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Abstract 

This study was designed to examine the effect of an increase in training load on blood 

and performance parameters between training and control subjects. Seven su bjccts 

completed the intervention consisting of 15 days of high-intensit y interval training 

followed by a two-week recovery period. A significant 1096 irnprovcmcnt in MOOm time 

trial velocity was observed in the training group. Physiological measures such as 

V O ~  max, submaximal oxygen uptake. maximum and submaximum heart rate and lactate 

concentration and the ratio of rating of perceived exertion to lactate suggest a training 

effect took place. Significant changes were observed in glutamine with intensified 

training although no change in glutamate concentration was observed. Case study 

analysis revealed that some individuals responded, as hypothesized, with a decrease in 

plasma glutarnine and increase in glutamate in response to the training. The lack of 

performance decrement highlights the difficulty in reproducing overreaching in a 

laboratory setting and suggests the need for longer intervention and higher training 

intensities. 
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CHAPTER 1: INTRODUCTION 

In the highly competitive world of elite sport, an athlete's ability to sustain ever- 

increasing training demands in terms of volume, frequency and intensity, is perhaps a 

major determinant of success in attaining and maintaining world-c lass performances. 

While fatigue is a natural consequence of training and plays an integral role in t k  

process, excessive fatigue may lead to extended periods of functional impairment. Some 

athletes may be especially susceptible to a multi-s ymptomat ic state of prolonged fatigue 

referred to as the overtraining syndrome (OTS). This condition is manifested as an 

inability to perform or train at previously attainable levels and an inability to recover 

fro rn training (B udgett, 1990). Imbalances between training fatigue and recovery increase 

the risk of overtraining (Kuipers & Keizer, 1988). Thus, the challenge to coaches is to 

optimize the training stimulus while ensuring that a balance exists between exercise stress 

and recovery. More importantly, the coach must recognize the point at which an athlete 

fails to adapt to exercise stress within the recovery period, before any reductions in 

performance or training emerge. To accomplish this, a h l l  understanding of the 

physiological mechanisms involved in training adaptation is essential. Unfortunately, 

many questions remain regarding physiological responses to unaccustomed increases in 

training load, and the course of development for overtraining. 

Physical training involves a disturbance of homeostasis that may lead to fatigue. During 

recovery adaptive mechanisms work to restore homeostasis such that the body's fuels are 

replenished and tissues regenerated. This ofien leads to a state of supercompensation, in 



which a new state of homeostasis is established improving the athlete's ability to tolerate 

further training stress. The aim of training is to provide successive stressors that will 

displace the homeostasis of the individual and provide a stimulus to initiate adaptation 

(Matveyev, 1981). This involvcs the application of progressive ovcrload in which 

training stressors are increased to maximize adaptation. Although not b a r ,  the degree of 

adaptation is dependent on the strength of the stimulus (Fry et at, 199 1 b). Excessive 

levels of fatigue are often purposefully induced in training creating a so-called 'valley of 

fatigue' (Counsilman, 1968). This is accomplished by providing a series of successive 

overload stimuli that do not pennit full recovery between sessions leading to a 

progressively greater imbalance in homeostasis and a more powerful stimulus for 

supercompensation. While such practices have the intent of optimizing the training effect, 

training of this nature may lead to short-term overreaching fatigue in some athletes. 

Overreaching has been defined as a form of short-term overtraining lasting a few days up 

to two weeks (Lehmann et al.. 1993) and is considered reversible with an extended 

regeneration period lasting up to several weeks (Fry et al., 199 1 b). 

No clear method of assessing fatigue has emerged despite the plethora of research that 

has been devoted to understanding aspects of fatigue both in terms of fatigue generation 

and accumulation. Fry et al. (1991b) have suggested that a continuum of training and 

overtraining exists where the acute imbalance in homeostasis provided by a single bout of 

exercise progressively develops into excessive levels of fatigue. As the degree of fatigue 

progresses along this continuum, the severity and complexity of associated symptoms 



increases with some symptoms predisposing to other symptoms, and transient early 

symptoms giving way to more permanent complications. 

Physiological fatigue, defined as $he inability to maintain power output (Ncwsholmt, 

1991), must be distinguished from the fatigue associated with overreaching and the 

symptoms of OTS which involve a subjective condition synonymous with tiredness, 

lethargy and listlessness (Budgett, 1990). One of the mapr difficulties facing athletes, 

coaches and sports scientists is in separating the normal fatigue arising from the training 

that is needed to initiate a training effect, and the underlying fatigue associated with 

overtraining (Kuipers & Keizcr, 1988). This is due to the fine line separating positive 

adaptation to training and failing adaptation in which the athlete's functional capacity is 

compromised. The issue is further complicated by the high degree of inter-individual 

variability in recovery potential, exercise capacity, non-training stress factors, and stress 

tolerance teading to the different vulnerability exhibited by athletes under the same 

training stress factor (Lehmann et al., 1993). 

Decrements in performance during both training and competition are often the mapr 

observable characteristics associated with overtraining. For example, in four runners 

experiencing symptoms of overtraining, Barron et al. (1985) found that competitive pace 

declined 6- 1 7%, accompanied by a decline of 1 1 - 1 5% in training pace, and a decrease of 

43-7 1 % in training distance. Unfortunately, this does not provide useful informat ion 

related to factors that contribute to performance or provide an explanation for the poor 



performance. In addition, few studies attempting to induce overtraining have achieved a 

reduction in performance and as a result there remain many uncertainties regarding the 

cause of fatigue and factors that Limit maximal exercise under both acro bic and anaerobic 

conditions. 

In many cases aspects of overtraining have already progressed prior to any noticeable 

change in performance has been observed. This has lead to much research devoted to the 

identification of potential blood markers that may prove to be useful in monitoring 

athletes for early symptoms of overtraining (Fry et aL, 1993; Hooper et al, 1993; Fry et 

al., 1992; Verde et al., 1992; Kuipers & Keizer, 1988; Stray-Gundersen et al., 1986; 

Barron et al., 1985; Dressendorkr et al., 1985; Ryan, 1983). To date no single parameter 

has been found that unequivocally identifies athletes at risk for the development of 

overtraining. 

Measures of glutamine and glutamate have shown promise in tracking positive and 

negative adaptation to training and may be useful for monitoring overtraining in athletes 

(Rowbottom et al., 1997; Rowbottom et al., 1995; Keast et al., 1995; Parry-Billings et al., 

1992; Parry-Billings et al., 1990a). Glutamine is the most abundant amino acid in the 

body fulfilling many important roles in the tissues and organs. Of particular importance is 

its role as a fbel for cells of the immune system (Parry-Billings et al.. 1992; Parry- 

Billings et al.. 1990a) and as a direct regulator of protein synthesis and degradation 

(Vinnars et al.. 1990). While glutamine may be obtained fkom the digestion of protein, 



much of this glutamine is taken up by the absorptive cells of the small intestine leaving 

little available to enter the bloodstream (Parry-Billings e t  al., 1990a). Hence, to satisfy 

the need for glutamine by other tissues and organs it must also be supplied within the 

body. Skeletal muscle has been identified as a major source for glutaminc rekascd to the 

bloodstream and in the delivery of glutamine to the cells of the immune system 

(Newsholrne & Parry-Billings, 1990). 

The importance of skeletal muscle as a storage site for glutamine and the observation that 

plasma glutamine metabolism is altered during and after exercise (Keast et aL, 1995; 

Sewell et al., 1994; Parry-Billings e t  aL, 1992; Sahlin et d, 1990; Maughan & Gleeson, 

I988), has lead to a suggested link between exercise, glutamine concentration and 

overtraining. Parry-Billings et al. (1992) observed a lower glutamine concentration in 

athletes exhibiting symptoms of overtraining when compared with well-trained athletes 

and age-rnatched controls. A significantly higher plasma glutamate concentration was 

also observed in overtrained athletes compared to controls (Parry-Billings et al., 1992). 

Rowbottom et al. (1995) reported glutamine as the single parameter to deviate From the 

norm out of a battery of blood tests performed on overtrained athletes. 

Smith and Norris (1999) have proposed a model of training tolerance that relies on 

measlrres of glutamine and glutamate to evaluate how athletes are managing the training 

load. A trend in which glutamine concentration decreases while glutamate increases with 

training load was observed. It was suggested that athletes react differently to volume 



versus intensity training loads and that these differences may be reflected in glutamine 

and glutamate levels. Smith and Norris (1997) investigated this hypothesis by comparing 

the effects of two training regimes (volume-based versus intensity-based) on plasma 

glutamine and glutamate. T k y  suggested that glutatnine concentration decreases when 

the volume of work exceeds the athlete's capacity to tolerate work and that high 

glu tamate concentrations may be associated with high intensity training periods. 

Statement of the Problem 

While a link between glutamine and overtraining has been proposed. few prospective 

experimental studies have been performed and the relationship between glutamine and 

physical capability remains unclear. Similarly, the contributing elements that lead to the 

development of overtraining are still uncertain. Acquiring an understanding of the 

physiological responses that accompany training fatigue is important in order to assist 

coaches and exercise physiologists in monitoring how athletes respond to training stress. 

Furthermore, since enhanced performance is the ultimate goal of any physical training 

program, an understanding of how physiological responses associated with fatigue relate 

to changes in performance is required. One of the major difficulties Lies in understanding 

the events that lead to failing adaptation and in pdicting the dose/responsc nature of 

training fatigue. While variations in g lutamine and glutamate during intense training have 

been investigated, objective quantification of the training stimulus is critical to 

understanding the impact of exercise upon these amino acids. Unfortunately, few studies 

have utilized validated methods of training quantification to investigate the physiological 



responses o f  athletes to intense training. In addition, it is unknown whether variations in 

glutamine and glutamate in any way translate to changes in performance. Furthermore, 

few studies have attempted to pattern changes in amino acid concentration with any 

measure of performance capability. 

bw= 
The purpose of this investigation is two-fold: 

I )  To examine the effect of an unaccustomed increase in training load on plasma 

glutamine and glutamate concentrations. 

2) To examine the effect of an unaccustomed increase in training load upon 

physiological and physical fitness parameters during both maximal and 

submaximal exercise tests and on a performance-based test to evaluate the 

presence of a training andlor overreaching effect. 

Hypothesis 

It was hypothesized that glutamine and glutamate metabolism would be altered in 

response to the training intervention with plasma glutamine decreasing and plasma 

glutamate increasing. In keeping with the model proposed by Smith and Norris ( 1999) it 

was expected that subpcts would react individually to the training load and that these 

differences may be reflected in changes in glutamine and glutamate levels. 



In addition, it was hypothesized that the increase in training load would result in a change 

in physiological and physical fitness indices and/or performance indices. It was expected 

that subNts would react to the training intcrvcntion on an individual basis with some 

subjects experiencing a fatigue effect identifiable by marked changes in both 

physiological and/or performanc t parameters. 



CHAPTER 2: LITERATURE REVIEW 

Glutamine 

Conditionally Essential Nutrient 

Of the twenty common amino acids there is a subdivision of amino acids that are 

considered to be non-essential due to the body's ability for de novo synthesis. Glutamine 

is thought to be one of the more important amino acids in this group due to the important 

roles it plays in homeostatic functions and in the optimal functioning of many tissues and 

organs in the body. These include its role as a "nitrogen shuttle" in the assimilation and 

detoxification of ammonia (Hall e t  a t ,  I%), in the maintenance of the acid-base balance 

in conditions of acidosis (Darnian et aL, 1970), as a precursor for nuckotide synthesis 

(Newsholme et aL, 1985) and in the regulation of protein synthesis and degradation 

(Vinnars et al., 1990). Glutamine also acts as a Fuel for the absorptive cells of the smiall 

intestine (Hanson & Parsons, 1977; Souba et al., 1985) and the celb of the immune 

system (Ardawi & Newsholrne, 1985). In some conditions such as extreme physical 

exertion, trauma and sepsis, the demand for glutamine may exceed the body's capacity to 

synthesize it (Hall et aL, 1996). As a result glutamine has been deemed a "conditionally 

essential nutrient" (Lacey & Wilmore, 1990). 

Me tabof ism 

Glutamine metabolism follows an operationally reversible reaction in which glutamine is 

synthesized from glutamate and ammonia (NH3) by the enzyme glutamine synthetase. 

The reverse reaction, ~ s u l t i n g  in the hydrolysis of glutamine to glutamate and ammonia, 



is catalyzed by glutaminase. The products and reactants of glutamine metabolism are as 

fo 110 ws: 

COO' CON& 
I 

(CH212 
I 

I 
CHNH3+ + A* + NH3 7 LHm3+ + + pi2- 
I I 
coo- coo- 

Glutamate Glutmine 

To fully understand the origin of glutarnine. the source of these two reactants must be 

considered. Neither appear to be obtained in appreciable amounts from the bloodstream 

and therefore must be produced endogenously. Glutamate is created in the reductive 

amination of a-ketoglutarate (2-oxoglutarate) catalyzed by the enzyme glutamate 

dehydrogenase. This enzyme also plays a role in providing the ammonia through the 

oxidative deamination of amino acids resulting in the formation of an oxoacid and the 

release of ammonia. A secondary source o f  ammonia is via the deamination of adenosine 

monophospate (AMP) to inosine monophosphate (IMP) catalyzed by AMP deaminase. 

(Newsholme & Leech, 1983) 

Production and Release 

Given the importance of glutamine throughout the body. there is a constant need for 

repletion of glutarnine stores. Under normal conditions. circulating levels of glutamine 

are kept at a constant level by a system of  regulation under which a net balance is 

maintained between release and utilization by the various organs and tissues of the body. 



This is largely regulated by the dispersion of the key enzymes involved in glutamine 

metabolism (Hall e t  al, 1996). The m a p r  organs and tissues of glutamine synthesis 

include: skeletal muscle, lungs, brain, liver and adipose tissue. 

Skeletal Muscle 

Skeletal muscle is a major storage site for glutarnine (Newsholme & Parry-Billings, 

1990) with skektai 6rcc glutamine stores estimated at  20rnmol+ I *' of inuacelular water 

(Bergstrom et al., 1974). This reportedly accounts for more than 50% of the total 

intracellular free amino acid pool and serves as a m a p r  source of glutamine during period 

of metabolic stress (Hall et aL, 1996). This is Likely due to two important characteristics 

of skeletal muscle. Firstly, skeletal muscle has been found to possess a high enzymatic 

capacity for glutamine production (Parry-Billings et al., 1990a). The maximal synthetic 

rate of glutarnine in human skeletal muscle has been reported at 50 mmol 1 -', the highest 

of the amino acids (Golden et al., 1982). Secondly, skeletal muscle has been found to 

release glutamine at a high rate (Rennie e t  d, 1994). and it is suggested that this might be 

due to the negative arteriovenous difference for glutamine across muscle tissue (Graham 

e t  al., 1995). Some researchers have speculated that the key process in control o f  the rate 

of glutamine rekase by muscle is the glutamine transporter that specifically transports 

glutamine across the cell membrane, independent of fluctuations in muscle glutamine 

levels (Parry-Billings e t  al., 1990a). Newsholrne & Parry-Billings (1990) have suggested 

that glutamine release from muscle may be the flux-generating step in the pathway of 

glutamine utilization. Furthermore, there is evidence to suggest the activity of the 

glutamine transporter and glutamine synthetase activity may be influenced by several 



hormones and mtabo lites, as well as changes in physiological and pathological condition 

(Parry-Billings et A, 1990a). 

Other Tissues and Ornans 

Although skeletal muscle is considered the primary s o w  of glutamine in the body, the 

lungs also release glutamine in the postabsorptive state. Not only do the lungs have a high 

activity of glutamine synthetasc, but due to the high blood flow in the pulmonary 

circulation the required substrates are readily available (Hall et al., 1996). Plumly et  a!. 

(1990), have suggested that the lungs release a similar amount of glutamine into the 

circulation when compared to skeletal musde despite the smaller difference in the 

concentration of glutamine across the vasculature of the lungs compared to that of the 

limbs. 

The brain has ako  been identified as a site of glutamine production (Souba, 1992). 

Cotrnan and Nadler (1981) have suggested that glutamine is present in the cerebrospinal 

fluid and extracellular fluid of the brain, at a concentration of about 0.4 mmol - I -'. This is 

likely due to the need to detoxify cerebral ammonia accumulation (Rowbottom et al., 

1996) but may also relate to the role of glutamate as a principle transmitter mediating fast 

excitatory synaptic responses in the central nervous system (Coltman & Nadler, 1981). 

Rowbottom et  al. (1996) have suggested that due to its role as a precursor for glutamate, 

glutamine may have a role to play at the neural level by altering perceived exertion, 

lethargy or energy levels. 



The liver plays a unique role in regulating glutamine homeostasis due to its ability to 

generate or consume glutarnine. In the periportal region, high glutarninase levels have 

been observed suggesting this as a site of glutarnine consumption likely to support urea 

biosynthesis (Hall et  al., 1996). In addition, glutamint synthetasc is present in spccializcd 

cells around the hepatic venous outflow that act as scavengers for ammonia (Haussinger, 

1990). Hall et aL ( 19%) suggest that this is a useful arrangement for ridding the systemic 

and portal circulations of ammonia. 

Adipose tissue has also been suggested as a possible site for glutamine synthesis. F r a p  et  

al. ( 199 1 ) compared the arteriovenous difference for glutamine and glutamate across 

subcutaneous adipose tissue and the forearm muscle in normal subjects. The adipose 

tissue showed a net production of glutamine and uptake of glutamate. In addition the 

pattern of glutamine metabolism across adipose tissue was found to be similar to that 

across the forearm, although glutamate uptake was more prominent (compared with 

glutamine release) in the adipose tissue. The researchers were quick to point out that 

results obtained from measurement of arteriovenous differences reflect a net exchange 

across a tissue and the possibility of simultaneous uptake and reiease cannot be excluded. 

However, upon considering the role of cells other than adipocytes in the exchanges 

observed, Frayn et al. (1991) concluded that subcutaneous adipose tissue in vivo is a net 

exporter of glutamine and may contribute about one third as much as muscle to whole- 

body gIutamine production. While this fmding may be considered controversial, the role 



of adipose tissue in glutarnine production may have important implications for some 

endurance athletes with low body fat percentages. 

Glutamine Quantification 

When reviewing the litcraturc and conducting research on the effects of  exercise on 

plasma glutamine it is important not only to consider issues surrounding the measurement 

technique and associated methodology, but also factors other than exercise which may 

contribute to changes in glutamine concentration. 

Measurement Technique 

There are primarily three methods of glutamine determination utilized in the literature: 

enzymatic methodology, high performance liquid chromatography (HPLC) and a 

bioassay technique. A detailed description o f  each technique is beyond the scope of this 

review, however it is important to consider the measurement technique when interpreting 

results and in comparing results from different studies. A review o f  normative values 

from the literature illustrates that the nonnal range of values differs depending on the 

measurement technique employed (Table 1.0). 

The HPLC or enzymatic techniques produce results that are consistently 30-40% lower 

than those produced by the bioassay technique (Rowbottom et al., 1996). However the 

resu Its of Traeger-MacKinnon and Hooper (1 996) listed above are comparable with 

glutamine levels obtained using the bioassay technique. In contrast, Katz et al. (1986) 

observed no significant difference between the mean value for glutarnine in comparing 

enzymatic and chromatographic methods for analysis. 



Tabk 1.0. Comparison of mean (SE) normative glutamine values (pmol - I  - I )  obtained 
via three different methodological techniques for glutarnine determination. 

Me thodo logy [Gm] ( p o l .  1 ") Study 

Enzymatic 550 (14) Parry-Billings et  aL, (1992) 

- - -  - -  

1200 (NA) Traeger-MacKinnon and Hooper, ( 1996) 

1244 (121) Keast et al., ( 1995) 
Bioassay E.Coli 

975 (49) Rowbottom et al., ( 1998) 
ISD 

Sample obtained from arterial Mood 
High p a f m c e  liquid chromatography 

Other Measurement Considerations 

When investigating the effects of exercise on  blood parameters for the purposes of 

identifying overtraining in high performance athletes, it is important to consider sources 

that provide confounding factors that may influence the results. The most obvious of 

these factors include diurnal cycles and dietary effects (where appropriate). In the case of 

glutamine, additional sources include the presence of infection or  some other stresshl 

event. 

i) Diurnal Cycles 

In addition to the secretion of numerous hormones, physiological parameters have also 

been found to exhibit periodicity, however it is unclear whether hormonal diurnal cycles 

mediate the periodicity of physiological parameters or  if such parameters demonstrate a 

diurnal cycle independent of hormone association. In the case of glutamine, the 



possibility of a cortisol-linked diurnal cycle has been proposed (Rowbottom et al-, 1996). 

Cortisol is not only known to exhibit diurnal cycles, typically showing as many as 15 

"pulses" over a 24-hour cycle (Shcphard & Shek 19%). but has also been found to 

enhance the rekase of glutaminc h m  skeletal muscle (Ardawi & Jamal, 1990, Parry- 

Billings e t  al., 1990c). Attempts to identify a hormone-independent diurnal variation in 

plasma g lutarnine have demonstrated conflicting results. Castell e t  aL ( 1995) observed 

that during a 21-hour fast there was almost no change in plasma glutamine level, 

However, Rowbottom et aL ( 1996) reported unpublished observations suggesting a 

maximal variation of 10% over a 24-hour period. 

ii) Dietary Influences 

The effect of dietary protein intake or oral glutarnine supplementation on plasma 

glutarnine Levels remains unclear. Plasma glutamine levels have long been thought to be 

unaffected by glutamine ingestion due to the demand for glutamine by cells lining the 

gastrointestinal tract (Windmueller & Spaeth, 1974). While there are frndings to support 

this suggestion (Elia et al., 1989) numerous studies have observed a transient increase in 

glutamine due to dietary intake and oral supplementation. For example, a diet rich in 

protein and fat, compared with one high in carbohydrate, was found to result in higher 

plasma glutamine concentration (Greenhaff et al., 1988). Similarly, Castell e t  al. ( 1995) 

reported that plasma glutamine was usually increased 2 hours after the ingestion of a 

meal containing protein. In t e r n  of oral glutamine supplementation, Castell & 

Newsholme (1997) reported that plasma glutamine concentrations increased by at least 

506 after ingesting a glutamine solution of 0. Ig-kg body wt"of L-glutamine dissolved in 



250 ml of distilled water. In this case plasma glutamine peaked at 30 min afier ingestion 

and remained elevated for 1-2 hours before returning to the normal range. Due to the 

possibility of dietary effects, Rowbottom et aL (1996) stress the importance of 

standardizing the time of day for blood sampling and the possible need for a 10-hour fast 

before sampling for plasma g lu tarnine determination. 

iii) Infection 

It is well known that the concentration of plasma and muscle glutamine is decreased 

during periods of stress such as surgery (Kapadia e t  al., 1985). sepsis (Parry-Billings et 

al., 1989), injury (Askanazi et aL, 1980) or burns (Parry-Billings e t  al., 1990b). 

