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ABSTRACT 

The purposes of this study were to evaluate and compare the independent and 

combined effects of argininellysine (AL) supplementation and resistance training (RT) on 

glucose tolerance and glomerular filtration rate, and to determine whether or not 

alterations were associated with changes in selected hormonal parameters. The study 

involved 30 physically active college males, ages 20-30 years, randomly assigned to one 

of four groups: Placebo/Control (pIC, n=7), P/RT (n=8), AL/C (n=7), or ALiRT 

(n=8). During the lO-week program, exercise subjects participated in a progressive 

resistance training program s~ressirtg all major muscle groups. An arginine/lysine 

supplement at a dosage of 132 mg/kg fat-free body (FFB) or placebo was administered 

to controls and training groups. Oral glucose tolerance (OGT) tests were performed on 

each subject before and after the lO-week intervention in order to evaluate resting levels 

of plasma insulin-like growth factor-l (IGF-l), as well as resting levels and responses of 

glucose, insulin and glucagon for 180 minutes following an oral glucose challenge. 

Glomerular filtration rate (GFR) was determined from creatinine clearance (Ccc) as 

calculated from plasma creatinine, urine creatinine and urine flow. Significant increases 

in strength, and fat-free body (FFB) weight were seen in both resistance trained groups 

compared to controls, while supplement status had no apparent effect. Glucose tolerance 

parameters which significantly increased following the lO-week intervention included 

resting insulin for P/RT and glucagon area under the curve (AUC) for PIC, ALlC, and 
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P/RT. While IOF-l did not significantly increase within groups, a significant post

treatment difference was seen between P/RT (0.93 ± 0.10 U/ml) and AL/RT (0.60 ± 

0.08 u/ml); percent carbohydrate in diet and absolute change in FFB were significant 

predictors of the absolute change in IOF-l, accounting for 22.0% (p < 0.01) and 20.8% 

(p < 0.01) of the variability, respectively. It was concluded that AL supplementation 

for 10 weeks had no significant effect on strength, FFB, OOT or OFR, while RT 

increased both strength and FFB with no significant effect on OOT or OFR. 
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CHAPTER 1 

INTRODUCTION 

Significance 

Protein supplements and amino acid preparations are being used in conjunction 

with resistance training exercise to increase muscle protein synthesis. If such supplements 

actually provide the results expected, the mechanisms involved could prove to be more 

detrimental than beneficial. In the event that specific amino acids (arginine/lysine) 

actually stimulate the release of hGH, its diabetogenic side effects could include reduced 

glucose tolerance as characterized by greater area under the curves for both blood glucose 

and insulin following a glucose challenge. Recent concern has been raised with regard 

to the implications impaired glucose tolerance may have in the development of increased 

risk for cardiovascular disease.5,94 Not only are people with impaired glucose tolerance 

at greater risk for diabetes, but there also appears to be a strong correlation between 

impaired glucose tolerance and hyperinsulinemia, increased VLDL (very-low-density 

lipoproteins) cholesterol levels, hypertension and obesity - the major risk factors for 

coronary heart disease. 

In addition, recent evidence suggests that the increased GFR associated with high 

dietary protein can increase one's risk for impaired renal function. 10 It appears that 
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hyperfiltration and protein-induced mesangial cell proliferation contribute to the 

development of glomerular sclerosis. Since the American diet is already high in protein, 

further potentiation of the risk for glomerular sclerosis could result from amino acid 

supplementation. 

While data exist establishing a relationship between resistance training and body 

composition/strength changes, little is available regarding the hormonal alterations 

associated with such changes. Further, very little is known about alterations in glucose 

tolerance or glomerular ftltration rate in response to resistance training or the relationship 

of these parameters with hormonal changes. Unique to this project were the independent 

and interactive effects of arginine/lysine supplementation with resistance training on the 

aforementioned parameters. In particular, this project was to provide information on 

possible IGF-l relationships with arginine/lysine supplementation and/or resistance 

training. Additionally, changes in glucose tolerance and glomerular filtration rates were 

expected to be associated with a common mediator, glucagon. In short, this project was 

expected to demonstrate previously unexplored associations between these physiological 

functions and systemic hormonal alterations. 
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Previous Studies 

ORAL GLUCOSE TOLERANCE 

Amino Acids 

In recent years, protein and amino acid supplements have been highly touted as 

the safe and effective alternative to anabolic steroids in building muscle mass. Although 

some studies seem to support these claims on the basis of increased protein demands for 

athletes, 17,20,52 numerous studies have demonstrated that the increase in dietary protein 

provided by such supplements is unnecessary for optimal muscle 

growth. 13,26,33,59,80,81,95,96,108 

Proteins, comprised of amino acids, are used in the body to repair and build cells 

and tissues, maintain water balance, transport materials, and provide energy. The total 

amount of amino acids in the body at any given time is referred to as the amino acid 

pool, and is dependent upon the relative rate:; of intake and excretion. While the body 

is capable of endogenously producing certain amino acids through transamination 

reactions, eight essential amino acids cannot be produced in this fashion and must be 

provided in the diet. A minimal amount of protein is required in the daily diet to 

maintain an optimal level of health. The recommended daily allowance (RDA) for 

protein is 0.8 g/kg body weight, established by the Food and Nutrition Board of the 

National Academy of Sciences/National Research Council to suggest levels of intake 
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which would theoretically meet the needs of 97.5% of the U.S. population. It has been 

suggested that the average person in the U.S. actually consumes protein far in excess of 

the RDAS.90,91 

During exercise, protein resources are mobilized to create an increased pool of 

available free amino acids. Alanine is transported to the liver where it is used for 

gluconeogenesis, while branched chain amino acids are transported from the liver to the 

muscle for oxidation after deamination. 103 Amino acids can also be used for protein 

synthesis during exercise; however, the main use of amino acids during exercise is to 

provide additional energy for muscular activity. After exercise, the emphasis shifts from 

fuel to adaptive protein synthesis. 103 Elevated protein synthesis is also accompanied by 

augmented protein degradation. While it appears that people who exercise may have 

protein needs greater than those suggested by the RDAs, this need does not appear to 

exceed the protein intake provided in the normal American diet. 26,108 Additionally, it has 

been demonstrated that with adequate caloric intake from other sources, protein efficiency 

is increased after a training regime. 13,59 Furthermore, individuals in positive caloric 

balance appear to have reduced protein needs; suggesting some merit for carbohydrate 

supplements to facilitate energy intake. The high nutrient and caloric density in these 

supplements is believed to more easily place these athletes in positive nitrogen balance, 

i.e., a nitrogen retaining state, than trying to increase food consumption. 
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Amino Acid-Induced hGH release 

