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	      Study Abstract
	

	Recent mechanisms of central fatigue have been proposed, including altered oxygenation patterns within the brain tissue. This mechanism has been postulated as a possible link to the reduction in neuronal drive at exercise exhaustion. The mechanism of cerebral deoxygenation has yet to be confirmed, though hypocapnia resulting from hyperventilation has been proposed. It is the purpose of this study to test the hypothesis that hyperventilation-induced hypocapnia is the mechanism for a reduction in cerebral perfusion and oxygenation via cerebral reactivity. The investigators plan to administer Acetazolamide (Acz), a carbonic anhydrase inhibitor, in order to maintain PaCO2 levels (preventing hypocapnia) to test this hypothesis. Eight healthy subjects will complete two maximally graded exercise tests upon a cycle ergometer, under placebo and Acz. The order of treatment will be randomized and double-blinded. Expired gases will be monitored breath-by-breath to examine changes in PETCO2 and oxygen consumption, while cerebral oxygenation and perfusion will be monitored by a near-infrared spectrometer. Arterialized blood samples will be drawn at baseline and after the subjects have reached exhaustion to measure pH and PaCO2. Statistical analysis will consist of a two-way repeated-measures ANOVA (time x experimental condition). Statistical significance will be set at P < 0.05. The experimental conditions will provide a novel manipulation of PaCO2 for the examination of the proposed mechanism responsible for cerebral deoxygenation during maximal exercise. This study represents an effort to isolate a factor associated with central fatigue, postulated as a mechanism for exercise intolerance in health and disease. Health screening for Acz prescription and medical supervision will be provided by a board certified physician. Only subjects who report no symptoms of cardiovascular disease on the Physical Activity Readiness-Questionnaire (PAR-Q) will be tested. To manage possible risks there will be at least on CPR-certified individual present at the testing. A telephone is located in the laboratory should an emergency arise.



	      Statement of Purpose and Background
	

	Exercise tolerance/intolerance has classically been defined by factors such as substrate availability, oxygen transport, and metabolic turnover in the periphery. Little attention has been given to the possibility that the central nervous system may be determining these factors, by imposing limits to muscular contraction. In a recent review, Kayser (2003) reminds the scientific community of the obvious and critical role that the central nervous system plays in voluntary exercise. This is of course, that muscular contraction is initiated and terminated in the brain. While the mechanism(s) of so called “central fatigue” are largely unknown, researchers have proposed integrative models in which multiple sensory signals may lead to the reduction in central drive and the de-recruitment of muscle fibers as a protective mechanism (Noakes 2000). Much of this evidence has not been well received as the scientific community has resisted evidence gained from subjective data, at least among physiologists (Jones and Killian 2000). 
More recently, non-invasive monitoring of cerebral oxygenation has been made possible with the advancement of near infrared spectroscopy (NIRS). NIRS is a technique used to monitory oxygenation based on the differential absorption of near-infrared light. This technique allows for estimations of oxy- and deoxyhemoglobin within a tissue, representing the balance of oxygen availability and consumption (Boushel et al., 2001). NIRS has provided an interesting avenue for the assessment of oxygenation patterns in the brain, which may be linked to neuronal drive and exercise tolerance in health and disease. Numerous investigators have utilized NIRS to monitor cerebral oxygenation in conditions ranging from rest, to altered body positioning, and during exercise (Elwell et al., 1993; Pollard et al., 1996; Nielsen et al., 2001; Bhambhani et al., 2007). During exhaustive or maximally graded exercise, researchers have reported a fall in cerebral oxygenation and/or cerebral blood flow (Nielsen et al., 2001; Nybo et al., 2002; Gonzales-Alonzo et al., 2004; Bhambhani et al., 2007). Is has been speculated that these alterations in oxygenation pattern in the frontal lobe and motor cortex may indicate a reduction in neuronal activation and limit exercise capacity (Kayser 2003; Noakes 2000; Bhambhani et al., 2007). Furthermore, the mechanism of deoxygenation in the brain has yet to be confirmed, although experimental evidence suggests that arterial carbon dioxide tension (PaCO2) may be a primary regulator of cerebral perfusion (via cerebral CO2 reactivity), and therefore, oxygenation (Grubb et al., 1974; Kontos 1981; Pollard et al., 1996). Pollard and colleagues (1996) successfully altered PaCO2 at rest with hyperventilation and supplemental CO2, showing that cerebral oxygenation was related to hyper- and hypocapnia. Additionally, during exercise it has been shown that CO2 retention (hypercapnia) induced with resistive breathing resulted in increased cerebral blood flow and oxygenation (Nielsen et al., 2001). The authors concluded that PCO2, while only having a moderate effect on skeletal tissue oxygenation, shows strong influence on the oxygenation state of the frontal lobe. While these, and other investigations, provide strong evidence for the association of cerebral oxygenation and PaCO2, the experimental conditions have not included an isolated manipulation of PaCO2 during maximal exercise to confirm this mechanism. 
Acetazolamide (Acz) administration during exercise may provide more information for the mechanism of hypocapnia induced cerebral deoxygenation. Acz is a carbonic anhydrase inhibitor, resulting in an impaired ability for the hydration of CO2 to HCO3- , resulting in increased CO2 retention (Klocke 1997). Acz (commercially known as Diamox) is typically used to treat acute mountain sickness, glaucoma, metabolic alkolosis, intracranial hypertension etc. (Physicians? Desk Reference 1998). During incremental exercise, Acz administration has been shown to maintain PaCO2 during exercise induced hyperventilation, resulting in alterations in skeletal muscle perfusion, pH, La-/H+ transport (Kowalchuk et al., 2000; Scheuermann et al., 2000). 
Thus, the purpose of this study is to monitor cerebral tissue oxygenation and blood volume via NIRS during maximally graded exercise with the administration of Acz. This experiment is intended to explore the hypothesis that hyperventilation-induced hypocapnia and cerebral CO2 reactivity is the mechanism of cerebral deoxygenation during exhaustive exercise. It is hypothesized that the administration of Acz, and the resulting maintenance of PaCO2 through CO2 retention, will maintain the oxygenation state of cerebral tissue. This information may provide insight to a mechanism of central fatigue and exercise intolerance from a reduction in neuronal drive. 



