reject the second hypothesis that acute melatonin supplementation will increase
cerebrovascular reactivity by means of increasing CVCi, decreasing MAP, and increasing
MCAV during rest and CO- rebreathing in healthy, young adults.

3. We reject the third hypothesis that acute melatonin supplementation will increase

prefrontal cortex oxygenation during rest and CO> rebreathing in healthy, young adults.

Our results indicate that melatonin does not affect cerebrovascular flow, cerebrovascular
reactivity, and does not beneficially affect prefrontal cortex oxygenation in healthy, young
adults. Our results remain true whether measuring absolute values or changes between treatment
groups in comparison to the previous baseline. Cerebral reactivity was variable individually and
did not show any significant difference between treatment groups, despite being within the
normal healthy response range for the percent change in CVR in response to CO> rebreathing

(Willie et al., 2014). In conclusion, acute melatonin supplementation does not improve
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cerebrovascular function, indicating that melatonin supplementation may display differential

responses between the cerebral and peripheral vasculature in humans.
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Supplementary Materials

Interestingly, and while the absolute values still showed no significance, ATSI as
measured from baseline to the second trial of rebreathing showed that the placebo group
increased more than the melatonin group, in direct opposition of our third hypothesis. Because
this is the first time that TSI has been measured during acute melatonin supplementation and
during a CO- rebreathing trial, the inherent large amount of individual anatomical variation and
cerebral response variation, the first trial of rebreathing showing no significant difference, and no
absolute value differences being found during either trial, it is most likely that individual
variation responses contributed to our significant result (Idowu et al., 2002; Tanriover et al.,
2003; Pai et al., 2005; Vuiller et al., 2008; Papantchey et al., 2013; Payne, 2016). It is entirely
possible that there is another unknown mechanism at play through which melatonin may be
affecting the cerebral vasculature and cerebral oxygenation after repeated bouts of CO>

rebreathing, and this may warrant further investigation.

Melatonin seemingly inhibited a change in oxygenation during the second trial of
rebreathing in comparison to the placebo treatment (Table 3). This is likely a result of individual
anatomical and cerebral vascular response variation, as absolute values displayed no significant
difference during either rebreathing trial when comparing treatments (Table 3). Despite this, an
unknown mechanism that is contrary to our third hypothesis may be at play. Future research
should focus on the investigation of melatonin’s interaction with MT2 receptors in the cerebral
vasculature and how that interaction, and subsequent possible cyclic GMP production alterations,
may have an effect either minutely or in cases similar to CO> rebreathing; where there is a potent

vasodilatory stimulus present.
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Table 2. RB1 Central Pulmonary and Cardiovascular Variables (n = 19, 12 males, 7 females)

Baseline Rebreathing 1

Q (L/min)

PLA 6.07 £ 1.97 6.13+2.01

MEL 5.98+151 5.98+1.40
SV (mL/beat)

PLA 94.14 + 23.35 93.99 + 2351

MEL 93.80 £ 19.86 93.29 + 18.68
TPR

PLA 1.10+£0.32 0.11+0.31

MEL 1.13+0.34 1.12+0.29
HR (bpm)

PLA 61.74 £ 8.23 63.46 + 7.49

MEL 61.13 £ 8.95 62.21 +9.47
MAP (mmHg)

PLA 105.76 £ 15.19 107.38 £ 14.42

MEL 106.90 £ 11.56 107.23 £ 10.83
PerCO2 (mmHgQ)

PLA 43.03+£1.93 49.19+£210*

MEL 44.09 £ 3.49 50.19+3.12*
Bt (bpm)

PLA 14.90 + 3.15 57.87 +£4.68*

MEL 15.35 +3.49 58.31+3.28*
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Values displayed as mean £ SD. * represents significant differences between baseline and

rebreathing. PLA: Placebo Treatment Group; MEL: Melatonin Treatment Group; RB1: The

First Trial of Rebreathing until Achieving a Physiological Change of +10 mmHg; Q: Cardiac

Output; SV: Stroke Volume; TPR: Total Peripheral Resistance; HR: Heart Rate; MAP: Mean

Arterial Pressure; PetCO2: End-tidal CO.; Bt: Breathing Frequency.

Table 3. RB2 Central Pulmonary and Cardiovascular Variables (n = 18, 11 males, 7 females)

Baseline Rebreathing 2

Q (L/min)

PLA 6.40 +1.90 6.32+1.80

MEL 6.14 +1.43 6.11+1.43
SV (mL/beat)

PLA 97.28 £ 23.19 95.87 + 22.56

MEL 95.91 + 19.82 95.30 £ 20.00
TPR

PLA 1.08 £0.31 1.10+0.31

MEL 1.09+0.28 1.09+0.28
HR (bpm)

PLA 64.07 £ 8.12 64.09 + 7.67

MEL 61.89 + 9.65 62.39 + 8.53
MAP (mmHg)

PLA 109.99 + 16.36 111.13 +16.53

MEL 107.48 £12.42 108.19 + 10.36
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PerCO: (mmHgQ)
PLA
MEL

Bt (bpm)
PLA

MEL

42.15+ 2.40

43.47 + 3.03

15.43+£4.30

15.26 +3.78

49.81 +2.73*

50.76 £3.05*

55.09+540*

56.73+5.67*

Values displayed as mean £ SD. * represents significant differences between baseline and

rebreathing. RB2: The Second Trial of Rebreathing until Achieving a Physiological Change of

+10 mmHg; Q: Cardiac Output; SV: Stroke Volume; TPR: Total Peripheral Resistance; HR:

Heart Rate; MAP: Mean Arterial Pressure; PerCO»: End-tidal CO».

Table 4. RB1 Cerebral Vascular Variables (n =19, 12 males, 7 females;

TSI n =18, 12 males, 6 females)

Baseline Rebreathing 1 A BL-RB
MCAV (cm/s)
PLA 71.33+£12.09 83.76 + 12.97 13.34+5.74 *
MEL 72.22 +16.44 84.50 + 15.55 13.41+6.44*
P-Value 0.702 0.803 0.962
CVCi
(cm/s/mmHg)
PLA 0.69+0.14 0.79+0.15 0.12+0.05*
MEL 0.69 +0.17 0.80 £0.17 0.12+0.06 *
P-Value 0.947 0.931 0.653
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TSI (%)

PLA 66.69 + 6.72 67.93 +7.07 124+117~*
MEL 68.40 + 5.88 69.71 + 5.80 1.30+0.74 *
P-Value 0.616 0.616 0.846

Values displayed as mean + SD. * represents significant differences between baseline and
rebreathing. P-Value represents a comparison between PLA and MEL treatments. MCAv:

Middle Cerebral Artery Velocity; CVCi: Cerebrovascular Conductance Index.