While amino acid preparations appear unnecessary to supplement the normal 

dietary protein intake, recent claims suggest that amino acid supplements, particularly 

arginine, stimulate the release of human growth honnone (hGH), which in turn stimulates 

protein synthesis in skeletal muscle. Clinical evidence is available to substantiate the first 

part of these claims, demonstrating arginine-induced hGH release in healthy males and 

females following intravenous administration of arginine.28 ,50,63,66,72 The only oral 

preparation of arginine demonstrated to increase hGH was a combination 1200 mg 1-

arginine/1200 mg I-lysine; neither amino acid by itself had any effect on hGH levelsY 

The mechanism by which arginine stimulates hGH release is not clearly understood, but 

may involve the neurotransmitter serotonin released from the limbic system in the 

brain.60,62 Conversely, a more recent study would suggest that the stimulatory effects of 

arginine on hGH release are due to suppression of endogenous somatostatin secretion. 2 

The release of hGH from the anterior pituitary is under control of growth-hormone

releasing-factor (GRF) and an inhibiting factor, somatostatin (SS) both of which are 

found in the median eminence of the pituitary stalk. It is believed that hGH release is 

ultimately controlled at the level of the ventromedial/arcuate nuclei of the hypothalamus, 

or the limbic system.62 Nonnally, hGH is released in a pulsatile fashion throughout the 

day, with highest levels occurring in the early morning during deep sleep.21 Other potent 

effectors of hGH release include insulin-induced hypoglycemia, levodopa, apomorphine,34 

and exercise.58 While most of the studies concerning exercise-induced changes in hGH 
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have involved endurance exercises, Vanhelder et al (1984) considered the effects of 

resistance training. They found significant increases of hGH during and immediately 

following resistance training bouts of high intensityllow repetition. Growth hormone 

levels peaked at 260% above control levels at 15 minutes post-exercise, and approached 

resting levels within 40 minutes post-exercise. Low resistance, higher repetition exercise 

resulted in no significant change in hGH levels. 

Once released, hGH can have a number of effects on the body including growth 

of tissues and organs through enhanced protein synthesis, and glucoregulatory actions. 

The mechanism by which protein synthesis is triggered within skeletal muscle may 

involve hGH and/or its messenger, IGF-l, which is released from the liver; there is 

evidence to suggest both mechanisms playa role.42 Further, while adult muscle mass 

may increase in the presence of hGH, some available evidence suggests that this is not 

due to increased contractile tissue, but rather to connective tissue such as collagen.7,56 

hGH and Glucose Tolerance 

Growth hormone has also been demonstrated to have diabetogenic actions in 

animals1,14,51 and in man. 84 ,85 It appears that hGH can cause insulin resistance by 

impairing insulin's ability to suppress glucose production and to stimulate glucose 

utilization, probably at a postreceptor site.84,85 Chronic elevation of hGH can result in 

elevated blood glucose levels and hyperinsulinemia. The implied beneficial effects 
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derived from amino acid-induced hGH release may therefore be countered by the 

detrimental consequences of impaired glucose tolerance. 

Glucose tolerance tests reflect an individual's ability to regulate blood glucose in 

response to a glucose challenge. Of interest to the clinician are the resting and peak 

blood glucose and insulin levels, following an 8-12-hour fast, in response to the oral 

administration of 40 g/m2 body surface area glucose solution, as well as total area under 

the glucose and insulin response curves. Typical curves comparing a normal versus a 

diabetic individual are presented in Figure 1. 
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Normal fasting values for blood glucose and insulin in venous blood are 70-110 

mg/dl (3.9-5.6 mmollL) and 0-70 /LU/ml (0-502 pmollL), respectively.32 Normal 

individuals should have blood glucose levels ~ 185 mg/dl at I-hour, ~ 165 mg/dl at 1.5-

hours, and ~ 140 mg/dl at 2-hours after the glucose load. 49 Insulin levels will vary 

depending upon the individual's insulin sensitivity, which refers to the amount of insulin 

necessary for a half-maximal response in glucose uptake.84 Normal glucose tolerance can 

be affected by both exercise and diet. 

Physical Activity and Glucose Tolerance 

Physical activity has been directly correlated with favorable alterations in oral 

glucose tolerance (OGT).4,29,39 Specifically, endurance exercise in humans has been 

shown to increase insulin sensitivity, 44,53,57,97 reduce basal insulin levels,23,57 reduce the 

areas under thr. response curves for both glucose and insulin,24,4O,44,93,97 and enhance 

glycogen storage.24,44,93,97 Animal studies further substantiate these findings. 8,47 While 

fewer studies have examined OGT responses to resistance training, results appear similar 

to that of endurance regimes. A lO-week resistance training program was found to 

significantly reduce both basal plasma insulin levels and the area under the insulin 

response curve during an oral glucose tolerance test. 64 The reduction in area under the 

glucose response curve approached, but did not reach significance. Yki-Jarvinen et al 

(1984) found lower blood glucose and insulin levels in bodybuilders than in weight-

matched and normal-weight controls during a 2-hour OGrr. In another study, 
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powerlifters who had ingested anabolic steroids were found to have impaired glucose 

tolerance and increased post-glucose insulin and peak insulin. 19 However, those 

powerlifters who had not used steroids appeared to have reduced post-glucose insulin and 

peak insulin levels compared to sedentary and obese controls during a 2-hour OGrr. 

It has been hypothesized that these favorable alterations in glucose tolerance are due to 

increased muscle mass and decreased fat weight consequent to the resistance training 

programs. I06 In animals, chronic exercise has been shown to increase insulin binding in 

selective skeletal muscles, but not liver. 8 

Effects of Diet on Glucose Tolerance 

Diet also appears to playa role in glucose tolerance. A diet high in carbohydrates 

can enhance glucose tolerance as compared to a low carbohydrate diet. 18 The proposed 

mechanism for this response is the decreased resting plasma epinephrine levels observed 

with a high carbohydrate diet. 88,98 Catecholamines reduce glucose tolerance by inhibiting 

insulin secretion,75 stimulating hepatic glucose production87 and antagonizing insulin 

mediated glucose uptake by skeletal muscle.25 ,83 Therefore, high carbohydrate diets can 

reduce the deleterious effect of epinephrine on glucose tolerance. 

