
 
 

GLUCOSE SUPPLEMENTATION  

AND MEASURES OF OXIDATIVE STRESS IN PATIENTS WITH GLYCOGEN 

PHOSPHORYLASE DEFICIENCY (MCARDLE’S DISEASE). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE EFFECT OF ORAL GLUCOSE SUPPLEMENTATION PRIOR TO  

NON-ISCHEMIC FOREARM EXERCISE TESTING ON EXERCISE 

PERFORMANCE AND MEASURES OF OXIDATIVE STRESS IN PATIENTS 

WITH GLYCOGEN PHOSPHORYLASE DEFICIENCY (MCARDLE’S DISEASE). 

 

By 

Nicholas J. Mocellin B.Sc. Kin. 

 

 

 
 

A Thesis 
 

Submitted to the School of Graduate Studies  
 

In Partial Fulfillment of the Requirements  
 

For the Degree 
 

Masters of Science in Medical Science 
 
 
 
 
 
 
 

McMaster University 
 
 

© Copyright by Nicholas Mocellin April 2012 
 
 
 
 



 ii

MASTER OF SCIENCE (2011)     McMaster University 
(Medical Sciences)           Hamilton, Ontario 
 
 
TITLE: The Effect of Oral Glucose Supplementation Prior to Non-    

Ischemic Forearm Exercise testing on Exercise Performance 
and Measures of Oxidative Stress in Patients with Glycogen 
Phosphorylase Deficiency (McArdle’s Disease). 

 
 
AUTHOR: Nicholas Joseph Mocellin, B.Sc. Kin. (McMaster University) 
 
SUPERVISOR: Dr. Mark A. Tarnopolsky 
 
NUMBER OF PAGES:  xi, 90 
  
 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iii

ABSTRACT 
 

Objective: We evaluated the potential effect of oral glucose 

supplementation on: (1) exercise performance and tolerance, (2) the 

concentrations of plasma uric acid and ammonia (NH3) and (3) blood plasma 

markers of oxidative stress in patients with McArdle’s disease (MCD) after non-

ischemic forearm exercise testing (non-ischemic forearm exercise test). Methods: 

Blood samples and exercise performance measures were performed on from 16 

patients with MCD and 17 control subjects (CON) matched for age, sex and 

physical activity status. Subjects performed 2 exercise bouts 30 minutes apart 

and received oral glucose or placebo supplementation between tests. Blood 

samples were analyzed for concentrations of 8-isoprostanes (8-ISO), 

malondialdehyde (MDA) and total anti-oxidant capacity (TEAC). Exercise 

performance was assessed using a handgrip dynamometer to measure force of 

contraction over time. Exercise tolerance was assessed based on subject’s self-

reported perception of pain and perception of exertion during exercise. Results: 

MCD was associated with greater fatigue, perceived pain, perceived exertion, 

and higher uric acid during non-ischemic forearm exercise test (P < 0.05), and 

higher concentrations of plasma NH3 post exercise (P < 0.05). Glucose did not 

influence plasma uric acid or NH3 and had no effect on exercise measures in 

MCD patients. Baseline plasma markers of oxidative stress were not different 

between MCD patients and CON; however, MCD patients who ingested glucose 

between non-ischemic forearm exercise tests had lower plasma 8-ISO 
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concentrations (P < 0.05). CON who ingested glucose between non-ischemic 

forearm exercise tests had lower plasma 8-ISO concentrations (P < 0.05) at +1 

min post exercise compared to initial non-ischemic forearm exercise test. The 

TEAC of control subjects was lower following non-ischemic forearm exercise test 

(P < 0.05), with no change in MCD patients. Conclusion: Glucose may have a 

protective effect on oxidative stress following exercise that may be due to 

attenuated flux through xanthine oxidase. 
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CHAPTER 1 
 
LITERATURE REVIEW 
 
 
1.1 Introduction 
 

Myophosphorylase deficiency also known as McArdles Disease (MCD) or 

glycogen storage disease type V is a genetic disorder affecting the muscle 

specific form of the enzyme glycogen phosphorylase (GP). The deficiency is due 

to mutations of the PYGM gene that encodes for this specific enzyme [1]. GP is 

responsible for removing the 1,4 glycosyl residues of glycogen within the muscle 

and the subsequent release of glucose which can then enter the glycolytic 

pathway [2]. Other organs such as liver and brain have their own specific PYGM 

isoforms both of which are unaffected by MCD [3].  

 

1.2 Clinical Symptoms and Presentation of McArdle’s disease 
 

While the onset of MCD is usually noted in childhood, a formal diagnosis 

may not occur until after adolescence when symptoms become severe enough to 

impact an individual’s quality of life [3]. A lifetime of exercise intolerance is a 

typical feature of MCD with common symptoms including: muscle fatigue, 

stiffness, cramping, pigmenturia (myoglobin) and weakness [4]. A phenomenon 

known as the “second wind” is reported in the majority of patients where patients 

endure through the initial phases of exercise and reach a steady state where the 

perceived exertion and heart rate starts to decrease [5] [6]. This phenomenon 

has been attributed to the fact MCD patients begin to rely on glycolysis for fuel 
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via the availability of blood-borne glucose [7]. A high plasma creatine kinase (CK) 

activity level is common in MCD patients and indicates skeletal muscle damage 

and a loss of membrane integrity [8] [9]. More strenuous bouts of activity may 

lead to contractures in which the muscle undergoes a metabolic cramp 

characterized by no electrical activity. The metabolic crisis associated with the 

contracture can lead to rhabdomyolysis and myoglobinuria, particularly after 

higher intensity anaerobic exercise. Myoglobinuria occurs when the intracellular 

muscle enzymes leak out of the damaged sarcolemma enter the bloodstream 

and are excreted into the urine and potentially lead to renal damage [10] [11] [12].  

Patients often report of tea or “Coca-Cola” coloured urine (pigmenturia) during 

these episodes.  

The process of aging brings a decline in muscle mass and strength [13]; 

however, the fixed weakness seen with MCD and with aging may also be the 

result of a lifetime of muscle damage and repair as indicated by the persistently 

elevated CK levels [14, 15]. 

 

1.3 Diagnosis of McArdle’s Disease 

There are multiple diagnostic procedures used in the screening process 

for MCD. As discussed, chronically high plasma CK levels are common among 

patients. The muscle biopsy is a useful technique to test for suspected MCD. It 

allows for laboratories to perform a histochemical reaction for PYGM activity and 

determine the presence or absence of PYGM in the sectioned muscle [1].  An 
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increase in non-membrane bound glycogen can be seen using the Periodic acid -

Shiff stain.   

A common diagnostic test for ruling in or ruling out MCD is the forearm 

ischemic exercise test (FIT). While the FIT does not specifically test for MCD, it 

can be used to determine if there is a block in glycogenolysis and aid in 

assessing a patient with suspected MCD [3]. The FIT assesses an individual’s 

response to anaerobic exercise by restricting blood flow to the forearm while 

completing a series of repetitive hand-grip exercises [16].  In healthy individuals, 

venous blood collected from the exercising arm shows a significant increase in 

lactate while plasma ammonia is moderately elevated. However, findings 

consisted with a diagnosis of MCD show a lack of venous lactate production and 

an exaggerated response in ammonia, due to impaired glycogenolysis and 

enhanced flux through myoadenylate deaminase, respectively [17]. The FIT 

proves to be a useful tool and aids clinicians; however, patients with MCD often 

report muscle pain and cramps during testing. In an attempt to create a more 

tolerable test for patients, Kazemi-Esfarjani et al (2002) compared the traditional 

FIT testing to a non-ischemic forearm exercise testing (non-ischemic forearm 

exercise test) protocol. The researchers found the non-ischemic forearm exercise 

test to be better tolerated by patients and was just as accurate as a diagnostic 

tool [16]. The protocol for the present study in this thesis was a based on the non-

ischemic forearm exercise test described in 2002 [15]. 
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1.4 Genetics of McArdle’s disease 

MCD is an autosomal recessive disorder. It is one of the most common 

genetic myopathies with an estimated prevalence of approximately 1 in 100 000 

[8]. Diagnosis can be confirmed by sequencing the PYGM gene (chromosome 

11) that codes for the PYGM enzyme of the muscle. The PYGM gene contains 20 

exons and 19 introns. Though multiple mutations have been reported the most 

common continues to be in patients who are homozygous for the R49X mutation 

[1, 18]. While this mutation continues to be the most common, as of August 2011 

an estimated 133 mutations in all 20 exons of the PYGM gene have been 

reported [19]. Most recently, six additional novel mutations have been reported in 

the PYGM gene with three missense mutations, and one of each nonsense, 

frame-shift and an amino acid deletion [19]. Previous studies are in agreement 

with their conclusions that there is no genotype – phenotype correlation [3].  

  

1.5 Treatments and Therapy of McArdle’s Disease 

 In general, individuals with MCD present with symptoms during exercise 

that is primarily anaerobic in nature, isometric, or performed and at high 

intensities [3] [5]. Therefore, when developing a suitable nutritional intervention or 

exercise prescription, it is clear that these strategies need to be targeted toward 

these specific areas. It is well established [20] [21] that MCD patients experience 

the majority of their acute symptoms in the transition period between the creatine 

– phosphocreatine system and oxidative phosphorylation. With this in mind, when 
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applying nutritional interventions or a supplementation strategy a critical concept 

may be to take advantage of and promote a greater flux through t

pathways that remain intact or take advantage of compensatory adaptations

doing so, the dietary manipulation may decrease the transition time across the 

gap as a result of absent anaerobic glycolysis (Figure 1) and diminish some of 

the symptoms. In addition, when deciding on a suitable exercise prescription for 

MCD patients, it is fundamental that the design permits a gradual progression 

from anaerobic to aerobic metabolism to reduce the symptoms during this 

transition [22, 23]. 

Figure 1: Contributions from different energy sources
exercise (adapted from 

               ________ Creatine
               ------------- Glycolytic system (Anaerobic Glycolysis absent in MCD
               …………. Aerobic metabolism
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1.6 McArdle’s Disease and Exercise 

 Individuals with MCD may adjust their lifestyle in an attempt to avoid 

participating in activities that require high intensity and short bursts, as most of 

their symptoms are generated in these instances [11] . It is critical for patients to 

select the appropriate exercise type and intensity. MCD patients experience a 

process called the second wind phenomenon [25, 26]. The process involves 

initially tolerating exercise, followed by a period of fatigue and cramping and 

finally exercise is tolerated again. This secondary stage of exercise tolerance is 

only achievable if the intensity is lowered or a period of rest is taken [27] [20]. 