Table 5. RB2 Cerebral Vascular Variables (n =18, 11 males, 7 females;

TSI n =17, 11 males, 6 females)

Baseline Rebreathing 2 A BL-RB

MCAV (cm/s)

PLA 70.47 £11.44 83.49 + 14.32 13.21+7.83*

MEL 71.94 + 15.58 83.63 £ 15.84 12.09+7.64 *

P-Value 0.552 0.964 0.672
CVCi
(cm/s/mmHg)

PLA 0.66 +0.14 0.77 £0.17 0.12+0.07 *

MEL 0.68 +0.15 0.78 £0.15 0.11+0.07 *

P-Value 0.510 0.931 0.653
TSI (%)

PLA 66.45 + 7.30 68.13 + 7.24 1.52+0.88*
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MEL 68.89 + 6.08

P-Value 0.446

69.51 + 6.37

0.943

0.65+0.68 *

0.003 ¥

Values displayed as mean + SD. * represents significant differences between baseline and

rebreathing. 1 represents significant differences between treatment groups. P-Value represents a

comparison between PLA and MEL treatments. MCAv: Middle Cerebral Artery Velocity; CVCi:

Cerebrovascular Conductance Index.

Table 6. Rebreathing Cerebrovascular Reactivity (RB1 n = 19, 12 males, 7 females, RB2 n =

18, 11 males, 7 females)

RB1 RB1 % Change RB2 RB2 % Change
CVRwmcav
(cm/s/mmHg)
PLA 1.78 £ 0.95 0.19+11.49 1.45+0.97 -0.70 £ 3.65
MEL 1.92 +0.98 2.83+8.67 1.30£0.93 -1.15+6.31
P-Value 0.561 0.355 0.651 0.616
CVRcvci
PLA 0.02 +0.02 0.75+4.60 0.01+0.01 1.73 £ 7.66
MEL 0.02+0.01 -0.99 + 2.80 0.01+0.01 0.06 +2.42
P-Value 0.460 0.198 0.867 0.845

Values displayed as mean £ SD. P-Value represents a comparison between PLA and MEL

conditions. CVRwmcav: Cerebrovascular Reactivity calculated using MCAv; CVRcvci:

Cerebrovascular Reactivity calculated using CVCi.
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Figure 2. Data is displayed as mean + SD. Shows alterations in middle cerebral artery velocity from baseline to the
first trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=19).
AMCAVv was calculated as an average value, derived from subtracting an average value of the last 30s of the
preceding baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. No significant
difference was seen between treatment groups. MCAVv significantly increased from baseline to rebreathing in both

treatment groups.

RB1 dMCAv
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Figure 3. Data is displayed as mean + SD. Shows alterations in middle cerebral artery velocity from baseline to the
second trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=18).
AMCAVv was calculated as an average value, derived from subtracting an average value of the last 30s of the
preceding baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. No significant
difference was seen between treatment groups. MCAV significantly increased from baseline to rebreathing in both

treatment groups.

RB2 dMCAv
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Figure 4. Data is displayed as mean £+ SD. Shows alterations in the cerebrovascular conductance index from
baseline to the first trial of CO, rebreathing as a comparison between the placebo treatment and the melatonin
treatment (n=19). ACVCi was calculated as an average value, derived from subtracting an average value of the last
30s of the preceding baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. No
significant difference was seen between treatment groups. CVCi significantly increased from baseline to rebreathing

in both treatment groups.

RB1 dCVCi
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Figure 5. Data is displayed as mean £+ SD. Shows alterations in the cerebrovascular conductance index from
baseline to the second trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin
treatment (n=18). ACVCi was calculated as an average value, derived from subtracting an average value of the last
30s of the preceding baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. No
significant difference was seen between treatment groups. CVCi significantly increased from baseline to rebreathing

in both treatment groups.

RB2 CVCi
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Figure 6. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using
MCAV from baseline to the first trial of CO; rebreathing as a comparison between the placebo treatment and the
melatonin treatment (n=19). CVRwmcav was calculated as an average value, where AMCAv was divided by APetCO».

Alpha was set a priori as P < 0.05. No significant difference was seen between treatment groups.

RB1 CVRMCAv
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Figure 7. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using
MCAVv from baseline to the second trial of CO, rebreathing as a comparison between the placebo treatment and the
melatonin treatment (n=18). CVRwmcav was calculated as an average value, where AMCAv was divided by APetCO».

Alpha was set a priori as P < 0.05. No significant difference was seen between treatment groups.

RB2 CVRMCAv
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Figure 8. Data is displayed as mean £+ SD. Shows alterations in the cerebrovascular reactivity calculated using CVCi

from baseline to the first trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin

treatment (n=19). CVRcvci was calculated as an average value, where ACVCi was divided by APetCO,. Alpha was

set a priori as P < 0.05. No significant difference was seen between treatment groups.

RB1 CVRCVCi
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Figure 9. Data is displayed as mean + SD. Shows alterations in the cerebrovascular reactivity calculated using CVCi

from baseline to the second trial of CO- rebreathing as a comparison between the placebo treatment and the

melatonin treatment (n=18). CVRcvci was calculated as an average value, where ACVCi was divided by APetCO».

Alpha was set a priori as P < 0.05. No significant difference was seen between treatment groups.

RB2 CVRCVCi
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Figure 10. Data is displayed as mean + SD. Shows alterations in the total saturation index from baseline to the first
trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=18). ATSI
was calculated as an average value, derived from subtracting an average value of the last 30s of the preceding
baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. No significant difference was
seen between treatment groups. TSI significantly increased from baseline to rebreathing in both treatment groups.

RB1 dTSI
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Figure 11. Data is displayed as mean = SD. Shows alterations in the total saturation index from baseline to the
second trial of CO; rebreathing as a comparison between the placebo treatment and the melatonin treatment (n=17).
ATSI was calculated as an average value, derived from subtracting an average value of the last 30s of the preceding

baseline from each data point during rebreathing. Alpha was set a priori as P < 0.05. The change in TSI was
significantly lower during the melatonin treatment when compared with placebo. TSI significantly increased from
baseline to rebreathing in both treatment groups.

RB2 dTSI

Table 7. Time to End-tidal CO> Peak during RB1 & RB2 (RB1 n =19, 12 males, 7 females, RB2

n =18, 11 males, 7 females)

RB1 RB2 P-Value (RB1-RB2)
TTN (seconds)
PLA 100.10 £ 17.79 63.39 + 24.78 <0.001
MEL 95.68 + 18.48 58.04 + 21.22 <0.001
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P-Value 0.241

0.493

Values displayed as mean * SD. P-Value represents a comparison between PLA and MEL

conditions. TTN: Time to reach peak End-tidal CO> concentrations from the beginning of a

rebreathing stage.