Protein stimulates insulin secretion,30,31,67,79 which in tum reduces the blood 

glucose rise following ingestion of food. 67,79 Specific amino acids (particularly arginine) 

have also been demonstrated to enhance the release of both insulin30,31 and glucagon.68 ,71 

In addition, arginine has been found to be a potent releaser of hGH. 28,43,50,63,66,72 While 
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the insulin-like action of GH stimulates amino acid transport and protein synthesis,14 the 

anti-insulin effects reduce glucose tolerance, increase the area under the glucose and 

insulin response curves, and reduces insulin sensitivity in animals1,14,Sl and in man. 84,85 

Thus, with enhanced glucagon and hGH responses antagonizing the effects of insulin, 

glucose tolerance could be impaired following chronic ingestion of these amino acids, 

provided the dosage was adequate. 

GLOMERULAR FILTRATION RATE 

In addition to the risk of impaired glucose tolerance, evidence is available 

suggesting potential renal damage following chronic ingestion of amino acid and protein 

supplements. 10,11 Briefly, increased protein intake has been demonstrated to increase the 

rate of glomerular filtration and increase glomerular capillary permeability to negatively 

charged macromolecules which may stimulate mesangial cell proliferation and eventually 

lead to glomerular sclerosis. 

Glomerular filtration is the process by which plasma and non-protein molecules 

are separated from blood cells and protein macromolecules in Bowman's space. The 

primary force promoting glomerular filtration from the glomerular capillaries into 

Bowman's space is the capillary hydrostatic pressure. It is opposed by the capillary 

oncotic pressure provided by plasma proteins and the hydrostatic pressure in Bowman's 

space. The oncotic pressure in Bowman's space is negligible, since little or no protein 

is filtered across the glomerular capillary basement membrane. The capillary hydrostatic 
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pressure, and therefore GFR, is controlled by the relative tone of the afferent and 

efferent arterioles. When the afferent arterioles are selectively dilated or the efferent 

arterioles are selectively constricted, capillary hydrostatic pressure increases, effectively 

increasing the glomerular filtration rate (GFR). 

Effect of Exercise on GFR 

The reduction in renal blood flow (RBF) during exercise is well documented16,36,74 

and appears to result from 1) increased sympathetic nervous activity which constricts both 

afferent and efferent arterioles, 2) increased epinephrine and norepinephrine, and 3) local 

autoregulation of blood flow. 74 The reduced RBF appears to cause a concomitant, 

although relatively smaller decrease in GFR. 74 During light to moderat~ ~xercise, there 

appears to be no change or a slight increase in GFR determined by inulin (Crn> or 

creatinine (CCr) clearance following treadmill running48 or bicycling.36,104 In contrast, 

following heavy exercise GFR was found to decrease significantly. 16,36,48 Interestingly, 

by increasing the hydration state of subjects during heavy exercise, the decrease in GFR 

was almost completely abolished. 16 It appears, therefore, that GFR during exercise is 

inversely dependent upon the intensity at which the exercise is performed and 

proportionate to the hydration state of the subject. While it has been suggested that 

physical training can diminish the exercise-induced reductions in RBF and GFR,89 there 

is no evidence currently available to support training-induced changes on resting GFR. 
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Of the previously mentioned studies, all demonstrated changes in GFR which 

occurred immediately. following endurance activities; none involved resistance training 

(RT) exercises. While the GFR during RT exercises has not been studied at this time, 

changes similar to those found in endurance exercise bouts are expected due to changes 

in sympathetic nervous activity. In the only study available which measured GFR after 

resistance training, Hickson et al (1986) found no change in the 24-hour CCr measured 

after a single RT exercise bout when compared to pre-exercise determinations. 

Effect of Diet on GFR 

Increased levels of dietary protein has been shown to increase GFR in both 

animals41.46.55 and humans.9•78 Hostetter et al (1986) found that rats maintained on chow 

of 40% protein content for four months had significantly increased GFR values compared 

to those on 6% protein. Further, young rats fed 51 % protein diets were found to 

increase GFR out of proportion to body weight over a 40-day period, while rats fed 12% 

and 21 % protein diets demonstrated no change.46 A single bolus of 40% bovine albumin 

was also found to significantly increase GFR (mean = 30%) in rats compared to control 

animals given a similar bolus of 40% com starch.55 Similar findings have been found 

in humans. Healthy subjects on ad libitum protein diets had CCR of 110.4 mIl1.73 

m2/minute (SD 13.1) compared to 67.9 mIl 1. 73 m2/minute (SD 22.9) for subjects on a 

vegetarian diet. 9 In addition, those subjects on ad libitum protein were challenged with 

three different protein loads (40g, 70g, 90g meat) with higher CCr found in direct 
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proportion to the protein load. Likewise, normal young adults placed on diets of three 

different protein intakes (0.3, 1.0, 2.6 g/kg/day) for two weeks demonstrated CIn in 

direct proportion to their protein intake, with significant differences found between each 

group.78 

Amino Acids and GFR 

Interestingly, amino acid infusions have also been demonstrated to induce 

increased GFR in humans. 15,38 Castellino et al (1986) found that a combination of 15 

amino acids infused over a three-hour period resulted in a 20% increase in GFR, 

associated with increased glucagon and plasma amino acid levels. A 200 mg/kg arginine

Hel infusion alone was also demonstrated to increase GFR (42.7 ± 29.1 %) over a 30-

minute period.38 As in the previously mentioned study, there was an associated increase 

in glucagon. 

The mechanism by which GFR is increased in response to a protein load is not 

clearly understood. The most likely mechanism proposed to date involves the release of 

a protein-induced hormone and its consequent interaction with the renal vasculature. 

Initially, glucagon was implicated due to its rising levels in response to a protein 

meal, 68,71,100 and its association with elevated GFR.54 ,69,70 Intrarenal infusion of glucagon 

was demonstrated to selectively increase dilation of the afferent arterioles, increasing 

GFR. 99 However, the dose of glucagon used in this study was supraphysiologic. 

Physiologic doses of glucagon, similar to those achieved following ingestion of a protein 
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meal were found to increase GFR by only 6 percent. 77 A more recent hypothesis 

suggests the role of a liver hormone, glomerulopressin, which rises in response to 

elevated plasma amino acids and glucagon, and directly affects GFR.3,76,101 Further 

research is necessary to validate this hypothesis. 