Therefore, when prescribing exercise for MCD patients, it is suggested that 

cautious and progressive aerobic conditioning be undertaken [22]. This type of 

training has shown to improve functional capacity in MCD patients and if 

incorporated into a healthy lifestyle has reduced muscle pain and cramping [28]. 

 

1.7 Aerobic Metabolism and McArdle’s Disease 

In an attempt to compensate for or bypass the metabolic defect in MCD, 

specific nutritional interventions or supplementations have been tested. From a 

longer-term nutritional perspective, diets high in relative amounts of protein and 

low in carbohydrates have been suggested but have not resulted in success [29] 

[23]. The intention of these strategies is to increase protein and lipid oxidation to 

compensate for the absent glycogenolysis.  



M.Sc. Thesis N. Mocellin     McMaster University – Medical Science 
 

 7

In addition to the habitual dietary interventions, short-term 

supplementation strategies have also been suggested. Specifically two strategies, 

the consumption of glucose or sucrose prior to exercise and creatine 

monohydrate supplementation have been examined.  

 

1.7.1 Carbohydrate Metabolism in McArdle’s Disease 

Glucose metabolism is limited by the activity of certain enzymes along the 

glycolytic pathway. Specifically, PFK is a key enzyme in the control of glycolysis. 

Without this enzyme the phosphorylation of fructose-6-P would not occur and 

would inhibit glucose from entering glycolysis. In addition, pyruvate kinase and 

hexokinase appear to be other regulatory enzymes based on the large ∆G. In an 

attempt to take advantage of the increases in GLUT4 protein content and PFK 

protein content and enzyme activity in skeletal muscle [30] of MCD patients, 

acute carbohydrate ingestion approximately fifteen to twenty minutes prior to the 

onset of exercise has been suggested [31]. It has been demonstrated by 

Anderson et al [32]  and others [33] showed this technique may ease the 

transition from anaerobic into aerobic metabolism and by bypassing the 

metabolic block. Specifically, Anderson et al have demonstrated that the 

ingestion of oral sucrose, prior to exercise, diminished some symptoms and may 

improve exercise capacity by increasing VO2 max and lowering heart rates [32].  

It is commonly recommended that MCD patients follow a diet high in 

carbohydrate in order to keep stores of liver glycogen high and to maintain 
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circulating blood glucose at optimal levels [2]. Determining the proper dosage of 

carbohydrate and the timing of that dosage appears to be an important 

consideration in managing this disease. Administering too much carbohydrate 

may lead to unwanted weight gain and too little may not have a beneficial affect 

on exercise tolerance [34]. 

GLUT4, GLUT1,GLUT5 and GLUT12 are all present in skeletal muscle. 

GLUT4 and it’s translocation to the membrane are sensitive to muscle contraction 

stimulus as well as insulin concentration. GLUT1 and GLUT5 are present in 

smaller quantities and are located in the plasma membrane. GLUT1 facilitates 

the transport of glucose across the plasma membrane while GLUT5 facilitates the 

transport of fructose across the plasma membrane [35]. GLUT12 has been 

suggested to be part of a second insulin responsive glucose transport system 

[36]. Glucose uptake can be stimulated by both contractions in the muscle as well 

as insulin. It has been demonstrate in the muscles of rats that muscle contraction 

promotes the translocation of GLUT4 to the plasma membrane and subsequently 

the uptake of glucose even in the absence of insulin [37]. It has also been 

suggested that 2 pools of glucose transporters are present in the muscle. 1 group 

being sensitive to insulin the other activated by exercise and contractions 

[37].Potentially the localization of GLUT4 to the plasma membrane in MCD 

patients is stimulated to a greater extent than healthy individuals as MCD patients 

are known to have intense contractions of the muscle on a regular basis. Vissing 

and Haller (2003) examined the effects of glucose delivery in MCD patients 
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participating in bicycle exercise [31]. The study involved sucrose-loading 30 - 40 

minutes prior to exercise; all subjects completed 2 bicycle exercise trials, one 

after consuming 75 grams of sucrose before exercise, the other after consuming 

a sweetened placebo. This crossover design allowed for direct comparison of 

heart rate and perceived exertion on the 15 minute cycling test. With placebo, the 

mean peak heart rate and exertion occurred in the 7th minute of exercise, 

followed by a drop in both measures as subjects settled into a natural second 

wind. However, after sucrose ingestion heart rate was significantly lowered during 

the 7th minute of exercise and a second-wind was effectively abolished. These 

results demonstrated that exercise tolerance could be improved by ensuring 

sufficient supply of blood-borne fuels at a point earlier then could be supplied by 

normal physiology.  

 Despite the promising nature of the findings by Vissing and Haller (2003), 

being prepared to ingest such a large amount of sucrose 30 - 40 minutes before 

anticipated exercise may not be realistic or convenient for MCD patients. Patients 

may begin to experience weight gain over time from the amount of calories 

consumed in 75 grams of sucrose. To explore this further, a similar study [34] 

was conducted that reduced the amount of sucrose by ~ 50 % (37 grams), and 

the time of the dose prior to exercise to only 5 minutes. Consistent with the prior 

study, exertion and heart rate peaked at 7 minutes of exercise followed by a 

second-wind. This second-wind was again abolished by sucrose ingestion, in 

both 40 minute - 75 gram and 5 minute - 37 gram trials. However, at the same 
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workload, both exertion and heart rate were reduced to a greater extent when 

sucrose was ingested 5 minutes prior to exercise compared to 40 minutes before. 

This observation correlated well with measures of blood glucose, which 

decreased throughout the 15 minute exercise test when sucrose was ingested 40 

minutes prior to exercise, but consistently increased when ingested 5 minutes 

prior exercise. The results were successful in modifying glucose supplementation 

recommendations for MCD patients, to make them both more practical and at a 

reduced caloric intake.   

Overcoming the blockage in muscle glycogenolysis through increasing 

blood-borne glucose has been the most successful approach to overcome 

exercise intolerance in McArdle's patients [38, 39]. 

 

1.7.2 Free fatty Acid Metabolism in McArdle’s Disease 

Free fatty acid (FFA) oxidation contributes a considerable amount to 

aerobic metabolism and is used as a dominant fuel source second during lower 

intensity activity, particularly in the fasted state [40]. The time period to deliver 

this blood- borne fuel to muscle is delayed to some extent due to the time for 

lipolysis, blood transport to and uptake by the muscle. This has particularly 

important implications for patients with MCD since it is during this delay that the 

majority of muscle symptoms and damage may occur. In contrast, recent 

research suggested that increasing FFA in the blood attenuated blood borne 

glucose delivery and metabolism and resulted in a net negative effect on exercise 
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capacity. Although MCD patients rely more on FFA as an energy source during 

low-intensity exercise than healthy controls [41], when blood levels were 

increased three-fold from lipid infusion, there was no elimination of a second-wind 

effect and heart rate peaked at higher levels in patients during exercise 

compared to placebo. As hypothesized, glucose infusions significantly lowered 

peak heart rate and essentially abolished the second-wind. Similar to branch 

chain amino acids (BCAAs), elevating FFAs may attenuate delivery of blood 

borne glucose to skeletal muscle and could potentially attenuate the energy that 

could be derived from glucose in these patients. In addition, fat metabolism may 

already be at a peak level in McArdle's patients and further increases in delivery 

may not lead to enhanced uptake and oxidation. Due to a consistently low flux 

through glycolysis, it has been identified that TCA cycle intermediates are lower 

in McArdle's patients as compared to healthy persons [41]. Therefore, despite the 

large spike in plasma FFA levels resulting from intralipid infusion, metabolism of 

this fuel may still not be able to keep up with energy demands of the working 

muscle [42]. 

 

1.7.3 Protein Metabolism and McArdle’s Disease 

It is well documented that BCAA oxidation represents a small proportion of 

total energy supply to working muscle and are used only under aerobic conditions 

[43], challenging its usefulness in MCD patients [44] [45].  In addition, BCAA 
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require the vitamin B6 for metabolism. The majority of B6 is bound to GP 

therefore the and overall body stores of this vitamin are depleted in MCD [3]. 

Of the 20 amino acids, 9 are considered essential meaning the body 

cannot synthesize them and therefore must be consumed in the diet. When 

consumed as part of the diet, 8 of the 20 amino acids are oxidized by skeletal 

muscle for a source of energy. The BCAA’s valine, leucine and isoleucine are 

unlike other amino acids as they are primarily metabolized in skeletal muscle [46]. 

Following removal of nitrogen groups through deamination or transanimation, the 

amino acid skeletons are converted into intermediates of the citric acid cycle. The 

intermediate is dependant upon the original amino acid. Branched-chain oxo-acid 

dehydrogenase (BCOAD) is a rate-limiting enzyme for BCAA oxidation. The 

activity of BCOAD increases from approximately 5% (at rest) to approximately 

25 % (during exercise). The oxidation of the BCAA leucine has been the most 

widely studied amino acid in endurance exercise studies [47].   Ultimately, 

BCAA’s are metabolized by skeletal muscle, liver and a smaller extent the 

kidneys.  

Increasing blood levels of BCAAs prior to exercise could provide sufficient 

energy to alleviate exercise intolerance in MCD patients. MacLean et al (1998) 

had patients ingest 77 mg of BCAAs per kilogram body mass 30 minutes prior to 

cycling 20 minutes at the maximal capacity that could be tolerated without 

experiencing pain. Plasma levels of BCAAs tripled after ingestion; however, 

performance was equal or worse in trials after consumption of BCAAs compared 
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to trials with placebo. BCAA ingestion did not have an effect on second-wind 

occurrence. These results may be explained by the finding that free fatty acids 

and glucose levels in plasma decreased in response to BCAA administration, 

perhaps due to inhibition of glycogenolysis in the liver and the resultant plasma 

glucose [48].  