	      
	

	          Characteristics and Number of Participants
	

	Approximately 8-10 healthy adults will be recruited to participate. Subjects must be between: 18 and < 55 yr of age (women), 18 and < 45 yr of age (men). Subjects need no specific sport training. According to a power analysis using G Power V. 3.0.3, a sample size of 8 is projected to provide adequate power. This estimate is based upon an effect size of 0.577 (derived from ŋ2 = 0.25), alpha level = 0.05, desired power of 0.95. Critical F(1,7) = 5.59, Actual Power = 0.967.



	          Selection Criteria and Participant Screening
	

	Subjects must be between: 18 and < 55 yr of age (women), 18 and < 45 yr of age (men). Subjects need no specific sport training. 
Prior to conducting the study, each potential participant will complete the Physical Activity Recall Questionnaire (PAR-Q) to screen for cardiovascular risks. Any positive responses to questions from the PAR-Q will eliminate the individual from selection. Subjects who present with positive responses to the PAR-Q will be encouraged to seek the advice of their physician before continuing with any exercise training program. A health screening for the prescription of Acz will be administered by a physician. 
Only data collected during screening process is verbal and PAR-Q which will be destroyed if the subject has any positive responses. Written informed consent will be obtained from all volunteers before participating. The consent form will be administered in person, explained by the PI who will be present to answer any questions. 
IRB COMMENT: Given that using aspirin in combination with acetazolamide has the potential to result in serious health risks, revise the protocol to clarify that anyone using high dose aspirin or who is allergic to sulfa based drugs may not participate in the study.  This information must also be included within the recruitment and consent materials.  

RESPONSE: Exclusionary criteria will include taking aspirin during the administration of Acz or those who are allergic to sulfa based drugs. (I will include this on the consent/recruitment flyer)
IRB COMMENT:  Elaborate on the screening procedures that will be used by Dr. Miller when determining eligibility.  Provide a copy of any screening forms that will be used.  In addition, include information within the recruitment and consent documents regarding all contraindications associated with the usage of acetazolamide.

RESPONSE: Screening Procedures are outlined below: 
1) Participants will fill out a medical history questionnaire (MHQ). This form will be attached as supplemental materials. 
2) Dr. Miller will review the MHQ and may interview or examine subjects prior to clearing them for participation. 
3) Dr. Miller will provide a signed medical clearance for each subject after reviewing the MHQ and interviewing or examining potential subjects 
4) Dr. Miller will obtain a stock-bottle (for professional use) of Acz and personally dispense this prescription medication (and the placebo) to subjects at no charge 
5) Dr. Miller will dispense/prepare the placebo and Acz by placing each in opaque envelopes labeled with a code only known by him. 
6) Dr. Miller will make himself continuously available by phone during data collection 



	          Special Population
	

	n/a



	          Subject Identification
	

	University students and persons in the San Diego area will be recruited to participate via flyers posted on the University campus. In addition, other potential subjects who were informed of the study by current subjects and who contact the investigators will be recruited to participate.