Table 8. Estimated ACerebral Blood Flow (RB1 n = 19, 12 males, 7 females, RB2 n = 18, 11

males, 7 females)

RB1 RB2 P-Value (RB1-RB2)
Estimated
AFlow
(ml/min)
PLA 61.28 + 22.69 62.47 + 38.38 0.643
MEL 59.70 + 30.28 57.01 + 38.62 0.774
P-Value 0.837 0.660

Values displayed as mean + SD. P-Value represents a comparison between PLA and MEL

conditions. Estimated A Flow.: Polynomial-based estimation of a change in cerebral blood flow

using previous literature and measured flow velocity values (Verbree et al., 2014).
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Figure 12. Data is displayed as mean = SD. Shows alterations in the estimated change of cerebral flow in the middle

cerebral artery from baseline to the first trial of CO- rebreathing as a comparison between the placebo treatment and

the melatonin treatment (n=19). AFlow was calculated as a multiplication of the estimated area derived from a

previously described 7-Tesla MRI origin study and our measured MCAv (Verbree et al., 2014). Alpha was set a

priori as P < 0.05. No significant difference was seen between treatment groups.

RB1 Experimental dFlow
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Figure 13. Data is displayed as mean = SD. Shows alterations in the estimated change of cerebral flow in the middle

cerebral artery from baseline to the second trial of CO; rebreathing as a comparison between the placebo treatment

and the melatonin treatment (n=18). AFlow was calculated as a multiplication of the estimated area derived from a

previously described 7-Tesla MRI origin study and our measured MCAv (Verbree et al., 2014). Alpha was set a

priori as P < 0.05. No significant difference was seen between treatment groups.

RB2 Experimental dFlow
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(Verbree et al., 2014).
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SubID

Mean

101
103
104
105
106
108
109
110
111
112
114
201
203
204
207
210
211
213

CVEmcav
PLA
1.938147
2.013498
3.697442
0.743539
1.541805
0.40969
1.743451
1.230588
1.680318
2.028121
1.5329
0.841253
1.811244
3.073619
2.240667
2.778886
2.187804
1.468113
1.831505

MEL

2.97143
1.495732
3.117431
1.559823
1.576673

0.69339
0.730887

1.54611
1.701931
2.321028
1.563097

2.51883
1.892913
1.870562
1.631308
3.146456
1.157152
1.620505
1.842852

Appendices

CWReovci
PLA

0.016831
0.053859
0.038955
0.005519
0.017742
0.004385

0.01082
0.008981
0.014192
0.016675
0.014371
0.001998
0.014349
0.025641
0.023542
0.025467
0.025156
0.015669
0.018564

MEL
0.027322
0.016315
0.029333
0.015233
0.009516
0.009932
0.007557
0.018053
0.016641
0.012175
0.013887
0.022803
0.011675
0.0158653
0.013952
0.022447
0.012087
0.017859
0.016453

CVRmecav % Change CVRcvci % Change

PLA
0.283856
6.278105
6.244385
3.615427
5.068628
4.411785
2.517179
6.123253

3.10853

5.99009
£.849271
2.795046
4.056702
5.674854
8.122982
4.583089
0.608017
5.407859
5.374283

MEL
3.736286
6.122026
8.905603
3.8363067
6.810477
3.009441
7.115331
2.883802
7.519315
6.446082
4.894147
2.632598
5.094825
4592817
0.481248
8.405124
2.305486
7.319244
6.006134

PLA
3.048953
0.624133
4.754339
2.046392
4.6544395
5.506316
3.063161
2.923321
4989496
5.551219
1.282563
2.078637
2.526375
5.355904
9.814711
3.261881
2.732783
4363699
4.976577

MEL
2.130007
6.794083
8.142611
1.490882
7.513661
3.179717
7.030899
7.798022
7.293617
5.102803
3.102651
6.385686
3.270974
4.642722
6.823501
5.882195
4.963476

466912
5.51206
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Sub ID
101
103
104
105
106
108
109
110
111
112
114
201
203
204
207
210
211
213
Mean

CVRcvei
PLA
69.62266
104.2149
114.2434
31.82765
54.86186
4992419
81.14475
2876978
27.64846
29.98462
57.93989
4.304855
4972134
93.26601
7047753
64.34464
57.53003
43.24365

IRB Approved Documents

MEL
104.6731
47.58591
110.6541
49.01307
48.27162
3.678802
29.90739

28.8862
06.39585
89.24315
61.25227
71.72355
49.72134
53.93151
51.16065
85.53305
158.73178
51.51519

% Change Flow

PLA
4429873
42.75851
62.92766
32.27117
32.01448
31.30839
20.86012

37.6713
21.53798
52.86208
43.66395
23.31628
33.91505
48.86821
20.36078
37.29289
36.73777
30.30185

MEL
21.60813
37.44083
08.48477
31.12266
39.96484
25.86139
36.24013
41.62366

03.3122

53.1509
45.24417
48.25631
39.4339%6
28.17783
40.67727
53.663203
36.40893
46.23845

CVRflow
PLA

6.720171
8.176576
7.084918

2.09414
0.617193
0.143809
0.689755

7.77639
0.424522
7.372071
7.776833
4.382171
2.094301
0.983962
9.066367

2.98165
7.4368963
D.289487

MEL

7.159121
8.081361
9.869988
2.323168
6.603176
4.375136
6.801019
7.663768
8.479158
7.156506
6.398711
7.213953
6.877246
6.608708
7.196194
8.984266
6.946115
7.426254
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!
The Effects of Acute Melatonin Supplementation on Cardiovascular Responses to

Sympathetic Activation
Are you interested in helping us determine if
Taking Melatonin improves cardiovascular function at rest and during exercise?

What is Melatonin? Melatonin is natural hormone that helps regulate sleep. Recent studies have also found
that taking melatonin which is available as an over-the-counter supplement may have positive benefits for the
cardiovascular system. This experiment is looking to understand if Melatonin improves cardiovascular
responses and how it may do so.

Time commitment: 3 visits (~9 hours total)

What will be measured: Brain and Muscle Blood flow and Oxygenation, Blood Pressure, Heart Rate, Breathing
Rate. All measures are noninvasive.

Eligibility: Healthy women* and men between the ages of 18-35 years who do not regularly take melatonin, are
not allergic to melatonin, do not use nicotineftobacco products.