 

1.8 Anaerobic Metabolism and McArdle’s Disease 
 

In MCD, the absent energy production from anaerobic glycogenolysis 

leads to a greater reliance on other anaerobic pathways [38]. This greater 

reliance is most apparent upon the initiation of exercise (the rest-exercise 

transition) and has been reflected in the term “myogenic hyperuricemia” 

indicating the greater flux through adenylate kinase > myoadenylate deaminase 

(see below) [26, 49]. 

1.8.1 The Creatine-Phosphocreatine Energy Buffer System 

The creatine – phosphocreatine system is one of the compensatory 

anaerobic pathways that are up regulated. The creatine kinase reaction (Figure 

2) that catalyzes the transfer of a phosphate from PCr to ADP is a reaction close 

to equilibrium. Creatine monohydrate supplementation has been suggested as a 

therapeutic strategy [50], to promote flux in the creatine kinase pathway in the 

direction to generate ATP [51]. One trial found that a low dose (0.06 g/kg/day) of 

creatine monohydrate was of some benefit [52]; however, with a higher dose 

(0.15 g/kg/day) of creatine monohydrate, there was an impairment in exercise 
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capacity in MCD patients [53], perhaps due to inhibition of the PFK reaction by 

free creatine [54]. Another issue that is likely limiting the usefulness of creatine 

supplementation strategies is the fact that patients with McArdle’s disease do not 

generate a proton during exercise and this would limit the forward flux of the CK 

reaction (see Figure 2). From a daily symptom/functional perspective there were 

no significant differences between creatine supplementation and placebo on the 

frequency and severity of muscle pain and cramping episodes in the low dose 

study but EMG measures determined a greater ability to sustain muscle 

contraction. In the high dose study, EMG did not identify positive effects and in 

addition there were increases in the severity and frequency of muscle pain during 

normal daily activities with creatine usage [55]. 

Sahlin et al (1990) have demonstrated that there is an abnormally steep 

decline in PCr in MCD patients with fatiguing exercise. This reflects a higher flux 

to compensate for lower ATP generation by glycogenolysis. The metabolism of 

Cr/PCr obviously cannot fully compensate for the loss of this major anaerobic 

ATP generating system [56]. This impaired capacity would promote the transient 

increases in ADP and impairment in ATP generation [14]. Elevated levels of free 

ADP and Pi may decrease the rate of muscle relaxation by slowing the rate of Ca 

2+ uptake into the sarcoplasmic reticulum and attenuate muscle force 

development [20]. These are important concepts because they could help explain 

the muscle contractures that are apparent in many clinical cases of MCD. 
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Figure 2: Creatine phosphocreatine metabolism 
Adenosine tri-phosphate (ATP), Adenosine di-phosphate (ADP), 
Phosphocreatine (PCr), Creatine (Cr), Creatine Kinase (CK)  
and proton (H+). 

 

 

 1.8.2 The Adenylate Kinase and AMP Deaminase Reactions 

When the production of ATP cannot match its consumption in working 

muscle, which is accentuated in MCD patients due to limited glycolysis, two ADP 

molecules can combine to form 1 ATP and 1 AMP molecule via the adenylate 

kinase (AK) reaction in an attempt to keep up with ATP demand. To keep the 

reaction moving in the forward direction, the AMP is removed by the enzyme 

myoadenylate deaminase (AMPD1) resulting in the production of inosine 

monophosphate (IMP) and a molecule of ammonia.  The IMP is converted to 

inosine > hypoxanthine > xanthine >uric acid (Figure 3). The xanthine oxidase 

enzyme is responsible for the final two steps in this pathway and generates the 

free radical superoxide O2
- [57]. 

The first examination of this pathway in MCD was a comparison of blood 

levels of several intermediates and products in two MCD patients compared with 

six controls [58]. After a hand-grip exercise test involving maximal hand 

contractions every second for 2 minutes, the production of ammonia and inosine 

PCr + ADP + H
+
   

CK 

Cr + ATP  
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was at least 5 times greater in MCD subjects, and hypoxanthine levels were over 

3 fold higher in MCD subjects as compared to controls. Of interest, no changes in 

blood uric acid were detected in response to exercise. In a similar study [59], 

involving only 1 subject with MCD disease participating in a cycling test, ammonia, 

inosine and hypoxanthine were all elevated in plasma immediately following 

exercise. Uric acid; however, reached peak elevation 1 hour after exercise. The 

delayed increase in uric acid, presumably due its lower position in the purine 

catabolism pathway and/or slowed diffusion from muscle to blood. 
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Figure 3: The uric acid pathway 
Adenosine tri-phosphate (ATP), Adenosine di-phosphate (ADP), Adenosine 
mono-phosphate (AMP), Adenylate kinase (AK), AMP- deaminase (AMPD) 
Inosine mono-phosphate, Ammonia (NH3), Nucleotidase (NT), nucleotide lyase 
(NTL), Xanthine oxidase (XO), and Superoxide (O2

-). 
  

 
 
1.8.3 Anaerobic Glycogenolysis 
 
The predominant mechanism for anaerobic ATP regeneration in healthy 

people is through anaerobic glycogenolysis. Anaerobic glycogenolysis is inhibited 

in patients with MCD. This is a series of ten reactions that generate 2 ATP per 

molecule of glucose derived from glycogen. Under physical activity, the creatine –
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phosphocreatine energy buffer is quickly depleted and it is this system along with 

AK that are responsible for the generation of ATP during the time prior to blood- 

borne fuels becoming available in patients with MCD [2]. 

 
1.9 Reactive Oxygen Species 
 
 Reactive oxygen species are highly unstable molecules with an unpaired 

electron that attracts electrons from other molecules. This process may cause a 

reaction in which each unstable molecule influences an adjacent molecule in a 

feed-forward mechanism leading to a chain reaction resulting in damage to many 

molecules, including lipid, protein DNA and RNA. The free radical theory of aging 

suggests that an accumulation of damage from these particles over time may 

lead to cell damage, disease and death [60]. In fact, higher levels of reactive 

oxygen species have been implicated with a variety of diseases and disorders 

affecting many different parts of the body [61, 62]. Reactive oxygen species are 

also generated to a greater extent during exercise [63, 64]. However, it has been 

demonstrated by Parise and others that progressive exercise training programs 

actually promote increases in certain anti-oxidant enzymes [65-67]. Anti-oxidants 

gain electrons from free radical by becoming reduced but remain stable [68]. Anti-

oxidants are differentiated into enzymatic and non-enzymatic anti-oxidants. Three 

groups of enzymatic anti-oxidants that play a significant role in protecting against 

oxidative stress are superoxide dismutases (SOD), catalase and glutathione 

peroxidase. The major non-enzymatic anti-oxidants are vitamin E, vitamin C and 

glutathione (part of the glutathione peroxidase system). Anti- oxidants may play 
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an important role in the treatment of MCD due to the fact patients may 

experience elevated reactive oxygen species production from an increased flux 

through xanthine oxidase. In addition, if muscle activity continues in an 

environment of low ATP generation, it may promote the progression of the 

disease by increasing susceptibility to oxidative stress [69] (Figure 4). A 

drastic decrease in ATP concentration during anaerobic type exercise is 

observed. ATP is needed for the release of the myosin head from the actin 

filament after muscle contraction. If the muscle activity continues, 

contractures may occur and damage the sarcolemma. Subsequently, the 

phospholipid bilayer is exposed making it vulnerable to oxidative damage 

from reactive oxygen species. The sarcolemma has now become more 

permeable due to lipid peroxidation and may result in the inhibition of Ca2+ 

transport into the sarcoplasmic reticulum due to the fact that ATPases are 

contained within this membrane.  The increased level of Ca2+ in the 

sarcoplasm activates proteases and promotes contractures. Under normal 

muscular activity the activated voltage gated calcium channel interact with 

calcium release channels to activate them causing the sarcoplasm to 

release calcium. Deficiencies in the receptors responsible for the 

intracellular release of calcium within the muscle, such as ryanodine 

receptor, will increase intracellular calcium release and promote muscular 

contractions [70]. 



M.Sc. Thesis N. Mocellin   
 

 

 

 

Figure 4: Muscle cell of an individual with McArdle’s disease
Adenosine tri-phosphate (ATP), 
Oxygen Species (ROS) and Calcium Ion (Ca2+).
 
 
1.10 Exercise Studies and McArdle’s Disease

 There have been

effective therapy for patients with MCD. The focus of these studies 

aerobic exercise. Haller in 2006

weeks with an aerobic type regiment and was able to increase average work 

capacity (36%), oxygen uptake (14%) and cardiac output (15%) in subjects 

Similar results were also found in another study with an aerobic training 

component over the course of 8 months. This intervention was able to 
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Muscle cell of an individual with McArdle’s disease
phosphate (ATP), Sarcoplasmic Reticulum (SR), Reactive 

Oxygen Species (ROS) and Calcium Ion (Ca2+). 

Exercise Studies and McArdle’s Disease 

There have been several studies that demonstrate that exercise is a very 

effective therapy for patients with MCD. The focus of these studies 

xercise. Haller in 2006 trained MCD patients over the course of 14 

weeks with an aerobic type regiment and was able to increase average work 

capacity (36%), oxygen uptake (14%) and cardiac output (15%) in subjects 

Similar results were also found in another study with an aerobic training 

component over the course of 8 months. This intervention was able to 

25% and VO2peak by 44% [71]. This increase in 

could be beneficial to the lifestyle of individuals with MCD but 
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Muscle cell of an individual with McArdle’s disease 
Sarcoplasmic Reticulum (SR), Reactive  

exercise is a very 

effective therapy for patients with MCD. The focus of these studies was however, 

trained MCD patients over the course of 14 

weeks with an aerobic type regiment and was able to increase average work 

capacity (36%), oxygen uptake (14%) and cardiac output (15%) in subjects [32]. 

Similar results were also found in another study with an aerobic training 

component over the course of 8 months. This intervention was able to increase 

increase in 

the lifestyle of individuals with MCD but they 
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may also derive benefit from an induction of endogenous anti- oxidant enzymes 

as shown in exercise training in healthier older adults [67]. 