Furthermore, Greig e t  al. (1995) have reported significant decreases in plasma glutamine 

levels during acute bouts of relatively minor infections such as the common cold or 

influenza. Therefore, in monitoring the longitudinal effects of exercise on plasma 

glutamine it is important to separate those changes that are due to the exercise stress and 

those due to infection or some other stressful event. 

iv) Emotional Stress 

Although, there is little experimental data to support the effect of general stress in altered 

glutamine metabolism. Vinnars et a]. (1990) found that glutamine concentration 

decreased when a combination of stress hormones designed to mimic a stressful or 

traumatic event were given to healthy volunteers. Since it has been suggested that the 

mechanisms responsible for the overtraining syndrome in athletes may be involved in 

other conditions of stress such as psychologically stressed businessmen o r  students taking 



exams (Jemmott et al.. 1983) the link between depressed glutarnine concentration and 

general stress must be clarified. 

Glutamine and the immune Response 

Glutamine uptake sites include the kidneys, Liver, and cells of the gastrointestinal tract. 

although the predominant consumers appear to be cells of the immune system. It is 

suggested that the role o f  glutamine metabolism in immune cells is two-fold, acting not 

only as a fbel but also as a nitrogen and carbon donor in the synthesis o f  purine and 

pyrimidine nucleotides essential for protein synthesis and cell proliferation ( Ardawi & 

Newsholme, 1985). The high rates of glutamine utilization by immune cells enables 

precise regulation of the rates o f  biosynthesis of nucleotides in immune cells and may 

have specific imrnunostimulatory properties (Newsholme et aL, 1985). Furthermore, high 

rates of glutamine uptake by cells of the immune system, even in quiescent (inactive) 

cells have been observed (Pany-Billings e t  al., 1990a). This may be due to the need for 

rapid responses to immunological challenge (Ardawi & Newsholrne, 1985). 

During the immune response, there is an increase in glutamine metabolism to support 

increased rates of production, recruitment. and activity of immune cells such as 

macrophages and lymphocytes (Parry-Billings e t  al., 1990a). Decreases in glutamine 

concentration in culture medium from 0.6 to 0.05 mmol I-' have been found to affect T 

lymphocyte proliferation in humans and macrophage function in mice (Parry-Billings et 

a].. 1990b). In addition. decreased plasma levels o f  glutamine have been suggested to 



cause impaired immune function, a compromised ability to respond to immune challenge, 

and an increased risk of infection (Newsholrne & Parry-Billings. 1990). 

There is evidence of recurring infection during periods of overreaching fatigue and in 

athletes suffering from OTS. Nieman (1994) presented a j-shaped model (Figure 1.0.) to 

illustrate the relationship between the amount of exercise and the risk of upper respiratory 

tract infection. According to this model the risk of upper-respiratory tract infections 

decreases below that of a sedentary individual with moderate exercise and increases to 

above average risk with high-intensity exercise. 

Above 
Avaage 

Avaage 

Below 
Average 

Sedentary Moderate Very High 

Amount a d  Intensity of Exercise 

Figure 1.0. J-Shaped model representation of the relationship between the amount of 
exercise and the risk of  upper respiratory tract infection (URTI) (Reproduced fiom 
Nieman, 1994). 

Low plasma glutamine levels in zthktes suffering from the OTS have also been reported 

For example, Parry-Billings et  al. ( 1992) investigated plasma glutamine concentrations in 



trained, overtrained, and untrained subjects. The results indicated that both trained and 

overtrained subjects had lower plasma glutamine levels than the untrained subjects (Table 

2.0). Futhermore, Rowbottom et aL (1995) found that when plasma biochemical 

parameters in overt- athktes were compared with established norms, plasma 

glutarnine was the only parameter to deviate from normal ranges for men and women. 

When the glutamine level in these same overtrained athletes was compared to age- 

matched controls, the glutamine level was lower for the athktes (704pmol. I -') than 

controls ( 1 0 0 0 p o l -  I -') utilizing the bioassay method of glutamine determination. 

Table 2.0. Effect of overtraining syndrome on plasma amino acid concentration in man. 
(Data from Parry-Billings et al., 1992) 

Group Glutamine (m Glutamate ( p ~ )  
Control 550 125 
Overtrained 503 161 

Links have been made between decreases in plasma glutamine and immune function 

leading to an increased risk of infection. In addition, athletes suffering from OTS have 

been o b s e ~ e d  to exhibit recurring infection and appear to have a higher susceptibility to 

infection. 

Glutamine and Acid- Bare Balance 

Production of glutamine is also significant due to the role it plays in the production of 

ammonia in the kidney. It has been observed that during acidosis changes in renal 

glutamine metabolism occur to support ammoniagenesis in the kidneys (Damian et al.. 



1970). This has lead some to suggest the kidney as the major organ of glutamine 

utilisation during acidosis (Welbourne & Joshi, 1990). 

Ammonia production in the kidneys is essential to whok body acid-base balance in that 

ammonia combines with hydrogen ions (lP) to form ammonium ions (W3 which arc 

subsequently excreted in the urine in combination with an anion, usually chloride. The 

major precursor for ammonia in the kidneys is known to be glutamine, which has two 

nitrogen atoms that can give rise to ammonia First, the enzyme glutarninase converts 

glutamine to glutamate producing one molecule of ammonia The glutamate produced is 

then converted to a-ketoglutarate by the enzyme glutamate dehydrogenase with the 

release of the second ammonia molecule. These reactions generate protons as well as 

ammonia and this has lead to some question as to their contribution in maintaining 

acid/base balance. However, if the reactions are taken a step further, it becomes clear that 

both protons generated are utilized by subsequent reactions in which a-ketoglutarate is 

totally oxidized to carbon dioxide (Newsholme & Leech, 1983). Figure 2.0 illustrates the 

proton balance in glutamine metabolism. 



coo- 
I 

(CH2)I 
I 

(CHzh 
I 

H' + NH3 
CHNH,' 

Glutamine Glutamate 

cm- 
I 
(CH212 

1 
C=O 

U-ketoglutarate ~NAD'. 
ZFAD 

6 NADH, 6H'. 
~FADH' 

8 H z 0  
402 

Figure 2.0. Proton balance in glutamine metabolism. (Reproduced from Newsholme & 
Leech, 1983.) 

Exercise involving anaerobic metabolic processes involves a consequential production of 

lactic acid within the muscle. Ammonia production has been found to coincide with lactic 

acid production. Buono et d. (1984) demonstrated a linear correlation between plasma 

N H 3  and blood lactate (Lad concentration. Skeletal muscle glutamine production from 

glutamate and ammonia provides a mechanism for the transport of ammonia to the 

kidneys so that it may be excreted in a non-toxic form. Thus, it is speculated that plasma 

glutamine concentration increases due to the need for detoxifying the muscle ammonia 

accumulation that accompanies the increase in lactate production (Buono et al., 1984). 

The role of glutamine in contributing to acid/base balance is fbrther illustrated in that the 

oxidation of glutamine carbons by the kidneys contributes to the production of 



bicarbonate (HCa-)  ions which are rekased into the blood stream for buffering of H+ 

(Rowbottom et d.. 1996). 

Efects of Exercise on Gfutamine Levels 

Numerous studies have been undertaken to investigate the effects of exercise on resting 

plasma glutamine concentration (for review see Rowbottom et aL. 1996). Changes in 

glutamine metabolism have been found to depend on the intensity and duration of acute 

exercise and difkrences have bacn observed between the acute effects of a single bout of 

exercise and the chronic effect of multiple exercise stresses such as in overreaching and 

overtraining. 

Acute Exercise 

Much of the research examining the acute effect of exercise on plasma glutarnine 

concentration has involved prolonged endurance exercise. There are reports of increased 

max plasma glutamine levels during prolonged exercise lasting 75 minutes at 75% VO. 

(Sahlin et al., 1990) and 90 minutes at 70% V O ~  max (Maughan & Gkeson. 1988). Sahlin 

et al. ( 1990) observed a two-fold increase in the rate of glutamine release from active 

skeletal muscle, This may account for the reported increase in plasma glutamine during 

prolonged exercise. Consistent with this hypothesis is the observation of a steady 

decrease ( 10% below resting levels at volitional exhaustion) in muscle glutamine levels 

during exercise (Sahlin et al., 1990). 

While giutamine levels may have increased during prolonged exercise. Sahlin et al. 

( 1990) and Maughan & Gleeson (1988) reported reduced glutamine levels during the first 



1 0 and 15 minutes of the recovery period. Similarly, Parry-Billings et aL ( 1992) observed 

a decrease in plasma glutamine concentration of 16% (592 to 4 9 5 p o l  1 - I )  in distance 

runners following a marathon race using enzymatic analysis for the determination of 

glutamine. However these researchers failed to obtain any effect on plasma glutamine 

levels after a 30 km treadmill run. 

Research regarding the effect of high intensity exercise upon plasma glutamine 

concentration is lacking and due to differences in methods of quantification of the 

exercise intensity, it is difficult to compare the results. Parry-Billings et al. (1992) 

reported that a series of short-term (6 s) sprints increased the plasma level of glutamine 

from 556 p o l  . I -' pre-exercise to 6 1 6 p o l  1 -' . Similarly, Katz e t  aL ( 1986) reported 

elevated plasma glutamine levels following 4 minutes of exercise at 10% ~ 0 2  max from 

555 to 699pmoI - 1 "analyzed by enzymatic methodology. Further, after a treadmill run to 

exhaustion at 20 km - hr " Sewell et aL (1994) observed post exercise mean plasma 

glutamine levels of 757 pnol- I -'compared to a resting level of 662 p o l  - 1 -'utilizing a 

similar enzymatic analysis. 

Altered plasma glutamine levels during the recovery period following high-intensity 

exercise has also been investigated. Keast et al. (1995) reported a substantial drop in 

plasma glutamine levels following 15 one-minute running intervals (separated by two 

minutes recovery) performed on a treadmill at 90% and 120% \joz max. Glutamine levels 

were analyzed using the bioassay method and were found to decrease from a resting level 



of 1 2 4 4 p n o l -  I -' to 702 pmol - 1 -'and 560pmol -  I -' within five minutes following 

training at  90% and 120% V O ~  max rrspcctively. The researchers proposed that the acute 

decrease in plasma glutaminc level was proportional to the intensity of  exercise 

undertaken. However it should be noted that although the training intensities we= 

reported as a percentage of the maximal oxygen consumption ( ~a max) the methods did 

not indicate collection of any ventilatory parameters. Nevertheless, other researchers have 

reported similar responses (Sewell e t  aL. 1994). In the latter case, subjects completed a 

treadmill run of  various test durations (30, 60, 90, 120, 150 s) p e r f o d  at  20 km hr -'. 

Glutamine was observed to be increased from resting values immediately after exercise 

and to decrease below resting levels at 5 min post-exercise in all  but one (120 s) of the 

tests. 

Chronic Exercise 

While knowledge of the effects of  acute bouts of exercise on glutamine metabolism both 

during and in the immediate recovery period is important to understanding fatigue 

mechanisms, know ledge of the time-course for full recovery of glutarnine is essential for 

athletes who undergo intensive training involving repeated exercise stmss. Although littk 

research has been done to examine the recovery of glutamine from acute bouts of 

exercise, there is evidence that glutamine is decreased for several hours following 

termination o f  exercise (Rowbottom e t  al., 1996; Newsholme, 1994). Rowbottom et  al. 

( 1996) analyzed glutamine levels in eight trained male swimmers during the 8 hour 

period following an intensive interval training session ( 15.1 minute 63 95% ~a rnax). 

Utilizing a bioassay method of analysis, the lowest glutamine levels were observed 4 - 6 



hours post-exercise at 84 and 86% of resting levels respectively. In addition, Decombaz 

et a t  (1979) reported that glutamine levels had not returned to pre-exercise levels after up 

' to 24 hours of recovery following a 100 km run. Thcsc rtsults suggest that an extended 

recovery may be required to rcstort glutaminc kvels following ultra-endurance exercise. 

Knowledge of the extended recovery period essential for complete restoration of 

giutamine levels has been the basis for research examining the effects of intensive 

training on glutamine concentration. Much of the research to date has involved 

observational research such as cross-sectional or anecdotal studies involving athletes 

suffering from OTS and few experimental prospective studies have been undertaken. 

Rowbottom et al. (1997) examined changes in plasma glutamine levels in 8 triathletes 

over the course of a nine-month training program. Blood samples were obtained at six- 

week intervals, and a significant increase in resting plasma glutamine levels was 

observed (975- 1 165 p o l .  1 -' ) utilizing the bioassay method of determination. In 

addition, a significant correlation was reported between plasma glutamine level and 

performance. Unfortunately the sampling interval chosen for this longitudinal study does 

not provide information regarding the effect of intensive training microcycles on 

glutamine levels, and it is possible that the levels reported did not reflect the actual 

impacr of periods of overreaching training. However, Traeger-MacKinnon & Hooper 

(1996) reported similar findings following a four-week period of intensified training. In 

this case plasma glutamine, analyzed by high-performance liquid chromatography, was 

14.9 % higher after 28 days of training in well-trained and overtrained swimmers. 



The results are inconsistent due most likely to  differences in sampling interval, and 

duration of exercise within the individual studies. Keast et al. ( 1995) examined the effects 

of a 10-day microcyck of overload training on the resting plasma glutamine level of elite 

soldiers. The training involved two interval training sessions per day consisting of 

repeated maximal bouts, although no measure of intensity was provided. The researchers 

reported a 50% reduction in resting levcls over the course o f  the 1 M a y  period 

( 6 3 0 p o l .  1 'I to 328pmol-  I -' using the bioassay method of determination). This was 

accompanied by a significant reduction in performance during a test in which subjects 

were asked to run to exhaustion at a speed of 18 krn. hr -'and 1 % gradient. F u n k m o r e ,  

the glutamine levels were not restored to pre-exercise levels following six days of 

recovery. These results suggest that there is a cumulative e h t  in terms of reduced 

plasma glutarnine leveIs due  to overreaching training and that prolonged recovery may be 

required to restore glutamine levels. 

Glu famate 

Little attention has been paid to glutamate despite its role as a precursor for the 

development of glutamine. Pany-Billings e t  al. (1992) measured plasma glutamate levels 

in overtrained athletes and reported that levels were elevated in overtrained athletes (161 

pmol I - '  ) when compared to controls (1 25 p o l  - I - I ) .  The researchers were unable to 

detect an effect of glutamate on the rate of proliferation of human T-lymphocytes in vitro 

and therefore the increase in plasma glutamate was suggested to be associated with 

immunodeficiency although not likely a causal association. Smith and Norris (1996) 

measured glutamate in high performance athletes throughout macrocycles over several 



years. The mean glutamate level for rested athletes was 103 f 19 p o l  - 1 '' while the 

mean level for overtrained athletes was 166 2 24 pmol 1 -' analyzed by a colorimetric 

method. It was concluded that high glutamate concentration was not necessarily related to 

overtraining. instead, the authors suggest that an increase in plasma glutamate may 

indicate an athlete is not tolerating the training load. Furthermore, a trend was observed 

in which glutamate seemed to respond primarily to intensity loads. 

Training Studies 

Overload Training 

It is well established that improvements in an athkte's ability to tolerate the demands of 

training and competition are derived from the application of stressors in the training 

program that provide a stimulus for adaptation (Matveyev, 1981). The stimulus, provided 

by training is a displacement of the homeostatic balance of the athlete's functional 

systems. The body responds to this disruption by attempting to restore homeostasis and in 

doing so the athlete adapts by establishing a new homeostasis that is better prepared for 

subsequent exposure to the same stressor (Bcmpa, 1983). Fatigue-induced adaptation is 

most often associated with glycogen supercompensation (Costill et al., 197 la,b) although 

it applies to other metabolic and endocrinological parameters as well (Kuipers and 

Keizer, 1988). Following adaptation, the athlete is capable of doing more work for an 

equivalent homeostatic displacement and thus a training effect has occurred. In order to 

maximize the adaptation and induce enduring increases in the capacity to perform, the 

athlete must be continuously exposed to increasing workloads. This is accomplished by 



applying the concept of progressive overload whereby the athlete is repeatedly pushed to 

a state of fatigue. 

Fatigue is therefore an integral component of the training process, although the adaptive 

mechanisms will only occur if adequate recovery is provided between training bouts. For 

this reason. rest may be regarded as a critical requirement for the training effect to bt 

realized (Matveyev, 1981). Furthermore, it has been shown that the length of period 

required for complete adaptation or the recovery depends upon the degree to which 

homeostasis has been displaced (Bompa, 1983). As a result, the training program must be 

designed with knowledge of the disruption caused by daily training bouts and the 

required recovery period for complete adaptation. In addition, the training effect may be 

reversed in the absence of a secondary training stimulus upon completion of the recovery 

phase. This suggests that following adaptation there is an opportune time for the 

application of subsequent overload to achieve optimal training benefits. If inadequate 

recovery or excessive exercise stress is repeatedly applied, the athlete may reach a state 

of heightened fatigue known as overreaching (Kuipers & Keizer, 1988). 

Overreaching 

Overtraining is a general term that describes an imbalance between training stress and 

recovery (Budgett, 1990; Fry et al., 1991a; Kuipers & Keizer, 1988; khmann et al., 

199 1 ; Lehrnann et al., 1992; Ryan et al., 1983; Stone et ab, 199 1 ). Two distinct types of 

overtraining have emerged; short-term overtraining lasting a few days up to two weeks 

has been identified as overreaching to distinguish it fiom long-term overtraining lasting 





reduced maximum lactate levc! (Kuipers & Keizer, 1988; Stray-Gundersen e t  al., 1986). 

However. these parameters have failed to show consistent responses and therefore no 

definitive marker has emerged and the search for methods of  m o n i t o ~ g  training 

tolerance during periods of intense training is ongoing. 

Much of the information on overtraining has been obtained from case descriptions or 

results of cross-sectional studies which have focused on  those factors that define 

overtrained athletes from non-overtrained athletes or the untrained. While this type of 

research has provided insight in terms of  the pathogenic nature o f  overtraining, it 

provides little information regarding the developmental process o f  overtraining and how 

to prevent its progress. Since OTS is widely held to be on a continuum, it is suggested 

that the diagnosis of overtraining should not result in a classification as either overtrained 

or not (Hooper et a l ,  1995). 

Attempts to experimentally produce overtraining have been unsuccessful and relatively 

few prospective experimental studies have been performed to examine the progression of 

failing adaptation that leads to overtraining. Three studies, from a n  overtraining research 

group lead by Manfred Lehmann, examined the influence of a two-week increase in 

training volume and/or intensity on performance, metabolic and hormonal parameters in 

experienced middle- o r  long-distance runners (Lehmann e t  al., 1996; Lehmann et al., 

1992; Lehmann et al., 1991). In all instances, a volume increase was found to result in 

stagnation of running velocity at 4mrnol.  1 -' lactate concentration and a decrease in total 



running distance during an incremental test, while an intensity increase produced an 

improvement in these parameters. In addit ion, a decrease in heartrate, energy metabolic 

parameters, catecholamine excretion, and serum lipid concentration was observed with 

the volume group while these parameters remained constant during the increase in 

intensity (Lehmann et d, 1992). The free plasma noradrenaline showed no significant 

change prior to exercise, but increased significantly during exercise by the fourth week of 

increased volume training (Lehmann et d, 1992; Lehmann et al., 1991). With a marked 

increase in training volume, a decrease in ammonia, leukocyte number and in 24 hour 

cortiso 1 excretion was observed, while urea, creatinine, uric acid, and serum electrolytes 

remained constant (hhmann et al., 1991). In addition, a decrease in serum amino acids 

(Asp, Thr, Ga, Gm, Gly, Ma, Val, Leu, Phe, Lys, His, Arg) was related to a volume 

increase while amino acid levels remained constant o r  increased with an increase in 

intensity (Lehmann et al., 1996). It was suggested that the exercise-induced increase in 

plasma noradrenaline levels during exercise and the decrease in basal urinary cortisol 

excretion, as well as changes in metabolism and catecholamines related to the volume 

increase may be interpreted as an indication of short-term overtraining. However, the 

changes in amino acid profile were recognized as an "epiphenomenon" since no influence 

on incremental test performance was observed and since increases in some amino acids 

were related to both performance impairment and improvement. 

Kirwan et  al. (1990) evaluated the use of various biological parameters as early indicators 

of the response of runners to a 150% increase in training load for five successive days 



under conditions of controlled carbohydrate intake (CHO) and reduced muscle glycogen 

stores. Training consisted of approximately 80min-day with intensity near 

80% \jo2 max. The dietary CHO control kvel was set at 8.0g - kg -' day -' whik the 

reduced diet was set at 3 g kg - day -' . Resting uric acid kvels we= significantly higher 

after training during both dietary regimes although uric acid levels responded slightly 

earlier with the reduced diet. It was concluded that elevated uric acid levels might reflect 

the increased metabolic strain imposed by diminishing muscle glycogen stores and 

therefore may be useful as an indicator of overreaching. 