*Women need fo have a regular menstrual cycle

- Brain
Oxygenation
- Muscle
Oxygenation

- Handgrip

Exercise

Compensation: A gift card valued at $50 for Amazon.com will be given for completing all study requirements.
If interested. please contact:
MS student: Sarah Skillett; sarah skilleti@ou edu
Principal Investigator: Dr. Mikhail Kellawan; kellawan@ou.edu; (405) 325-9028
OR Scan the QR CODE!

The University of Oklahoma is an equal opportunity institution (IRB# 13084)

RB NUMBER: 13082

»:2y| IRB APPROVAL DATE: 012672023
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Consent Form to Participate in a Research Study
University of Oklahoma Health Sciences Center (OQUHSC)
University of Oklahoma- Norman Campus

Study Title: The Effects of Acute Melatonin Supplementation on Cardiovascular Responzes to
Sympathetic Activation

Sponsor: Department of Health and Exercizse Science

Principal Investigator: J. Mikhail Kellawan
Phone Number: 405-325-9023

| 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 conzent form beging with a ‘Key Information’ section to
provide important information fo help you decide whether or not to participate in this study. More
detailed information iz provided after the key information. Pleaze take your fime, dizcuss thiz 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 azked to paricipate in this research study because you are a healthy individual that does
not uze melatonin and is not allergic to melatonin.

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

The purpose of this study is fo find out what effects (good and bad) on the cardiovazcular system that
melatonin has on you and other healthy people. We think that you will be in the study for as little as 1
week or as long as three months dependent on when your schedule allows you to complete the three
study visits.

WHAT WILL | BE ASKED TO DO IN THIS STUDY?

If you decide fo participate in this study, you will be asked fo complete three study visits. The first visit is
to ensure you qualify for study and to measure your cardiovascular responses fo: a) placing your lower
body into a device that causes suction during rest and during handgrip exercise b) rebreathing a gas
mixture that has higher levels of oxygen and carbon dioxide than the outside air. Putting your lower
body in this device and causing suction while measuring cardiovascular responses is a common non-
invasive test called “Lower Body Megative Prezsure or LBNF®. The breathing of the high oxygen, high
carbon dioxide mix while measuring cardiovascular responses is a common non-invasive test called
vascular reactivity test or "hypercapnia” test. You will alzo complete a Dual-energy X-ray
absorptiometry (DXA) 2can to determine the amount of fat, muscle and bone is in your body. The
second and third visits are to test if a dose of melatonin, which is an “over-the-counter” supplement
uzed to help with sleep, changes cardiovascular regponses to LBMP during rest and during handgrip
exercise and fo hypercapnia. In vigitz two and three you will be randomly chosen to receive either
melatonin treatment or a placebo treatment. Both treatments are a liquid spray under your fongue. You
will not know which freatment you are receiving on any visit. However, whatever treatment you receive
on visit two, you will receive the opposite treatment on visit three.
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WHY MIGHT | WANT TO PARTICIPATE IN THIS STUDY?

If you agres to take part in thiz study, there iz no direct medical benefit to you. We hope that the
information leamed from this study will benefit people with dizeases that affect the cardiovaszcular
system in the future.

WHY MIGHT | NOT WANT TO PARTICIPATE IN THIS STUDY

You may not want to be exposed to the radiation of a DA scan. DXA uses less than one-tenth of the
dose of radiation than that used in a standard chest X-ray, which is congidered extremely low and is
generally safe for most people. This amount of radiation is similar to the amount of background
radiation received by an average person over a typical day. However, any amount of radiation may
harm an unbom baby. Excessive radiation exposure may increase cancer rigk, but the amount of
radiation used in a DXA scan remains relatively low, and the benefits often outweigh potential cancer
risk=. You may not want to participate because some of the procedures/measurement may cause you
some dizcomfort. However, the researchers will do everything possible to minimize your discomfort.
Further, there iz a rare possibility that you will have an adverse response to melatonin). The
rezearchers do not know all the side effects that could happen. For a complete dezcription of known
risks, refer to the Detailed Information section of the conzent form.

WHAT OTHER OPTIONS ARE THERE?

“'ou may choose to receive no therapy at this time and receive only care o help you feel more
comfortable. You may choose not to participate in this study. Please talk to your regular doctor about
these and other options.

HOW WILL PARTICIPATING IN THE STUDY AFFECT ME FINANCIALLY?

There is no additional cost o you if you participate in this study.

If you choze to parficipate and complete all three study visits you will receive a gift card for $50 for
AMEZon. com.

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 azk the investigator and study team any questions you
may have.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?
About 150 people will take part in this study.

WHAT IS THE STATUS OF THE SUPPLEMENT USED IN THIS STUDY?

Melatonin is an "Over-the-counter” supplement that is typically used as a sleep aid. It falls under
the US Food and Drug Administration’s Dietary health and Education Act as a dietary
supplement. Therefore, melatonin iz not an investigational drug and not approved or regulated
by the US Food and Drug Administration

WHAT IS INWOLVED IN THE STUDY?

If you agree to be in this research, you will be asked to complete three study vigits. The first vigit is to
ensure you qualify for study and to measure your cardiovascular responses to lower body negative
preszure (LBMP) during rest and during handgrip exercize and during hypercapnia. Putfing the lower
part of your body in chamber and adding suction while measuring cardiovascular responzes is a
common non-invasive test to challenge your cardiovascular systems to regulate blood pressure.
Breathing the hypercapnia gas responses is a common non-invasive test that causes your blood
vessels to open wider. The second and third visits are to test if a doze of melatonin, which is an “over-
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the-counter” supplement used to help with sleep, changes cardiovascular regponses to LEMP during
reat and during handgrip exercize and to hypercapnia. In visits two and three you will be randomly
chozen fo receive either melatonin treatment or a placebo treatment. Both treatments are a liquid spray
under your tongue. YWou will not know which treatment you are receiving on amy visit. However,
whatever treatment you receive on visit two, you will receive the opposite treatment on vigit three.
Female participants will take a pregnancy test prior to any experimental visit.

Vigit 1 (Sereening): ~2 hourz. The screening visit will include informed conzent, measurements of
height, weight, waist and hip circumference, and questionaries about your health history, sleeping, and
physical activity. . Women will also have to complete a pregnancy test. These are done fo ensure you
are eligible for the study and that it is safe for you to paricipate. If you qualify, you will then undergo a
complete a time confrol experiment. Once you have been deemed eligible to paricipate, you will
complete a Dual-energy X-ray absorpliometry (DXA) scan to determine the amount of fat, muzcle and
bone is in your body. After the DXA scan, your forearm grip strength in your non-dominate arm will be
measured. Additionally, the proper positioning of the handgrip dynamometer will be determined for
forearm exercise. The proper position of a transcranial doppler ulirasound device will also be
determined.