While the mechanism is not clearly understood, increased dietary protein clearly 

increases GFR. It has been proposed that this hyperfiltration can eventually lead to the 

development of glomerular sclerosis. 10,11 It is believed that hyperfiltration and the 

increased glomerular capillary permeability associated with a protein load can chronically 

lead to mesangial cell injury and proliferation, culminating in glomerular sclerosis. 

Although this process would only affect a small percentage of nephrons at any given 

time, it has been suggested that over a period of years the progression of this injury could 

account for the diminished renal function observed in the elderly. 
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CHAPTER 2 

SPECIFIC AIMS 

The purposes of this project were to determine the independent and combined 

effects of arginine/lysine supplementation and resistance training on 1) glucose tolerance 

and 2) glomerular filtration rate, and to establish a relationship between these 

physiological functions and specific hormonal parameters. 

Glucose tolerance represents a quantitative measure of an individual's ability to 

metabolize and regulate glucose over a specified period of time. Systemically, alterations 

in glucose tolerance are due to the production, secretion, relative proportion and/or 

sensitivity ofprimarlly two hormones: insulin (responsible for glucose uptake and storage) 

and glucagon (responsible for hepatic glucose production). Additionally, hGH and IGF-l 

also affect glucose metabolism: the former through its anti-insulin properties, and the 

latter through its insulin-like effects. These hormones influence hepatic glucose 

production, as well as muscle and adipose tissue glucose uptake through specific effects 

at the cellular level, namely the stimulation and/or inhibition of specific enzymes and 

membrane transporters. 

Glomerular filtration rate (GFR) represents the amount of plasma filtered by the 

glomeruli over a specified time period; increased GFR indicates increased work 

performed by the kidneys. GFR is largely controlled by Starling forces (glomerular 

hydrostatic and oncotic pressure, and tissue hydrostatic and oncotic pressure) and the 
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fIltration coefficient at the tissue level, but may also be subject to hormonal control, or 

more specifically, by glucagon. Glucagon is believed to cause dilation of glomerular 

afferent arterioles, increasing GFR by elevating capillary hydrostatic pressure. 

Recent studies support the theory that arginine/lysine administration may impair 

glucose tolerance and increase glomerular filtration rate in humans, possibly through a 

common mediator: glucagon. Evaluating glucose tolerance and glomerular filtration rate 

by studying their relationship to systemic hormonal markers could shed greater light on 

these physiological adaptations. The specific aims of this project were: 

1. To assess changes in oral glucose tolerance consequent to chronic ingestion of the 

amino acids arginine and lysine versus a placebo during a lO-week period with or without 

resistance training. Specifically, resting glucose, insulin, glucagon, and IGF-l (an 

indicator of chronic hGH status) were to be compared, as well as changes in these 

parameters following a glucose challenge. In addition, areas under the 3-hour response 

curves were to be determined and compared for glucose, insulin, and glucagon. 

Arginine/lysine administration can stimulate the release of hGH which antagonizes the 

effects of insulin at the cellular level by impairing glucose uptake and inhibiting insulin 

suppression of hepatic glucose production, effectively decreasing insulin sensitivity and 

glucose tolerance as indicated by elevated resting blood glucose and insulin levels, as well 

as increased areas under the response curves for glucose and insulin following an oral 

glucose challenge. Additionally, arginine/lysine administration stimulates glucagon 

release, amplifying the change in the insulin:glucagon ratio and contributing to the 
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alterations in glucose tolerance. The impairment in glucose tolerance may be attenuated 

by resistance training, which improves insulin sensitivity by increasing fat-free body mass 

and decreasing adipose tissue. The primary questions addressing this specific aim were 

stated as follows: 

a) What is the effect of arginine/lysine supplementation on oral glucose 

tolerance? 

b) What is the effect of resistance training on oral glucose tolerance? 

c) What is the interactive effect of arginine/lysine:resistance training on oral 

glucose tolerance? 

d) Is there a relationship between changes in oral glucose tolerance and 

selected hormonal parameters, namely IGF-l, insulin and/or glucagon? 

2. To assess changes in glomerular filtration rate (GFR) consequent to chronic 

ingestion of arginine/lysine supplementation versus a placebo during a lO-week period 

with or without resistance training. GFR was to be estimated from creatinine clearance 

(CCr) as determined from SMAC 20 plasma creatinine levels and a 24-hour collection of 

urine. Ingestion of large amounts of protein and amino acids has been shown to 

indirectly increase GFR by dilating glomerular afferent arterioles, possibly through 

glucagon-mediated mechanisms at the cellular level. No evidence is available to suggest 

that resistance training will alter GPR. It is believed that amino acid supplementation 

will increase GFR, regardless of training state, due to elevated glucagon levels mediating 
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afferent arteriolar dilation. The primary questions addressing this specific aim were 

stated as follows: 

a) What is the effect of arginine/lysine supplementation on GFR? 

b) What is the effect of resistance training on GFR? 

c) What is the interactive effect of argininellysine:resistance training on 

GFR? 

d) Is there a relationship between changes in GFR and selected hormonal 

parameters, namely IGF-l, insulin and/or glucagon? 
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Protocol and Expected Results 

Specific Aim #1 

The experiment assessed changes in oral glucose tolerance consequent to 10 weeks 

of daily ingestion of an arginine/lysine supplement versus a placebo with or without 

resistance training. Specifically, resting plasma glucose, insulin, glucagon, and IGF-l, 

as well as the areas under the response curves (AUes) for glucose, insulin, and glucagon 

were determined following an oral glucose challenge. 

1.a. Effect of Arginine/Lysine Supplementation on OGT 

The combination of 50% arginine/50% lysine is known to be a potent stimulus for 

hGH release,43 while arginine and amino acid mixtures containing arginine stimulate the 

release of glucagon.68,71 Although growth hormone can stimulate amino acid transport 

and protein synthesis,14 the diabetogenic effects of the chronic elevation in hGH can result 

in elevated blood glucose levels and hyperinsulinemia,84,85 thus making one more 

susceptible to glucose intolerance. In light of these facts, arginine/lysine 

supplementation with no resistance training would be expected to reduce glucose tolerance 
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(indicated by higher resting glucose and insulin levels and greater AUCs following a 

glucose challenge). 