 

 

1.11 Overall Conclusions  

In summary, nutritional strategies and dietary manipulation have been 

developed to offer MCD patients the opportunity to benefit from exercise while 

suppressing some of the severe symptoms and negative consequences of 

certain types of activity. Overcoming the blockage in muscle glycogenolysis 

through increasing blood-borne glucose has been the most successful approach 

in overcoming exercise intolerance in McArdle's patients. Avoiding carbohydrate 

fuels altogether and increasing availability of alternative fuels have failed to 

demonstrate such improvements.  Individuals with MCD rely heavily on blood-

borne fuels since glycogenolysis within the muscle is essentially absent. Although 

not a response to exercise, elevated GLUT4 and PFK protein content and 

increased PFK activity appear to be an adaption to the altered metabolic 

environment found in MCD patients and may facilitate the up-take and use of 

glucose from the blood stream [30]. In an attempt to take advantage of the 

increases in GLUT4 and PFK protein content and enzyme activity, acute 

carbohydrate ingestion approximately fifteen to twenty minutes prior to the onset 

of exercise has been suggested. The heightened capacity of these specific 

enzymes may be a source of optimism for MCD patients as it may be exploited 
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when attempting nutritional interventions or supplementation strategies. Acute 

carbohydrate ingestion prior to exercise may also help reduce the production of 

reactive oxygen species/oxidative stress via decreasing the flux through xanthine 

oxidase that has been shown to occur in MCD (Figure 5). Reactive oxygen 

species may contribute to the myopathy of MCD and may eventually lead to 

muscle weakness in patients with MCD. Additionally, it is well known that aging 

results in an increase in oxidative stress markers in muscle [72, 73] and this may 

be even more accelerated in people with McArdle disease and contribute to their 

known accelerated weakness. 
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Figure 5: Study Hypothesis
Acute carbohydrate ingestion prior to exe
production of reactive oxygen species
through the uric acid cycle 
GLUT4 and PFK protein content and increased PFK activity
to occur in MCD. 
Adenosine tri-phosphate (ATP), Adenosine di
phosphate (IMP), Ammonia (NH
(PFK) and Reactive oxygen species (ROS).
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Study Hypothesis 
cute carbohydrate ingestion prior to exercise may also help reduce the 

reactive oxygen species/oxidative stress via decreasing the flux 
cycle and xanthine oxidase by taking advantage of 

GLUT4 and PFK protein content and increased PFK activity that has been shown 

phosphate (ATP), Adenosine di-phosphate (ADP), Inosine mono
phosphate (IMP), Ammonia (NH3), Xanthine oxidase (XO), Phosphofructokinase 
(PFK) and Reactive oxygen species (ROS). 
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1.12 Study Objective and Hypotheses  

 1.12.1 Study Objectives 

  Previous studies involving MCD and oral glucose supplementation have 

focused primarily on aerobic exercise. In the present study, the immediate goal 

was to evaluate the effect of oral glucose on exercise tolerance during 

predominantly anaerobic exercise and to determine the potential for oral glucose 

to attenuate the hypothesized greater reactive oxygen species production in the 

MCD patients. 

 

 1.12.2 Study Hypotheses 

Given that MCD patients experience the majority of symptoms with 

anaerobic type exercise/activity when there is a severe deficit of ATP and that 

skeletal muscle of patients appears to be primed for the uptake of glucose,  

it was hypothesized that: 

1) MCD patients would have chronically higher plasma oxidative stress as 

a consequence of a sustained flux through the uric acid cycle. 

2) Ingesting oral glucose prior to exercise testing would attenuate 

symptoms of exercise intolerance and fatigue in MCD patients. 

3) Ingesting oral glucose prior to exercise would attenuate the production 

of ROS. 
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CHAPTER 2 
 
THE EFFECT OF ORAL GLUCOSE SUPPLEMENTATION PRIOR TO NON- 
ISCHEMIC FOREARM EXERCISE TESTING ON EXERCISE PERFORMANCE 
AND MEASURES OF OXIDATIVE STRESS IN PATIENTS WITH MCARDLE’S 
DISEASE. 
 
2.1 INTRODUCTION 
 

Myophosphorylase deficiency also known as MCD or glycogen storage 

disease type V is an autosomal recessive condition affecting the muscle specific 

form of the enzyme glycogen phosphorylase (GP) [74] [75]. The deficiency is due 

to mutations of the PYGM gene that encodes for GP.  GP is responsible for 

removing the 1,4 glycosyl residues of glycogen within the muscle and the 

subsequent release of glucose which can then enter the glycolytic pathway [2]. 

Patients with this disorder often experience symptoms such as muscle pain, 

stiffness and cramps and myoglobinuria caused by rhabdomyolysis where intra-

muscular enzymes are released from the muscle and may result in kidney 

damage [3, 12]. These symptoms individually or in combination may ultimately 

promote inactivity in these individuals [20]. In MCD, the major deficit in energy 

production from impaired anaerobic glycogenolysis suggests there may be an 

increased reliance on alternative anaerobic pathways. The adenylate kinase 

reaction in which 2 molecules of ADP are converted to one molecule of ATP and 

AMP may be utilized by the cell in an attempt to generate necessary energy in a 

state of energy depletion [7]. The adenylate kinase reaction is coupled with AMP 

deaminase in which AMP is broken down to IMP and ammonia (NH3).  Ultimately, 

this pathway leads to a greater flux through xanthine oxidase that generates 
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superoxide O2
-, a reactive oxygen species, and uric acid (Kaczor et al. 2012, 

manuscript in preparation). The enhanced flux through this compensatory 

anaerobic pathway is termed myogenic hyperuricemia and may contribute to gout 

[76].  As a result of the xanthine oxidase mediated superoxide production, MCD 

patients may experience elevated levels of oxidative stress at rest and with acute 

bouts of exercise [69]. It has been proposed that the observed increases in 

oxidative stress in MCD patients during exercise and at rest may be due in part to 

an increase flux through the uric acid cycle ending with uric acid [50, 58].  

Previous research suggested that skeletal muscle in MCD is primed for 

glucose uptake and glycolysis as reflected by higher GLUT4 and PFK protein 

content and increased PFK enzyme activity in skeletal muscle [30]. Additionally, 

there are multiple lines of evidence that suggest glucose significantly attenuates 

the onset and severity of MCD associated symptoms during aerobic activity [33, 

34]. Our purpose was to examine the effect glucose had on measures of 

oxidative stress on MCD patients undergoing forearm exercise testing. 

 We hypothesized that oral glucose supplementation prior to non-ischemic 

forearm exercise test would attenuate reactive oxygen species production in 

plasma and increase the exercise performance and tolerance in patients with 

MCD by lowering the flux through the AK > AMPD1 > xanthine oxidase pathway 

and enhancing flux through the glycolytic pathway, respectively.  
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2.2 METHODS 
 
 
2.2.1 Study Design 
 

This study was approved by the McMaster University Hamilton Health 

Sciences Human Research Ethics Board and conformed to the Declaration of 

Helsinki guidelines. All participants arrived at the clinical research centre after an 

overnight (12 h) fast, between the times of 0800h-1000h. Study personnel met 

with the participants and explained the study and the participants signed the 

consent form. A review of medical history, review of the patient’s medication and 

nutritional supplements, and measurement of height and weight was performed. 

Participants were also issued and instructed in the completion of the Baecke 

Physical Activity Frequency Questionnaire (AFQ) [77]. Finally, participants 

completed the non-ischemic forearm exercise testing (non-ischemic forearm 

exercise test) (see below) and were randomized to receive a glucose/fructose or 

placebo drink between the exercise testing. Both researchers and subjects were 

blinded to which drink was being administered. All study assessments and 

procedures were completed in a single (1) visit which lasted    ~ 2 h.  

 
2.2.2 Study Participants 
 
 
 McArdle’s disease patients 
 

Sixteen patients (54.2±17.6 y; N=4 women and N=12 men) with  

confirmed MCD were studied. Participants with MCD were confirmed through 

biochemical and/or genetic diagnoses. Fasting plasma creatine kinase (CK) 
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levels were significantly elevated above normal reference levels (N = < 220 iU) in 

all patients. 

 

 Control subjects 
 

MCD patients were sex and age-matched with seventeen control subjects 

(57.3± 20.0 y; N=5 women and N=12 men) who did not have MCD. Healthy 

controls were included if they were not clinically symptomatic for any 

neuromuscular or metabolic disease and were not taking any medications that 

would alter metabolism. 

  

 Inclusion Criteria 

 Male and female subjects were recruited being 18 years of age or greater. 

MCD patients had been formerly diagnosed (biochemically and/or genetically) 

and had not experienced muscle contractures for a period of 1 month prior to the 

study visit. Control subjects had not been previously diagnosed with a 

neuromuscular or metabolic disorder. Participants were living a sedentary 

lifestyle. Participants could not be taking anti-oxidant (AO) supplements or 

allopurinol for a period of 1 month prior to the study visit. 

 

2.2.3 Anthropometrics 

Height was measured without shoes, in centimeters to the nearest 0.5- 

centimeter. Body weight was measured on a mechanical scale (Detecto, Webb 
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City, MO.) in kilograms to the nearest 0.1-kilogram. The same scale was used for 

all weight measurements. Body mass index (BMI) was calculated as the 

participant’s weight in kilograms divided by the participant’s height in meters 

squared (kg/m2) and was calculated to the nearest one-tenth unit. BMI 

calculations were made using the following formula:                           

 

BMI (kg/m2) = weight (kg) / height (m)2 

 

 Dual Energy X-ray Absorptiometry (DXA) (Lunar; GE, Madison, WI) was 

used to determine body composition in participants. On the morning of the 

participant’s visit and prior to participant data acquisition, the DXA was calibrated 

by performing a quality control scan. The test/re-test coefficients of variation (CV) 

for this scanner was < 2.6% for lean mass and < 3.4% for fat mass. 

 

2.2.4 Forearm Exercise Testing Procedure 

Subjects performed 2 non-ischemic forearm exercise test (60 seconds 

each) approximately 25 minutes apart using opposite hands. Hand dominance 

was accounted for as an equal number of participants completed the testing 

starting with their dominant hand and non-dominant hands. During the testing, the 

participant was required to sit upright with the arm of interest positioned on a 

wedge shaped pillow on an adjustable table. The handle of the handgrip 

dynamometer was placed in a vertical position so that the forearm was in a mid-
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position between supination and pronation and the elbow was at a flexion angle 

of 110 to 120 degrees. Participants squeezed the handgrip dynamometer at 

maximum voluntary contraction during each contraction (contraction 1 sec; rest 1 

second) over a total test time of 60 seconds for a total of 30 contractions. The 

handgrip dynamometer with transducer was connected to a custom voltmeter. 