Snyder et  aL (1993) examined the influence of two weeks each of normal, overtraining, 

and recovery on blood lactate concentration [Lae] and ratings of perceived exertion 

(RPE) in seven trained male cyclists. An incremental test was performed to exhaustion 

during each training phase, and [LaB] and RPE were obtained at each workload to test the 

hypothesis that a measure combining these parameters may be indicative of a fatigued or 

overreached state (Equation 1.0). 

[La,] 1 0 0  [LaB] : RPE = - - 
RPE 

[Equation 1.01 

All seven subjects were reportedly overreached during the two-week period of intensive 

training. In addition, the ratio of [Laa]:RPE decreased with all workloads following up to 



two weeks of overtraining and at maximal workload, all subjects had [Lae]:RPE ratios of 

less than 100 when over-reached. It was suggested that due to the ease of determining the 

[Lae]:RPE ratio, it may be a useful monitoring tool for athletes and coaches during 

intensive exercise training and recovery. la a similar study, Snyder et at, (1995) 

examined whether consumption of appropriate amounts of carbohydrate during periods of 

increased training would protect athletes &om becoming overtrained. Eight male trained 

cyclists underwent each of one week normal training, two weeks overtraining, and one 

week recovery and consumed 160 g of liquid carbohydrate within two hours after the 

daily exercise session. All subjects were defined as ovenmined based on criteria such as 

decreased maximal workload, maximal heart rate, ratio of [LaeJ:RPE, and resting plasma 

conisol levels. and it was concluded that overreaching may occur even when muscle 

glycogen levels are maintained. 

Utilizing some of the same parameters, Jeukendrup et al. (1992) examined the 

physiological changes in male competitive cyclists after two weeks of intensified 

training. All subjects were reportedly showing symptoms of overtraining following the 

two weeks of intensified training consisting of high intensity interval training. In 

addition. maximal and submaximal lactate values, maximal heart rate and \io. max were 

significantly lower after the intensified training period. while the workload at 4mmol. I -' 
increased significantly. as did the resting heart rate. All variables were reported to have 

returned to their reference levels or  showed improvement during the recovery phase 

although the subjects still felt tired. It was suggested that this was indicative of 



overreaching, and that lowered maximal and su bmaximal lactates in combination with 

decreased performance and declined maximal heart rates may be used as a monitoring 

tool for the state of overreaching. 

Quantification of Training 

The aim of training at the elite level is to provide a training schedule that will maximize 

performance potential at some future date while minimizing the risk of fatigue and 

overtraining in the period leading up to that date (Morton, 1997). This necessitates 

knowledge of the changes that accompany training, as well as a precise understanding of  

the dose of training that produces a specific response. it is well known that in order to  

achieve optimal results it is important to maintain an optimal balance between training 

and recovery. However, Littk scientific data exists regarding the relationship between 

training load and performance. Costill et  al. (1991) observed that doubting the training 

volume for a six week period in competitive swimmers failed to induce a further increase 

in performance indices. Foster et al. (1996) have demonstrated a curvilinear relationship 

be tween training and cycling performance in which saturation characteristics 

demonstrated resulting in a plateau at the upper level. Indeed, Flynn et al. (1994) 

observed a performance decrement associated with the high training loads. Ku ipers 

( 1998) suggested an inverted U-shaped relationship between training volume and 

increase in performance, however cautions that the optimal zone is poorly defined and 

passing the top of the curve may lead to overtraining. 



Kuipers (1998) stated that little is known about the recovery rate and adaptation 

processes associated with physical training due to the lack o f  easily obtainable 

measurements o f  training. Conventional methods used by coaches and in much of the 

literature involve some measure of distance or duration of training. More physiologically 

based measures include the Borg's RPE scale and heart rate and critical power. 

Rating of Perceived Exertion 

Perhaps the most widely used method used in evaluating physical effort, the RPE 

category scale developed by Gunnar Borg in 1970. This scale was constructed in such a 

way that the rating o f  exertion increases linearly with the exercise intensity for work and 

the associated heart rates. The original scale ranged from 6 to 20 and was found to be 

associated with heart rates ranging from 60 - 200 beats  min ". A new category-ratio 

scale was developed in the early 1980's that provided a means of clearly identifying each 

quantitative rating with a verbal expression. This scale ranges from 0 to 10 applying to a 

wide range of intensities from 'very, very weak' set at 0.5 to 'very, very heavy' set at 10. 

In addition, the scale was designed such that decimal ratings are permissible. It is 

suggested that this new category-ratio scale is especially suitable for determining 

subjective symptoms such as aches and pains. (Borg, 1982) 

Other researchers have used measures o f  RPE in combination with other factors. Foster et 

al. (1995) utilized a measure of training load that relies on a subjective rating of intensity 

and the duration of  each training session (Equation 2.0) in their study relating training 

load and performance. 



Load = SessionRPE - T i e  [Equation 2.01 

Where the session W E  is obtained from a modification to the Borg Rating of Perceived 

Exertion scale at the conclusion of each training session and time represents the total 

duration of the training session in minutes. It was suggested that training load be 

summated on a weekly basis and that the mean weekly duration of intensity vaining in 

which the session RPE was greater than 5 be computed as a measure of intensity. Foster 

et al. (1995) suggested that intensity ratings utilizing the modified RPE scale related to 

the mean heart rate achieved during training and to the percentage of time the heart 

pumps in zones defined by blood lactate accumulation. 

Heart Rate 

In evaluating the physiological intensity of exercise the most widely used measurements 

are heart rate ( H R )  and oxygen consumption ( \jo2 ). Banister et al. (1975) suggested 

heart rate as a useful measure for training quantification due to the consistency in HR 

response and the relative ease of obtaining measurements during exercise. It was 

suggested HR alone does not speclfy the exercise dose but that the combined function of 

duration of effort and HR elevation specifies intensity of effort (Banister, 1991). This 

index was termed the training impulse (TRIMP) and was determined as the product of the 

average functional eievation of the maximum heart rate range and the duration of 

exercise (Equation 3.0). 



TRIMP = Duration of training (min) - A heart rate exercise ratio [Equation 3 .O] 

Where 

A heart rate exercise 
A heart rate exercise ratio = 

span heart rate 

and 

Span heart rate = Maximum heart rate - Resting heart rate 
A heart rate exercise = Heart rate during exercise - Resting heart rate. 

To allow for an appropriate comparison between a long-duration activity at low HR and 

intense activity of short-duration, a weighting factor was used to reflect the intensity of 

effort. The weighting factor was based on the exponential pattern of the increase in blood 

lactate for trained male and female athletes such that as the intensity increases, the HR is 

weighted propoflionately higher. 

Banister et al. (1975) extended the use of TRIMP in the quantification of training by 

using mathematical modeling to assess the training effect taking into account both fitness 

and fatigue. To do this Banister et al. ( 1975) considered the subject as a system with the 

daily training dose inputted as quantity of training impulse and the output as a 

performance. Quite simply, the researchers suggested that by modeling the training 

impulse. a measure of accrued fatigue and fitness could be determined and the difference 

between these values would provide an estimate of performance ability. Furthermore, if 



real pedormances were measured, it was suggested that computer modeling of derived 

performance measures against actual performance measures for least squares best fit 

would provide individual curves of fatigue and fitness. 

While this method should provide an objective measure of the degree of stress imposed 

by a training regime, it relies on arbitrary definition of  far too many unknowns for it to be 

truly objective. For example, the process of  modeling requires the estimation of 

weighting factors that convert the training impulse into individual fitness and fatigue 

impulses. These weighting factors were arbitrarily set at I and 2 for fitness and fatigue 

respectively. In addition, an estimation of the time decay constants used to defme the 

level of accrued fitness and fatigue that result from daily training is required. The time 

decay constants for fitness and fatigue, that is the length of time q u i d  for detraining 

and recovery respectively, were initially set at 45 and 15 days respectively. These 

constants were arbitrarily defined, as the time required for an initial value of a decaying 

variable to decrease to 37% of that level although no physiological basis for this 

definition was provided. 

Crirical Speed 

The relationship between power and time to exhaustion has been used to evaluate 

performance in racing animals (Kennelly, 1906) and for worki records in numerous forms 

of locomotion in humans (Hill, A.V., 1927). In these earlier studies, the average speed 

over a particular distance was determined fkorn the distance and record time. It was 

assumed that exhaustion had been achieved at the end of each effort and the relationship 



between the average speed and the maximum time for which the speed was maintainable 

was found to bc hyperbolic (Figure 3.0). This hyperbolic relationship between power 

output and endurance can be described as: 

' = AWxp - CP) [Equation 4.01 

where t = exercise time to exhaustion: p = power output; CP (critical power) is the power 

asymptote and represents the maximum rate that can be sustained for long periods of time 

without exhaustion; and AWC (anaerobic work capacity) represents a fmite amount of 

work that can be performed above CP (Hill, 1993). 

- 

Power (w) 

Figure 3.0. Hyperbolic relationship between power and time to exhaustion. according to 
equation 4.0. The vertical dashed line represents the power asymptote. CP. 



An extension of the power-time relationship is the equivalent linear work-time 

relationship first proposed by Monod and Scherrer in 1965. The linear transformation of 

Equation 4.0 may be expressed as: 

P- t = AWC +(CP- t) [Equation 5.01 

where P - t represents the total work performed; t = time to exhaustion. and AWC and CP 

are the intercept and slope respectively. 

The two parameters of both the linear and hyperbolic relationship (CP and AWC) 

constitute the aerobic and anaerobic components of the model. It is suggested that CP 

reflects the aerobic component and is correlated with maximal oxygen uptake (Poole et 

al., 1988). the lactate threshold (Poole et al., 1988) and ventilatory threshold (Moritani et 

al., 198 1). The second parameter estimate, AWC, reflects the oxygen deficit and 

physiologically correlates with anaerobic glycolysis. glycogen stores, and oxygen 

availability (Poole et al., 1988; Moritani et al., 198 1). 

It has been suggested that the power-time relationship and the associated model 

parameter estimates provide a means of differentiating among individuals with regard to 

endurance pedormance (Hughson et al., 1984). and/or in assessing improvement after a 

training program (Jenkins and Quigley, 1992). Researchers at the Human Performance 

Laboratory have also found this relationship to be useful in quantifying interval training 

intensity since for any length of interval the power output that theoretically would result 

in exhaustion following a single effort may be determined. Based on this the power 



output may be adjusted by utilizing an arbitrary comction factor for the number of 

intervals performed. 

Summary 

It has been suggested that given the inter-relationship between the facton associated with 

overreaching fatigue and OTS, the diagnosis of these conditions will never be possible 

based on one factor alone (Fry et aL. 1992). Funhennore. the border between positive 

adaptation and failing adaptation due to overtraining has been described as fluid 

(Lehmann. e t  al.. 1993). and this implies that knowledge of  physiological responses of 

fatigue of  varying degrees is critical t o  fully understand the overtraining phenomenon and 

to the development of preventative strategies. Implicit from this review is the focus of 

past research on potential markers for use in distinguishing overtrained athletes from non- 

overtrained athletes and the lack of  experimental research devoted to tracking the 

physiological impact of intensive training practices and the process of development of 

OTS. While there are some reports specifically detailing physiological responses to 

increases in training volume and/or intensity. there is an overall lack of attention to valid 

quantification of training and therefore the dose-response relationship of training and 

fatigue effects remains to be clarified. Given the level of impaired functional capacity and 

especially the associated decrement in performance. more research is required devoted 

not to the diagnosis of overtraining, but to  understanding the process of development for 

overtraining. 



CHAPTER 3= METHODOLOGY 

Subjects 

Eighteen male volunteers were recruited from the student population at the University of 

Calgary and 16 subjects completed all the testing and training sessions. AU participants 

were recreational cyclists who were not involved in heavy exercise training. Subjects 

were self-assigned to one of two groups, a control group that completed a battery of 

exercise tests over a 7-week period while under restricted activity levels, and a training 

group that completed a prescribed three phase training program in addition to exercise 

testing. Control subjects were provided with guidelines regarding their activity levei. 

Similarly, training subjects were asked to refrain from all intensity exercise outside of the 

study. This study received ethical approval from the Ethics Committee of the Faculty of 

Kinesiology at the University of Calgary, and all subjects were informed of the nature 

and requirements of the study (Appendix A). 

Experimental Design 

The study design consisted of three phases: base (BT), intensity (IT) and recovery (RT) 

as illustrated in Figure 4.0. 



BASE SCHEDUIE 
I 2 3 4 5 6 7 8 9 10 1 I 12 13 14 
B  B  B  

INTENSITY SCHEDULE 
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
B B B B B B B B B B B B B B B B  

RECOVERY SCHEDULE 

Figure 4.0. Detailed outline of study design. B - Blood Sampling AP - Aerobic Power 
CS - Critical Speed Tc - Criterion Test Performance I, - Interval Training (subscript 
denotes length of interval) Note: Those tests indicated in bold were completed by all 
subjects (Control and Training). 

BASE. Over a period of two weeks, baseline hematological, fitness and 

performance measures were obtained for all subjects. in addition, those subjects in the 

training group completed moderate training consisting of interval training performed 

every second day over a seven-day period. During this phase control and training subjects 

familiarized themselves with the laboratory set up, and testing procedures. Fitness and 

performance tests were performed at the beginning and end of this phase however. due to 

a habituation or learning effect related to the protocols only fitness and performance 

measures obtained at the end of this phase were considered for statistical analysis. 



INTENSITY. Following the base phase subjccts in the training group increased 

the volume and frequency of interval training over a 15-day period. This increase 

accounted for an increase in volume (minutes) of training boom what was considered as 

the experimental period with the purpose of initiating a fatigue response. Throughout this 

period subjects fiom both groups performed regular fitness tests designed to monitor 

changes in various physiological parameters and provided a daily blood sample to track 

changes in hematological profiles. Following this phase fitness and performance 

measures were re-evaluated as in the base phase. 

RECOVERY. During this period subjects in the training group completed two 

weeks of recovery training consisting of interval training as in the base phase. The 

purpose of this period was to determine the time-course for recovery of blood parameters 

as well as for sufficient reduction in fatigue to occur for the training effect to be reflected 

in performance. Blood measures and physiological parameters were measured frequently 

to monitor recovery in all subjects. Following this phase post-training measures of fitness 

and performance were re-evaluated for all subjects. 

All testing and training took place in the Human Pefformance Laboratory at the 

University of Calgary. For all testing and training subjects were permitted to use their 

personal bicycle mounted to a Kreitler windload simulator equipped with a Killer 

Headwind resistance unit (Kreitler Custom Rollers Inc., Ottawa, Kansas). This unit has 

been shown to closely simulate road conditions when the Headwind unit door is set ?4 

open (Signorile et al., 1990). The cycle rollers transmitted current velocity and distance to 



a PC computer via a small recording wheel mounted on  the rear rollers. Software 

developed by the National Sports Center-Calgary calculated and recorded the time and 

distance in 15 s increments. This information was displayed on a computer monitor and 

subjects were positioned in such a way that they had unrestricted view of the visual 

feedback. To ensure consistency for all testing sessions tire pressure was standardized at 

LOO ps i  

Fitness and Performance Evaluations 

Critical speed 

Critical speed (CS) was determined based on the subjects' performance in 3 maximal 

effort time trials covering distances of 3000, 4500 and 7500m. Subjects followed a self- 

directed waxm-up in preparation for these tests and with the subjects' bicycle mounted on 

the cycle rollers, began the test from a stationary position following a 5 s count down. For 

all three tests, time to completion of the specified distances was recorded as well as the 

maximum heart rate recorded by telemetry (Polar Vantage XL, Polar Electro, Finland). 

Critical speed was determined by graphical analysis of time to exhaustion with velocity. 

A mathematical model was utilized in defining CS, from the linear regression of velocity 

versus the inverse of time, in which the y-intercept of the linear line was defined as CS 

(Appendix B-Tabk 3.0 and Figure 5.0). The minimum level of agreement (r2) was set at 

.95 (Appendix &Table 4.0) and subjects were required to repeat individual time trials 

that were identified to be out of agreement (for review see Hill, 1993). To account for any 



learning or habituation effect the second set of CS rides (performed at the end of the BT 

phase) were used to determine training intensity and criterion ride speeds. 

3000 rn T i m  trial 

During the 3000 m test, expired gases were collected and analyzed for v C ~ .  ~ ~ 0 2 .  a 
and RER by an on-line system (Horizon Metabolic Measurement Cart, StnsorMedics 

Corp.. Anaheim. California). Peak V& was determined from the last reading obtained at 

the completion of the m effort. In addition, a blood sample was obtained using the 

finger prick method at 3.5 and 7 min post-exercise following the 3 0  m test. This blood 

was analyzed for lactate using a lactate analyzer (YSI 1500 SPORT, Yellow Springs 

Intstruments Inc., Yellow Springs, Ohio) and the maximal lactate concentration observed 

was recorded. 

A erobic Fitness 

Aerobic power (VO: rnax) was determined during a stepwise incremental exercise test to 

exhaustion based on the protocol used by Jeukendrup (1992). After a self-directed warm- 

up. subjects were informed of the testing protocol. The initial speed was set at the 

velocity associated with 80% CS and was increased by 10 % CS every four minutes until 

CS. Thereafter. the speed was increased by 2 km hr "every minute until ~a max or 

volitional fatigue. Subjects were fitted with a 2-way non-rebreathable valve (Hans 

Rudolph Inc., Kansas City MO USA) mounted on a head harness. Expired gases were 

collected and analyzed every 30 s for ~ 0 2 .  VCO~ . VE and RER. Finger-tip capillary 



blood samples were obtained during the last 30 s of every workload and were analyzed 

using a lactate analyzer. Heart rate was recorded every 30 s. 

Criterion Test 

A criterion test was used to evaluate the effect of intensive training on various 

physiological measures. The criterion test consisted of a sub-maximal test of 3 stepwise 

incremental stages lasting four minutes each. The stages included one velocity below 

anaerobic threshold (AnT) as well as one above and at approximately AnT. These fixed 

velocities were determined as a percentage of the predetermined CS. The determination 

of CS has been suggested to be 10% above the anaerobic threshold detennined using a 

maximal lactate steady state protocol (Jacobson, 1998). For this reason. the following 

workloads were utilized: CS-20%, CS -10% and CS. These workloads were detennined 

based on the CS result obtained in time trials performed at the end of the base phase and, 

to allow for comparisons between criterion tests, remained the same for all criterion rides 

throughout the study. It should be noted that these workloads were the same as the fust 

three workloads of the aerobic power test. Expired gases were collected as described 

previously and analyzed every 30 s for v&. \ i C 0 2 .  VE and RER. In addition. hean rate 

was recorded every 30 s. A single finger-tip blood sample was obtained during the last 30 

s of each criterion test workload and analyzed for lactate. V& and heart rate results over 

the last minute of each workload were averaged for the purpose of statistical analysis. 

Criterion tests were executed immediately after the morning blood sample following the 

schedule outlined in Figure 4.0. 



Perceived Exertion 

To obtain information as to the how the subjects' perception of  exertion changed in 

relation to performance and with intensified training the subjcfts were asked to rate their 

perceived exertion using the category ratio scale developed by Borg (1982) (Appendix 

C). This measure was recorded at the end o f  each criterion test workload. Since subjects 

were not abie to verbally communicate their rating subjects pointed to the appropriate 

number on a chart. 

Tracking of tmining r~sponse 

The intent of this study was not to definitively identify subjects that develop overreaching 

but to track the changes that occur with intensified training. Snyder et al., 1993 reported 

that overreaching may be identified in athletes if the ratio of [L~B~:RPE (multiplied by 

100) of less than 100 is attained. The usefblness of such a measure in identifying 

overreaching was evaluated in the current study. In this case, the [Laa-]:RPE ratio was 

determined for each stage of the criterion performances. 

Training Rogram 

lnterval Training 

Training sessions consisted exclusively of  interval training. Based on observations in 

previous pilot studies, two different interval scenarios were found to result in a change in 

glutamine and glutamate metabolism. A summary of these training sessions is presented 

in Table 5.0. Similar interval work-times have been identified in the literature 

(Jeukendrup et al., 1992). 



Table 5.0. Summary of interval sessions for base phase (BT), intensity phase (IT). and 
recovery phase (RT). Note: Ix denotes interval type (subscript identifies length of 
interval). 

Interval type 
Number 

BT IT RT Duration (min) Rest (min) 

110 2 3 2 10 5 
13 4 6 4 3 5 

The training intensity was determined based on the velocity versus the inverse of time to 

exhaustion graph generated from the critical speed tests. During all training periods, the 

intensity was equivalent to the velocity associated with twice the length of the interval 

work-time. For example, the intensity for the Ilo interval type was equivalent to the 

velocity associated with a time to exhaustion of 20 rnin on the CS graph (Appendix B). 

Blood Sampling 

Blood sampling followed the schedule outlined in Figure 4.0. A trained phlebotomist was 

responsible for all collections. Approximately 5 ml of whole blood was drawn from an 

antecubitat vein. A portion of whole blood was drawn off into duplicate capillary tubes 

for the purpose of hematocrit (Hct) determination. The capillary tubes were then 

centrifuged for approximately 10 min and Hct readings were taken using a micro- 

capillary reader (Damon/IEC Division. Neeedham. HTS). Following the sample 

preparation for L-glutamine (Bernt and Bergmeyer. 1974) duplicate 1.0 mL aliquot 

samples were immediately stored in a -20°C freezer for up to one month. Due to the 

large number of glutarnine and glutamate samples. those requiring longer storage periods 

in excess of one month were transferred to a -70°C freezer. Samples were stored for up 



to two months at -70°C. Khan et al. (1991) reported 85% preservation of glutamine after 

21 days of storage at -20°C. Similar unpublished observations in this laboratory suggest 

sample preservation following 1-month of storage at -20°C. In tenns of sample 

preservation at -70°C, Grossit ct aL (lW3) reported 91% preservation of glutamine aficr 

16 days of storage. Every effort was made to ensure the integrity of the glutamine 

samples in the current study, however due to circumstances beyond experimenter control 

storage times were extended. Little information is available regarding the preservation of 

samples under extended storage conditions at -70°C however unpublished observations in 

this lab suggest that samples may be preserved for up to two months in these conditions. 