1.b. Effect of Resistance Training on OGT 

Endurance training in humans has been shown to increase insulin 

sensitivity,44.53.57.97 reduce basal insulin levels,23.57 reduce the areas under the response 

curves for both glucose and insulin,24.4O.44.93.97 and enhance glycogen storage.24.44.93.97 

More specific to the aims of this study, reduced basal plasma insulin levels, reduced areas 

under the insulin response curve, and lower blood glucose levels have been reported 

following resistance training exercise.19.64.I07 These changes appear to reflect increased 

muscle mass and decreased fat weight commensurate with the resistance training 

programs. 106 Literature would therefore suggest that the resistance training group 

receiving placebo would demonstrate improved glucose tolerance (lower resting glucose 

and insulin levels and AUCs) following the lO-week program. 

1.c. Interactive Effects of Arginine/Lysine and RT on OGT 

The beneficial impact of resistance training was expected to be masked in the 

group receiving amino acids alone, due to increased levels of glucagon and the 

diabetogenic effects elicited by the increased hGH levels, as reflected in higher IGF-I 

levels. This group (Resistance-trained plus arginine/lysine) was expected to demonstrate 
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impaired glucose tolerance (elevated resting glucose and insulin and AUCs), after the 10-

week program, but to a lesser extent than the Control + Arginine/Lysine group. The 

expected outcomes are summarized in Table I. 

Table 1. Expected treatment effect on relative glucose tolerance following 10-
week intervention 

Treatment Glucose Tolerance as demonstrated 
by area under the glucose and insulin 

response curves 

Group I: Control + Placebo No Change 

Group 2: R.T. + Placebo Improved 

Group 3: Control + Arg/Lys Impaired 

Group 4: R.T. + Arg/Lys Impaired 

lod. Relationship Between OGT and Hormonal Parameters 

Because IGF-I has been demonstrated to reflect chronic changes in hGH in well-

fed individuals,73 IGF-I levels were determined prior to and after the lO-week study. 

It was believed that IGF-l levels will more accurately reflect chronic changes in hGH 

than Pre- to Post- hGH levels alone. IGF-I levels were expected to increase during the 

lO-week study in those subjects ingesting arginine/lysine, reflecting the chronic elevation 

of hGH induced by the arginine/lysine supplement. Subjects who displayed impaired 

glucose tolerance (pre to post) were expected to have elevated insulin levels at rest and 
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increased insulin AUC, due to hGH-induced insulin insensitivity. Both resting glucagon 

levels and glucagon AUC were expected to be elevated in those subjects displaying 

impaired glucose tolerance (pre to post), due to an expected glucagon-insensitivity. 

Glucagon elevation is expected to be relatively less than the increase in insulin due to 

negative feedback inhibition imposed by elevated blood glucose levels; the 

insulin:glucagon ration is therefore expected to increase. 

The relative effects of these perturbations had not been previously compared. In 

addition, the interactions responsible for the adaptations resulting from dietary 

manipulations and resistance training are not clearly understood. The actual outcomes 

may have therefore varied from those hypothesized, depending on the relative strengths 

of the different treatment effects. 

Specific Aim #2 

The experiment assessed changes in glomerular filtration rate (GFR) consequent 

to chronic ingestion of amino acid supplements (arginine/lysine) versus a placebo during 

a lO-week period of resistance training. GFR was estimated from creatinine clearance 

(CCr) as determined from SMAC 20 plasma creatinine levels and a 24-hour collection of 

urine. 
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2.a. Effect of Arginine/Lysine Supplement on GFR 

Large amounts of dietary protein have been shown to increase GFR in both 

animals41 ,46,55 and humans.9,78 Further, a mixture of amino acids containing arginine 

were also found to significantly increase GFR in humanslS as did a 200 mg/kg arginine

HCI infusion.38 While the mechanism underlying the protein-induced increase in GFR 

is not fully understood, it is believed that elevated plasma amino acid levels stimulate the 

release of glucagon and consequently, increased plasma levels of glucagon stimulate the 

release of a liver hormone, glomerulopressin, which increases GFR by dilating the 

glomerular afferent arterioles.3,76, 101 Accordingly, the argininellysine supplementation, 

regardless of training condition, was expected to increase CCr over the lO-week study by 

raising plasma amino acid and glucagon levels which may have acted directly, or 

indirectly via glomerulopressin, to dilate the glomerular afferent arterioles. 

2.b. Effect of RT on GFR 

While GFR has been shown to decrease significantly during heavy exercise, 16,36,48 

no changes in 24-hour CCr were found after an acute bout of resistance training compared 

with pre-exercise values.37 To date, no evidence is available to suggest changes in resting 

GFR consequent to exercise training. The literature therefore suggested that resistance 

training alone would have no effect on GFR as determined by CCR. 
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2.c. Interactive Effects of Arginine/Lysine and RT on GFR 

As described above, arginine/lysine supplementation, regardless of training 

condition, was expected to increase CCr• Since RT was not expected to alter GFR in any 

way, no interaction was anticipated. 

2.d. Relationship Between GFR and Hormonal Parameters 

No previous relationships had been described between GFR and IGF-l or insulin; 

none were anticipated in this study. However, elevated glucagon levels had been 

demonstrated to increase GFR, presumably through dilation of the glomerular afferent 

arterioles. The arginine/lysine supplement was expected to increase levels of glucagon, 

therefore, a relationship between elevated glucagon and increased GFR was anticipated. 

The expected outcomes have been summarized in Table 2. As with glucose 

tolerance, the interactions responsible for the adaptations resulting from dietary 

manipulations and resistance training are not clearly understood. The actual outcomes 

may have therefore varied from those hypothesized, depending upon the relative strengths 

of the different treatment effects. 
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Table 2. Expected effect of relative Glomerular Filtration Rate as determined 
by CCr following lO-week intervention 

Treatment Glomerular Filtration Rate as 
determined by Creatinine Clearance 

Group 1: Control + Placebo No Change 

Group 2: R.T. + Placebo No Change 

Group 3: Control + Arg/Lys Increase 

Group 4: R.T. + Arg/Lys Increase 

Additional Variables 

This study was proposed to study the consequences of amino acid supplementation 

and resistance training on glucose tolerance and glomerular filtration rate. To ensure 

more stringent internal and external control of the project, body composition and 

nutritional information were collected in conjunction with the data collections described 

above. The information provided by these additional measurements was used to compare 

possible differences within and between groups. 
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Statistical Methods 

Independent Variables 

The independent variables for this project were resistance training (train vs. 

control) and arginine/lysine supplementation (arginine/lysine supplement vs. placebo), 

yielding a 2 X 2 factorial experimental design. 