Visit 2 & 3 (Study day): ~3 hours. On these study days you will receive a dose of melatonin or placebo
via a spray under your tongue. You will not be told on which vigit you will receive melatonin and which
day you will receive the placebo. Mext, we will 2etup and attach multiple pieces of equipment which
measure several cardiovascular variables. All pieces of equipment uzed are described in the list below
under “Instrumentation”. You will rest for 30 minutes while all pieces of equipment are setup to start the
experiment. After the rest pericd, a lower body negative pressure (LENP) machine will be activated for
2 minutes. LEMP will cause a redigtribution of your bloed from your upper body to the lower body as
well as an increase in heart beats per minute. You will then rest for 10 more minutes after which, you
will undergo 2 trials of hypercapnic rebreathing separated by Sminutes of rest. After hypercapnia, you
will have another 10min of rest. Then you will start handgrip exercise at 20% of your maximal grip
sirength. You will squeeze a handgrip exercise device for 1 second and relax for 2 seconds in time with
a metronome. You continue this exercize for 7 minutes. S minutes into the exercise an investigator will
start the LBMP for 2 minutes. You will continue to exercize during the LEMP exposure for the remaining
2 minutes. After exercize is completed, you will rest for 10 minutes. Then a blood pressure cuff will
inflate around the amm that you were exerciging for S minutes. After 5 minutes, the cuff will deflate, and
recovery measurements will be collected - after which, the visits end.
Instrumentation: These are the devices what we will place on you. All of these devices are non-
invasive.
* Forearm and Brain Oxygenation: These are measured via Mear-Infrared Spectroscopy (NIRS).
We will place probes on your forehead and forearm secured with a tensor bandage
* Heart Rate (HR): will be measured with a heart rate monitor that is you sfrap on your torso
directly on your skin
* Blood Pressure: |z measured non-invasively via Finger photoplethysmography. In which a larger
blood pressure cuff is placed on both of your upper arm and small blood prezsure cuff on your
middie finger which iz connected to monitor that iz strapped on your wrist
* Blood Oxygenation: |s measured via infrared light with a clip on your ear
+ End-Tidal Carbon Dioxide (EtCO.): End-Tidal Carlon Dioxide (EtCO,) will be measured non-
invasively using a mask and recorded uzing a metabolic cart

*  Cerebral Blood Velocity (MCAv): A non-invasive Transcranial Doppler Ultrasound with bilateral
2ZMHz robolic probes will be used for MCA, on the left and right portionz of the brain
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* Forearm Blood Flow:. MNon-invasive Echo and Doppler Utrasound with a linsar amay probe in B-
miode will be used to measure brachial artery diameter and blood velocity.

= Maximal Voluntary Contraction (MYC): u=ing a Handgrip dynamaometer. Using your non-
dominate hand you will squeeze the dynamometer as hard as you can 2 sperate times.

* Handgrip Exercise: Using your non-dominant hand at 20% MVC, 1:23 contraction-relaxation
cycle, for T minutes

*  Lower Body Megative Pressure (LENP): Your lower body up to the top of your hips will be
inzerted into a plexiglazs chamber attached fo a vacuum. When furned on the device will “suck”
at a pressure of -20 mmHg for 2 minutes.

* Hypercapnia (HC). While lving down you will breathe through a mouthpiece connected fo a
three-way sliding valve. A meteorclogical ballon filled with hyperoxic (%40 Og), hypercapnic (3%
CO5) mix of gas will be filled to a volume 1 liter above estimated vital capacity based on sex,
height, and age. The valve will be switched such that you will rebreathe the miiure until you
EtCO; levels are 10mmHg above baseline levels {~2min)

* Pregnancy Test: Female participants will take a commercially available pregnancy teat prior fo
participation in any experimental visit.

* Body Compogifion: Total body composition will b2 determined by use of a Dual-energy X-ray
absorpiometry (DXA) scan

*  Placebo: 1 uL McComicks Pure Mint Exfract mixed with 28 mi filter water, which you will spray
under your tongue

*  Melatonin: Smg commercially available melatonin spray (Onnit, Mint Flavor), which you will
spray under your fongue

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 and your regular doctor firgt. To withdraw from the
study, simply inform one of the researchers of your decision.

There may be circumsiances under which your participation may be terminated by the investigator
without your consent.

« HelShe feels that it is in your medical best interest.

+« Mew information becomes available.

= You fail to follow study requirements.

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 andlor your regular doctor. Other drugs may be
given to make side effects less serious and uncomfortable. Many side effects go away shortly after the
melatonin/fasting/exercise/LBMNP are stopped. The treatment or procedure may involve risks that are
currently unforesesable.

Risks and side effects related to melatonin and the procedures we are studying include:

This experiment iz non-invasive. Therefore, we do not anticipate any rizk or benefit to you perzonally.
However, nothing is without rizk, there is a rare chance that you may have an adverse event. Some
risks agsociated with the study may include:

a. Melatonin supplement: Melatonin is an "Over-the-counter” supplement that is typically used az a
sleep aid. Adverse responses to melatonin are rare but include headache, short-term feelings of
depression, daylime sleepiness, dizziness, stomach cramps, nausea, and imitability. We
recommend thaf you do not drive or use machinery for four o five hours after taking melatomin.
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b. 8-hour fast Side effects of an 8-howr fast include feeling hungry or weak. To reduce this risk, we will
encourage you to eat a substantial meal prior to the fast, drink plenty of water while fasting. If you
feel sign/symptoms such as tiredness, headache, stomachache, unsteadiness, anxiety, etc. that
interfere with daily living, subjects should discontinue the fast. To aveoid these sensations, we
recommend fasting after a night-time meal and vigiting the lab in the early morming.

c. Anthropometric Measurements: There are no rizks to measuring anthropometrics height, weight,
heart rate, etc. Measuring blood pressure with a foreamnm cuff and finger cuff may cause a temporary
increase in pressure at the area of skin below the cuff, however, this discomfort is temporary and
subsides when the cuff pressure is reduced.

d. Abstaining from exercize, caffeine, NSAIDs: This poses minimal rizk to you. Abstaining from
caffeine may result in irmtability and headache. Acute abstinence from exercise has no risk. There is
no rigk form abstaining from NSAIDs considering regular use of NSAIDS for a clinical condition
wiould exclude you from participation.

e. NIRS: A NIRS will be uzed to measure oxygenation of your brain and muscle. It is a non-invasive
device that continuously monitors regicnal tissue oxygenation safely. It iz secured on your forehead
and forearm with a tensor bandage. Thiz may feel tight on your forehead and arm.