The voltmeter signal was amplified on an amplifier (National Instruments Corp., 

Austin, TX.). A custom computer interface was created using LabVIEW 7 Express, 

v.7 (National Instruments Corp., Austin, TX.). This interface was able to provide 

visual and audible feedback to the subjects during testing. Force of contraction 

was recorded every 0.01 seconds. Data from this test was subsequently exported 

and managed with microsoft excel. Blood was taken from an antecubital vein of 

the involved arm during testing (see below). Between the 2 tests (10 minutes 

prior to the 2nd test) subjects consumed 34 grams of glucose/fructose or a 

placebo within 5 min (illustration 1). Heart rate (HR) was monitored with an 

optical HR monitor (Welch Allyn Inc. Skaneateles Falls, NY.) and recorded during 

and after the non-ischemic forearm exercise test. Finally, participants were asked 

to rate their perceived exertion and perceived pain after the non-ischemic forearm 

exercise test on a Likert type numerical scale (0-10) [78] . 
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Illustration 1: Subject visit protocol  

 

2.2.5 Glucose and Placebo Supplementation 

An orange flavoured drink containing 34 grams of glucose/fructose was 

used for the supplementation (591 mL, Gatorade, PepsiCo). The placebo group 

received 1 pouch Crystal Light® Tangerine Grapefruit Low Calorie Drink Mix 

mixed in ~ 591 mL of water. 

 

2.2.6 Blood Sampling  

During and after the non-ischemic forearm exercise test, blood samples 

were taken from an antecubital vein of the exercised arm at baseline (BASE), 

post exercise (POST), 1 min after exercise (+1), 3 min after exercise (+3) and 15 

min after exercise (+15). Blood was collected in 4 mL heparinised vacutainers 

and 4mL vacutainers containing ethylenediaminetetraacetic acid. Blood was 

analyzed using a radiometer (ABL 800 Flex – Radiometer, Denmark) shortly after 

collection for glucose, lactate, pO2, pCO2 and pH. Remaining blood was put 
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immediately on ice and centrifuged at 1750 rpm for 5 minutes. Plasma was 

aliquoted into 1 mL polypropylene tubes and stored at -80°C for subsequent 

analysis of markers of oxidative stress (see below). The CORE lab (see below) at 

MUMC analyzed plasma samples for CK (BASE), uric acid (all time points) and 

NH3 (BASE and +1). The same sampling procedure was repeated in the opposite 

arm of participants for the second non-ischemic forearm exercise test. 

 

2.2.7 CORE Lab Analyses  

uric acid was determined using an enzymatic colorimetric test. NH3 was 

determined using an enzymatic kinetic assay. CK was determined using an 

ultraviolet test (see appendix VI). 

 

2.2.8 Plasma Oxidative Stress 

 2.2.8.1 Plasma Malondialdehyde 

At the time of sampling, 200 µL of plasma was aliquoted and stored at       

-80°C. Subsequent analysis of plasma malondialdehyde (MDA) was determined 

using a Thiobarbituric Acid Reactive Substances (TBARS) Assay Kit (Caymen 

Chemical Co., Ann Arbor, MI.) according to manufacturer instructions. The plates 

were read at a wavelength of 535 nm on a micro plate absorbance 

spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA.) and data was 

managed with Microplate Manager v.6 software (Bio-Rad Laboratories, Inc., 

Hercules, CA.). 
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2.2.8.2 Plasma 8-isoprostanes  

 At the time of sampling, 200 µL of plasma was aliquoted with 0.005% 

Butylated hydroxytoluene (BHT) to prevent further oxidation in the sample and 

was stored at -80°C. Subsequent analysis of total plasma 8-isoprostanes (8-ISO) 

was performed using an immunoassay kit (Caymen Chemical Co., Ann Arbor, 

MI.). Plasma samples were purified prior to performing the assay utilizing an 8-

isoprostane-affinity purification kit (Caymen Chemical Co., Ann Arbor, MI.). The 

plates were read at a wavelength of 420 nm on a microplate absorbance 

spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA.) and data was 

managed with Microplate Manager v.6 software (Bio-Rad Laboratories, Inc., 

Hercules, CA.). 

 

2.2.9 Total Antioxidant Capacity 

Plasma samples collected at baseline and immediately post initial non-

ischemic forearm exercise test were analyzed for total anti-oxidant capacity 

(TAC) using an assay based on the decolorizing of a solution of 2,2-azinobis-3-

ethylbenzothiazo -6-sulfonic acid (ABTS) radical cations (ABTS·�) by antioxidant 

solutions [79], as previously described by our lab [80].  Briefly, after preparing 

stock solutions of ABTS (5.00 X 10 M) and sodium persulfate (6.89 X 10 -3 M) 

(Sigma Aldrich, St. Louis, MO) in PBS (pH 7.4), 1 ml of sodium persulfate 

solution was added to 99 ml of ABTS solution and allowed to equilibrate in the 

dark for 16 h. All measurements were taken in triplicate by adding 40 µl of each 
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sample or standard to 160 µl ABTS·, incubating at 37°C for 30 min and 

measuring for absorbance at 734 nm using a microplate reader (Bio-Rad 

Laboratories, Hercules, CA). Serial dilutions of the vitamin E analog Trolox 

(Sigma Aldrich) were prepared in ethanol and used to generate a standard curve. 

Plasma samples were diluted 80-fold to ensure they were within the linear portion 

of the standard curve. All results are expressed as millimole Trolox equivalents. 

  

2.2.10 Statistical Analyses 

Data was analyzed using a two-way analysis of variance (ANOVA) with 

repeated measures utilizing Statistica, v.7 (Statsoft, Inc., Tulsa, OK.). Specific 

comparisons were selected that reflected predictions based on our original 

hypotheses. Between groups (McArdle vs. Controls) and within group 

(Glucose/Fructose vs. Placebo) differences were compared over time (BASE, 

POST +1, +3, +15 minutes) for blood measures of uric acid, PO2, PCO2, pH, 

glucose, lactate, 8-ISO and MDA. When a main effect was identified, Tukey's 

HSD post-hoc analysis was used. A 1-tailed t-test was used for between group 

difference in the initial testing measures of perceived exertion, perceived pain, 

CK, uric acid, NH3 and markers of oxidative stress since a priori hypotheses were 

made such that these measures would be higher in MCD patients versus control 

subjects. For the remaining analyses, a two-tailed t-test was used. Results were 

considered statistically significant when P ≤ 0.05. Results were expressed as 

mean ± SD.  
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2.3 RESULTS  

 2.3.1  Group Characteristics  

 The weight, FM, B.M.I. and plasma CK concentrations were higher in MCD 

patients compared to controls (P ≤ 0.05)  (Table 1). The activity status- measure 

of work activity was higher (P ≤ 0.05) in MCD patients receiving placebo than in 

MCD patients receiving glucose (Table 2). There were no other significant 

differences between groups. 

 

 2.3.2 Classic Presentation of McArdle’s Disease 

 Plasma lactate concentrations were lower after initial non-ischemic 

forearm exercise test in MCD patients compared with control subjects except for 

baseline sampling (P ≤ 0.05) (Figure 4A). Plasma lactate concentrations in MCD 

patients were not different from baseline at any time point after non-ischemic 

forearm exercise test (Figure 6A). 

Blood PCO2 concentrations were lower after initial non-ischemic forearm 

exercise test in MCD patients compared with control subjects except for baseline 

and +15 min sampling (P ≤ 0.05) (Figure 6B). Blood PCO2 concentrations in MCD 

patients were not different from baseline at any time after non-ischemic forearm 

exercise test (Figure 6B). Blood pH values were higher after initial non-ischemic 

forearm exercise test in MCD patients compared with control subjects except for 

baseline and +15 min sampling (P ≤ 0.05) (Figure 6C). Blood pH values in MCD 
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patients were not different from baseline at any time after non-ischemic forearm 

exercise test (Figure 6C). Plasma uric acid concentrations were higher at all time 

points in MCD patients compared with control subjects (P ≤ 0.05) (Figure 7A). 

Plasma uric acid concentrations in MCD patients were not different from baseline 

at any time point after non-ischemic forearm exercise test (Figure 7A). Plasma 

NH3 concentrations were higher after non-ischemic forearm exercise test in MCD 

patients (P ≤ 0.05) (Figure 7B).  Plasma NH3 concentrations were higher in MCD 

patients compared to control subjects after non-ischemic forearm exercise test (P 

≤ 0.05) (Figure 7B). 

 

2.3.3 Exercise Performance and Tolerance 

The amount of force generated over the course of the initial non-ischemic 

forearm exercise test was lower in MCD patients compared to control subjects (P 

≤ 0.05) at 7 sec, 9 sec and for the duration between 20 sec - 60 sec (Figure 8A). 

Self-reported measures of perceived pain and perceived exertion were higher 

after non-ischemic forearm exercise test in MCD patients compared to control 

subjects (P ≤ 0.05) (Figure 8B). 

 

2.3.4 Baseline Oxidative Stress 

Plasma 8-ISO concentrations were not different between MCD patients 

and controls subjects before or after the initial non-ischemic forearm exercise test 

(Figure 9A). Changes in plasma MDA concentrations were not different between 
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MCD patients and controls subjects before or after the initial non-ischemic 

forearm exercise test (Figure 9B). 

 

2.3.5 Glucose supplementation on Features of McArdle’s Disease 

Plasma glucose concentrations were higher after the 2nd non-ischemic 

forearm exercise test compared to the 1st non-ischemic forearm exercise test in 

MCD patients receiving oral glucose (P ≤ 0.05) (Figure 10A). Plasma lactate 

concentrations were higher after the 2nd non-ischemic forearm exercise test 

compared to the 1st non-ischemic forearm exercise test in MCD patients receiving 

oral glucose except for (P ≤ 0.05) indicating that the ingested glucose did flux 

through glycolysis (Figure 10B). Plasma uric acid levels were not different in the 

2nd non-ischemic forearm exercise test compared to the 1st non-ischemic forearm 

exercise test in MCD patients receiving oral glucose (Figure 11A). Plasma NH3 

concentrations in the 1st and 2nd non-ischemic forearm exercise test were not 

different in MCD patients receiving oral glucose (Figure 11B)      

The amount of force generated over the course of the 1st and 2nd non-

ischemic forearm exercise test was not different in MCD patients receiving oral 

glucose (Figure 12A) and no difference in MCD patients receiving the placebo. 