Dependent Variables 

Dependent variables for assessing oral glucose tolerance included resting levels 

and AUCs of glucose, insulin, glucagon, and insulin:glucagon ratios. In addition, resting 

IGF-l values were compared. Dependent variables for GFR measurements included 

[Cr]Plasma' [Cr]urine, CCr' and 24-hour urine volume; resting glucagon values were also 

considered. 

Analyses 

Analysis of variance was used for descriptive evaluation of group characteristics. 

Multiple regression was used to determine to what extent resistance training and 

arginine/lysine supplementation contributed to observed variability in oral glucose 
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tolerance (OGT) and GFR. Specifically, pre-and post-treatment values, as well as the 

absolute changes, were assessed for the dependent variables representing these 

physiological parameters. In addition, relationships (zero order and partial correlations) 

among variables and changes in fat-free body, hormonal, metabolic, and dietary 

parameters were evaluated. 
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CHAPTER 3 

THE EFFECTS OF ARGININE/LYSINE 

SUPPLEMENTATION ON GLUCOSE TOLERANCE 

Introduction 

While amino acid preparations appear unnecessary to supplement the normal 

dietary protein intake, recent claims suggest that amino acid supplements, particularly 

arginine, stimulate the release of human growth hormone (hGH), which in tum stimulates 

protein synthesis in skeletal muscle. Clinical evidence is available to substantiate the first 

part of these claims, demonstrating arginine-induced hGH release in healthy males and 

females following intravenous administration of arginine. 28,50,63,66,72 The only oral 

preparation of arginine demonstrated to increase hGH was a combination 1200 mg 1-

arginine/1200 mg I-lysine; neither amino acid by itself had any effect on hGH levels.43 

Once released, hGH can have a number of effects on the body including growth 

of tissues and organs through enhanced protein synthesis, and glucoregulatory actions. 

The mechanism by which protein synthesis is triggered within skeletal muscle may 

involve hGH and/or its messenger, IGF-l, which is released from the liver; there is 

evidence to suggest both mechanisms play a role. 42 Growth hormone has also been 
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demonstrated to have diabetogenic actions in animals1,14,51, and in man.84,85 It appears 

that hGH can cause insulin resistance by impairing insulin's ability to suppress glucose 

production and to stimulate glucose utilization, probably at a postreceptor site.84
,85 

Chronic elevation of hGH can result in elevated blood glucose levels and 

hyperinsulinemia. The implied beneficial effects derived from amino acid-induced hGH 

release may therefore be countered by the detrimental consequences of impaired glucose 

tolerance. Additionally, specific amino acids (particularly arginine) have also been 

demonstrated to enhance the release of both insulin3o,31 and glucagon.68,71 Chronic 

release of these hormones may decrease the sensitivity of their target cells, further 

compromising glucose tolerance. 

Physical activity has been directly correlated with favorable alterations in oral 

glucose tolerance in both endurance4,29,39 and resistance trained athletes. 64,107 It has been 

hypothesized that these favorable alterations in glucose tolerance are due to increased 

muscle mass and decreased fat weight, as would occur in resistance training programs. 106 

In animals, chronic exercise has been shown to increase insulin binding in selective 

skeletal muscles. 8 

The purpose of this project was to assess changes in oral glucose tolerance 

consequent to chronic ingestion of the amino acids arginine and lysine versus a placebo 

during a lO-week period with or without resistance training. In addition, relationships 

between glucose tolerance changes and selected hormonal parameters were examined. 
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Materials and Methods 

Experimental Design 

Thirty college males (ages 20-30 years) were recruited and randomly assigned to 

one of four groups (Table 3) arranged in a 2x2 factorial design to investigate the effects 

of Resistance Training (RT) and Arginine/Lysine (AL) supplementation over a lO-week 

period. Groups 1 and 2 received a placebo (cornstarch) while groups 3 and 4 ingested 

equal amounts of arginine and lysine. Subjects were given dosages equalling 66 mg of 

each amino acid/kg fat-free body/day or 132 mg cornstarch/kg fat-free body/day in a 

double-blind fashion. Groups 2 and 4 completed a lO-week resistance training program, 

while groups 1 and 3 did not. 

Table 3. Description of Experimental Groups 

Group (n) Supplement Training 
Condition 

1 (P/C) (7) Placebo Control 

2 (P/RT) (8) Placebo Resistance Exercise 

3 (ALlC) (7) Arginine/Lysine Control 

4 (ALlRT) (8) Arginine/Lysine Resistance Exercise 

Subjects 

In order to participate, subjects were required to meet specified ranges for body 

weight (72.5-86.0 kg) and body fat (9-18%) determined from hydrostatic weighing. 
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Subject groups were therefore matched on physical characteristics. Of thirty-nine subjects 

assigned to a group, nine failed to complete the study, resulting in a 25 % dropout rate. 

Nutritional status for the previous three months was assessed by a computer

scanned food frequency questionnaire developed by the University of Arizona Cancer 

Research Center. All subjects were required to have maintained stable body weight and 

to have met criteria for per cent carbohydrate, fat, and protein components of diet within 

established guidelines (40-60%,25-40% and 10-20%, respectively). Previous nutritional 

status information was necessary to avoid recruiting subjects who had been on extreme 

diets. Subjects also completed food and activity records one day each week for the 

duration of the study. 

Final criteria required subjects to have had some resistance training experience, 

but no formal resistance training program was to have been implemented for the 3 months 

prior to the study. In addition, any subject with a history of orthopedic injury, diabetes, 

or renal disease was excluded from the study. A Human Subjects Consent Form 

(Appendix A), approved by the University of Arizona Human Subjects Review Board, 

was signed by each subject prior to any testing. 

Protocols 

Maximal Performance: Prior to engaging in the resistance training program, all 

subjects were tested for maximal performance in the back squat, dead lift, and bench 

press. Testing was performed between 0700 - 0900 in the morning and 1700 - 1900 in 
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the evening at the University of Arizona varsity weightroom. Maximal perfonnance was 

also measured at completion of the 10-week training period. 

The maximal perfonnance on the back squat was recorded only if the subject 

could attain a 900 angle between his thigh and lower leg and return to full hip extension 

under his own power. Maximal perfonnance for the dead lift required the subject to lift 

the loaded bar from the floor to a position in which his hips are fully extended. The 

maximal perfonnance on bench press required the subject to lower the loaded bar from 

a position in which the arms were fully extended at the elbow to his chest, returning it 

to the original position without raising his feet from the floor or lifting his buttocks from 

the bench. 