	          Recruitment Process
	

	Recruitment will be through flyers in which potential subjects will be able to contact the PI. If subjects meet the criteria, they will be scheduled for their initial testing at the lab. Participation is voluntary and this will be expressly stated to the subject. If the subject is a student, it will also be made clear that choosing to participate or not will have no effect on academic standing or progress. IRB: Please see the revised recruitment document (labeled wb revised) and make any additional revisions as necessary and upload the revised document. RESPONSE: See Consent Document



	          Potential Problems
	

	At this time, there are no known potential problems regarding the study.



	      
	

	          Informed Consent Process
	

	If the subject is interested and meets the participation criteria, an appointment will be made to meet in the exercise physiology laboratory. At that time, all aspects of the study will be discussed including the purpose and rationale for the study, exercise protocol, risks, benefits, and subject confidentiality. All questions posed by the subject will be answered, and afterwards, the subject will be asked to provide informed consent. Contact information for the investigator will also be provided. 



	          Informed Consent Procedures
	

	The PI will present the study to subjects and will verify that the consent form is properly signed. The PI will retain all signed consents for at least 3 years. Any student serving as a research assistant on the project will have completed, at minimum, basic exercise physiology lecture and lab courses. Furthermore, any student assisting on the project who has not completed the SDSU Human Subjects Tutorial will be strongly encouraged to do so if they will be involved in enrolling participants and obtaining informed consent. 
IRB COMMENT: The IRB recently revised their guidelines regarding the SDSU human subjects’ tutorial. The committee has determined that all research assistants affiliated with a project must complete the SDSU human subjects tutorial which can be found at: http://www-rohan.sdsu.edu/~gra/login.php. 
RESPONSE: All research assistants with be REQUIRED to complete the SDSU IRB human subjects tutorial. Research assistants will be required to provide certificate of completion to the PI before participating in the research study.



	     
	

	          Description of Research Design
	

	The study is a double-blind, repeated-measures design that will compare cerebral oxygenation during graded exercise. Subjects will complete two maximally graded exercise tests, under a placebo condition or with Acz administration, in a random order. Expired gases will be monitored breath-by-breath during exercise for the estimation of oxygen consumption and determination of PETCO2 (a non-invasive analog for monitoring trends in PaCO2) (Whitesell et al., 1981; Phan et al., 1987). Cerebral oxygenation will be measured via NIRS. The infrared probe will be affixed with adhesive tape over the left pre-frontal lobe, approximately 3 cm from the midline and above the supra-orbital ridge (Bhambhani et al., 2007). An ACE bandage will be wrapped around the subjects’ cranium in order to isolate the probe from ambient light waves. Arterialized blood samples will be drawn from the subjects’ finger tips using standard capillary puncture techniques for the measurement of pH and PaCO2 at baseline and directly after the subjects reach exhaustion. This measurement will provide an indirect assessment of the expected effects of Acz administration. 
Independent variables are the placebo and Acz trial. Dependant variables are: PETCO2, PaCO2, pH, cerebral oxygenation. Statistical analysis will consist of a two-way repeated-measures ANOVA (time x experimental condition). Statistical significance will be set at P < 0.05. 