f. Blocd pressure monitoring: Photoplethyemography uses a non-invasive, automatic blood pressure
cuff around the upper arm and finger. Around the finger a near-infrared light is used fo measure
changes in pressure on a beat-by-beat basiz. When both the cuffs are inflated it may feel
uncomfortable while inflated but thiz iz temporary. Thege blood pressure measures are considersd
very safe.

g. Total Liable Signal determinaficn: Uses a non-invasive, automatic blood pressure cuff around the
upper arm. When the cuff iz inflated it may feel uncomfortable while inflated but this is temporary.
will be inflated for 5 minutes then released. While inflated, there may be some feeling some
numbness and tingling in your hands when the cuff is inflated. Once released those sensations will
subside guickly. These procedures are considered very safe

h. Radiation Expozure: If you participate in the rezearch, you will receive a DXA scan, a type of x ray
procedure. The DXA scan will be performed for research purposes only and ig not required for your
medical care. The amount of additional radiation to which you will be expozed is approximatehy the
amount that you receive in one day from natural, background sources of radiation. The rizk of
radiation exposure is cumulative ower your lifetime.

i. Lower Body Megative Pressure: Requires placing the lower half of your body {up to the top of your
hips) in a chamber that when turned on creates suction at -20 mmHg for 2-5 minutes. The rigk of
LEMNP is you may feel uncomfortable or light-headed when the machine is running.

j- Breach of Confidentiality. Personal information such as name, gender, date of birth, and
medications will be stored in a locked file cabinet in the HCRL laboratory. Study records will be
coded with a number and only study personnel will have access to the link connecting your name fo
the collected data. After the study iz complete, we will remove all identifying informafion so that
study data is coded during analysis and publication. Your information will be coded to remove any
perzonal identifiers during data analyziz or rezsearch publications.

We do not anticipate that there will be any direct benefits to you for participating.
For more information about risks and side effects, ask the rezearcher.

TO WHAT EXTENT WILL MY INFORMATION BE KEPT CONFIDENTIAL?

Efforts will be made to keep your personal information confidential. %ou 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. vou will be asked to sign
a separate authorization form for use or gsharing of your protected health information.
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There are organizations outside the QUHSC that may inspect andfor copy your rezearch records for
quality azsurance and data analysis. These organizations may include the US Food & Drug
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 ingpect and/or copy your rezearch records for these purposes.

Posting Study on Clinical Trials.qov:

A description of this clinical trial will be available on hitp2fwww_ ClinicalTrials.gov, as required by U.S.
Law. Howewer, this website will not include information that can identify you. At most, the website will
include a summary of the study and resulis. You can search this website at any time.

Identifiable Private Information:

Your information may be used for future studies without your additional consent. We will remove direct
identifiers from your information 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 information is shared with
ancther investigator for research purpoges, they will not have access fo the key code and will not be
able to re-identify you.

WHAT ARE THE COSTS?
There are no direct costs to participating in the study.

WHAT IF | AM INJURED OR BECOME ILL WHILE PARTICIPATING IN THIS STUDY?
In the case of imjury or illness results from this study, emergency medical freatment iz available.

Emergency medical treatment should be =ought at the nearest medical center and the study P.I
J. Mikhail Kellawan should be contacted immediately (405-325-8028, kellawan@ow edu).

You or your insurance may be charged for this treatment

Mo other funds have been set aside by the University of Oklahoma Health Sciences Center,
Univergity of Oklahoma — Noman Campus to compengate you in the event of injury, illness, or
fior other damages related to your event of injury or illness.

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

If you agree to participate and then decide against if, you can withdraw for any reason and leave the
study at any time. Howewver, please be sure to discuss leaving the study with the principal investigator
or your regular doctor. ou may discontinue your participation at any time without penalty or loss of
benefits to which you are otherwise entitled.

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 haz completely finizhed. 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
Protection Regulation (GDPR) and some state privacy laws might apply. If the GDPR applies, generally
you may have the following rights:

1. The night fo request the information collected to be comected.
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b

The right fo withdraw your consent for the use of your personal information at any time.

The right, in some circumstances, fo 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 fo strict confidentiality of your personal data when it iz used/shared.

The right fo limit the ugefsharng of your personal information in certain circumstances.

The right under 2ome circumstances to request the erasure of your personal data.

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

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 hitps-#compliance.ouhsc. eduwHRPE/Parficipant/Privacy-Nolice.

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

La

;o e

WHOM DO | CALL IF | HAVE QUESTIONS, SUGGESTIONS, OR CONCERNS?
If you have questions, concems, or complaints about the study or have a research-related injury,
contact J. Mikhail Kellawan at 405-325-5028.

If you cannot reach the Investigator or wish to speak fo someone other than the investigator and for
questions about your rightz 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 right2 or released any individual or entity from
liakility for negligence. You have been given an opportunity fo ask questions. You will be given a copy
of thiz consent document.

| agree to parficipate in this study:

PARTICIPANT SIGMATURE (age >18) Printed Mame Date

SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT
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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 Effects of Acute Melatonin Supplementation on Cardiovascular
Responses to Sympathetic Activation

Leader of Research Team: J. Mikhail Kellawan

Address: 1401 Asp AVE. Norman, OK, USA, Em 112, 73019

Fhone Number: 405-325-9028

If you decide to sign this document, University of Oklahoma Health Sciences Center (QUHSC)
researchers may use or share mformation that identifies you (protected health mformation) 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 PHIL If you give permission, the researchers may use or share
with the people identified m this Anthonzation any PHI related to this research from your medical
records and from any test results. Information used or shared may inchade all information relating to
any tests, procedures, surveys, or mterviews as outlined m the consent form; medical records and
charts; name, address, telephone number, date of birth, race, government-issued 1dentification
numhers and [Heart rate, Forearm & Brain Oxyzenation. Blood Prezsure, Blood Oxvegentation, End-
TDdxlCa]hun Brain and Foramm Blood Flow. Pregnacy test, and Body Composition during
rest. exercise. and Jower body negative pressure testing there 15 also survey data on vour sleeping

and physical activity habits.

Purposes for Using or Sharing PHI. If you give permission, the researchers may use your PHI to
To determune if acute melatonin supplementation alters central and penipheral responses to lower

body negative pressure at rest and durmg rhythmic exercise and to hypercapma

Other Use and Sharing of PHI. If you give permission, the researchers may also nse your PHI to
develop new procedures or commercial preducts. They may share your PHI with other researchers,
the research sponsor and its agents, the OUHSC Institutional Review Board, anditors and inspectors
who check the research, and government agencies such as the Food and Dmug Administration (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with no one else

! 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.
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ntiality. Although the researchers may report their findings i scientific jounals or meetings,
tbeymﬂnﬂtldennfjrjruumﬂ:mmpods The researchers will try to keep your mformation
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
mformation 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.