Resistance Training: All subjects in Groups 2 and 4 trained three days/week at 

the University of Arizona varsity weightroom. The exercises perfonned included the 

squat, stationary lunge, dead lift, bench press, bent-over row, lat-pull, military press, 

weighted dip, biceps curl, and medicine ball crunch; sets, repetitions and relative 

intensities during each week of the study are listed in Table 4. Relative intensities were 

based on percentages of the one repetition maximum (lRM), i.e., the amount of weight 

which could be completely lifted one time by the subject for that particular exercise. All 

exercises were done with barbells and metal weights, except that medicine ball crunches 

were perfonned with either six-, nine- or fifteen-pound medicine balls. Workouts 10, 

20, and 29 were used as "unload" periods to maximize strength gains by allowing the 
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subjects to "rest" before increasing demands. All workouts were recorded by the subject; 

five missed workouts resulted in expulsion from the study. 

Table 4. Sets, repetitions, and intensity for resistance training program 

Week Workout Sets Repetitions Intensity 
Relative to 

lRM 

1-3 1-9 4 8 60-65% 

4 10 4 8 50-55% 

4-7 11-19 4 " 70-75% 0 

7 20 4 6 60-65% 

7-10 21-28 4 4 80-85% 

10 29 4 4 70-75% 

10 30 0 1 100% 

Glucose Tolerance: Each subject performed an oral glucose tolerance test prior 

to and following the 10-week interventions. An indwelling catheter with an IV saline 

drip was placed in an antecubital vein between 0700 and 1000. Blood samples (5 ml) 

were taken at rest, and at 30, 60, 90, 120, and 180 minutes after the oral ingestion of 

100 g glucose in 10 ounces of solution in order to evaluate the responses of plasma 

glucose, insulin and glucagon. Post-testing was performed 48 hours after the last 

resistance training workout and arginine/lysine supplement. 
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Plasma Analyses 

All subjects had fasting 10 ml blood samples collected from an antecubital vein 

between 0700 and 1000 before, at weeks 2, 4, and 6 during, and after the 10-week 

training or control period. The blood was collected with the appropriate preservatives, 

immediately placed on ice, serum harvested within 1 hour and stored at -20°C until 

assayed. Samples for different assays (including hormonal) were aliquotted to reduce 

freezing and re-thawing. 

Glucose: Blood was collected into capillary tubes and immediately analyzed for 

blood glucose concentration with an automated glucose analyzer (Yellow Springs 

Instrument Co., Yellow Springs, OH). A known volume of blood was injected into a 

collection chamber within the analyzer which is adjacent to a glucose probe. Glucose 

passing through the probe's outer membrane was converted to gluconic acid and hydrogen 

peroxide via glucose oxidase. The hydrogen peroxide then crossed the membrane's inner 

layer, contacting a platinum anode which created an electrical current directly 

proportional to the glucose level in the sample. The corresponding reading was adjusted 

for hematocrit to yield plasma glucose concentration. 

Endocrine: Resting values for insulin, glucagon, and IGF-l were measured pre

and post- treatment. Hormonal profiles were determined through the use of 

radioimmunoassay techniques (RIA). The RIA method is an antigen:antibody reaction 

based on competition between the hormone in the serum sample and a known amount of 



46 

radioactive labeled hormone for a limited number of binding sites on a specific antibody. 

Both labeled and unlabeled hormone serve as the antigens in this reaction. The amount 

of radioactivity recorded from the bound antibody reflects the amount of labeled hormone 

bound; the concentration of the unlabeled hormone is, therefore, inversely proportional 

to the radioactivity recorded. lOS Known amounts of a labeled hormone and various 

amounts of unlabeled hormone were used to produce a standard curve based on counts 

per minute (cpm) of radioactivity. 

Commercial RIA kits which include standards and specific labeled hormone were 

used to determine IGF-l, insulin, and glucagon. Single antibody kits produced by 

Diagnostic Products Corporation were used for determination of insulin. Double antibody 

kits were used for determination of glucagon (Diagnostic Products Corporation) and IGF-

1 (Nichols Institute Diagnostics). The antibody present in a particular kit was specific 

for a certain hormone, although some cross-reactivity with other hormones may occur. 

The percent binding and cross-reactivity with other hormones was determined and 

controlled by each respective laboratory preparing the assay kits (See Appendix B). All 

samples were assayed in duplicate preceded by tubes to determine total counts, non

specific binding, maximum binding, standards, and controls. Each assay was also 

followed by control tubes to assure quality control. Intra- and inter-assay variation was 

monitored for each hormone (Appendix C). 

Hormonal assays were done by the investigator in an RIA laboratory at the 

University of Arizona. Reagents and samples were added to tubes with Eppendorf 

pipettes and spun in a refrigerated centrifuge. Radioactive levels of I2SI for hormonal 
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assays were counted in an LKB Clini-Gamma Counter. Standard curves, using the spline 

method, and hormone concentrations were calculated with an LKB computer software 

program. 

Statistics 

A 2 X 2 factorial experimental design was used to assess the effects of 

supplementation and resistance training. Dependent variables for assessing glucose 

tolerance included resting levels and Area Under the Curves (AUCs) of glucose, insulin, 

glucagon, and insulin:glucagon ratios. In addition, resting IGF-llevels were compared. 

Analysis of variance was used for comparisons within and between groups. Multiple 

regression was used to determine to what extent resistance training and supplementation 

contributed to observed variability in oral glucose tolerance. Specifically, pre- and post

treatment values, as well as the absolute changes, were assessed for the dependent 

variables representing these physiological parameters. Per cent changes were evaluated 

if pre-treatment values were statistically different. In addition, relationships (zero order 

and partial correlations) among values and changes in fat-free body, hormonal, and 

metabolic parameters were evaluated. 
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Results 

Descriptive Characteristics 

Initial values for age, height, weight, per cent body fat (% BF), and fat-free body 

(FFB) were similar between all groups (Table 5). Following intervention, RT groups 

demonstrated significant changes in body composition when compared to Control groups, 

regardless of supplement. Although both P/RT and AL/RT decreased per cent body fat 

(% BF), the absolute change in % BF was significantly different from the control groups 

only in the ALiRT group. Fat-free body mass (FFB) significantly increased in both P/RT 

and ALiRT groups when compared to Placebo or AL controls. 