	          Subject Involvement 
	

	See Exercise testing section. 
Use of Drugs and Devices Acetazolamide (Acz) will be prescribed by a board certified physician. Acz is a carbonic anhydrase inhibitor, causing disruption of the hydration of CO2 and dehydration of HCO3-. This drug is used most often to treat edema due to congestive heart failure, glaucoma, seizures, and acute mountain sickness. 
Acz is also used for the treatment of cystinuria, hydrocephalus and metabolic alkolosis in COPD patients (taken from Physicians’ Desk Reference 1998). Acz is contraindicated in patients with marked kidney, liver disease, and hyperchloremic acidosis. As Acz has been shown to be teratogenic in mice and rats, pregnant women should only be prescribed Acz when the benefit outweighs this risk, thus pregnancy will be an exclusionary criteria for this study (taken from Physicians? Desk Reference 1998). All female subjects will be given a pregnancy test before participating. 
Side effects of Acetazolamide are described as mild (Kowalchuk et al., 2000) and include: “tingling?” feeling in the extremities, hearing dysfunction or tinnitus, loss of appetite, taste alteration and gastrointestinal disturbances such as nausea, vomiting and diarrhea, polyuria, and occasional instances of drowsiness and confusion (taken from Physicians’ Desk Reference 1998). 
Empty gelatin capsules will be given to the subjects to serve as a placebo. 
Acz treatment consisting of 2 capsules (250 mg ea.) per day for 3 days prior to exercise testing is planned. 
See attached document from Dr. Paul W. Miller detailing medical supervision. 
IRB COMMENT: Explain who is responsible for covering the cost of the acetazolamide used in the study, as well as how the participant will receive the drug. For example, as it is only available by prescription, will Dr. Miller write a prescription for acetazolamide which is then provided to each subject who must then pay for and pick up the drug prior to the first testing session? 
RESPONSE: Dr. Miller will provide interview, examination, medical clearance and will dispense the Acz from a stock bottle at no cost to the subjects. Costs will be covered out of pocket by Dr. Miller. This interview/exam process will occur simultaneously with informed consent procedures and is expected to take approximately 30 min.



	          Exercise Testing
	

	The subject will report to the lab for the determination of maximal aerobic capacity (VO2max). Beginning at 50 W, the subject will perform a ramped (25 W/min-1) cycling test to exhaustion (pedaling frequency <60 rpm). The ventilatory threshold (VT) for each condition will be established from a visual inspection of the gas exchange data and VO2max will be determined from the highest 20-s average. 
During the exercise trials the subject will be fitted with a mouth piece and nose-slip for the measurement of VO2. Heart rate will be measured with a strap and monitor on the torso. Cerebral oxygenation (StO2) will be monitored with the infrared probe placed over the left pre-frontal lobe, approximately 3 cm from the midline and above the supra-orbital ridge (Bhambhani et al., 2007). Arterialized blood samples will be drawn from the subjects’ finger tips using standard capillary puncture techniques for the measurement of pH and PaCO2 at baseline and directly after the subjects reach exhaustion. 
These two exercise visits (Acz and control trial) will take approximately 60 min each. This combined with the initial screening will total ~2.5hrs time commitment for the completion of the study. A telephone is present in the lab and an AED located just outside of the lab. At least one investigator trained in CPR will be present at all testing sessions. 
IRB COMMENT: As written in the protocol it is unclear whether the screening and consent processes occur at the first lab visit. Revise this section to clarify study events. 
RESPONSE AND REQUEST FOR CHANGE IN PROCEEDURES: Due to the need for medical clearance prior to the study (as each visit will be preceded by either Acz or Placebo therapy), medical screening/clearance and consent will occur prior to commencing the study. No exercise will occur during this process. These two exercise visits (Acz and control trial) will take approximately 60 min each. This combined with the initial screening will total ~2.5hrs time commitment for the completion of the study.  CHANGE IN PROCEEDURES: Arterialized blood samples will be drawn from the subjects’ finger tips using standard capillary puncture techniques for the measurement of pH and PaCO2 at baseline and directly after the subjects reach exhaustion. Additionally, blood samples will be drawn at minute intervals during exercise, after the subjects attain 70% of the age-predicted maximal HR. It is estimated that a total of 5-6 capillary punctures will be necessary with this design. (Rather than the previously planned 2)



	          Research Instruments
	

	The PAR-Q will be used to screen subjects for cardiovascular risks; VO2 will be measured with an Oxycon Mobile metabolic measurement system (VIASYS Healthcare, Yorba Linda, CA, USA); heart rate will be measured with a Polar FS1 monitor (Polar Electro Inc, Lake Success, NY, USA); lab cycling testing will be performed on an electromagnetically-braked cycle ergometer (Lode Excalibur, Groningen, The Netherlands); StO2 will be assessed using a Hamamatsu NIRO 300 (Hamamatsu Photonics K.K., Hamamatsu, Japan); pH and PaCO2 will be measured using arterialized blood samples and measured with an I-Stat Analyzer (Abbott Laboratories, Abbott Park, IL, USA); female subjects will be given a pregnancy test prior to participation (hCG Test Kit, PSS World Medical, Jacksonville, FL, USA).



	          Study Location 
	

	All data will be collected in the ENS Annex exercise physiology laboratory (ENS 102).