Self-reported measures of perceived pain and perceived exertion were not 

different between the 1st and 2nd non-ischemic forearm exercise test in MCD 

patients receiving oral glucose (Figure 12B).  
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2.3.6 Glucose supplementation on Oxidative Stress 

Baseline plasma 8-ISO concentrations decreased (P ≤ 0.05) in MCD 

patients receiving glucose between the 1st and 2nd non-ischemic forearm exercise 

test. Plasma 8-ISO concentrations decreased (P ≤ 0.05) at +1 minute post 

exercise in control subjects receiving glucose between the 1st and 2nd non-

ischemic forearm exercise test (Figure 13A).  

Changes in plasma MDA concentrations were not different between MCD 

patients and controls subjects receiving oral glucose during the 1st and 2nd non-

ischemic forearm exercise test (Figure 13B).  

  

2.3.7 Total Anti-oxidant Capacity 

Plasma TEAC decreased  (P ≤ 0.05) after initial non-ischemic forearm 

exercise test in control subjects. Plasma TEAC was unchanged after the initial 

non-ischemic forearm exercise test in MCD patients (Figure14). 
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        Table 1. Between Group Subject Characteristics, Body 
      Composition, and Activity Status. Values are means  
      ± standard deviation. NS = not significant; CK = creatine  
      kinase; FFM = fat free mass; FM = fat mass; BMI = body  
     mass index. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Between Group Characteristics 

 MCARDLE (N=16) CONTROLS (N=17) Effect 

Age (y)  54.2 ± 17.6 57.3 ± 20.0 NS 

Sex (M/F) 12/4 12/5 NS 

Height (cm) 169.5 ± 8.6 172.6 ± 8.7 NS 

Weight (kg) 91.4 ± 21.8 78.1 ± 12.0 P<0.05 

FFM (kg) 58.3 ± 13.5 53.1 ± 11.7 NS 

FM (kg) 32.5 ± 11.9 24.1 ± 5.5 P<0.02 

B.M.I. 31.5 ± 5.2 26.0 ± 2.5 P<0.001 

C.K. (µmol/L) 2295.5 ± 3292.7 

(192-12128) 

117.6 ± 61.5 

(38-246) 

P<0.05 

Activity Status 

1. Work 

2. Sport 

3. Leisure 

 

 

 2.3 ± 0.6 

 2.3 ± 0.8 

 2.9 ± 0.6 

 

2.4 ± 0.6 

          2.2 ± 0.7 

          3.0 ± 0.7 

 

   NS 

   NS 

   NS 
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Table 2. Within Group Subject Characteristics, Body Composition, and  
Activity Status. Values are means ± standard deviation. NS = not significant; 
 CK = creatine kinase FFM = fat free mass; FM = fat mass; BMI = body mass index.  

 Within Group Characteristics 

 McArdles Patients Control Subjects 

 GLUCOSE 

(N=8) 

PLACEBO 

(N=8) 

Effect GLUCOSE 

(N=9) 

PLACEBO 

(N=8) 

Effect 

Age (y) 55.2 ± 18.0 53.2 ± 18.3 NS 56.6 ± 23.1  58.1 ± 17.4 NS 

Sex (M/F) 6/2 6/2 NS 7/2 5/3 NS 

Height (cm) 169.7 ± 8.9 169.3 ± 8.9 NS 173.3 ± 7.1 171.7 ± 10.7 NS 

Weight (kg) 93.5 ± 26.5 89.3 ± 17.5 NS 79.1 ± 9.0 77.1 ± 15.4 NS 

FFM (kg) 58.1 ± 15.6 58.5 ± 12.1 NS 53.0 ± 9.4 53.2 ± 14.6 NS 

FM (kg) 34.5 ± 13.6 30.5 ± 10.5 NS 25.1 ± 3.7 23.1 ± 7.2 NS 

B.M.I. 32.1 ± 6.7 30.9 ± 3.5 NS 25.9 ± 1.8 26.3 ± 3.3 NS 

C.K. (µmol/L) 3003.8 ± 

4471.0  

1587.1 ± 

1447.9 

NS 109.2 ± 60.3 127.0 ± 65.7 NS 

Activity Status 

1. Work 

2. Sport 

3. Leisure 

 

 

2.0 ± 0.4 

2.1 ± 0.8 

2.8 ± 0.6 

 

2.6 ± 0.6 

2.6 ± 0.8 

3.0 ± 0.7 

 

P<0.03 

NS 

NS 

 

2.6 ± 0.6 

2.4 ± 0.7 

3.1 ± 0.4 

 

2.3 ± 0.6 

2.0 ± 0.6 

2.8 ± 0.9 

 

NS 

NS 

NS 
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Figure 6. Classic response to exercise in patients with McArdle’s disease 
compared to control subjects (1). 
Blood lactate response to non-ischemic forearm exercise test (Plasma lactate; 
panel A), blood PCO2 response to non-ischemic forearm exercise test (Plasma 
PCO2; panel B) and blood pH response to non-ischemic forearm exercise test 
(Blood pH) in MCD patients and control subjects. Data are expressed as mean ± 
SD. * P ≤ 0.05 vs. controls. 
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Figure 7. Classic response to exercise in patients with McArdle’s disease 
compared to control subjects (2). 
Blood uric acid response to non-ischemic forearm exercise test (uric acid; panel 
A), blood ammonia response before and after non-ischemic forearm exercise test 
(ammonia; panel B) and baseline plasma CK (creatine Kinase; panel C) in MCD 
patients and control subjects. Data are expressed as mean ± SD. * P ≤ 0.05 vs. 
controls. 
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Figure 8. Initial non-ischemic forearm exercise test performance and 
tolerance in patients with McArdle’s disease and control subjects. 
Force generation during non-ischemic forearm exercise test (Force; panel A) and 
rating of perceived pain and exertion after non-ischemic forearm exercise test 
(Borg scale; panel B) in MCD patients and control subjects. Data are expressed 
as mean ± SD. * P ≤ 0.05 vs. controls. 
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Grouping Baseline/ 

McArdles 
vs. 
Controls 

McArdles/ 
Glucose 

McArdles/ 
Placebo 

Controls/ 
Glucose 

Controls/ 
Placebo 

Result Differences 
at 7, 9, 20 - 
60 sec,     
(P ≤ 0.05) 

No 
differences 

No 
differences 

No 
differences 

No 
differences 

 
Table 3. Between and within groups Non- ischemic forearm exercise testing 
results. Force generation during non-ischemic forearm exercise test. Maximum 
voluntary contraction N. 
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Figure 9. Initial oxidative stress response to non-ischemic forearm exercise 
test in patients with McArdle’s disease compared to control subjects.  
Plasma 8-ISO response to non-ischemic forearm exercise test (plasma 8-
isoprostane; panel A) and %change in plasma MDA before and after non-
ischemic forearm exercise test (malondialdehyde; panel B) in MCD patients and 
control subjects. Data are expressed as mean ± SD. * P ≤ 0.05 vs. controls. 
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Figure 10. Effect of glucose supplementation in patients with McArdle’s 
disease (1). 
Plasma glucose response to non-ischemic forearm exercise test (plasma 
glucose; panel A), plasma lactate response to non-ischemic forearm exercise test 
(plasma lactate; panel B) in MCD patients before and after receiving oral glucose 
supplementation. Data are expressed as mean ± SD. * P ≤ 0.05 vs. controls.         
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Figure 11. Effect of glucose supplementation in patients with McArdle’s 
disease (2).  
Plasma uric acid response to non-ischemic forearm exercise test (plasma uric 
acid; panel A), plasma ammonia response to non-ischemic forearm exercise test 
(plasma ammonia; panel B) in MCD patients before and after receiving oral 
glucose supplementation. Data are expressed as mean ± SD. * P ≤ 0.05 vs. 
glucose.  
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Figure 12. Effect of glucose supplementation on non-ischemic forearm 
exercise test performance and tolerance in patients with McArdle’s disease.  
Force generation during non-ischemic forearm exercise test (Force; panel A) and 
rating of perceived pain and exertion after non-ischemic forearm exercise test 
(Borg scale; panel B) in MCD patients before and after receiving oral glucose 
supplementation. Data are expressed as mean ± SD. * P ≤ 0.05 vs. glucose 
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Figure 13. Effect of glucose supplementation on blood markers of oxidative 
stress in McArdle’s disease patients compared to control subjects after 
non-ischemic forearm exercise test. 
Plasma 8-ISO response to non-ischemic forearm exercise test (plasma 8-
isoprostane; panel A) and % change in plasma MDA before and after non-
ischemic forearm exercise test (malondialdehyde; panel B) in MCD patients and 
control subjects receiving oral glucose supplementation. Data are expressed as 
mean ± SD. * P ≤ 0.05 vs. controls. 
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Figure 14. Total anti-oxidant capacity in patients with McArdle’s disease 
and control subjects before and after non-ischemic forearm exercise test. 
Plasma total anti-oxidant capacity before and after non-ischemic forearm 
exercise test (TEAC) in MCD patients and control subjects. Data are expressed 
as mean ± SD. * P ≤ 0.05 vs. controls. 
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2.4 DISCUSION  
 