Glutamine and glutamate were determine utilizing a colorimetric system (Boehringer 

Mannheim GmbH Biochemical, Germany). An assessment of the repeatability of this 

method of glutarnine and glutamate determination in this laboratory is provided in 

Appendix D. 

Additional Monitoring 

Subjects were asked to maintain a two-day dietary record during each week of the study. 

Dietary analysis was performed using the Nutritionist ID-Version 5.0 (N-Squared 

Computing, Salem. Oregon.) software to determine daily caloric intake and carbohydrate 

percentages. 



Statistical Analysis 

Sample Size 

The minimum sample size needed for this study was determined based on effcct size, 

significance level and power. The significance level was set at ==O.OS and a power level 

of 0.80 was selected. The sample size (N) to obtain 80% power was determined to be 12 

per group (Appendix E). 

Analytical Approach 

Statistical inference is based on probability theory and relies on the use of appropriate 

sampling design to ensure a simple random sample. In the current investigation the 

sampling design represents non-probability sampling by convenience. Newton and 

Rudestarn (1999) suggest that in situations where the requirements of a probability 

sample are not met, the findings are generalizable to whatever population is represented 

by the sample in question. In addition to the assumption of random sampling is that of 

randomization which deliberately eliminates any systematic variability not associated 

with the chosen treatment. In the current investigation, subjects were self-assigned to 

groups for practical reasons. 

In the current investigation, statistical differences between groups and across time were 

performed using a two-way repeated measure multivariate analysis of variance 

(MANOVA) based on the general linear model. Statistical tests were performed only on 

the glutarnine and glutamate data as well as a performance measure determined fiom the 

3000 m time trial velocity. Descriptive statistics were utilized to describe and evaluate the 



response of physiological measures to the training intervention. In the case of a 

significant two-way interaction between group assignment and time. planned 

comparisons were made using simple effects MANOVAS. These tests were used to 

examine difference between means at each level of the repeated measure. The assumption 

of homogeneity of variance o r  normality required for the use of multivariate analysis of 

variance was verified by the Box M test where a significant result indicated that the 

variance matrices in the different between-groups cells in the design were significantly 

different from each other. All hypothesis testing was performed using two- tailed tests. 

The statistical software STATISTICA (Statsoft Inc.. Statistics for Windows, Tulsa, OK) 

was used for all analysis. 



CHAPTER 4: RESULTS 

Subjects 

Of the eighteen subjccts who volunteered for the study, four tun subjects completed all 

testing and training sessions and were included in the analysis. Their mean (SD) age, 

height and weight were 27.3 H.2 yr, 175.9 e . 7  cm, and 78.4 + 8.5 kg. respectively (see 

Appendix F: Table 7.0 for raw data). Two subjects assigned to the training group 

completed all testing and training sessions however these results were not included in the 

analysis due to problems associated with the analysis of Gm and GA. Two other subjects 

did not complete the requirements of  the study; one subject withdrew in the third week 

for personal reasons, while another was excluded prior to beginning any testing due to 

difficulty in obtaining a venous blood sample from within the antecubital fossa. 

Performance and fitness characteristics for both control and training groups are listed in 

Table 8.0. Due to the fact that subject matching and randomized assignment was not 

performed. a preliminary test of homogeneity between groups was required. N o  

significant differences were observed between groups in fitness and performance 

characteristics prior to initiating the training intervention (p>0.05). 



Table 8.0. Mean (k SD) ~ 0 2  peak ( nl kg-' ninninl ), peak kart rate ( b - min -' ), time (s) 

and mean velocity (krn hr-I) obtained in 3000 rn time trial at the beginning of the Base 
phase. 

Glutamine Concentration 

Mean glutaxnine concentration over the training period is listed for both groups in Table 

9.0 (see Appendix F: Table 10.0, 11.0 and 12.0 for raw data). For the purpose of 

statistical analysis the values obtained during the BT and RT phases were averaged to 

produce a single representative measure for each of these phases. Since the greatest 

change in glutamine concentration was expected to occur during the IT phase, the values 

obtained during this phase were averaged every second day resulting in eight 

representative values for this phase. The results do not reveal the presence of an 

interaction between experimental group and time (p>0.05), however a significant main 

effect for time was evident (p4.05). Due to the absence of a main effect for group, the 

control and intensity group data was collapsed for the planned comparisons examining 

differences between phases and over time. A significant difference was observed using a 

predefined repeated measures contrast examining adjacent levels of this variable 

( ~ 4 . 0 5 ) .  

Groups 

Control 
Training 
Group 

a 

7 
7 
14 

3000 m Time Trial 
~ 0 2  peak =PC* 

( b . min-' ) 
186 (7) 
182 (1 1)  
185 (9) 

("+kg-' -",in-') 

53.9 (3.75) 
57.1 ( 1 1.9) 
55.5(8.60) 

I - min-' 

4.2 (0.3) 
4.4 (0.4) 
4.3(0.4) 

T h e  
(s) 

291(14) 
283 (19) 
287 (1 6) 

Mean Velocity 
( km . hr-' ) 
37.23(1.89) 
38.24 (2.41) 
37.73 (2.15) 



Table 9.0. Mean (SD) glutamine concentration over the training period. Values for the 
BT (Base) and RT (Recovery) phases denote an average of all values obtained during 
these phases. Values for the IT (Intensity) phase denote averages taken every second day. 

Although no statistically significant differences were observed between groups the 

n - g 2 

independent group changes in glutamine demonstrate some interesting trends (Figure 

580 

I Base i Intensity i Recovery 

Group 

Control 

Training 

i + Training Group 
440 

1 2  3 4 1 2  3  4  5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1  2 3 4 

Training Phase 

Figure 6.0. Changes in glutamine concentration over the course of the Base, Intensity 
and Recovery phases for both control and training groups. 

IT3 IT'4 IT5 IT6 IT7 ITS RT 
501 502 484 497 492 498 501 
(36) (32) (38) (39) (49) (43) (33) 

541 505 481 503 510 516 526 
(49) (38) (37) (48) (37) (30) (30) 

BT 
502 
(29) 

521 
(4) 

IT1 
505 
(45) 

526 
(36) 

IT2 
508 
(58) 

527 
(36) 



In the training group, glutaminc concentration remained consistent over the BT phase and 

dropped during the IT phase from 520 f 40 p o l  - L-I to 494 f 18 pmol- L-I at the 

beginning and end of the IT pbase respectively. Glutamine concentration rebounded to 

pre-training levels following the RT phase in the intensity group. After an initial increase, 

the control group glutamine concentration decreased slightly over the BT phase from 4W 

f 45 p o l  - L-' to 48 1 f 56 p o i -  L-I initially and at the end of the BT phase. Over the 

Intensity phase, this group showed a slight increase in glutamine concentration to 495 f 

47 prnol- L-I by the end of the IT phase. 

Glu tamate Concentration 

Mean glutamate concentration over the training period for both groups are listed in Table 

13.0 (see Appendix F: Table 14.0, 15.0 and 16.0 for raw data). No significant interaction 

was present between group and time (pM.05). 

Table 13.0. Mean (f SD) glutamate concentration over the training period. Values for the 
BT (Base) and RT (Recovery) phases denote an average of all values obtained during 
these phases. Values for the IT (Intensity) phase denote averages taken every second day. 

- 
A - 

4 
O f  

S 

Group 

Control 

Training 

IT3 IT4 IT5 tT6 IT7 ITS RT 
106  108 108 111 112 110 111 
(16) (18) (20) (22) (15) (16) (16) 

114 105 103 105 107 109 112 
(15) (11) (19) (18) (16) (13) (30) 

IT2 
111 
(8) 

109 
(13) 

BT 
115 

(17) 

108 
(11) 

IT1 
110 
(13) 

106  
(12) 



Changes in glutamate concentration for both control and training subjects at each sample 

session over the duration of the study are illustrated in Figure 7.0. 

T 
Intensity i Recovery 

Training Phase 

Figure 7.0. Changes in glutamate concentration over the course of the Base. Intensity and 
Recovery phases for both experimental groups. 

During the BT phase the control group had as much as 11% higher glutamate levels over 

training subbcts. with levels decreasing to within 3% of training subjects by the end of 

the phase. Over the fvst five days of training in the IT phase glutamate levels in the 

training group increased from 105 15 pmol- L-' at the beginning of the IT phase to 1 19 

i 20 p m o l  L-' by the fifih day of training. This was followed by a decrease in glutamate 

concentration over the next six days of training to 102 + 21 pmol- L-' . This change in 

glutamate produced the only spike and resulted in the maximum and minimum overall 



glutamate concentrations. Glutamate levcis in the training group predominantly increased 

throughout the rest of the IT phase and did not decrease until the second day of the RT 

phase. Although the control group maintained higher glutamate levels for the duration of 

the IT phase, glutamate levels between control and training subjects were almost identical 

over the RT period. 

Hematocri t 

Changes in hematocrit percentages at pre, baseline, intensity and post tests are Listed in 

Table 17.0 (see Appendix F: Table 18.0, 19.0 and 20.0 for raw data). 

Table 17.0. Mean (kSD) hematocrit at prt, baseline (end of BT), intensity (end of IT) 
and post (end of RT) tests for the control and training groups. 

3000 m time trial velocity 

Hc t 
(%I 

Time trial performance measured as the mean velocity (km - hr4') over 3000 m is 

summarized in Table 21.0 (see Appendix F: Table 22.0 for raw data). A significant two- 

way interaction was present between experimental groups and time ( ~ 4 . 0 5 ) .  Over the 

entire training period the mean velocity for subpcts assigned to the training group 

increased from 38.2 f 2.4 km - hr-' pre-training to 42.3 f 2.2 km - hr-' post. ( ~ 4 . 0 5 ) .  

Groups 

Control 

Training 

Pte 

49.0 (2.3) 

47.2 (1.6) 

Baseline 

48.0 (2.2) 

47.3 (2.1) 

Intens it y 

48.4(1.7) 

46.2(1.7) 

Post 

48.8(1.2) 

47.3(3.0) 



The mean velocity over 3000m showed no significant improvement in subjects assigned 

to the control group (pM.05). 

Table 21.0. 3000 m time trial velocities (Ian- hr-') for conml and training subject. at 
pre, basehe ,  intensity and post tests. 

Subiect I Pre I Baseline I Intensitv 1 Post 
Control G r o u ~  

SubpCt I Pre 1 Baseline I Intensity I Post 

Mean 
S D  - 

37.2 
1.9 

Training Group 

I7 
Mean 

Planned comparisons of the improvement in 3000 m time trial velocity over each phase 

38.0 
2.0 

I I 

S D  

for both groups is illustrated in Figure 8.0. The training group revealed a significant 

35.3 

40.3 
38.2 

improvement over the BT and IT phases (pc0.05) with a non-significant difference over 

384 
2.0 

39.4 36.5 

41.7 
39.9. 

'P<O.O 1 compared to Pre 
# P<0.01 compared to Baseline 

2.4 

the RT phase (pd.05). N o  significant differences in improvement were observed 

38.6 
2.0 

38.3 

2.4 



between phases in the control group r n . 0 5 ) .  

44 

36 
PRE BASELINE INTENSfn POST 

Phase of Training 

Figure 8.0. 3000 m time trial performance velocity (km - hr-I) for both groups at pre. 
baseline. intensity and post tests. The training group showed significant improvement 
over both BT and IT phases. 

~ 0 2  peak during JOOO m time tr*i 

Peak ~ 0 2  values during the time trial are presented in Table 23.0 (see Appendix F: 

Table 24.0 for raw data). The relative V& peak during the 3000m time trial improved 

following training in the training group, increasing fiom a pre mean of 57.1 + 1 1.9 

ml - kg-' min-' to 60.2 f 13.2 ml kg-' - min-' following the RT phase. This accounts 

for a 5% improvement over the three-phase training program. The control group showed 

little change in relative ~a peak during this same period decreasing slightly from a 

mean value at pre of 53.0 f 4.4 ml kg-' - min-I to 52.3 f 3.5 ml kg-' - min-I . Note that 



the larger standard deviation for relative V& peak in the intensity group is due to the 

wide range in the weight of the subjects in this group. 

Tabk 23.0. Changes in mean (f S D ) b  peak during h e  3000 rn time trial for the 
control and training groups at prc, baseline, intensity, and post tests. 

Peak heart rate during 3000 m time trial 

V O ~  peak 
i n ' )  
V& peak 

(m~. kg-' - min-' ) 

Figure 9.0 illustrates the change in peak heart rate during the time trial for both training 

and control groups (see Appendix F: Table 25.0 for raw data). 

- 
1 

+ Conmd Group 

Training Group 

Groups 
Control 
Training 
Control 
Training 

Baseline 
4.3 (0.3) 
4.5 (0.4) 
54.2 (3.1) 
58.0 (12.6) 

Pre 
4.2 (0.3) 
4.4(0.4) 
53.0 (4.4) 

57.1 (1  1.9) 

BASELINE INTENSITY POST 
172 

Phase of Training 

Intensity 
4.2 (0.3) 
4.4 (0.3) 
53.9 (2.1) 
57.4 (10.6) 

PRE 

Figure 9.0. Peak heart rate ( b  min-I ) during 3000 m time trial for the training and 
control groups at pre, baseline, intensity and post tests. 

Post 

4.1 (0.3) 
4.6 (0.4) 
52.3 (3.5) 
60.2 (13.2) 



Peak lactate following 3000 m time tdd 

Peak blood lactate levels following the 3000 m time trial are illustrated in Figure 10.0 

(see Appendix F: Table 25.0 for raw data). Peak lactate increased in the training group 

from 14.4 + 1.9 mmol-1-' at pre-training to 16.3 f 2.0 mmol- 1-' post Further 

investigation of the training group found that the mean peak lactate level increased during 

both the BT and RT phases from 14.4 f 1.9 mmol - I-' to 15.7 f 2.7 mmol -1-I and fiom 

14.9 f 2.2 mmol . I-' to 16.3 f 2.0 mmol - 1  -' over each phase respectively. During the IT 

phase peak lactate levels dropped from 15.7 + 2.7 mmol - I-' to 14.9 f 2.2 mmol I-' . 

12-5 
PRE BASELINE IKIZNSITY POST 

C 

Ttaining Group 

* ConbolGrcup 

> 

Phase of Training 

Figure 10.0. Peak blood lactate (mmol I-' ) following 3000 m time trial performance for 
the control and training groups at pre, baseline, intensity and post tests. 



~ 0 2  mu sad mudmum heart rate during incremental aerobic power test 

Changes in V O ~  max and maximal heart rate during tbe incremental aerobic power test 

are summarized in Table 26.0 (see Appendix F: Tabk 27.0 and 28.0 for raw data). 

Table 26.0. Changes in absolute and relative w a n  (SD) V O ~  max and mean maximum 
heart rate for the control and training groups at pre, bascline (end of BT). intensity (end 
of IT) and post tests (end of RT). 

Differences between the ~ 0 2  max achieved during the incremental aerobic power test 

and the V O ~  peak achieved during the 3000 m time trial for both experimental groups 

over the course of the study are illustrated in Figure 1 1 -0. A three-way ANOVA resulted 

in a non-significant main effect for test (pS.05) and no significant three-way interaction 

between test, experimental group and time (pz0.05). In addition. when the experimental 

groups were combined no significant two-way interaction was evident between tests over 

time (p>0.05). 

~ 0 2  max 
d. kg-' . --I 

V O ~  max 
( I  min-') 

HR max 
( b  min-I) 

L 

Post 

52.8 (2.1 ) 
58.6 (10.4) 

4.2 (0.2) 
4.5 (0.3) 

188 (7) 
184 (12) 

- 

Group 

Control 
Training 

Control 
Training 

Control 
Training 

Baseline 

53.4 (2.8) 
58.3 (10.1) 

4.2 (0.3) 
4.5 (0.3) 

186 (8) 
183 (13) 

h 

54.3 (5.0) 
57.9 (1 1.1) 

4.3 (0.4) 
4.4(0.3) 

189 (7) 
184 (1  6) 

Intensity 

53.7 (3.8) 
57.5 (9.4) 

4.2 (0.3) 
4.4 (0.3) 

187 (7) 
182 (13) 



-- - 

+ Control Group Peak + Control Group Max 

* In tensity Grwp Peak * Intensity Group Max 

i 

PRE BASELINE INTENSITY POST 

Phase of Training 

Figure 11.0. VG max (d-kg-I-nin-') achieved during the incremental aerobic power 
test compared t o ~ ' 0 2  peak achieved during the 3000 m time trial for the control and 
training groups at pre. baseline, intensity and post tests. 

Three stage criterion ride ~ 0 2 ,  he& rate, lactate, RPE, 1actate:RPE 

r i o 2  

Changes in V O ~  measurements averaged over the final 60 s o f  each stage (80% CS, 9056 

CS & 100% CS) of the criterion ride are summarized in Table 29.0 (see Appendix F: 

Table 30.0, 3 t -0 and 32.0 for raw data). 



Table 29.0. Mean (kSD)vCh levels obtained during criterion rides for the control and 
training groups at pre, baseline, intensity and post tests. 

voz 
d. &-I k - 1  

Control 
* Training 
B 

voz 

Baseline Intensity Post 
CR 4 CR 9 CR 12 

B 

I I I 

- Critical Speed 

1.rnin-' 

Heart Rate 

vo2 
d. kg-'. --I 

Tcaining 

Changes in heart rate averaged over the last 60 sec of each stage of the criterion ride are 

Control 
Training 

*CR - Criterion Ride # CS 

listed in Table 33.0 (see Appendix F: Table 34.0, 35.0 and 36.0 for raw data). 



Table 33.0. Mean (BD) heart rate ( b  - mind') at 80% CS, 90% CS andlW% CS stages 
of the criterion test for the control and training groups at pre, baseline. intensity and post 
tests. 

Groups I 
U LV) I HR I Control 
8 1 ( b .  min') / Training s 

G 
a 

1 I 

$CR - Criterion Ride 

f3 
8 
8 - 

Pre I Baseline 
CR' 1 I CR 4 

HR 
(bSmin- ' )  

I 

#CS - Critical Speed 

Control 
Training 

HR 
( b  mine') 

Intensity f I  

Control 
Training 

Blood Lactate 

Blood lactate collected during 80% CS. 90% CS, and 100% CS stages of the criterion 

rides at pre. baseline, intensity, and post-tests are illustrated for both groups in Figure 

12.0 (see Appendix F: Table 37.0, 38.0 and 39.0 for raw data). 



+ Training Group 

* Control Gmup 

PRE BASELINE IN-ENS1TY POST 

+ Training Gmup 
4- Comml Group 

PRE BASELINE 1 NTENS I n  POST 

. 
+ Tmining Gmup 

PRE BASELINE INTENSITY POST 

Phase of Training 

Figure 12.0. Blood lactate (mmol I- '  ) for 80% CS, 90% CS and 100% CS criterion ride 
intensities for the control and training groups at pre. baseline, intensity and post tests. 



In the training group, mean blood lactate levels dropped over the lT phase 2896, 9.4% and 

20% for the 80% CS, 90% CS and 100% CS intensities respectively. Lactate levels 

increased in control subjects over the same period by 53%- 17% and 18% for the 80% 

CS, 90% CS and 100% CS intensities respectively. During the RT phase, blood lactate 

rebounded in the training group at the 80% CS and 100% CS intensities but decreased 

further at the 90% CS intensity, while lactate levels increased at all intensities in the 

control group. 

Rating of Perceived Exertion 

Ratings of perceived exertion collected during the last 30 s of each stage of the criterion 

ride for the pre. baseline. intensity and post tests are Listed in Table 40.0 (see Appendix P: 

Table 4 1.0,42.0 and 43.0 for raw data). 

Table 40.0. Mean (,+SD) RPE scores for 80% CS, 90% CS and 100% CS stages of 
criterion ride for the control and training groups at pre, baseline, intensity and post tests. 

C o n t r o l  2 . 0 ( 0 7  )T 1 . 8 T - ( 0 6 )  1 / CSu / I Training 1.6 (1.1) 1.7 (1.0) 1 -5 (0.8) 1.6 (0.7) 

Groups Pre 
CR* I 

W%CS 

100%CS 

Baseline 
CR 4 

*CR - Criterion Ride K S  - Critical Speed 

W E  

RPE 

Intensity 
CR 9 

Control 
Training 
Control 
Training 

Post 
CR 12 

3.4 (1.1) 
3.1 (1.3) 
5.4 (1.7) 

, 4.5 (1.2) 

2.9 (0.6) 
3.4 (1.1) 
4.9 (1.7) 
5.4 (1.8) 

2.9 (0.8) 
3.5 (0.9) 
5.0 (1.5) 
5.3 (1.4) 

2.6 ( 1.2) 
3.1 (1.1) 
4.2 (1.9) 
5.3 (1.3) 



Lactate: RPE 

The ratios of [Lae']:RPE (multiplied by 100) are illustrated in Figure 13.0 (see Appendix 

F: Table 44.0.45.0 and 46.0 for raw data). 
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Figure 13.0. LAe:RPE for 80%. 90% and 100% CS stages of criterion ride for both 
control and training groups at pre. baseline. intensity and post tests. 



CHAPTER 5: DISCUSSION 

One of the purposes of this study was to examine the effects of  an unaccustomed increase 

in training load on plasma glutamine and glutamate concentration. When the glutamine 

data for the three training phases was pooled. there was no difference between tbe 

training and control group. A similar result was observed for glutamate. The lack of a 

statistically significant main effect for group may be due to the small sample s ix .  