	      Potential Benefits 
	

	The experimental conditions will provide a novel manipulation of PaCO2 for the examination of the proposed mechanism responsible for cerebral deoxygenation during maximal exercise. This study represents an effort to isolate a factor associated with central fatigue, postulated as a mechanism for exercise intolerance in health and disease. Subjects will learn of their ventilatory threshold and VO2max, which may be useful for assessing cardiovascular fitness. However, we cannot guarantee that the subjects will benefit from this information. 



	      Risk Assessment and Management 
	

	The attachment of the NIRS probe with adhesive tape may present a minimal, though brief, discomfort. Subjects are being asked to perform high-intensity maximal exercise that may lead to physical discomforts (e.g., fatigue and nausea). These risks associate with participating in this study may include, although unlikely, muscle cramps, muscle strain and/or joint injury, delayed muscle soreness, lightheadedness, and fatigue. They may feel delayed muscle soreness (24-48 hours) after exercise. There is also a risk of a cardiac event, such as a heart attack, cardiac arrest, or dangerous arrhythmia. This risk is less than 1 occurrence in 12,000 tests of healthy subjects, and approximately 1-2 occurrences in 10,000 tests of higher risk and diseased subjects. At least one person during testing will be certified in CPR and present for all exercise testing and an AED is located just outside of the lab. In addition, there is a telephone located in the laboratory should a medical emergency arise. 
Whenever blood is drawn, there is a small risk of bruising. Although infection is a risk with finger sticks, this is minimized by use of alcohol to cleanse the area for the blood draw. Latex gloves are worn by the technician at all times, and all contaminated materials are deposited in a biohazard container, in accordance with the bloodborne pathogens standard of OSHA. 
Fatal reactions have been reported with Acz, although rare, due to severe reactions to sulfonamides including Stevens-Johson syndrome, toxic epidermal necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic anemia, and other blood dyscrasias. Caution is advised for patients receiving concomitant high-dose aspirin and Acz as anorexia, tachypnea, lethargy, coma and death have been reported (taken from Physicians? Desk Reference 1998). 
IRB COMMENT: Discuss the risks associated with using acetazolamide during exercise. If there are risks associated with using acetazolamide during exercise, it may be necessary that Dr. Miller be present during all testing sessions where acetazolamide is used in order to assess the effects of the drug on participants. 
RESPONSE: There are no specific risks associated with Acz and exercise. Adverse reactions, occurring most often early in therapy, are described above, but are not specific to exercise. It is the opinion of Dr. Miller that medical supervision is not required during maximally graded exercise. Attached with supplemental documents is a letter from Dr. Miller describing his experience with Acz as an anti-AMS treatment.



	   
	

	          Confidentiality Procedures
	

	Only personal information essential to the research will be recorded, including age, anthropometric data such as height/weight, and physiologic data such as VO2max and ventilatory threshold. These parameters are important for subject descriptions in the event of a future publication; identifiable data will be securely stored and access is limited to the principal investigator and authorized assistants; data will be coded as early in the research as possible and the code linking the data to individual subjects destroyed when data have been processed; none of the data is considered to be sensitive or place the subject at legal risk; personally identifiable data will not be disclosed to anyone other than the research team without the written consent of the subjects or their legal representative.



	          Special Considerations for Maintaining Confidentiality
	

	n/a



	      Costs
	

	There are no costs to subjects for participating in this study. However, subjects are responsible for the costs associated with transportation to the laboratory and parking at San Diego State University. If any injuries occur, we will assist the subject(s) in obtaining appropriate attention. If treatment or hospitalization is required because of participation in this study, the subject is responsible for payment of the cost for that care or any costs not covered by the subject’s insurance. San Diego State University will not pay for any care, lost wages, or provide other financial compensation. 



	      Investigator Experience 
	

	Daniel T. Cannon, School of Exercise and Nutritional Sciences (PI). Daniel Cannon is a graduate student in Exercise Physiology, a Teaching Associate (ENS 304L), and a Graduate Research Assistant in the Fred W. Kasch Exercise Physiology Laboratory. He is a member of The Physiological Society, London; The American Physiological Society; and The American College of Sports Medicine. 
Michael J. Buono, Ph.D., Professor, School of Exercise and Nutritional Sciences, San Diego State University. Dr. Michael Buono is an exercise physiologist and has been an active researcher for over 25 years. He is a Fellow in The American College of Sports Medicine. 
Paul W. Miller, M.D., M.S., Adjunct Professor, School of Exercise and Nutritional Sciences, San Diego State University/Naval Health Research Center, San Diego, California. Dr. Paul Miller holds a master’s degree in exercise physiology, and has been in the medical profession for over 20 years. 
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