The purpose of this study was to determine the effect of oral glucose 

supplementation on exercise performance and tolerance and plasma 

concentrations of oxidative stress in patients with MCD. In addition, we wanted to 

determine if the production of oxidative stress was a direct result of an increased 

flow through xanthine oxidase, an enzyme responsible for the generation of 

superoxide free radicals O2
- and uric acid. In addition, we wanted to determine if 

we could lower the production of these radicals after exercise with glucose 

supplementation. It has been shown that MCD patients utilize more glucose while 

exercising compared to control subjects [81]. In the present study, greater 

changes in plasma lactate were observed in the MCD patients receiving glucose 

as compared to the CON subjects. In addition, the enzymes associated with 

glucose uptake and glycolytic flux, specifically GLUT 4 and PFK, have been 

shown to be up regulated in the skeletal muscle of patients with MCD [30] and 

would in theory facilitate a greater uptake of glucose from the blood into 

exercising muscle and less reliance on the adenylate kinase/AMPD1 reaction for 

ATP regeneration. It was predicted that the increased availability of blood glucose 

would have improved the exercise tolerance and performance in MCD patients 

after ingestion. However, rates of perceived exertion and perceived pain were not 

improved and the rate of fatigue during non-ischemic forearm exercise test did 

not change in response to glucose supplementation. The lack of improvement in 

exercise may be attributed to a couple of factors 1. The non-ischemic forearm 
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exercise test protocol used for this study was based on a protocol that was 

developed to be better tolerated in MCD patients and was stated to be an aerobic 

testing protocol [16]. However, because of the multiple high intensity contractions 

(30) the non-ischemic forearm exercise test may be partially ischemic (lactate 

went up significantly in the control subjects) and this could have restricted blood 

flow in the exercising arm of patients and consequently limit the uptake of 

glucose from the blood during exercise. However, the fact that we saw an 

increase in lactate in MCD patients receiving glucose (figure 10) suggests 

glucose did get into the muscle and provided some glycolytic flux: 2. The skeletal 

muscle of MCD patients may be primed for glucose uptake, apparent by the 

previously observed higher GLUT4 and PFK enzyme content [30]. However, the 

amount of glucose taken up in the first minute of exercise is likely very small 

compared to aerobic type exercise lasting 20 minutes and beyond. Additionally, it 

is well known that insulin resistance is associated with high stores of glycogen in 

skeletal muscle. Since, MCD patients have increased stores of glycogen, the 

glucose uptake in study patients could have been impaired but may have been 

countered by the known higher GLUT4 in MCD patients. Nielsen et al. (2002) 

concluded the MCD patients in their study were insulin resistant in terms of 

glucose uptake [82]. However, there is no evidence supporting that contraction 

stimulated glucose uptake is impaired in patients with MCD. Additionally, in the 

present study MCD patients also had greater fat mass (FM) and a higher B.M.I. 

compared to matched controls. Both characteristics are associated with insulin 
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resistance [83]. These two factors individually or in combination could have 

impaired glucose uptake during exercise of MCD patients. 

 
A novel finding in the present study was the sustained TEAC in the plasma 

of MCD after exercise while the TEAC of matched controls decreased 

significantly after exercise. It appears MCD patients may have developed an 

enhanced buffering capacity to reactive oxygen species demonstrated by the 

sustained TEAC after the non-ischemic forearm exercise test. This adaptation 

could be the result of a lifetime of chronic reactive oxygen species production.  

 
In the present study we hypothesized that glucose supplementation would 

be associated with a decline in oxidative stress post non-ischemic forearm 

exercise test in MCD patients. In addition, we wanted to determine if the 

production of reactive oxygen species was a direct result of an increased flow 

through xanthine oxidase, an enzyme responsible for the generation of 

superoxide free radicals O2
- and uric acid. Mitochondria in muscle [84] and 

cytoplasmic xanthine oxidase [85] are likely the main cellular source of reactive 

oxygen species generation in skeletal muscle of MCD patients. Uric acid is the 

final product of the xanthine oxidase pathway and we used it as a marker of the 

activity in this pathway [43]. We found an attenuated production of oxidative 

stress, specifically 8-ISO, in MCD patients and controls who had received 

glucose between their 1st and 2nd non-ischemic forearm exercise test. However, 

we feel due to the relative short time period between the 2 exercise tests there 
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may have been an effect of the first testing on the second, therefore making the 

result unreliable. The trend in plasma 8-ISO was also observed in our placebo 

group and therefore could be attributed to the effect of test/ re-test. Recent 

research has demonstrated that an increase in anti-oxidant enzyme activity was 

detected in plasma after maximal and sub maximal exercise [86]. These results 

are in agreement with our data, specifically 8-ISO in the plasma. In the present 

study we observed the highest levels at the initial baseline time point followed by 

a continuous decrease over time and the 2nd exercise testing. The initial testing 

could have increased the total anti-oxidant status of subject’s plasma and 

subsequently lowered 8-ISO markers at all subsequent time points. Glucose was 

not associated with lower levels of uric acid in patients; therefore, we were not 

able to ascertain if the production of oxidative stress was due to a decreased flow 

through the uric acid cycle and xanthine oxidase. Glucose may have not had an 

effect. Alternatively, we could have measured more proximal components of the 

uric acid cycle. Components that may have come out of the muscle more rapidly 

and we may have been able to establish a link. Previous work conducted by 

Sahlin demonstrated that uric acid was not significantly elevated beyond baseline 

until 60 minutes after onset of aerobic exercise [87]. However, other components 

of the uric acid cycle  (NH3 and xanthine) were detected much sooner [87]. 

In the present study the markers of oxidative stress chosen where MDA 

and 8- ISO samples from participants blood plasma. MDA is a commonly 

employed measure of oxidative stress. Many studies have demonstrated that 
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MDA concentrations increase of resistance type exercise [88] and exhaustive 

aerobic exercise [89]. We have also demonstrated reliable results in our lab using 

a similar protocol [90]. Other research suggests MDA may not be specific enough 

and reliable for repetitive results. MDA is the by-product of polyunsaturated fatty 

acid peroxidation and readily combines with other molecules such as proteins 

and DNA and therefore we may have been measuring uncharacterized products 

of reactive oxygen species [91]. Other TBARS could have been measured in the 

assay in addition to MDA. Perhaps this marker was not specific enough in this 

study design. Previous research suggests both plasma and urinary 8-ISO are 

reliable markers to assess oxidative stress in vivo [92, 93]. While we were able to 

get a partial predictable response to glucose supplementation, the 8-ISO markers 

of oxidative stress may not have been giving us real time status on their 

production but perhaps a more dynamic process involving their formation, 

accumulation and removal at the time of sampling [91]. In addition to our choice 

of oxidative stress markers our blood sampling time course may not have been 

optimal. We took samples prior to non-ischemic forearm exercise test and 

immediately after and 1 minute after non-ischemic forearm exercise test. If the 

oxidative damage was occurring within the muscle there may have been a delay 

before it was seen in the blood plasma of participants. Additionally, the 

concentration of the marker of oxidative stress may have been diluted because 

blood markers are not as localized as a muscle biopsy for instance [94] and the 

muscle is where these markers originate. Reactive oxygen species are transient 



M.Sc. Thesis N. Mocellin     McMaster University – Medical Science 
 

 56

and local and operate over small distances, however the markers of oxidative 

stress are stable. The markers we were detecting likely needed more time to 

diffuse out of the muscle and accumulate. These factors likely added variance 

that was apparent in our data that led to the inability to detect the hypothesized 

changes. 

Another potential reason we may have not observed the reactive oxygen 

species generation to be higher in the MCD patients is the fact that uric acid may 

be acting as an anti-oxidant. Uric acid accounts for approximately 60% of 

plasma’s free radical buffering capacity [95]. The plasma concentration of uric 

acid in the MCD subjects was significantly higher than that of the control subjects 

at all time points. The elevated concentrations may have added an enhanced 

buffering capacity in the plasma of the MCD subjects and auto buffered the rise 

of oxidative stress.  

 
  

2.4.1 Future Considerations 
 

 The results from this current study may direct subsequent research in the 

acute and chronic responses in MCD patients. Future studies could centre on:  

1. The implication of reactive oxygen species and oxidative stress on muscle 

atrophy and weakness in MCD patients, which may be a contributor to 

muscle wasting seen in many MCD patients with age. 

2. A more comprehensive characterization of the aging process, free radicals 

and oxidative stress in MCD patients. This may provide support to the 
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theory that suggests organism’s age because cells accumulate free radical 

damage over time. 

3. Supplementation with allopurinol, a specific inhibitor of xanthine oxidase, 

discretely or in conjunction with antioxidant supplementation. 

4. The skeletal muscle response to chronic oxidative stress in MCD patients, 

specifically a compensatory up-regulation of antioxidant enzymes. 

5. Determining the blood insulin and glucose profiles in MCD patients and the 

response to exercise.  

 
 2.4.2 Conclusions 
 

 The observations that MCD patients had sustained TAEC after exercise 

when healthy individual’s TAEC decreased may suggest an increase in another 

molecule that has anti-oxidant properties. Perhaps a more rapidly effluxing 

molecule, such as xanthine or hypoxanthine or the chronic elevation in uric acid 

could have buffered the reactive oxygen species. Xanthine has shown to have a 

quenching effect on the production of hydroxyl radicals and the oxidation of DNA 

[96]. This would be a beneficial in the skeletal muscle of patients with MCD, as it 

would highlight the adaptive capacity of the muscle in response to a constant 

systemic stress.  

During the non-ischemic forearm exercise test it was observed that control 

subjects had a much lower blood pH than control subjects. The fact that the MCD 

patients did not get intra- cellular acidosis potentially may attenuate the 

magnitude of the effect of reactive oxygen species. This theory has been 



M.Sc. Thesis N. Mocellin     McMaster University – Medical Science 
 

 58

described in hop compounds in beer, where lowering the intra-cellular pH caused 

cellular oxidative damage [97]. It has also been demonstrated that oxidative 

stress and oxidative DNA damage can be induced in cells by short exposures to 

low pH [98] 

By continuing exercise in the absence of available substrate for energy it 

may promote the progression of the MCD by relying on energy producing 

pathways that are also a source of increased reactive oxygen species production. 

The observation that lower levels of oxidative stress were measured in the 

plasma of MCD patients after ingesting glucose is promising but inconclusive 

based on the fact that the initial bout of exercise testing could have influenced the 

second bout and ultimately influenced the concentrations of plasma markers of 

oxidative stress. In addition we were not able to establish a link to an attenuated 

flux through the uric acid pathway.   

In conclusion, trials with glucose supplementation for MCD patients have 

mostly focused on relief of exercise intolerance during aerobic exercise in which 

the second-wind phenomenon would occur. However, minimal investigation has 

been conducted into providing symptomatic relief for acute, anaerobic exercise. 