However, it is now recognized that there exists considerable variation in glutamine and 

glutamate levels and that each individual has a range of glutarnine and glutamate 

concentration that would allow for considerable overlap between groups while under very 

different interventions. While this study failed to observe a significant difference in 

glutamine and glutamate concentration between groups, the main effcct of time was 

significant. Further, when data for both groups was collapsed and a planned repeated 

measure comparison was performed for glutamine, the result was a significant difference 

between the adjacent phases suggesting that the unaccustomed training (IT phase) did 

result in a significant change in glutamine when compared to base or  recovery measures. 

A similar study by Keast et al. (1995) ~ p ~ r t e d  a 50% reduction in resting plasma 

glutamine levels over a 10-day period of twice-daily interval training. While the overall 

theme is similar, there are some notable differences in the fmdings of this study and those 

of  Keast et al. (1995). First. the decline in glutamine during the intensity phase of this 

study did not reach the magnitude (96 change) reported by Keast e t  al. ( 1995) achieving a 



maximum decline of  only 13% between Day 6 and 10 of the IT phase. This discrepancy 

is likely due to differences in the intensity of training and the overall volume of training 

load. In the current study, subjects were training at  an intensity associated with 85-908 

and 95- 100% of the power output at V& max for the Ilo and 1, intervals respectively. 

The subjects in the study by Keast and colleagues (1995) reportedly performed at 

intensities as high as 120% of the power output at V& man 

In addition to differences in the magnitude of change in glutamine concentration between 

the current study and that of Keast et al. (1995), the findings demonstrate differences in 

the pattern of change in glutamine concentration as well. Glutaxnine decreased 

consistently during the intense training phase in the Keast et al. (1995) study and only 

began to rebound with the onset of the recovery phase. in the current study the change in 

glutamine concentration demonstrated a series of peaks and troughs. Smith and Norris 

(1999) have suggested that glutamine concentration decreases when the volume of work 

exceeds the athlete's capacity to tolerate work and that an increase in glutamine may 

represent an improved tolerance to the imposed training. It would appear that the subjects 

in the intensity group of the current study may have experienced periods of  both positive 

and negative adaptation to training identifiable by fluctuations in glutamine 

concentration. 

In terms of glutamate, no significant differences were observed either in terms of a main 

effect for group o r  time. This result is in contrast to the results of  Smith and Norris (1996) 



who observed a significant increase in GA following a three-week period of high 

intensityllow volume training (105% V& max) with a non-significant increase being 

associated with low intcnsity/high volume training (78% VOZ max). As has been 

previously stated, the intensity load of  the c m n t  study may not have been sufficient to 

initiate a significant increase in glutamate. Smith and Norris (1999) have suggested that 

glutamate may be of use in monitoring an athletes training status in terms of tolerance for 

intensity training in which an increase in glutamate occurs when the recovery from 

intensity training is impaired due to repeated high intensity training or  insufficient 

recovery time. As was the case for glutamine, changes in glutamate concentration in the 

current study demonstrated a series of  peaks and troughs throughout the IT phase and 

these fluctuations may also suggest periods of positive and negative adaptation. 

The results of the current study do present patterns of change to which the framework of 

a differential response for glutamine and glutamate proposed by Smith and Norris (1999) 

can be applied. The increase in glutamine and in glutamate over the first five training 

sessions of the intensity phase may suggest that the training group o n  the whole was able 

to cope with the volume of training imposed and therefore glutamine levels were not 

adversely affected. On the other hand, the simultaneous progressive increase in glutamate 

may suggests a consistent overload of intensity exercise that resulted in a levei of fatigue 

from which adequate recovery was not attained between sessions. A similar pattern of 

change for glutamine and glutamate concentration occurred following the tenth training 

session of the intensity phase. 



Lehmann e t  al. (1993) suggested that individual tolerance levels determine when and how 

athletes react to periods of increased volume and intensity of training. In addition to 

differences in recovery potential and exercise capacity, it is suggested that non-training 

stress factors and overall stress tolerance may explain the differential vulnerability 

displayed by athletes under the same training stress. The fact that this study failed to 

produce a significant p u p  efftct may c o n f m  this point. However, case-study analysis 

of individuals assigned to the training group illustrates that while under the identical 

training intervention, subjects in the current study responded differently (Appendix G: 

Figure 14.0, 15.0 and 16.0). Some individuals appear to respond to the intensity load 

while others responded primarily to the volume load. 

The impact of extraneous stress factors combined with physical training on glutamine and 

g lu tamate concentration may also be paramount to understanding and interpreting 

changes in the metabolism of these parameters. The similarity in the mean glutamine and 

glutamate patterns of change between control and training subjects illustrates that 

although the intervention was very different in terms of the training stress, some control 

subjects may have experienced the same level of overall stress. Most of the subjects in 

this study came from the student population at  the University of Calgary o r  neighboring 

college campuses and much of the data was collected during the academic term. 

Therefore, associated life stressors such as exams or t e rn  papers and perhaps sleep 

deprivation may act as confounding factors and result in altered glutamine and glutamate 

metabolism. Their impact cannot be evaluated however, due to the lack of research 



examining the relationship between general stress and glutamindg lutamate 

concentration. 

Athletes diagnosed as overtrained or overreached have been found to exhibit significantly 

lower resting plasma glutamine than well-trained or non-athlete controls (Smith & N o h ,  

1999; Traeger-MacKinnon & Hooper. 1996; Rowbottom et al., 1995; Parry-Billings et 

al., 1992). Similarly, an elevated rested plasma glutamate concentration has been 

associated with overtraining (Smith & Nonis, 1999; Parry-Billings et a]., 1992). In the 

current study, it does not appear that the subkcts involved in the training group 

experienced overreaching. The results indicate that these subjects did not exhibit 

significantly different mean glutamine and glutamate concentrations than control 

subjects. On an individual basis however, there appears to be considerable variation in 

glutamine and glutamate concentration and therefore lengthy monitoring of athletes is 

required both during periods of normal training and periods of overreaching to identify 

normative values for each individual athlete (Fry et al., 199 la). 

Smith and Norris (1999) have suggested that low glutamine or high glutamate alone do 

not necessarily imply overtraining and suggest that both parameters be considered in 

evaluating training status. They have suggested that in circumstances where g lutamine 

decreases as glutamate increases, athletes may not be tolerating the training imposed and 

may therefore be at risk for overreaching. Case-study analysis of the results of this study 

(Appendix G: Figure 14.0, 15.0 and 16.0) reveal that some subjects demonstrated this 



pattern of change in glutamine and glutamate during the IT phase and therefore may have 

been moving towards overreaching. In addition, other case studies reveal that subsequent 

to a peak in glutamate, a peak in glutamine occurred followed by a marked decrease in 

glutamine concentration. This may suggest a thrtshold in which the intensity overload 

recedes as a volume overload begins to emerge. Furthermore, it may be speculated that in 

this particular case, athktes were first overcome by an intensity overbad followed by a 

volume overload. 

The universally accepted hallmark of overtraining is performance decrements, be it in a 

competitive o r  training situation. The training intervention of the current study failed to 

result in a performance dexrement. Instead, performance expressed as  the mean velocity 

in a 3000 m time trial improved 9.6% from pre training and 5.6 8 from baseline when 

compared with the post test. This improvement in performance is in agreement with the 

findings of Lehmann et al. (1995) who observed an increase in performance following an 

unaccustomed increase in training intensity. It is possible, that a longer period of training 

overload coupled with a higher training intensity, may be required to achieve a decrement 

in performance and to overload the subject to the point of overreaching. It is also possible 

that a short-term transient increase in performance precedes any performance decrement 

due to excessive fatigue. 

Although decrements in performance are widely reported in the literature as being 

associated with overtraining (McKenzie, 1999; Foster, 1998; Fry e t  al., 1991 b; Stone et 



al., 199 1 ; Budgett, 1990; Kuipers & Keizer, 1988)- few researchers attempting to induce 

overtraining have accomplished this criteria. Jeukendrup et al. (1992) observed a 

decrease in performance in an 8.5 km time trial in a group of eight male competitive 

cyclists who completed a six week training program. Subjects also reported a drop in 

competitive performance in races held during the study period. Like the current study, the 

program for Jeukendnrp et  aL (1992) consisted of two weeks each of moderate 

standardized training, high intensity interval training and recovery training. During the 

period of high intensity interval training roughly 75% of the training volume consisted of 

intervals ranging in intensity from 80 - 1 0 %  of the power output at V& max. However 

unlike the cumnt  study, each phase consisted of a combination of endurance training, 

extensive interval training (longer intervals) and intensive interval training (shorter 

intervals). In addition. subjects were permitted to compete once per week during the 

moderate and recovery training periods, and at  least once per week during the period of 

high intensity interval training. It has been suggested that competitive events provide the 

highest form of training, therefore the added physical and mental stress associated with 

the inclusion of a race schedule in the methodology may account for the discrepancy in 

results. 

Numerous physiological factors such as changes in submaximum (Costill, 1986) and 

maximum oxygen consumption (Jeukendrup et  a]., 1992). decreased maximum heart rate 

and/or increased submaximum heart rate (Jeukendrup et  d. 1993; Lehmann et  a]., 1992; 

Kuipers & Keizer, 1988; Stray-Gundersen e t  al., 1986). and a reduction in submaximal 



and maximal lactate concentration (Jeukendmp & Hesselink, 1994; Jeukendrup et al, 

1992; Lehmann et al., 1992; Lehmann et al, 199 1; Costill, 1986; Kindermann, 1986) have 

been reported in association with short-term unaccustomed increases in training intensity. 

En the current study physiological data overall reflect the presence of a training effect in 

intensity group subjects. For example ~ f i  peak values improved by 5.1 % over pre- 

training values while submaximum V& decreased at all submaximal intensities (80, 90, 

100% CS). It should be noted that although the overall effect appears to be a positive 

training effect, submaximal ~a increased and maximal oxygen consumption decreased 

during the intensity phase. A similar response was observed for both maximum and 

submaximum heart rate. Furthermore, while overall changes in maximal and submaximal 

lactate levels suggest a training effect, peak lactate decreased during the intensity phase 

possibly suggesting some underlying fatigue. Submaximal Iactate levels also showed a 

decreasing trend during the intensity phase. 

Busse et al. (1987) have observed that the Iactate profile largely depends on the 

availability of muscle glycogen and that a shift in the lactate curve towards the x-axis 

may be attributed to glycogen depletion. Although glycogen levels can not be c o n f i i e d  

in the present study and therefore glycogen depletion can not be ruled out, subjects were 

encouraged to supplement their carbohydrate intake during heavy training and were 

asked to maintain weekly two-day dietary records (Appendix H: Table 47.0). Compliance 

with this aspect of the study was very poor. Other possible explanations such as a 

decreased sympathetic drive or  catecholamine sensitivity (Kindermann. 1986) may also 



account for the reduced maximal and submaximal lactate values observed however this 

hypothesis cannot be tested in the present study since catecholamine levels were not 

examined. 

The search for a definitive method of assessing excessive fatigue in elite athletes has not 

been limited to physiological indicators. Researchers have suggested a subjective 

evaluation of physical effort may indicate an athletes' degree of tiredness and that this 

subjective evaluation coupled with a physiological measure such as blood lactate may 

indicate the state of overreaching or overtraining (Snyder e t  al., 1993). It was suggested 

that with intensive training as the blood lactate concentration is reduced and the ratings of 

perceived exertions remains constant the ratio of the two (multiplied by LOO) becomes 

less than 100 and may be useful in identifying overtraining in athletes. Measures of the 

La:RPE were collected in the present study during the three-stage criterion ride. At the 

sub-threshold intensity (80% CS) La:RPE was above 100 initially and did not drop below 

100 at any period throughout the study. At threshold and above (90% & 1 0 %  CS) the 

ratio was initially above 100 and dropped below with the onset of the intensive interval 

training. 

The results appear to reflect those of Snyder et al. (1993) in that the La:RPE decreased at 

all intensities during the period of intensified training. The greatest determinant in the 

decline of the La:RPE ratio during the training period in both the current study and 

Snyder et al. (1993) was a reduction in lactic acid concentration since ratings of 



perceived exertion remained fairly constant. Jeukendrup e t  al. ( 1992) reported similar 

findings in that the perceived exertion was unaffected during a period of overtraining. As 

described above, there an numerous factors that may contribute to the reduced lactate 

levels observed during periods of overtraining. The same may be said for ratings of 

perceived exertion and therefore changes in the La:RPE may not necessarily reflect a 

state of failing adaptation such as over-reaching or overtraining. 

Limitations 

A major limitation of this study is the lack of statistical power due to a small sample size. 

While every effort was made to achieve the sample size required for the power level 

selected (80%) it was very difficult to recruit suitable subjects and the lack of statistically 

significant differences may reflect the small sample size obtained. Bouffard (1993) has 

suggested that research in adapted physical activity is plagued by small sample sizes 

available for research and the presence of a person-by-treatment interaction and has 

suggested the use of more case-study analysis that considers the person as a legitimate 

unit of analysis. In this study. case-study analysis provided some interesting insights 

regarding the individual responses to training. Related to the issue of sampling is the 

population sample itself. The purpose of this research was to be applied to  high 

performance athletes. However it is difficult to infer the findings of this study to elite 

athletes due to the fact that the subjects in this study were recreational subjects. One final 



limitation relates to the preservation of blood samples due to the lengthened storage 

period. 

Summary 

This study was designed to achieve pn overreaching effcct evident by a decrease in 

performance and a hypothesized change in blood parameters. Instead. a significant 

increase in 3000 m time trial performance was observed for the training group, while no 

significant changes in glutamine and glutamate were observed between training phases. 

Based on group and case study analysis, glutamine and glutamate concentration 

demonstrated a pattern of change in response to the IT training in which progressive 

volume and intensity overloads were identified based on changes in one or both 

parameters. A decrease in glutamine is speculated to reflect the volume of training 

exceeded the athlete's capacity. Similarly, an increase in glutamate results from an 

intensity overload due to repeated high intensity training or lack of recovery. While a 

drop in glutamine and increase in glutamate may have been suggestive of an athlete's 

inability to cope with the volume and intensity demands of training. low glutamine or  

high glutamate alone did not reflect overreaching in the current study. 

The consequences of the intensity overloads that were apparent in the tracking of blood 

parameters were neither reflected in performance measurements or  in the physiological 

and physical fitness parameters obtained during the submaxirnal and maximal exercise 

tests. The combined training and testing load performed by the training group was 



sufficient to prompt a training efftct. Performance based measures such as the mean 

velocity over the 3000 m time trial increased significantly in response to training. Mean 

velocity increased over the entire training period resulting in an almost 10% improvement 

in the intensity group while the control showed a 3.6 % improvement over the same time 

period. Physiological measurrs such as \i02 peaWmax as well as submaximal oxygen 

uptake, maximal and submaximum heart rate and lactate concentration seem to suggest 

the presence of an overall training effect. Furthermore the use of a psychological 

indicator (WE) coupled with a physiological indicator (blood lactate) did not indicate 

that the subjects in this study were excessively fatigued. 

Conclusion 

This study failed to confirm the presence of a group difference in glutamine and 

glutamate between training and control subjects. In terms of changes in glutamine and 

glutamate due to the influence of training a significant change in glutamine was observed 

during the intensity phase when compared to base and recovery measures. Glutamate 

failed to produce any significant differences due to training factors. 

Based on  accepted definitions, the subjects in the current investigation cannot be 

classified as overreached. The lack of a performance decrement in the current 

investigation highlights the difficulty in reproducing overreaching and/or overtraining in 

a laboratory setting. In terms of training influences. it is possible that the intensity of the 

training overload and/or the length of the overload period were not sufficient. 



Alternatively, overtraining and overreaching may be a phenomenon that exists almost 

exclusively in the world of high performance sport. Elite athletes are constantly pushing 

the envelope o f  positive training adaptation in order to improve their standing at 

international events. This requires ever-increasing training demands and a busy 

competitive schedule rendering them more susceptible to overtraining and overreaching. 

These extreme fatigue conditions are difficult to distinguish due to the fine line between 

positive adaptation to training and failing adaptation in which functional capacity is 

compromised. On a daily basis elite athletes perform and train dangerously close to this 

line and therefore are more likely to cross this line when initiating an unaccustomed 

increase in training load. This difference in training history may explain why recreational 

athletes such as the subjects in the current study are able to cope with a large increase in 

training load without becoming overreached. 

Recommendations for Futum Research 

The diFT~culty in establishing overreaching with a two-week increase in training load 

suggests that longer periods of increased training may be required to induce the levels of 

fatigue commonly associated with overreaching. In addition, it has been suggested that 

conditions of excessive fatigue levels such as overreaching and overtraining may apply 

mostly to high performance athletes. Therefore, more positive outcomes may be achieved 

in future research by recruiting more elite subjects. 

The results of this study confirm that athletes respond individually to training. This 

feature of training adaptation must always be considered when evaluating both fitness 



and fatigue effects in athletes. The fact this study failed to produce a significant group 

effect exemplifies this characteristic of overtraining and therefore case study may be the 

most appropriate method of analysis for this type of research. Furthermore, difierences in 

non-training stress factors also contribute to the inter-individual variability associated 

with training adaptation and must also be considered. The inclusion of an evaluation of 

non-training stress in firture research may assist in evaluating how athletes respond to an 

unaccustomed increase in training load. 
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Appendix A 

Consent Form 

HUMAN PERFORMANCE LABORATORY CONSENT FORM 

Project Title: The effect of a prescribed increase in training intensity on plasma 
biochemical parameters and performance. 

Investigator: Jennifer Henderson under the supervision of Dr. David Smith. 

This consent form is only a part of the process of informed consent. It should give you 
the basic idea of what the research project entails and what your participation will 
involve. If you would like more detailed information about something mentioned here o r  
not included here, feel free to ask. Please take the time to read this carehlly. 

The purpose of the research study is to investigate the effwt of intensive training regimes 
upon plasma biochemical parameters and on performance of both maximal and 
submaximal tests. The overall aim is to track variations in performance and physiological 
parameters in an attempt to pattern fatigue and the events leading up to the development 
of a state of chronic fatigue. 

The experimental procedures for this project are as follows: 

The pro&t will take place over a seven week period divided into three training phases: a 
two-week initial screening and testing period (BASE), a three-week period of intensive 
training (INT), and a two week period of unloading and recovery training (REC). 

A computerized cycle roller system will be used for all testing and training and you will 
be permitted to use your personal bicycle for the duration of this investigation. 

The following tests will take place during each training phase: 

Critical S-peed: You will be asked to perform three maximal effort time trails of 
approximately 4, 7 and 12 min duration. You will be asked to follow a self-directed 
warm-up in preparation for these tests and with your bicycle mounted on the cycle 
rollers, you will begin the test from a stationary position following a 5 s count down. 
During the 4 min test oxygen uptake ( ~ 0 2 )  will be analyzed and three post-exercise 



blood sample will be obtained using the frnger prick method to determine your maximal 
lactate concentration. 

Aerobic Power: Aerobic power ( ~ ~ z r n a x )  will be determined during a stepwise 
incremental exercise test to exhaustion. After a self-directed warm-up, you will begin 
cycling at your own pedaling rate. The initial speed will k set at tht velocity associated 
with 80% CS and will be increased every 4 min by 1096 CS until CS. Thereafter, the 
speed will be increased by 1 krn hr -' every minute until \io2 max or volitional fatigue. 
Expired gases will be collected to determine V& and during the last 30 seconds of each 
workload, blood samples will bc obtained using the fmger-prick method and analyzed for 
blood lactate concentration. 

Criterion Test: The criterion test will consist of a sub-maximal test of 3 stepwise 
incremental stages lasting 4 minutes each. The following workloads will be utilized: CS- 
20%, CS-10% and CS. A fmger-tip blood sample will be obtained at the end of each 
workload for determination of lactate concentration and V O ~  will be recorded during the 
final 30 s at each workIoad. 

Blood Analysis: Blood samples will be obtained in the morning in a fasted state. 
A trained technician will draw approximately 15 ml of blood for subsequent analysis of 
various blood parameters including glutamhe, glutamate, and hematocrit. Blood samples 
will be taken at specified intervals and to prevent excessive bruising and discomfort 
alternate sites will be utilized. In addition, on Day 1, 12, 30 and 48 hemoglobin, ferritin, 
TIBC, testosterone and ammonia will be determined from an extra 5 ml of blood. 

Additional Monitoring: To obtain information as to how your perception of 
exertion changes in relation to performance and with intensified training you will be 
asked to rate your perceived exertion on a scale of 1 to 10 at the end of every stage during 
the criterion test. In addition, to obtain information regarding you sense of well-being and 
recovery you will be asked to complete a questionnaire immediately following training 
each day. This questionnaire will consist of 10 questions related to common symptoms 
that have been associated with training fatigue. 

Training will be as follows: 

The study consists of two groups: a control and training group. The control group will 
perform all physiological tests and blood sampling but will not be required to complete 
any training. The intensity group will complete baseline training (BASE) followed by a 
period of intensified training (INT) followed by recovery training (REC). Training for all 
three periods will consist exclusively of interval training and will be individualized based 
on the results of the 4, 7 and 12 min tests. The number of intervals during the BASE and 
REC period will be 2 3  that of the INT period. 



The training schedule will be as follows: 

BASE 
Following three days of exercise testing. training will bc performed every second day 
over a seven-day period. Criterion performances will occur before training on the third 
and fourth scssion. Tabk 1 illustrates the sequencing schema of criterion tests and 
interval training for this period. 
Table 1. Secluencine of testinrc and training for BASE period. 