Yoluntary Choice. The choice to give OUHSC researchers permission to use or share your PHI for
their research 15 volmtary. It 15 completely up to you. No one can force you to give permission.
However, you nmst give permission for OUHSC researchers to use or share your PHI if you want to
parl:lmpatemtbe research and, if you cancel your authonization, you can no longer participate m this
shudy.

Eefosmg 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 PHL
you have a right to cancel your permssion whenever you want. However, canceling your permission
will not apply to mformation that the researchers have already used, relied on, or shared or to
mformation necessary to maintain the reliability or mtegrity of this research.

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

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

Privacy Official or Prvacy 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 guestions, call: (405) 271-2511 or (403 271-2045.

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

Giving Permission. By sigming this form, vou give OUHSC and OUHSC s researchers led by the
Research Team Leader permuission to share your PHI for the research project listed at the top of this
form.
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1

PHI Research Aunthorization
FPatient/Participant Name (Print):
Signature of Patient-Participant Date
or Parent if Participant 15 a minor
Or
Signature of Legal Representative®* Date

**1f sipned by a Legal Representative of the Patient-Participant, provide a deseription of the
relationship to the Patient-Participant and the autherity to act as Legal Representative:

OUHSC may ask you to produce evidence of your relationship.

A signed copy af this form must be given to the Patient-Participant or the Legal Representafive at
the fime this signed form is provided fo the researcher or his representative.

IRE OMce Use On T oo | 'RE NUMBER: 13084
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P1: ). Mikhail Eellawan
Subject ID:

Sexz MW

Short Title: MEL

Date: f /

Medical History (General)

Only complete if “Yes’ for Diagnosed Condition

Have you
ever had any g
Body System ﬂd:t!ona i i . Is ita currently
amecting | piagnosis/Condition/Surgery [Onset| current taking a
these body Date | problem? prescribed
systems? medication7*
Cardiovascular
O Heart Attack OYes O Mo [Yes OMo | OYes ONo
O Stroke OYes OMNo [IYes OMo | OYes ONo
0 Hypertension OYes OMNo [I¥es OMNo | OYes ONo
O Coronary Artery OYes OMo FYes OMo | OYes ONo
Diceaze
J Other Candiovascular | O Yes O Mo OYes ONe | OYes ONo
- List family members, their diagnosis,
- ?nuﬁ;;l;ﬁi?fg lgnd approximately when they were
ol Oy ON i :
muther, brother, = @  [fiagnosed:
daughter)
Lungs
- Asthma OYes OMNo [i¥es ONo | OYes Mo
O Exercise-induced OYes OMo [OYes OMe | OYes OMo
Bronchospasm
O Obstructive Lung OYes OMo Oves OMe | OYes OMo
Diceaze
O Other OYes ONo FYes ONo | OYes ONo
Musculoskeletal
J  Enee OYes O No O Yes 0O MNo OYes ONo
O Hips OYes O No O Yes O MNo OYes ONo
J Back
O Other
Head/Eyes/Ears/
N TH Neck OYes O Mo [ Yes O MNo O Yes O Mo
Endocrina/Metabolic
Diabetes OYes O HNo [ Yes O No OYes OMNo

MEL Version 1; Date: 11/10/2021
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P1: ). Mikhail Eellawan

Short Title: MEL

High blood sugar OYes O No [Yes ONe | OYes OMNo
Liver OYes OMNo [OYes ONo | OYes ONo
Thyroid OYes O Mo O Yes OMe | OYes OMo
Kidmay OYes O No [ Yes ONo O Yes O Mo
Pituitary Gland OYes O No [ Yes OMNe | OYes OMNo
Heurological
ferve or Neurclogic OYes O No MYes ONo | OYes ONo
disorders
;mc Neurological OY¥es O No [ Yes O No O Yes O Mo
[Other OYes O No [ Yes O No OYes OMNo
Immunaological
Butsimmune disease
OYes O No [ Yes O No OYes OMNo
[Other
OY¥es O Mo DYes OMo | OYes OMo
Psychological
Clinical depression
OY¥es O No [ Yes O No O Yes O Mo
[Other
OYes O No [ Yes O No OYes OMNo

MEL Version 1; Date: 11/10/2021

Page 2of B

114



P1: ). Mikhail Eellawan

Short Title: MEL

Allergies OYes O No [Yes ONe | OYes OMNo
Tobacco Use
“F o, when
Ever Smoked or used did you quit?
tlobacco products (smoke, | OYes DO MNo  Forhow long? (years): 5
Frrnkeiess. vapor [ |
ADDITIONAL NOTES:
Additional Questions (all subjects)
Hawve you recently experienced any of the following? Yes No When?

Pain in the neck, jaw, or arms?

Dizziness or fainting?

Swelling in the ankles?

Rapid heart rate while at rest?

Leg pain or cramping while walking, relieved with rest?

Has a doctor ever told you that you have a heart murmur?

Unusual fatigue with usual activities?

MEL Version 1; Date: 11/10/2021
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P1: ). Mikhail Eellawan

Additional COVID-19 Questions (all subjects)

Short Title: MEL

Hawve you recently experienced any of the following in the 14 days?

Yes

Fever ar Chills?

Coough?

Shoriness of Breath or Difficulty Breathing ?

Unusual fatigue with usual activities?

Muscle of body aches?

Headache?

Sore Throat?

Congestion or runny nose?

Mausea or vomiting ?

Diarrhea?

If you have answered YES to any of the above, have you been Tested for
COVID-192

Have you experienced any of the following?

Yes

Reason io believe you have had been infected with COVID-187

Received a positive test or confimed diagnosis of COVID-187

Been hospitalized for COVID-187

Been Infected with COWVID-18 and experienced symptoms?

Been Infected with COVID-18 and experienced NO symptoms (Asymptomatic)?

If you have had a confirmed case of COVID-19, did you experience any of the following symptoms:

Fever or Chills?

Cough?

Shortness of Breath or Difficulty Breathing?

Unusual fatigue with usual activities?

Muscle of body aches?

Sore Throat?

Ciongestion or runny nose?

Mausea or vomiting ?

Diarrhea?

Have you recovered from youwr COVID-19 infection? (if applicable)

Has a medical professional told you that you have you recovered from your
CONID-18 infection? (if applicable)

MEL Version 1; Date: 11/10/2021 Page 4 of 6
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P1: ). Mikhail Eellawan Short Title: MEL

Please list all Medications or Supplements You Toke

Medications/Supplements

Are you taking ANY Prescribed medications? (list below):

Are you taking hormone replacement (e.g., estrogen) therapy?