Glucose ingestion may help alleviate exercise intolerance in patients during 

aerobic exercise, however it is unclear if it has a protective effect during 

anaerobic exercise and the production of reactive oxygen species.  
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APPENDIX I: Expanded Methods 

 
Protocol  
 
Quantification of plasma 8-Isoprostanes 
 

Plasma 8-ISOPROSTANE  (Purification and Quantification)  

 

8-Isoprostane affinity purification kit ( cat.No 10367, Cayman chemical) 

8-Isoprostane EIA Kit  

 

Total Isoprostanes 

 

- Add 100 μl KOH 40% (wt/vol) to 100 μl sample 

- Incubate 60 min 40°C 

- Add 2 volumes EtOH 0.01% BHT and mix 

- Incubate 5 min 4°C 

- 10 min 1.500 xg 

- Keep the supernatant in a clean tube 

- Evaporate the EtOH (evaporate until the sample is aprox the same volume it 

was before add the EtOH) in the speed vac (30 min aprox)  

- Neutralize (to pH 7-7.4) the sample with KH2PO4 1M solution. Start with 2 

equivalents of KH2PO4 (this is 100 μl of KH2PO4 for 100 μl KOH) and check pH with 

litmus paper. 

- Add 1500 μl of Eicosanoid Affinity Column buffer. 

 

Purification 

 

- Samples: the total isoprostanes are diluted in column buffer, we dilute the 

free purified isoprostanes 1/5 with column buffer (100 μl and 400 μl column buffer) 

- Open the column and wash 2 times with 2 ml column buffer 

- Add the sample  

- Wash the column with 2ml of column buffer 

- Wash the column with 2ml of water 

- Elute the sample with 2ml x 2 times of elution buffer (we can save the sample 

in the elution buffer at –80 °C) 

- Reconstitute the column washing with 5 ml of water and 5 ml of column 

buffer.  

(we can use each column 4 times)  

- Evaporate all the liquid in the samples with the speed vac centrifuge 

- Resuspend the samples in 500 μl of EIA buffer (this is the dilution 1/5)  
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Measure (plate) 

 

Samples:  

- Total and free purified: after purification we have 1/5 dilution, make to 1/10 

(250 μl of 1/5 + 250 μl EIA buffer)  

- Total unpurified: suspend in 1 ml of column buffer (100 μl of original sample), 

so it’s 1/10 dilution.  

- Free unpurified: dilution 1/5 and 1/10 with EIA buffer.  

 

 

 

Plate:  

 1 2 3 4 5 6 7 8 9 10 11 12 

A Blk S1 S1 S         

B Blk S2 S2  A        

C NSB S3 S3   M       

D NSB S4 S4    P      

E B0 S5 S5     L     

F B0 S6 S6      E    

G B0 S7 S7       S   

H Ta S8 S8          

      

 

Samples and Standards: add 50 μl in each well.  

Well EIA buffer Standard/sample tracer antibody 

Blk     

Ta   5 μl (at the 

develop step) 

 

NSB 100 μl  50 μl  

Bo 50 μl  50 μl 50 μl 

Std/Sample  50 μl 50 μl 50 μl 

 

18 h at 4°C  

 

- Wash 5 times with 200 μl wash buffer each well 

- Add 200 μl of Ellman’s reagent in each well  

- 90-120 min room temperature, agitation in dark.  

- Read the plate at 415 nm (the Bo absorbance must be between 0.3-1 A.U)  
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- SOLUTIONS 

 

KOH 15% 

( 15 gr in 100 ml) Ex. 15 ml water + 2.25 gr KOH 

 

Ethanol BHT 0.01% 

(0.01gr in 100 ml) 

 

KH2PO4 1M 

Mw 136.09. Ex. 50 ml water + 6.8 gr KH2PO4 

 

EIA buffer 

66.5 gr K2HPO4 + 16.075 gr KH2PO4 in 500 ml of water.  

Take 50 ml of the above solution and add 50 mg Sodium Azide, 11.7 gr Sodium 

Chloride, 185 mg EDTA and 0.5 gr BSA, and take to 500 ml with de-ionized water.  

 

 
Quantification of plasma MDA 

 
MDA-TBARS  
(Assay kit, 10009055, Cayman Chemical) 
 
All the reagents must be equilibrate at room temperature before the assay (SDS 
will take at least an hour to stabilize) 
 
Standards:  
125 µM stock solution (250 µl MDA standard+750 µl water) 
Tube MDA (µl) Water (µl) MDA 

concentration 
(µM) 

A 0 1000 0 
B 5 995 0.625 
C 10 990 1.25 
D 20 980 2.5 
E 40 960 5 
F 80 920 10 
G 200 800 25 
H 400 600 50 
 
- In a 5 ml polypropylene tube, add 100 µl sample or standard 
- Add 100 µl SDS solution 
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- Add 4 ml color reagent 
- Boil the tubes 1 h  
- 10 min in ice 
- 1.600 xg at 40C 10 min 
- Load the plate (150 µl/well) 
- Read 530-540 nm (535 nm) 
 
Reagents:  
- TBA Acetic Acid: add the 40 ml of concentrated acetic acid to 160 ml of 
water (stable at least 3 months at room temperature) 
- TBA Sodium Hydroxide: dilute the 20 ml sodium hydroxide in 180 ml of 
water (stable at least 3 months at room temperature) 
- Color Reagent (for 24 samples- 100 ml color reagent):  
50 ml TBA Acetic Acid 
50 ml TBA Sodium Hydroxide 
530 mg TBA 
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The Questionnaire of Baecke et al for Measurement of a Person's Habitual Physical Activity 

Overview: 

Baecke et al developed a questionnaire for evaluating a person's physical activity and separating it into three 
distinct dimensions. The authors were from the Netherlands. 

Indices for physical activity: 

(1) work activity 

(2) sports activity 

(3) leisure activity 

Work Index 

Question Response Points 

What is your main occupation? low activity 1 

  moderate activity 3 

  high activity 5 

At work I sit never 1 

  seldom 2 

  sometimes 3 

  often 4 

  always 5 

At work I stand never 1 

  seldom 2 

  sometimes 3 

  often 4 

  always 5 

At work I walk never 1 

  seldom 2 

  sometimes 3 

  often 4 

  always 5 

APPENDIX II: Physical Activity Questionnaire  
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At work I lift heavy loads never 1 

  seldom 2 

  sometimes 3 

  often 4 

  always 5 

After working I am tired very often 5 

  often 4 

  sometimes 3 

  seldom 2 

  never 1 

At work I sweat very often 5 

  often 4 

  sometimes 3 

  seldom 2 

  never 1 

In comparison of others of my own age I think my 
work is physically 

much heavier 5 

  heavier 4 

  as heavy 3 

  lighter 2 

  much lighter 1 

where: • The work activity is according to the Netherlands Nutrition Council with (1) low activity including 
clerical work driving shopkeeping teaching studying housework medical practice and occupations requiring a 
university education; (2) middle activity including factory work plumbing carpentry and farming; (3) high 
activity includes dock work construction work and professional sport. 

work index = ((6 – (points for sitting)) + SUM(points for the other 7 parameters)) / 8 
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Sport Index 

Question Response Points 

Do you play sports? yes then calculate sport score (see below) 

  • sport score >= 12 5 

  • sport score 8 to < 12 4 

  • sport score 4 to < 8 3 

  • sport score 0.01 to < 4 2 

  • sport score = 0 1 

  No 1 

In comparison with others of my own 
age I think my physical activity during 
leisure time is 

much more 5 

  More 4 

  the same 3 

  Less 2 

  much less 1 

During leisure time I sweat very often 5 

  Often 4 

  sometimes 3 

  Seldom 2 

  Never 1 

During leisure time I play sport Never 1 

  Seldom 2 

  sometimes 3 

  Often 4 

  very often 5 
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Data on Most Frequently Played Sport Finding Value 

What sport do yo play most frequently low intensity 0.76 

  medium intensity 1.26 

  high intensity 1.76 

How many hours do you play a week? < 1 hour 0.5 

  1-2 hours 1.5 

  2-3 hours 2.5 

  3-4 hours 3.5 

  > 4 hours 4.5 

How many months do you play in a year? < 1 month 0.04 

  1-3 months 0.17 

  4-6 months 0.42 

  7-9 months 0.67 

  > 9 months 0.92 

where: • The sport intensity is divided into 3 levels: (1) low level (billiards sailing bowling golf etc) with an 
average energy expenditure of 0.76 MK/h; (2) middle level (badminton cycling dancing swimming tennis) with 
an average energy expenditure of 1.26 MJ/h; (3) high level (boxing basketball football rugby rowing) with an 
average energy expenditure of 1.76 MJ/h 
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Data on Second Most Frequently Played Sport Finding Value 

What sport do you play most frequently low intensity 0.76 

  medium intensity 1.26 

  high intensity 1.76 

How many hours do you play a week? < 1 hour 0.5 

  1-2 hours 1.5 

  2-3 hours 2.5 

  3-4 hours 3.5 

  > 4 hours 4.5 

How many months do you play in a year? < 1 month 0.04 

  1-3 months 0.17 

  4-6 months 0.42 

  7-9 months 0.67 

  > 9 months 0.92 

simple sports score = ((value for intensity of most frequent sport) * (value for weekly time of most frequent 
sport) * (value for yearly proportion of most frequent sport)) * ((value for intensity of second sport) * (value for 
weekly time of second sport) * (value for yearly proportion of second sport)) 

sport index = (SUM(points for all 4 parameters)) / 4 
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Leisure Index 

Question Response Points 

During leisure time I watch television never 1 

  seldom 2 

  sometimes 3 

  often 4 

  very often 5 

During leisure time I walk never 1 

  seldom 2 

  sometimes 3 

  often 4 

  very often 5 

During leisure time I cycle never 1 

  seldom 2 

  sometimes 3 

  often 4 

  very often 5 

How many minutes do you walk and/or cycle per 
day to and from work school and shopping? 

< 5 minutes 1 

  5-15 minutes 2 

  15-30 minutes 3 

  30-45 minutes 4 

  > 45 minutes 5 

leisure index = ((6 – (points for television watching)) + SUM(points for remaining 3 items)) / 4 

References: 

Baecke JAH Burema J Frijters ER. A short questionnaire for the measurement of habitual physical 
activity in epidemiological studies. Am J Clin Nutr. 1982; 36: 936-942. 
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APPENDIX III: Participants Case Report Form 
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