Study Days 
1 2 3 4 5 6 7 8 9 10 I 1  12 13 I4 
B B  B B  

CS CS AP Tc Tc CS CS AP 
CS rr10 m 3  R l 0  I T 3  cs 

B  - Blood sampling AP - Aerobic Power Test tT - Interval Training (Subscript indicates duration) 
CS - Critical Speed Test T, -Criterion Test Pcrfamana 
INT 
During this period training will be performed daily over a 15 day period. Criterion 
performances will occur before every fourth training day. This type of training will only 
occur if you are randomized to the training group. Table 2 illustrates the sequencing 
schema for this period. 

Table 2. Se~uencing of testinn and traininn for INT mriod. 
Study Days 

15 16 17 I8 19 20 21 22 23 24 25 26 27 28 29 30 31 
B B B B B B B B B B B B B B B B  

Tc Tc Tc Tc CS CS 
mlo m, mi,, rr3 rrlO  IT^ nl0 IT, rrlo rr, rrlo m3 rrlo  IT^ rr,, cs 

E C  
As this is considered a recovery period, training wiH only be performed every second day 
over a fourteen-day period. During this period you will perform 2 3  the interval number 
of the INT training period. Criterion perfonnances will occur twice during this period. 
Only subjects randomized to the training group will complete this type of training. Table 
3 illustrates the sequencing schema during the recovery period. 

Table 3. Seauencinn of testing and training for REC -period. 

Study Days 
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 
B  B  B  8 
AP Tc T c  CS cs AI' 

mlo u-, rri IT, IT,, mz rrlo cs 



The results of this study will be confidential, only the researcher and technicians who 
analyze the data will have access to the information collected. Your identity will remain 
confidential by using code numbers to identify your specific data, The benefits of 
participating in the study are that you will receive a substantial amount of information 
regarding your fitness kvel and the training programs have been designed to improve 
your fitness kvel. 

There should be no long-term detrimental effects to you by volunteering to be a subjcct 
for this study. There are however, a number of risks that you should be aware of. There 
may be some bruising at  the site of venipuncture and you may experience slight 
discomfort during thc fmger-tip blood samples for blood Lactate. E a t  any time you 
experience discomfort, please alert the technicians o r  investigator of the problem. The 
training during the BASE and REC periods should be simiiar to what you have 
experienced as a moderately trained cyclist. During the INT period you will experience 
above average levels of  fatigue. Due to the nature of this p r o B t  your are asked to refrain 
from participating in any strenuous activity outside of the study. This is especially 
important for subjects involved as controls. You should give careful consideration to this 
in deciding whether to participate and if at any time you wish to withdraw from the study, 
you are fiee to do so. 

Your signature on this form indicates that you have understood to your satisfaction the 
information regarding your participation in the research projcct and agree to participate as 
a subject. In no way docs this waive your legal right nor release the investigators or  
involved institutions from their legal and professional responsibilities. Your continued 
participation should be as informed as your initial consent, so you should feel free to ask 
for clarification or new information throughout your participation if required. If you have 
further questions concerning matters related to this research. please contact Dr. Walter 
Herzog, Chairperson, Faculty of Kinesiology Ethics Committee at 220-3438, or Jennifer 
Henderson at 220-3853, or Dr. David Smith at 220-3440. 

Name of Subject Signature of Subject 

Name of Witness Signature of Witness 

- -- 

Date 

Name of Investigator Signature of Investigator 

A copy of this cament from will be given to y o u  Plase keep it for your w d s  and future nfemnce. 
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Appendix B 

Critical Speed Analvsis 

Table 3.0. Sample data for critical speed analysis. 

Distance (m) Time (s) l/time (s) Speed (m-sec") 
7500 703 0.001422 10.66856 
4500 402 0.002488 11.19403 
3000 256 0.003906 1 1.71875 

Lhime ( s )  
Figure 5.0. Linear regression of speed versus inverse time. The y-intercept denotes critical 
speed and would be 10.1 m-sec-' in this example. 



Tabk 4.0. Subject critical speeds ( km - hr-' ) and r-squad values for pre. baseline. intensity 
and post tests. 

r 

Subject Pre Intensity Recovery Post 
CS R2 CS R~ CS R2 CS R~ 

Intensity G m p  
I1 93418 0.9971 9.4347 0.9843 10.1 26 0.9874 10542 0.9444 
I2 9.6906 0.9432 9.9489 0.9783 10.448 0.9992 10.620 0.966 
I3 10.659 0.85 12 10.563 1 10.787 0.9730 10.797 0.95 1 7 
I4 9.6699 0.9246 9.2433 0.9999 9.6957 0.9485 9.9814 0.9999 
t5 10.325 0.8462 10.010 0.9989 10.100 0.9932 10.069 0.9573 
I6 8.2415 0,951 1 8.7253 0.9900 9.2717 0.9768 95885 0.9994 
I7 9.5541 1 10.102 0.95 14 10.739 0.9965 10.994 0.9995 

Mean 9.64 0.9305 9.72 0.9861 10.17 0.9821 10.37 0.9740 
SD 0.77 0.06 0.62 0.02 0.55 0.02 0.50 0.02 

Control Group 
C1 9.4270 0.9299 9.7217 0.9607 9.7768 0.9793 93344 0.9932 
C2 8.8402 0.9749 8.8630 0.9954 9.3593 0.9838 9.5120 0.9932 
C3 9.1794 0.9967 9.2359 0.9798 9.6296 0.9948 9.8368 0.992 
C4 8591 f 0.981 1 8.7817 0.9917 9.2767 0.9551 9.0457 0.9503 
C5 9.8878 0.9878 9.2341 0.9997 9.4612 0.9762 9.5340 0.9976 
C6 8.6866 0.9976 8.7411 0.9795 9.2388 0.9908 9.5822 0.9884 
C7 9.5778 0.9985 9.9095 0.9872 10.176 0.9968 10.079 0.9872 

.Mean 9.17 0.9&09 931 0.9849 956 0.9824 9.56 0.9860 
S D  0.49 0.02 0.46 0.01 0.33 0.0 1 0.33 0.02 



Sample Interval Intensity Determination 

The linear regression for the data Listed in Table 43.0 produced the following equation of the 
line: 

y = 444.5~ + 10.787. [Equation 6.03 

The intensity for the 3 min interval is the speed associated with a 6 min time to exhaustion 
using the linear regression for speed and inverse time. Therefore substituting .00278 ( in60 s) 
for x in Equation 6.0 and then solving for y will give the corresponding speed (Equation 7.0). 

[Equation 7.01 



Appendix C 

The Born Scale - Ratinn of Perceived Exertion 

Nothing at ail 

Very, very weak 
Very weak 
Weak 
Moderate 
Somew hat strong 
Strong 

Very strong 

Very, very strong 

Maximal 

(just noticeable) 

(light) 

(almost maximal) 

(Reproduced from Borg, 1982) 
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Appendix D 

Table 6.0. Repeatability within-run samples of glutamine and glutamate determination. 

cv 0.01 0.01 j 
(CV - coemdent of variation) 



Appendix E 

Statistical Analysis 

Sample size determiastion for continuous data with two independent groups: 

Sample size was determined based on the standardized difference which is based on the 
ratio of the difference of interest to the standard deviation of the observations. The 
standardized difference for continuous data is given by 

[Equation 8.01 

where, 
6 = clinically relevant difference 
s =standard deviation of the variable (in each group) 

and 

the power (I-@) is .SO (80%) 
the significance level (a - two-sided) is 0.05. 

Based on previous research (Smith and Norris. 19%) the following data were used in the 
sample size calculation for the variable Gm. 

Using this data, the standardized difference was found to be 1.2. Using a nomogram 
(Altman, 1991) the sample size was determined to be I 1 per group. Due to the possibility 
of subjects dropping out, a sample size of I2 per gmup was deemed appropriate. 



Appendix F 

Raw Data 

Table 7.0. Subject physical characteristics. Data for subjects I8 and 19 were not included in 
the data analysis due to problems with analysis of their blood samples. Subjects 110 and C8 
did not complete the experimental period due to personal reasons. 
(I - Intensity Group; C - Control Group) 

Subject No. A R ~  ( ~ r s )  Weight (kg) Height (cm) 
11 34 85 174.0 



Table 10.0. Changes in subject pIasrna glutamine concentration ( p o l  - I -' ) during base 
phase. 

r 

BASE PHASE 
subject1 1 1 2 1 3 1 4 

Intensity Group 
I1 573 602 591 568 
I2 533 580 586 555 
I3 536 536 492 516 
14 495 522 449 473 
15 497 430 518 464 
16 470 462 505 549 
I7 540 515 528 512 

MEAN 521 521 524 520 
SD 34.9 60.6 50.7 40.4 

Control Group 
C1 504 504 530 545 
C2 547 555 573 51 1 
C3 448 485 453 456 
C4 427 483 513 460 
C5 506 489 482 544 
C6 530 547 538 389 
C7 534 544 495 462 

MEAN 499 515 512 481 
SD 45.4 32.1 39.6 56.1 

Table 11.0. Changes in subject plasma glutamine concentration ( p o l  I-' ) during intensity 
phase. 

Intensity Phase 
subject1 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 

Intensity Group 
I1 579 575 557 540 536 578 547 483 482 523 543 506 468 538 460 468 
I2 524 590 574 559 551 568 504 518 504 558 554 551 548 586 582 501 
13 438 544 491 514 552 568 530 544 562 431 5 13 412 533 524 543 510 
I4 529 486 502 539 499 529 418 471 499 359 389 506 560 477 500 509 
I5 484 473 519 413 482 473 466 460 459 457 435 478 484 408 546 489 
I6 511 570 504 539 512 480 522 506 495 512 519 511 477 512 525 472 
I7 529 526 558 572 633 615 532 563 441 455 5% 534 552 473 601 51 1 

MEAN 513 538 529 525 538 544 503 506 492 471 507 500 517 503 537 494 
SD 43.7 45.1 33.0 52.7 49.5 52.8 45.6 38.1 3&!5 66.5 71.6 45.1 395 56.6 47.8 18.3 



Tabk 11.0. Continued. Changes in subject plasma ghttamine concentration ( p o l  I-' ) 
during intensity phase. 

Intensity Phase 
Subject11 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Control Group 
C1 516 502 515 382 525 774 552 370 430 447 526 556 569 525 498 504 
C2 602 587 586 649 530 594 546 53 1 536 546 532 5 15 497 5 18 500 5 17 
C3 460 467 418 453 464 473 456 469 439 477 488 499 443 448 440 441 
C4 486 500 473 502 532 462 456 453 45 1 461 451 471 460 421 444 503 
C5 483 471 460 512 506 511 533 523 533 449 487 442 441 440 555 484 
C6 546 501 558 509 447 497 4% 512 528 520 557 530 539 559 572 577 
C7 513 431 416 536 530 406 522 489 438 520 424 485 546 481 499 439 

MEAN 515 494 489 506 505 531 509 478 4f9 489 495 500 499 485 SO1 495 
SD 47.3 48.4 66.2 81.2 353 1213 40.3 55.5 50.1 39.7 47.0 38.1 52.8 51.1 49.9 47s 

Table 12.0. Changes in subject plasma glutarnine concentration ( pnol I-'  ) during recovery 
phase. 

RECOVERY PHASE 
Subiect 1 1 2 3 4 

Intensity Group 
I1 540 568 492 561 
I2 545 508 531 588 
I3 618 511 553 602 
I4 505 547 544 495 
15 495 484 479 466 
I6 460 528 513 489 
I7 540 513 542 514 

MEAN 529 523 2 531 
SD 49.9 27.7 28.2 52.9 

Cl 
C2 
C3 
C4 
C5 
C6 
C7 

MEAN 
SD 

Control Group 
596 555 529 
574 544 544 
442 461 464 
424 434 548 
521 504 450 
437 514 531 
449 483 518 
492 499 512 
71.2 3 39.1 



Tabk 14.0. Changes in subject plasma glulamatc concentration ( pmunol- I-' ) during base 
phase. 

BASE PHASE 
Subject1 1 2 3 4 

Intensity G m p  
I1 134 117 129 128 
I2 99 107 97 99 
I3 99 99 106 84 
I4 1 1 1  103 77 101 
I5 135 102 126 101 
I6 112 97 107 118 
I7 98 113 103 108 

MEAN 113 10s 106 106 
SD 16.1 7.4 17.6 14.2 

Control Group 
C1 133 133 142 122 
C2 116 134 120 116 
C3 93 91 93 100 
C4 133 137 140 128 
C5 126 120 113 125 
C6 116 100 95 68 
C7 97 110 120 102 

MEAN 116 118 118 109 
SD 16.2 18.1 19.4 21.0 

Table 15.0. Changes in subject plasma glutamate concentration ( pmol I -' ) during intensity 
phase. 

Intensity Phase 
Subject1 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 

Intensity Group 
I1 127 122 130 138 146 126 126 122 142 140  130 134 138 144 123 141 
I2 101 96 100 104 105 107 106 100 107 112 115 107 98 103 109 114 
13 79 93 102 88 98 90 90 86 88 73 88 68 88 89 98 84 
I4 101 107 107 110 101 97 79 I23 98 90 69 118 112 99 114 97 
15 107 116 110 93 136 1 1 1  107 103 105 97 98 106 116 88 113 127 
16 107 114 121 113 112 122 120 99 91 110 103 100 107 107 101 102 
I7 114 102 108 108 135 112 101 104 94 90 128 1 1 1  110 99 105 100 

MEAN 105 107 111 108 119 109 lo4 105 lo4 102 104 1M 110 lo4 109 109 
SD 14.6 10.8 10.7 16.2 19.5 12.8 16.2 13.7 18.3 21.5 22.0 20.1 15.6 18.9 8.5 19.5 



Table 15.0. Continued. Changes in subject plasma glutamate concentration ( pmol - I-' ) 

during intensity phase. 

Intensity Phase 
Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Control Group 
C1 112 121 135 97 123 92 124 % 118 140 138 132 138 134 131 132 
C2 114 117 102 133 114 128 110 132 113 113 142 126 11 1 102 122 1 19 
C3 107 103 92 132 103 99 97 85 93 83 93 103 92 95 92 93 
C4 132 124 122 114 125 137 134 142 123 130 103 113 129 118 132 128 
C5 122 115 107 112 112 103 105 113 124 124 130 127 120 114 105 112 
C6 92 85 91 98 78 97 84 84 84 76 84 90 90 99 85 9 2  
C7 98 104 104 112 102 76 106 98 91 101 76 94 112 107 94 97 

MEAN 111 110 108 114 108 105 109 107 107 110 109 112 113 110 109 110 
SD 13.7 13.6 15.9 14.7 16.0 21.1 16.6 22.7 16.7 24.1 27.0 16.9 17.8 13.4 19.5 16.7 

Table 16.0. Changes in subject plasma glutamate concentration ( pmol I-' ) during recovery 
phase. 

RECOVERY PHASE 
Subject[ 1 2 3 4 

Intensity Group 
I1 137 136 127 136 
I2 97 105 111 103 
I3 107 93 95 91 
14 114 127 109 98 
15 118 118 112 118 
16 101 114 107 109 
I7 116 103 108 118 

MEAN 113 114 110 110 
SD 13.2 14.8 9.4 15.0 

Control Group 
C1 138 134 123 113 
C2 110 137 122 110 
C3 94 95 95 95 
C4 139 121 137 117 
C5 110 118 105 121 
C6 79 88 80 94 
C7 118 110 103 95 

MEAN I13 115 109 106 
SD 21.8 1 19.3 1 1 5  
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Table 18.0. Changes in subject plasma volume determined from Hct (96) during base phase. 
F 

BASE PHASE 
Subject1 1 2 3 4 

Intensity Group 
I1 44.8 44.8 45.8 47.8 
I2 48.0 485 47.8 503 
I3 50.0 49.6 48.5 493 
I4 47.0 46.1 46.0 46.8 
15 46.0 46.0 46.7 47.0 
I6 475 455 45.0 44.0 
I7 473 49.0 47.0 46.3 

MEAN 47.2 47.1 46.7 473 
SD 1.64 1.92 1.20 2.05 

Control Group 
Cl 48.3 51.0 49.5 47.3 
C2 503 48.5 49.5 49.0 
C3 53.1 50.0 53.0 49.7 
C4 47.0 48.0 48.0 48.0 
C5 49.5 51.0 49.5 49.5 
C6 46.1 47.0 46.2 46.0 
C7 49.0 47.0 47.5 46.8 

MEAN 49.0 48.9 49.0 48.0 
SD 230 1.74 2.15 1.42 

Table 19.0. Changes in subject plasma volume determined from Hct (96) during intensity 
phase. 

intensity Phase 
subject] 1 2 3 4 5 6 7 8 9 10 1 1  I2 13 14 15 16 

Intensity Group 
I1 45.845.845.347.047.347.349.046.046.347.046.046.046.046.045.045.0 
I2 48.547.048.048.349.049.047.548.048.847.548.847.048.847.047.049.3 
I3 47.5 47.5 48.5 49.0 48.5 47.7 48.0 493 48.5 48.0 47.3 47.3 47.0 48.7 48.0 47.0 
I4 47.3 48.547.047.045.546.044.846.847.547.046.045.044.045.046.048.0 
I5 46.546.045.544.844.745.247.546.846.046.045.545.545.745.044.246.0 
I6 45.5 44.545.045.045.045.047.545.345.846.044.045.045.345.045.346.5 
I7 47.8 46.5 47.0 46.5 46.3 46.0 46.0 43.3 46.5 46.8 45.3 48.0 47.8 45.5 46.3 49.5 

MEAN 47.0 46s 46.6 46.8 46.6 46.6 47.2 46.5 47.0 46.9 46.1 46.3 46.4 46.0 46.0 473 
SD 1.1 1.3 1.4 1.5 1.7 1.5 1.4 1.9 1.2 0.7 1 3  1.2 1.6 1.4 1.3 1.7 



Tabk 19.0. Continued. Changes in subject plasma volume determined from Hct (8) during 
intensity phase. 

Intensity Phase 
subject11 2 3 4 5 6 7 8 9 10 1 1  12 13 1415 16, 

Control Group 
C1 48.049549.049.048.750.0495 50.051.049.7485 48.048.049.049.048.5 
C2 52.0 48.0 49.0 48.5 49.5 49.5 SO5 50.3 48.3 48.0 48.0 48.0 48.2 49.0 50.5 51.0 
C3 52.0 49.8 5 1 .O 50.3 5 1.0 50.3 49.3 51.3 49.0 50.0 51 .O 5 1.8 52.0 53.8 50.3 49.8 
C4 483 473 46.044.5 49.345.5 47.0475 48.047545.8 45.5 455 46.047.347.0 
C5 52.5 50.0 50.0 48.0 47.5 49.0 51.5 50.8 49.5 52.0 49.0 49.5 50.0 49.8 51.5 51.5 
C6 48.5 44.845.3 48.047.846.049.047.044.846545.845.045.548.046.046.3 
C7 47.5 493 50.0 47.3 47.0 48.5 49.3 495 52.3 48.0 45.5 49.0 52.0 48.0 46.3 49.3 

MEAN 49.9 48.4 48.6 47.9 48.7 48.4 49.4 49.5 49.0 48.8 47.7 48.1 48.7 49.1 48.7 49.1 
SD 2.19 1.88 2.15 1.79 133 1.91 139 1.64 2.39 1.86 2.06 2.34 2.73 2.40 2.19 1.94, 

Table 20.0. Changes in subject plasma volume determined from Hct (96) during intensity 
phase. 

- 
RECOVERY PHASE 

Subject) 1 2 3 4 
Intensity Group 

11 43.8 46.0 46.5 44.5 
I2 46.8 51.0 50.0 50.0 
I3 46.0 48.5 49.5 48.5 
I4 47.5 47.5 47.8 45.0 
I5 45.0 475 46.5 45.0 
I6 45.3 45.3 45.0 46.0 
I7 49.0 50.0 48.0 52.0 

MEAN 46.2 48.0 47.6 473 
SD 1.74 2.04 1.77 2.91 

Control Group 
Cl 50.0 48.8 49.0 48.3 
C2 49.0 48.0 50.3 50.0 
C3 50.0 52.3 52.5 49.5 
C4 49.0 46.5 46.0 49.0 
CS 48.5 50.0 49.0 50.0 
C6 46.5 46.3 47.0 46.8 
C7 45.5 48.0 49.5 48.0 

MEAN 48.4 48.6 49.0 48.8 
SD 7 3  2.09 2.13 1.18 



Tabk 22.0. Subject 3000 m time trial time (s) and mean velocity ( km hr-' ) at p ~ .  baseline. 
intensity and post tests. 

Tabk 24.0. Subject 3000 m time trial ~ 0 2  peak in relative ( ml kg-' . rnin -' ) and absolute 

( 1 - min-' ) terms at pre, baseline, intensity and post tests. 
- -- -- - - -  - 

Subject - Pre lntens ity Recovery Post 
time velocity time velocity time velocity time velocity 

Intensity Group 
I1 306 353 2% 365 282 383 274 39.4 
I2 268 40.3 259 41.7 259 41 -7 252 42.9 
I3 273 39.6 255 42.4 238 45 -4 243 44.4 
I4 286 37.8 277 39.0 26 1 41.4 263 41.1 
15 27 1 39.9 265 40.8 256 42.2 264 40.9 
I6 312 34.6 292 37.0 282 38.3 260 41.5 
I7 268 40.3 259 41.7 24 1 44.8 237 45 -6 

Mean 283.43 38.2 271.86 39.9 259.86 41.7 256.14 423 
SD 18.58 2.4 16-72 2-4 17.47 2.8 12.90 2.2 

Control Group 
C1 293 36.9 2% 36.5 293 36.9 293 36.9 
C2 308 35.1 294 36.7 2% 365 287 37.6 
C3 293 36.9 267 40.4 269 40.1 266 40.6 
C4 296 36.5 300 36.0 300 36.0 303 35.6 
C5 282 38.3 281 38.4 277 39.0 268 40.3 
C6 299 36.1 292 37.0 278 38.8 28 1 38.4 
C7 264 40.9 263 41.1 261 41.4 264 40.9 

Mean 290.71 37.2 284.71 38.0 282.00 38.4 280.29 38.6 
SD 14-12 1.9 14.72 2.0 14-67 2.0 14-96 2.0 

Subject Pre Intensity Recovery Post 
Absolute Relative Absolute Relative Absolute Relative Absolute Relative 

Intensity Group 
I1 4.00 46.1 3 -79 44.8 3.82 45.6 4.1 1 48.8 
I2 5.00 62.1 4.9 1 61.2 4.72 59.3 4.92 61 -5 
13 4.73 71.6 4.70 72 4.49 68.3 4.7 1 71 -5 
I4 4.28 55.1 4.55 57.5 4.69 59.8 4.94 61.9 
15 4.39 58.3 4.34 57.5 4.14 55.5 4.49 60.3 
I6 3 -77 38.2 4-02 39.7 4.23 42.5 3 -86 38.9 
I7 4.55 68.2 4.87 73 -2 4.6 1 70.8 5.01 78.2 

Mean 4.39 57.09 4-45 57.99 439 57.40 4.58 60.16 
SD 0.42 11JBS 0.43 12.56 0.33 10.59 0.45 13.17 



Table 24.0. Continued. Subject 3000 m time trial v C ~  peak in relative ( ml - kg-' min-' ) 

and absolute ( 1 - mind' ) terms at pre. baseline. intensity and post tests. 