Do you take over the counter medications &for supplements (aspirin, vitamins, etc.)?

Do you have any reason you believe you should not parficipate in this research study? DOYes OMNo
Explain:

Are you currently enrolled in any other research studies or have you participated in any other research studies
inthe past 30 days? OYes OMNo

If yes, when was your last study visit (MM/DD/YYYY)?

If yes, what is the date of your next visit (MM/DDIYYYY)?
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P1: ). Mikhail Eellawan Short Title: MEL

Female Subjects Only ] NAA. - subjact 1s male
Subject cumently pregnant? CYes ONo
Subject plans to become pregnant? OYes ONo

Currently using birth control? OYes O Mo

If yes, method of birth control [Sefect All That Apply]:

O' Oral Contraceptives I0* MuvaRing O" Post-menopausal for = 1 year
* Hormonal Injections [* Intrauterine device O" Tubal ligation, bilateral
O* Hormonal Implants 1 Hormonal Intrauterine device cophorectomy, or hysterectomy
{i.e. Implanon) B O Abstinence
. I0* Mon-homonal Barmer o
* Contraceptive Patches method O™ Cther (specify in
Reproductive field)
0" Spermmicide

Start Date of Birth Control
(MMIDIDIYY): Brand Mame:

What is the date do you expect you next period?

Do you have a regular menstrual cycle (last 3 cycles consecutive)? O Yes O No

Past Menstrual History

Start Date of LAST menstrual cycle (MMWDDMNY):
End Date of LAST menstrual cycle (MMDDYY):

Hawe you ever consulted a doctor about menstrual problems (specifically, about irmegular or missing pericds)?

Have you ever consulted a doctor about any problems relating to your hormonal system? If so, please explain.

Eor HCRL Staff Only

Form Verified by: Date:
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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 Intermational 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
gither telephone or sef-administered methods are available. The purpose of the questionnaires
iz to provide common instruments that can be used to obtain intemationally comparable data on
health—related physical acfivity.

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 regulis suggest that these measures have acceptable
measurement properties for use in many setfings and in different languages, and are suitable
for national population-based prevalence studies of participation in physical activity.

Using IPAGQ

Use of the IPAQ instruments for monitoring and research purposes is encouraged. Itis
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

Transzlation from English is encouraged to facilitate worldwide use of IPAQL. Information on the
availability of IPAQ in different languages can be obtained at www.ipag kise. 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 Developmenis of IPAGQ
Intematicnal 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

Meore detailed information on the IPAQ process and the research methods used in the
development of IPAQ instruments is available at waww ipag kise and Booth, M.L. (2000).
Assessment of Physical Activity: An international Perspeciive. Research Quarterly for Exercise
and Sport, 71 (2} 5114-20. Other scientific publications and presentations on the use of IPAQ
are summarized on the website.

LOMG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQL Revised Dciober 2002
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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 gport.

Think about all the vigorous and moderate activities that you did in the [gst [ 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 unipaid work outzide your home?

[ v

I:l Mo i Skip to PART 2: TRANSPORTATION

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

2. Dwring the last T 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 fime.
days per week
|:| 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 thoze 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

|:| No moderate job-related physical activity - Skip to question 6

LOMG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQL Revised Dciober 2002
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5.

7.

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

Dwuring the last T 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
wiork

days per week
D Mo job-related walking —.'- Skip to PART 2: TRANSPORTATION

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 ACTIMITY

These guesticns are about how you fraveled from place to place, including to places like work,
stores, movies, and 20 on.

8.

9.

During the last T days, on how many days did you travel in a motor vehicle like a frain,
bus, car, or tram?

days per week
|:| Mo traveling in a motor vehicle —.- Skip to gquestion 10

How much time did you wsually spend on one of those days traveling in a frain, bus,
car, fram, 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 fravel to and from
work, to do emands, or to go from place to place.

100

Dwring the last T 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 Mo bicycling from place to place —.- Skip to question 12
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11.

12.

13.

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

hours per day
minutes per day

Dwuring the last T 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
|:| No walking from place to place waje  Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

How miuch 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

Thizs 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.

15.

16.

Think about only those physical activities that you did for at least 10 minutes at a time.
Dwuring the last T 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
|:| Mo vigorous activity in garden or yard —.- Skip to question 16
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

Again, think about only those physical activities that youw did for at least 10 minutes at a

time. During the last 7 days, on how many days did you do moderate activities like

cammying light loads, sweeping, washing windows, and raking in the garden or yard?
days per week

|:| No moderate activity in garden or yard e Skip to question 18
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17.

18.

19.

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

Once again, think abowut 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
cammying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week
D Mo moderate activity inside home + Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

How much time did you usually spend on one of those days doing moderate physical
activities ingide 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.

M.

Mot counting any walking you have already mentioned, during the last T 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

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

hours per day
minutes per day

Think about only those physical activities that you did for at least 10 minutes at a fime.
Dwuring 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

D Mo vigorous activity in leisure time . Skip to question 24
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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 youw 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 gitting or lying down to watch television. Do not include any time spent sitfing
in a motor vehicle that you have already told me about.

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

hours per day
minutes per day

27. Dwring the last T 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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Mama;

Date:

Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month onby. Your answers
should indicate the most accurate reply for the majerity of days and nights in the past manth. Please answer

all questions.

1. During the past menth, what ime have you usually gene to bad at night?

B wom

number of hours you spent in bad.)

During the past month, what tme have you usually gotten up in the morning?

During the past month, how long (in minutes) has it usually taken you to fall asleep each night?

During the past month, how many hours of actual sleep did you get at night? (This may be different than the

5. During the past month, how oftan have you had | Mot during | Less than Once or | Three or more
trouble sleeping becauss you... the past ance a twice a imes a weelk
maonth waak waok
a. Cannot get to sleep within 30 minutes
b. Wake up in the middle of the night or early
morning
o, Have to get up to uss the bathroom
d. Cannot breathe comfortably
a. Cough or snare loudly
f. Feol too cold
[ g Feol too hot
h. Have bad dreams
i. Have pain
|- Other reason(s), pleass describe:
8. During the past month, how often have you
taken medicine to help you sleap (prescribed or
“over the countar™)?
7. During the past month, how often have you had
trouble staying awake while driving, eating meals,
or engaging in social activity?
Ma Only a Somewhat A very big
problem | wery slight of a problam
at all problem problem
8. During the past month, how much of a problam
has it bean for you to keep up enough enthusiasm
| to get things done? _ _
Very Fairly Fairty Very
good good bad bad
9. During the past month, how would you rate
your sleep quality overall?
AE NUMBER: 13084
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