Pre Intensity Recovery Post 
Absolute Relative Absolute Relative Absolute Relative Absolute Relative 

Control Group 
C1 436 56.4 4.25 55.4 4.01 523 4.15 54.3 
C2 4.16 49.0 4.49 53.3 4.44 53.3 3.93 47 -3 
C3 4.07 55.2 3.98 54.0 4.2 1 57.1 3.89 53.3 
C4 3 -73 47.8 4.2 1 53.4 4-09 51.9 3 -99 50.7 
C5 4.29 51.6 4.49 53 2 4.68 55 -4 4.4 1 51.9 
C6 3.90 50.9 3.77 50.0 3 .% 51.9 3.84 50.2 
C7 4.58 60.0 4.6 1 60.3 4.28 55 -5 454 58.4 
Mean 4.16 52-99 4.26 54.23 4.24 53.91 4.11 5230 

SD 0.29 437 0.30 3.13 0.25 2.0s 0.27 3.52 

Tabk 25.0. Subject 3000 m time trial peak blood lirtate concentration ( mmol --' ) and peak 
heart rate ( b . min-I ) at pre, baseline, intensity and post tests. 

Subject Pre Intensity Recovery Post 
lactate heart rate laftate heart rate lactate heart rate lactate heart rate 

Intensity Group 
I1 11.10 162 10.0 160 1 1.52 160 12.59 158 
I2 15.20 192 16.0 197 15.56 198 16 197 
I3 15.78 183 17.35 186 16.5 177 16.78 177 
I4 13.21 1 80 16.37 182 12.14 177 16 189 
I5 15.36 175 17.90 174 16.87 173 18.9 178 
I6 16.50 1 94 16.97 182 15.93 181 17.88 183 
I7 13.83 191 15 -23 190 15.8 1 190 15 -78 192 

Mean 14.43 182.43 15.69 181.57 14.90 179.43 16.28 182.00 
SD 1.85 11.39 2.66 11.91 2.15 12.18 1.99 12.86 

Control Group 
Cl 12.12 173 1 1.03 1 74 10.59 172 10.98 177 
C2 15.26 195 15.88 192 16.53 195 13 -95 191 
C3 13.64 192 11.81 190 17.00 1 94 14.84 192 
C4 14.55 185 16.95 185 17.00 185 16.29 183 
C5 1 2.72 185 14.75 181 17.50 186 14.6 1 181 
C6 14.18 191 1 3 -63 193 14.00 192 14.88 1 9 0  
C7 13.91 185 14.33 181 13.71 1 84 14.0 1 18 1 

Mean 13-77 186.57 14.05 185.14 15.19 186.86 14-22 185.00 
SD 1.07 7.2 1 2.11 6.- 2.53 7.93 1-63 5.92 



Table 27.0 Subject incremental aerobic power test v C ~  max in relative ( ml . kg-' - min-' ) 

and absolute ( 1 - min-' ) terms at pre, baseline. intensity and post tests. 

Pre Intensit Rccove Post 
Absolute ReMive Absolute Rri ive  Absolute R;ativc Absolute Relative' 

Intensity Grwp 
I1 3.88 45 -6 4.30 51.2 4.10 48.3 4.28 50.4 
I2 4.88 60.9 4.99 62.3 4.95 61 .I 4.93 61.6 
I3 4.77 73 .O 4.69 71.4 4.49 67.3 4.59 69.9 
I4 4.52 57.7 4.38 56.6 4.77 59.6 4.85 60.7 
15 4.2 1 55.6 4.24 56.1 4.30 57.6 4.20 56.8 
I6 4.33 43 -2 4.22 41.9 4.16 42 -0 4.05 41 .O 
I7 4.54 69.0 4.53 68.3 4.34 66.8 4.58 69.8 

Mean 4.4 57.86 4.5 s.26 4.4 57.53 4.50 !58.60 
SD 0.3 11.05 03 10.12 03 9.35 0.3 1038 

Control Group 
CI 4.35 56.0 4.27 55.6 4.49 58.6 4.09 52.8 
C2 3.97 47.7 4.23 50.5 4.24 50.7 4.24 50.9 
C3 4.10 55.5 3 -99 53.4 4.09 56.0 3.98 54.0 
C4 3 -90 49.9 4.19 53.6 3.74 47 -9 4.19 53.3 
C5 5.00 59.5 4.6 1 54.5 4.67 54.5 4.47 52.4 
C6 3 -86 50.5 3.75 49.0 3.88 513 3.78 49.9 
C7 4.65 60.9 439  57.2 4.40 56.4 4.37 56.4 

Mean 4 3  54.3 4.2 53.4 4.2 53.7 4.2 52.8 
SD 0.4 5.04 0.3 2.84 03 3.76 0.2 2.11 

Table 28.0. Subject maximum heart rate ( b - min-' ) during incremental aerobic power test at 
pre, baseline, intensity and post. 

Subject I Pre Intensity Recovery Post 
Intensity Group 

I I 154 1 6 0  157 163 
I2 20 1 200 200 198 
13 192 187 186 189 
I4 178 172 182 180 
I5 177 183 180 179 
I6 192 186 18 1 186 
I7 1 94 194 188 1 95 

Mean 184.00 183.14 182.00 184.29 
SD 15.82 13.45 12.95 11.74 



Table 28.0. Continued. Subject maximum heart rate ( b min-' ) during incremental aerobic 
power test at pre. baseline, intensity and post. 

Subject Pre Intensity Recovery Post 
Control Group 

C1 175 176 175 178 
C2 193 192 189 192 
C3 1 95 191 1 93 1 99 
C4 191 188 1 84 1 9 0  
C5 186 176 187 183 
C6 1% 197 195 192 
C7 1 84 181 185 183 

Mean 18857 185.86 186.86 188.14 
S D  7.46 8.28 6.59 7-15 

Table M.0. Subject criterion ride 80% CS V O ~  ( ml kg-' - min-' ) during base, intensity and 
recovery phases. 

Subject . BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Group 
I1 30.00 29.85 26.50 2855 27.30 27.05 2855 27.75 28.70 25.15 27.40 26.05 
I2 34.85 34.80 32.60 37.30 34.80 35.75 36.50 33.80 33.05 30.70 35.95 34.65 
I3 44.85 45.20 43.05 39.35 40.40 4155 40.45 37.60 42.00 40.35 38.90 40.80 
I5 34.30 33.65 34.95 30.10 30.30 26.60 30.50 32.05 32.40 31.30 30.45 30.25 
I6 37.45 39.65 37.30 35.60 36.70 34.10 35.80 37.50 36.45 36.50 34.55 35.75 
I7 21.45 17.25 21.85 20.90 21.05 20.05 21.10 21.70 20.50 21.40 20.00 19.80 
18 35.25 34.80 33.80 37.00 37.45 36.45 33.60 34.70 32.95 33.40 35.80 32.70 

MEAN 34.02 33.60 32.86 32.69 32.57 31.65 32.36 32.16 32.29 31.26 31.86 31.43 
SD 7.14 8.71 6.96 6.53 6.74 7.36 633 5.72 6.64 6.45 6.48 6.88 

Control Group 
C1 32.35 33.00 30.05 32.75 32.45 36.90 31.70 35.60 33.15 34.05 32.90 31.30 
C2 29.10 30.85 31.40 30.35 26.90 21.70 27.75 28.40 26.15 32.30 34.30 26.65 
C3 31 -90 32.30 31 -55 29.10 31.75 30.35 29.75 31.75 33.45 30.70 29.70 29.55 
C4 27.25 29.30 30.40 25.15 26.15 2850  29.10 28.20 29.00 28.90 29.10 28.45 
C5 33.20 3 1.20 32.85 33.70 32.80 3 1.95 33.45 32.10 32.60 33.05 29.70 26.15 
C6 29.20 27.95 27.70 24.35 25.30 25.80 24.75 25.75 25.20 24.65 25.05 23.65 
C7 32.70 32.90 33.00 31.65 33.35 33.50 30.70 34.00 3 1.85 32.65 33.60 32.95 

MEAN 30.81 31.07 30.99 29.58 t9.81 29.81 29.60 30.83 30.20 30.90 30.62 2?#.39 
SD 2.27 1.89 1.83 3.63 3 2  5.04 2.82 3.51 3.43 3.23 3.23 3.19 



Table 3 1.0. Subject criterion ride 90% CS ~ 0 2  ( ml - kg-' min -' ) during base, intensity and 
recovery phases. 

Table 32.0. Subject criterion ride 100% CS \joz ( mi - kg" - min-' ) during base. intensity 
and recovery phases. 

Subject. BASE INTENSITY RECOVERY 
2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Group 
11 33.85 36.45 33.25 34.95 33.95 33.40 34.80 34.00 34.10 28.45 33.70 32.15 
12 41.80 42.25 41.60 43.75 44.25 42.75 44.45 41.40 41.65 38.55 43.90 42.35 
I3 55.55 53.95 50.10 49.25 50.15 51.00 52.15 51.55 51.65 49.80 49.15 50.30 
15 41.90 40.10 40.05 3455 35.45 3250 36.70 36-15 38.90 37.00 36.10 35.65 
I6 43.45 46.70 42.40 40.65 43.40 40.55 42.85 43.85 43.80 44.65 39.80 40.35 
17 24.75 19.70 23.80 27.35 25.75 27.05 26-25 27.00 25.80 27.25 28.85 28.60 
I8 43.95 42.85 40.95 45.45 44.45 46.60 43.70 44.75 41.60 41.95 46.15 42.15 

MEAN 40.75 40.29 38.88 39.42 39.63 39.12 40.13 39.81 39.64 38.24 39.66 38.79 
SD 9.51 10.62 8.27 7.56 8.B 8.51 833 8.09 8.09 8.23 7.2S 7.26 

Control Group 
Cl 39.25 39.00 39.80 38.50 39.55 42.65 4030 41.35 43.65 42.40 41.90 38.40 
C2 35.30 37.30 36.90 34.85 32.35 29.65 33-85 33.55 33.55 38.15 40.15 31.40 
C3 41.25 39.10 35.10 35.10 37.05 36.65 37.00 38.00 39.30 39.80 36.30 34.95 
C4 34.30 35.85 34.70 30.15 28.75 31.40 32.40 32.20 33.40 33.40 32.55 32.50 
C5 35.30 36.45 38.50 38.85 38.15 37.70 40.30 36.75 37.60 38.45 32.80 33.70 
C6 32.95 33.05 31.65 28.70 29.95 29.70 29.00 29.30 29.90 28.85 29.35 27.85 
C7 38.85 38.80 37.85 36.30 38.90 38.85 3550 37.30 37.45 39.50 40.10 40.00 

MEAN 36.74 37.08 36.36 34.64 34.96 35.23 35.48 35.49 36.41 37.22 34.16 34.11 
SD 3.04 2 .  2.75 3.90 4.50 5.04 4.14 4.05 4.53 42% 4.75 4.15 

Subject 
- 

- BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Group 
I1 40.30 42.30 39.70 42.45 40.20 38.65 41.30 39.30 39.35 33.20 38.40 38.50 
I2 48.75 50.90 47.20 51.05 51.25 48.85 50.25 48.40 47.95 42.50 52.85 50.45 
I3 64.60 62.65 58.20 60.00 60.90 61.75 64.65 62.50 59.15 61.90 63.60 60.25 
I5 47.85 47.25 47.70 41.25 40.65 38.85 43.55 44.15 46.90 46.20 42.20 40.45 
I6 51.70 54.40 51.40 47.85 50.65 46.95 51.95 51.60 50.70 48.95 49.20 48.40 
I7 29.90 24.80 29.20 29.90 29.65 28.95 29.25 29.50 28.25 29.90 29.35 29.30 
18 49.80 50.65 48.80 54.10 54.25 54.25 50.85 54.00 50.20 50.10 53.95 50.95 

MEAN 47.56 47.56 46.03 46.66 46.79 45.46 47.40 47.06 46.07 44.68 47.08 45.47 
SD 10.63 11.84 9.24 9.85 10.52 10.95 10-95 10.69 9.80 10.81 11.34 10.14 



Table 32.0. Continued. Subject criterion ride 100% CS V'O~ ( ml kg-' min-' ) during base. 
intensity and recovery phases. 

Subject 
BGSE INTENSITY RECOVERY 

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

Control Group 
C1 47.20 47.80 45.70 4635 46.65 51.10 4735 49.95 48.40 47.95 46.95 45.05 
C2 42.15 43.75 43.85 39.15 38.05 35.10 39.50 38.80 41.45 45.15 47.60 36.15 
C3 47.20 47.45 41.75 39.70 43.30 43.55 4135 45-35 44.80 45.50 40.70 39.80 
C4 39.60 41.00 4130 36.45 38.20 37.90 41.70 40.25 42.10 40-25 38.85 39-95 
C5 43.60 44.55 48.50 49.05 47.70 48.40 48.55 46.05 46.20 46.35 39.50 4250 
C6 39.80 38.25 39.40 36.60 36.95 37.35 38.00 39.00 36.35 36.95 36.55 35.40 
C7 47.70 46.70 44.20 43.95 4855 46.90 43.15 44.95 43.85 45.55 47.85 46.75 

MEAN 43- 44.21 43.53 41.61 42.77 42.90 42.83 43.48 43.31 43.- 42.57 40.80 
SD 3.53 3.55 3.03 4.91 5.00 6.20 3.89 4.21 3.88 3.89 4.75 426 

Table 34.0. Subject criterion ride 80% CS heart rate ( b - min-' ) during base. intensity and 
recovery phases. 

Subject - BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 11 12 

Intensity Group 
I1 117.5 114.5 114.5 118.5 109.5 11 1.5 11025 113.0 108.0 105.0 108.5 108.5 
I2 144.5 144.0 136.0 150.0 146.0 143.5 144.0 142.5 142.5 138.5 142.0 143.0 
W 147.5 141.0 139.0 133.5 137.0 1425 135.5 128.0 138.5 134.0 131.5 139.5 
I5 135.0 136.0 136.0 122.0 121.0 119.0 122.0 126.0 131.0 128.5 128.5 1275 
16 145.0 153.0 140.5 138.0 137.5 139.5 138.0 135.5 139.0 136.0 126.5 134.0 
I7 137.0 155.5 132.5 136.0 125.0 118.5 125.5 123.5 123.0 128.0 128.5 126.0 
I8 145.0 137.0 143.0 149.5 140.0 141.0 133.5 129.0 124.5 137.0 134.0 129.0 

MEAN 138.9 140.1 134.5 135.4 130.9 130.9 129.9 128.2 129.5 129.6 128s 129.6 
SD 10.43 13.55 9.46 12.16 12m 13.72 11.25 9.28 12.06 11.57 10.21 11.25 

Control Group 
C1 129.5 133.0 125.0 128.5 123.0 140.0 135.0 138.5 132.5 136.0 128.5 141.0 
C2 149.0 146.5 138.0 146.0 129.5 137.0 133.0 133.0 149.0 143.5 159.0 136.5 
C3 137.0 129.0 132.0 126.5 124.0 120.0 125.5 127.0 141.0 133.0 131.0 136.0 
C4 133.5 134.5 1375 126.5 120.5 135.0 133.5 131.0 142.5 136.5 134.5 136.5 
C5 13 1.5 135.5 13 1.0 132.5 129.5 134.0 150.5 136.5 143.0 140.0 136.5 136.0 
C6 136.5 137.0 139.5 136.0 1335 128.0 123.5 130.0 134.0 126.0 124.5 130.5 
C7 138.5 130.5 129.0 130.0 124.0 130.0 129.5 151.0 131.5 122.5 125.5 126.0 

MEAN 136.5 135.1 133.1 1323 1263 132.0 132.9 1353 139.1 133.9 134.2 134.6 
SD 637 5.73 5.36 6.93 4.61 6.66 8.84 7.95 6.53 7.46 11.78 4.88 



Tabk 35.0. Subject criterion ride 90% CS beart rate ( b min-' ) during base. intensity and 
recovery phases. 

Table 36.0. Subject criterion ride 100% CS heart rate ( b min-' ) during base. intensity and 
recovery phases. 

Subject . BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

MEAN 

Intensity Group 
I1 128.0 129.0 127.0 128.0 120.0 127.0 127.5 122.5 123.0 1145 1235 120.0 
I2 1635 157.5 152.0 161.5 1595 1615 158.0 155.5 157.0 152.0 156.0 153.0 
13 162.5 159.5 156.0 151.5 154.5 1565 151.0 149.0 1545 148.5 1475 154.5 
I5 147.0 147.0 148.0 131.0 133.0 133.5 134.5 131.5 145.5 144.0 141.5 137.0 
I6 158.0 170.0 154.0 158.0 151.0 155.0 151.0 144.0 155.5 154.0 145.0 1485 
17 144.0 159.5 138.5 144.0 1385 131.0 135.5 136.5 135.0 144.5 143.0 137.5 
I8 161.0 158.5 158.5 162.5 1575 157.0 158.5 154.0 144.0 155.0 159.0 153.0 

MEAN 152.0 154.4 147.7 148.1 144.9 145.9 105.1 141.9 144.9 144.6 145.1 143.4 
SD 13.07 13.05 11.23 14.20 14.74 14.69 12.45 12.25 12.45 13.M 1156 12.63 

Control Group 
C1 1455 150.0 147.0 144.0 143.0 155.5 151.5 150.5 152.5 159.5 1525 1555 
C2 165.5 161.0 159.5 155.5 1475 157.5 147.5 149.0 165.0 161.5 1745 150.0 
C3 161.5 148.5 142.5 144.0 148.0 135.5 140.5 143.5 159.0 147.5 151.5 145.5 
C4 156.5 152.5 152.0 139.5 129.5 145.0 146.5 139.5 153.5 150.0 150.5 149.5 
CS 147.0 148.5 144.0 149.5 138.0 147.5 163.5 148.0 158.0 155.0 144.0 147.5 
C6 157.5 143.5 148.0 142.5 I415 135.0 136.0 137.0 142.5 136.0 131.0 140.0 
C7 154.5 150.5 146.0 144.0 143.0 150.0 146.0 168.0 153.0 153.0 150.0 143.0 

MEAN 155.4 150.6 148.4 145.6 101.5 146.6 147.4 147.9 154.8 151.8 150.6 147.3 
SD 7.24 534 5.75 5.29 6 3 1  8.86 8.72 10.17 6.99 8.53 12.93 5.07 

Subject 

Intensity Group 
144.0 135.5 141.0 145.5 134.0 139.5 140.5 133.5 133.0 120.5 134.0 137.0 
176.0 171.5 164.0 179.0 169.0 175.5 167.5 171.0 170.5 159.0 170.5 169.0 
177.5 173.5 170.0 167.5 165.0 170.5 167.5 163.0 166.5 167.0 167.5 170.5 
159.5 159.0 158.0 150.0 145.0 149.5 150.0 144.0 158.0 163.0 155.0 148.0 
173.0 179.5 168.5 164.0 161.5 166.5 167.0 158.5 168.0 164.0 163.5 164.0 
162.5 173.5 160.0 160.0 153.0 146.5 149.5 150.0 152.0 160.0 159.5 156.0 
172.5 171.5 171.5 176.0 170.0 170.5 167.5 169.0 162.0 166.0 170.5 171.5 
166.4 166.3 161.9 163.1 156.8 159.8 158.5 155.6 158.6 157.1 160.1 159.4 
11.98 14.91 10.50 12.45 13.45 14.23 11.49 13-75 12.93 1639 1 2 s  13.08 

- BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 



Table 36.0. Continued. Subject criterion ride 100% CS heart rate ( b rnin-' ) during base. 
intensity and recovery phases. 

Subject 

Cl 
C2 
C3 
C4 
C5 
C6 
C7 

MEAN 

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

Control Group 
161.0 165.0 1595 163.0 161.0 171.5 164.0 163.0 164.0 167.0 161.0 1645 
1825 176.5 176.0 1705 163.0 I725 1625 163.0 183.5 176.5 192.0 1625 
179.0 166.5 159.5 156.5 1625 152.5 1555 160.0 174.5 164.0 164.0 1625 
169.0 162.5 167.0 153.5 151.0 161.5 163.5 159.5 170.0 167.0 169.0 170.0 
162.5 168.0 1655 168.0 163.0 168.0 176.5 164.0 168.5 1715 159.0 165.0 
166.0 159.5 165.5 1635 160.5 155.0 1595 1605 160.5 154.5 147.5 157.0 
166.5 165.0 158.5 166.0 163.0 165.0 167.0 177.5 164.0 164.0 165.0 167.0 
169.5 166.1 164.5 163,O 160.6 163.7 164.1 163.9 1693 166.4 165.4 164.1 

Table 37.0. Subject criterion ride 80% CS blood lactate concenuation ( mmol - L-' ) during 
base, intensity and recovery phases. 

- 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 11 12 

Intensity Group 
11 3.30 2.00 2.68 2.80 1.80 2.10 1.28 1.30 1.81 1.62 1.93 1.79 
I2 3.70 3.40 2.29 3.10 3.10 1.80 1.86 2.67 2.80 1.76 2.17 2.56 
t3 1.52 2-60 1.83 1.32 1.51 1.66 1.30 1.25 1.50 2.19 1.08 1.53 
i5 2.34 3.09 3.22 2.77 1.74 1.81 1.70 1.55 2.63 2.13 1.91 1.89 
I6 2.22 3.61 1.61 2.58 1.67 1.82 1.50 1.44 1.56 1.92 2.18 1.92 
I7 2.08 4.88 2.81 2.41 1.42 1.90 1.34 1.25 1.14 1.94 1.56 2.60 
I8 1.86 2.00 2.00 2.56 1.78 1.27 0.97 0.97 1.24 1.70 1.16 1.25 

MEAN 2 .  3.08 2.35 2.51 1.86 1.77 1.42 1.49 1.81 1.89 1.71 1.93 
SD 0.79 1.02 0.58 0.57 0.56 026 0.B 0.55 0.66 0.21 0.46 0.50 

Control Group 
C1 1.82 2.08 3.24 2.40 1.82 2.54 1.60 3.50 1.63 2.55 2.64 2.25 
C2 6.80 3.70 3.30 1.65 1.97 2.07 2.70 2.87 3.29 3.49 3.96 2.54 
C3 1.60 2.00 3.40 1.35 2.32 1.63 1.65 1.90 2.34 2.19 2.67 1.89 
C4 3.10 4.00 3.21 1.35 2.41 2.88 2.43 2.70 1.96 3.81 3.40 2.72 
CS 2.25 2.30 2.70 2.14 2.55 2.35 4.79 2.84 3.40 2.61 3.24 2.64 
C6 2.21 3.20 1.94 2.19 1.84 1.73 1.56 1.56 2.07 1.48 2-04 2.05 
C7 1.65 2.02 1.27 2.02 2.42 2.15 2.20 2.67 1.85 2.03 2.35 2.04 

MEAN 2.78 2.76 2.72 1.87 2.19 2.19 2.42 233 2.36 2.59 2.90 2.30 
SD 1.85 0.86 0.82 0.42 0.30 0.44 1.14 0.65 0.71 0.82 0.66 0.33 - 



Table 38.0. Subject criterion ride 90% CS blood lactate concentration ( mmol L-' ) during 
base, intensity and recovery phases. 

I1 4.50 
I2 3.70 
I3 2.61 
r.5 3.59 
I6 3.24 
I7 2.41 
I8 1 -98 

MEAN 3.15 
SD 0.87 

Subject 
- 

C3 
C4 
C5 
C6 
C7 

MEAN 
SD 

- BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 11 12 

Intensity Group 
2.20 3.00 2.42 
3.60 2.90 2.62 
2.08 2.72 2.70 
2.38 2.83 2.40 
2.04 2.86 2.30 
1.86 152 1.82 
2.47 1.78 2-11 
2.38 2 2  234 
0.58 0.60 030 

Control Group 
3.14 4.54 3.30 
352 454 4.83 
2.82 230 3.46 
2.94 3.65 3.05 
3.23 3.96 3.82 
1.88 2.26 1.48 
3.34 3.36 3.22 
2.98 3.52 331 
0.54 0.95 1.00 

Table 39.0. Subject criterion ride 100% CS blood lactate concentration ( mmol - C' ) during 
base, intensity and recovery phases. 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 11 12 

Intensity Group 
I1 7.40 7.60 6.11 5.20 3.80 4.80 5.13 3.24 4.40 2.80 4.91 3.45 
12 5.70 6.80 5.30 6.90 6.10 4.70 5.28 5.1 1 4.73 3.13 5.10 4.28 
I3 4.14 7.07 5.70 5.12 5.79 6.89 7.00 5.04 6.10 6.23 5.95 6.25 
I5 5.33 7.06 6.41 5.87 3.93 4.65 3.70 3.78 4.13 4.45 4.34 9.13 
I6 7.39 6.89 6.40 6.04 5.00 5.66 6.30 5.55 5.98 5.51 5.82 5.21 
I7 4.03 6.65 4.08 3.67 3.69 2.40 3.07 2.90 2.52 3.83 4.10 3.94 
I8 3.16 4.40 5.40 5.70 5.51 3.92 4.06 4.24 3.17 3.84 4.09 3.56 

MEAN 531  6.64 5.63 5.50 4.83 4.72 4.93 4.27 4.43 4.26 4.90 5.12 
SD 1.66 1.03 0.82 1.00 1.02 139 1.42 1.01 133 1 0.77 2.03 



Tabk 39.0. Continued. Subject criterion ride 100% CS blood lactate concentration 
( mmol L-' ) during base, intensity and recovery phases. 

Table 41.0. Subject criterion ride 80% CS RPE during base, intensity and recovery phases. 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Control Group 
C1 5.00 7.09 8.31 6.34 6.43 8.39 650 8.47 6.89 658 6-54 6.50 
C2 750 7.80 8.90 4.43 5.38 6.64 6.22 6.30 8.15 8.59 658 457 
C3 4.72 6.50 6.40 3.28 4.64 3.95 3.64 4.73 4-10 5.10 4.85 4.56 
C4 8.20 8.80 6.91 4.01 4.92 7.08 4.40 5.68 5.62 8.31 8.44 5.75 
C5 4.80 7.10 7.20 7.19 7.66 8.77 8.47 7.81 7.37 8.43 6.66 4.88 
C6 3.94 4.40 4.18 3.36 3.42 3.80 2.99 3.71 3.44 3.81 3.21 4.00 
C7 4.28 4.70 5.59 4.62 6.54 5.03 5.34 6.52 4.87 5.41 6.20 5.93 

MEAN 5.49 6.63 6.78 4.75 537 6.24 537 6.17 5.78 6.60 6.07 5.17 
SD 1.66 1.59 I .  1.49 1.41 2.02 1.tS 1.66 1.76 1.90 1.64 0.90 

, 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Gmup 
I1 2.0 1.5 2 5  2.0 2.0 2.0 2.5 2.5 2.0 2.0 2.0 2.0 
I2 2.0 2.0 2.0 2.0 2.0 2.0 2.5 2.0 2.0 3.0 2.0 2.0 
I3 3.0 3.0 2.5 2.5 2.5 2.5 25 2.5 2.5 2.5 2.0 2.0 
15 0.5 0.5 1.5 0.5 0.5 1.0 0.5 0.5 1.0 1.0 1.0 0.3 
I6 3.0 3.0 3 5  3.0 3.0 3.0 3.0 3.5 0.3 2.5 3.0 2.0 
I7 0.5 0.5 0.5 0.5 0.3 0.3 0.3 0.5 1.0 1.0 1.5 1.0 
I8 0.5 2.0 2.0 1.5 2.5 1.5 1.5 1.0 1.5 1.5 2.0 2.0 

MEAN 1.6 1.8 2.1 1.7 1.8 1.8 1.8 1.8 1.5 1.9 1.9 1.6 
SD 1.14 1.04 0.93 0.95 1-04 0.91 1.08 1.15 0.76 0.79 0.61 0.69 

Control Group 
C1 2.0 2.0 2.0 2.5 2.0 2.5 2.5 2.5 2.0 2.0 2.0 2.5 
C2 3.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 
C3 2.5 2.5 1.0 2.0 2.0 2.0 1.5 2.0 2.0 2.0 2.0 1.5 
C4 1.5 2.0 2.0 1.0 1.5 1.0 1.0 1.0 1.5 1.0 1.0 1.0 
C5 2.0 2.0 2.0 2.0 2.0 1.0 1.5 1.5 1.0 1.0 1.0 1.0 
C6 1.0 2.0 1.0 1.0 0.5 0.5 1.0 1.0 1.0 1.0 0.5 1.0 
C7 2.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 1.5 2.0 1.5 2.0 

MEAN 2.0 2.0 1.7 1.8 1.6 1.4 1.5 1.6 1.6 1.4 13 1.4 
SD 0.65 0.29 0.49 0.57 0.61 0.73 0.58 0.61 0.45 0.53 037 0.61 



Table 42.0. Subject criterion ride 90% CS RPE during base, intensity and recovery phases. 

C2 
C3 
C4 
C5 
C6 
C7 

MEAN 
SD 

Subject 

Control Group 
4.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 
2.0 2.0 2.0 2.0 4.0 3.0 3.0 2.0 
4.0 4.0 2.5 3.0 3.0 3.0 2.5 2.0 
2.0 2.0 2.0 2.0 2.0 2.5 2.0 2.0 
3.0 2.5 25 25 2.5 2.5 2.0 2.0 
2.0 1.5 2.0 2.0 2.0 1.5 1.5 2.0 
3.5 3.5 3.0 2.5 3.0 4.0 3.0 3.5 
2.9 2.9 2.7 2.7 2.9 3.1 2.7 2.6 
0.93 1.27 1.07 1.07 0.84 1.13 1.15 1.18 

BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Table 43.0. Subject criterion ride 100% CS RPE during base, intensity and recovery phases. 

Intensity G w p  
I1 4.0 25 2.5 45 35 4.0 4.0 4.0 3.5 3.5 3.0 3.0 
I2  3.0 3.0 3.0 4.0 5.0 4.0 4.0 6.0 4.0 4.0 5.0 4.0 
I3 4.0 4.0 4.0 35 35 3.5 4.0 3.5 4.5 4.0 5.0 4 5  
I5 2.0 2.0 3 5  2.0 2.0 3.0 2.0 1.5 2.5 1.5 2.0 1.5 
I6 5.0 5.0 4.0 4.0 4.0 3.5 4.5 4.5 4.0 4.5 3 5  3.0 
I7 1.5 1.0 1.0 1.5 0.5 1.5 1.0 1.5 2.0 2.0 3.0 2.0 
I8 2.5 4.0 4.0 4.0 5.0 3.0 3.0 2.5 4.0 3.0 5.0 4.0 

MEAN 3.1 3.1 3.1 3.4 3.4 3.2 3.2 3.4 3 3  3 3  3.8 3.1 
SD 1.25 137 1.11 1.14 1 .  036 1.29 1.65 0,91 1.11 1 .2  1-11 

I I 6.0 4.0 4.0 6.0 
I2 4.5 4.5 4.5 7.0 
I3 5.5 5.5 7.0 8.0 
I5 3.0 3.0 6.0 4.0 
I6 5.5 5.5 5.5 5.5 
I7 3.0 3.0 2.0 25 
18 4.0 6.0 6.0 5.0 

MEAN 4.5 4.5 5.0 5.4 
SD 1.22 1.22 1.66 1.84 

Subject 

Intensity Group 
4.0 5.5 5.0 
6.5 6.0 6.5 
7.0 7.0 7.0 
3.0 6.0 2.5 
5 5  6.0 5.5 
2.0 3.5 3.0 
7.0 5.0 5.0 
5.0 5.6 4.9 
2.02 1.10 1.67 

BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  I2 
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Table 43.0. Subject criterion ride 1 0 %  CS RPE during base, intensity and recovery phases. 

Table 44.0. Subject criterion ride 80% CS La:RPE during base, intensity and recovery 
phases. 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Control Group 
Cl 7.0 7.0 7.0 7.0 7.0 75 8.0 8.0 7.0 7.0 7.0 8.0 
C2 7.0 6.0 6.0 5.0 4.0 4.0 4.0 4.0 7.0 7.0 7.0 3.0 
C3 7.0 5.0 4.0 5.0 6.0 5.0 4.0 6.0 5.0 4.0 3.0 4.0 
C4 4.0 3.5 35 2.5 3.0 3.0 3.0 4.0 4.5 4.0 45 4.0 
CS 5.0 5.0 6.0 7.0 6.0 5.0 5.0 5.0 4.0 6.0 4.5 3.0 
C6 3.0 3.0 3.0 35 2.5 2.5 2.5 2 5  3.0 25 2.5 2.5 
C7 4.5 3.5 3.5 4.0 5.0 5.0 4.5 5.0 45 5.0 4.5 5.0 

MEAN 5.4 4.7 4.7 4.9 4.8 4.6 4.4 4.9 5.0 5.1 4.7 4.2 
SD 1.65 1.47 1.58 1.70 1.68 1.64 1.79 1.74 1.50 1.69 1.75 1.87- 

Subject BASE INTENSITY RECOVERY 
2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Group 
I1 165.0 133.3 107.2 140.0 90.0 105.0 51.2 52.0 90.5 81.0 96.5 89.5 
12 185.0 170.0 114.5 155.0 155.0 90.0 74.4 133.5 140.0 58.7 108.5 128.0 
I3 51.0 86.7 73.2 52.8 60.4 66.4 52.0 50.0 60.0 87.6 54.0 76.5 
I5 468.0 618.0 214.7 554.0 348.0 181.0 340.0 310.0 263.0 213.0 191.0 630.0 
16 74.0 120.3 46.0 86.0 55.7 60.7 50.0 41.1 520.0 76.8 72.7 96.0 
I7 416.0 976.0 562.0 482.0 473.3 633.3 446.7 250.0 1 14.0 194.0 104.0 260.0 
I8 372.0 100.0 100.0 170.7 71.2 84.7 64.7 97.0 82.7 113.3 58-0 62.5 

MEAN 2473 314.9 173.9 234.4 179.1 174.4 1M.1 133.4 181.5 117.8 97.8 191.8 
S D  169.3 346.2 179.0 199.1 165.6 m.3 166.5 106.6 163.5 61.01 4 6 3 0  204.3 

Control Group 
C1 91.0 104.0 162.0 96.0 91.0 101.6 64.0 140.0 81.5 127.5 132.0 90.0 
C2 226.7 185.0 165.0 82.5 197.0 207.0 270.0 287.0 164.5 349.0 396.0 254.0 
C3 64.0 80.0 340.0 67.5 116.0 81.5 110.0 95.0 117.0 109.5 133.5 126.0 
C4 206.7 200.0 160.5 135.0 160.7 288.0 243.0 270.0 130.7 381.0 340.0 272.0 
C5 112.5 115.0 135.0 107.0 127.5 235.0 319.3 189.3 340.0 261.0 324.0 264.0 
C6 221.0 160.0 194.0 219.0 368.0 346.0 156.0 156.0 207.0 148.0 408.0 205.0 
C7 82.5 134.7 63.5 101.0 121.0 107.5 110.0 133.5 123.3 101.5 156.7 102.0 

MEAN 143.5 139.8 174.3 115.4 168.7 195.2 181.8 18125 166.3 211.1 270.0 187.6 
S D  71.5 43.9 83.8 !503 W.3 102.0 96.0 72.1 86.2 118.1 124.7 79.9 



Table 45.0. Subject criterion ride !!lo% CS La:RPE during base, intensity and recovery 
phases. 

Table 46.0. Subject criterion ride 100% CS La:RPE during base, intensity and recovery 
phases. 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Intensity Group 
I1 112.5 120.0 133.6 77.8 62.9 75.0 605 64.0 88.0 64.9 96.3 76.3 
I2 123.0 126.7 106.0 825 72.0 725 65.5 58.2 66.8 51.8 52.0 665 
I3 62.0 80.0 64.8 75.7 59.4 77.7 675 68.9 62.7 51.3 44.6 62.0 
IS 179.0 240.0 128.0 152.0 119.0 94.3 120.0 166.0 148.4 1873 1815 164.7 
I6 65.0 114.6 76.3 70.8 51.0 81.7 51.1 67.6 63.8 76.0 63.7 120.7 
I7 160.7 542.0 258.0 162.0 372.0 101.3 182.0 133.3 124.5 125 J 68.0 123.0 
I8 79.2 62.5 72.5 94.3 49.4 59.3 703 78.4 53.8 76.3 23.6 46.8 

MEAN 111.6 183.7 119.9 102.1 112.2 803 tHB.1 90.9 86.8 90.4 75.7 943 
SD 46.1 167.9 66.7 117.0 14.0 46.9 41.7 36.1 495 51.8 42.6 

Control Group 
C1 91.0 132.3 139.0 109.3 78.5 90.8 66.0 103.6 86.0 94.0 118.2 72.4 
C2 108.0 120.0 137.5 97.0 176.0 227.0 241.5 21 1.0 128.5 196.3 237.7 176.0 
C3 62.4 95.0 136.0 72.0 70.5 57.5 138.4 88.3 96.0 106.0 155.6 118.5 
C4 173.3 153.3 180.8 152.5 147.0 182.5 1525 170.0 162.5 219.2 236.0 179.0 
C5 97.3 113.3 123.3 112.3 107.7 158.4 152.8 158.4 188.4 177.2 203.0 184.0 
C6 121.0 112.0 152.0 92.4 94.0 150.7 74.0 96.0 139.5 119.3 123.3 101.0 
C7 67.7 86.0 89.6 85.0 95.4 96.0 107.3 145.6 96.0 84.5 139.3 91.1 

MEAN 103.0 116.0 136.9 102.9 109.9 137.6 1333 139.0 128.1 142.4 17313 131.7 
SD 37.4 22.5 27.6 25.9 38.2 59.1 59.4 45.2 383 54.1 51.6 46.9 

Subject BASE INTENSITY RECOVERY 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Intensity G m p  
11 123.3 190.0 152.8 86.7 95.0 87.3 102.6 58.9 88.0 62.2 109.1 76.7 
I 2  127.0 151.1 117.8 98.6 93.8 78.3 81.2 73.0 67.6 62.6 72.9 71.3 
I3 75.0 128.5 81.4 64.0 82.7 98.4 100.0 72.0 101.7 89.0 85.0 83.3 
15 178.0 235.3 106.8 146.8 131.0 77.5 148.0 84.0 137.7 89.0 173.6 228.3 
I6 134.0 207.6 116.4 109.8 90.9 94.3 114.5 85.4 99.7 100.2 105.8 104.2 
I7 134.3 221 -7 204.0 146.8 184.5 68.6 1023 96.7 63.0 127.7 102.5 98.5 
18 79.0 73.3 90.0 114.0 78.7 78.4 81.2 84.8 52.8 76.8 58.4 59.3 

MEAN 121.5 1723 124.2 1W.5 1Ot3.1 833 1W 79.3 87.2 86.8 101.0 103.1 
SD 35.4 57.9 42.0 30.3 37.7 103 22.8 123 29.1 22.9 37.0 513 



Table 46.0. Continued. Subject criterion ride 100% CS La:RPE during base, intensity and 
recovery phases. 

Subject BASE INTENSlTY RECOVERY 
1 2 3 4 5 6 7 8 9 10 11 12 

Control Group 
C1 71.0 1013 118.7 90.6 9 9  111.9 81.3 105.9 98.4 94.0 145.6 813 
C2 107.1 130.0 148.3 88.6 134.5 166.0 1555 1575 116.4 122.7 168.4 1523 
C3 67.4 130.0 160.0 65.6 773 79.0 91.0 78.8 82.0 127.5 161.7 114.0 
C4 205.0 251 -4 197.4 160.4 164.0 236.0 146.7 142.0 124.9 207.8 187.6 143.8 
CS 96.0 142.0 120.0 102.7 127.7 175.4 169.4 156.2 184.3 1403 148.0 162.7 
C6 131.3 146.7 139.3 96.0 136.8 152.0 119.6 148.4 114.7 152.4 128.4 160.0 
C7 95.1 134.3 159.7 115.5 130.8 100.6 118.7 130.4 108.2 108.2 137.8 118.6 

MEAN 110.4 148.0 149.1 102.8 1233 145.8 126.0 1313 118.4 136.2 153.9 133.2 
SD 47.0 47.9 27.2 29.6 29.3 53.4 32.9 2 9  32.2 37.0 1 29.9 



Appendix G 

Case-Studv Analysis 

Blood S Plqrle I 

Figure 14.0. Case-study (subject 11) glutarnine (pol-L")  and glutamate (pmol-L") 
concentration over base, intensity and recovery phases. 
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Figure 15.0. Case-study (subject 17) glutarnine (pmol-L") and glutamate (pnol.~-')  
concentration over base, intensity and recovery phases. 
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Figure 16.0. Case-study (subject U) glutamine (pmol-~-') and glutamate (pmol-L") 
concentration over base, intensity and recovery phases. 



Appendix H 

Nutrition Analysis 

Table 47.0. Caloric intake (kcal) and carbohydrate intake (%CHO) for three two day 
dietary records for control and training group. Note: Subject compliance with this aspect 
of the study was poor. 

Nutrition Analysis 
% % X - 

% % % % 
SUbjd Kcal CHO Kcal CHO Kcal CHO Kcal CHO X 

Kcal CHO CHO Kcal %CHO. 
Intensity Group 

11 2906 49 1494 64 3713 41 2039 55 2971 58 3200 61 2721 54.7 
I2 2717 66 3055 56 3363 43 5029 49 2602 31 3189 63 3326 51.3 
I3 3526 60 3944 53 3607 60 3575 53 3970 36 2653 49 3546 51.8 
14 2000 51 1867 49 3698 38 1862 66 2135 66 2312 54.0 
15 2366 36 2930 62 1875 61 2178 47 1992 62 3370 62 2452 55.0 
I6 
I7 3329 45 1529 59 2429 52.0 

Mean 2797.6 53.1 
SD 516.8 1.6 

Control Group 
C1 1308 63 2386 32 1790 54 2767 53 2063 50.5 
C2 
C3 4412 30 3831 37 2549 55 3444 48 2148 54 2699 63 3181 47.8 
C4 1748 38 1540 62 1644 50.0 
C5 2533 64 2878 62 1938 50 2450 58.7 
C6 1692 66 2164 57 2544 46 1574 54 1994 55.8 
C7 

Mean 2334.2 51.8 
SD SS5.8 4.5 , 