Table S. Descriptive characteristics of groups, Mean (SE) 

Group Age Height Pre Post Pre Post Pre Post 
(Years) (em) Weight Weight % Body % Body FFB FFB 

(kg) (kg) Fat Fat (Kg) (Kg) 

PIC 21.4 178.8 76.7 75.9 17.1 17.3 63.6 62.8 • 
(n=7) (0.6) (2.3) (O.S) (1.0) (1.0) (1.6) (1.2) (1.3) 

P/RT 21.4 177.6 76.0 77.6 17.8 16.8 62.4 64.5 • 
(n=8) (0.8) (1.7) (2.0) (2.2) (0.9) (1.8) (1.3) (1.5) 

AL/C 23.7 183.6 75.5 76.0 14.1 14.7 64.9 1 64.9 
(n=7) (1.2) (2.1) (1.3) (1.3) (1.4) (1.4) (1.8) (1.8) 

ALJRT 23.2 177.5 72.9 73.4 17.8 15.6 • 59.8 1 61.9 • 
(n=8) (0.9) (1.2) (1.6) (1.3) (1.5) (1.4) (1.0) (0.8) 

1 Indicates between group difference, p < O.OS 
• Indicates within group difference, p < O.OS 
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Dietary PronIes (Table 6) 

Pre-study dietary profiles were not statistically different between groups except 

that the AL/RT group had a lower percentage of carbohydrate and higher percentage of 

protein in their diet than did the PIC group. The AL/C group also had a greater 

percentage of protein in their diet than did the PIC group. Caloric intake and diet 

composition during the study were corrected to include the respective supplement taken 

by each group. Caloric intake during the study was similar between groups, and 

remained isocaloric to pre-study determinations. Diet composition remained similar 

within groups, except that AI/RT significantly (p < 0.05) increased per cent protein. 

PIC was significantly (p < 0.05) different from both ALiC and ALiRT in relative 

carbohydrate and protein consumed; P/RT was also significantly lower in per cent protein 

consumed than AL/RT. 

Strength (Table 7) 

Initial combined strength values were similar among subjects. Significant (p < 

0.05) increases in strength were observed within both RT groups with no difference in 

the magnitude of changes for the two supplements. Data for individual lifts (bench press, 

squat, and dead lift) are presented in Appendix D. 
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Table 6. Caloric intake and diet composition before and during lO-week 
intervention, Mean (SE) 

Prior to lO-week Study During lO-week Study 

Group Caloric %CHO % Fat % Pro Caloric %CHO % Fat % Pro 
Intake Intake 
(Kcal) (KcaI) 

PIC 1965 54.4 I 30.0 15.6 1,2 1699 54.4 1,2 30.4 15.2 1,2 

(n=7) (132) (2.9) (2.7) (0.8) (167) (3.4) (3.1) (0.6) 

P/RT 2591 47.1 35.7 17.2 2275 50.3 33.4 16.3 3 
(n=8) (365) (1.7) (1.7) (0.6) (207) (2.1) (2.5) (0.8) 

AL/C 2647 48.8 33.6 17.6 I 2283 44.7 I 36.9 18.4 I 

(n=7) (402) (2.6) (2.5) (0.6) (254) (4.2) (3.0) (1.4) 

AL/RT 2471 45.7 I 36.5 17.8 2 l321 44.6 2 35.9 19.5 2.3" 
(n=8) (354) (2.7) (2.4) (0.4) (295) (2.4) (2.4) (0.6) 

1,2,3 Indicates between group difference, p < 0.05 
• Indicates within group difference, p < 0.05 

Table 7. Combined (bench press, squat, dead lift) lRM performances, Mean (SE) 

Group Pre-Intervention Post-Intervention Absolute Change Average 
Strength Total Strength Total Total Strength Per Cent Change 

(kg) (kg) (kg) Total Streng,th 

PIC (n=7) 318.0 ± 20.2 329.0 ± 17.2 I 10.9 ± 5.6 1,2 3.96 ± 1.92 1,2 

PIRT (n=8) 335.2 ± 17.7 412.4 ± 15.5 1,2.3,. 77.2 ± 8.3 1,3 24.16 ± 3.92 1,3 

AL/C (n=7) 312.4 ± 13.2 329.0 ± 14.1 2,. 16.6 ± 4.3 3,4 5.37 ± 1.44 3,4 

AL/RT (n=8) 306.5 ± 11.1 366.2 ± 12.3 3,. 59.7 ± 8.02,4 19.79 ± 2.82 2,4 

1,2.3,4 Indicates differences between groups, p < 0.05 
• Indicates differences within groups, p < 0.05 

Resting Plasma Promes (Table 8, Figure 2) 

Initial resting glucose levels were similar between groups, and no significant 

differences were found in resting glucose within or between groups following the lO-week 
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intervention. While resting insulin was initially similar between groups, it significantly 

(p < 0.05) increased in the P/RT following the intervention, which led to a significant 

(p < 0.05) difference between P/RT and AL/RT in post-resting insulin levels. Initial 

glucagon levels at rest were similar and did not significantly change within or between 

groups following intervention. Basal insulin:glucagon (I:G) was similar between groups, 

however, post-resting I:G was significantly (p < 0.05) higher in the P/RT than the 

ALIRT group, although no significant within group changes were seen. Likewise, resting 

IGF-llevels were initially similar but following the 10-week intervention were found to 

be significantly (p < 0.05) higher in the P/RT versus the ALIRT group, although no 

significant within group change was noted. 

Table 8. Resting plasma profiles pre- and post-treatment, Mean ± SE 

Control Resistance Trained 

Time Placebo ArglLys Placebo ArglLys 
(n=7) (n=7) (n=8) (n=8) 

Glucose (mmoIlL) Pre 4.76 ± 0.12 4.83 ± 0.17 4.70 ± 0.18 4.63 ± 0.14 
Post 4.82 ± 0.09 4.60 ± 0.14 4.70 ± 0.12 4.49 ± 0.08 

Insulin (pmoIlL) Pre 93.7 ± 18.7 92.4 ± 24.6 83.9 ± 10.7 SS.4 ± 15.0 
Post 127.7 ± 19.7 114.1 ± 19.2 171.9 ± 37.4 I •• SS.1 ± 9.1 I 

Glucagon Pre 39.1 ± 3.2 38.5 ± 4.6 42.7 ± 2.8 39.1 ± 3.0 
(pmoUL) Post 44.6 ± 4.3 44.8 ± 2.8 49.5 ± 4.1 46.0 ± 3.2 

I:G Pre 2.52 ± 0.63 2.82 ± 0.92 2.04 ± 0.30 2.14 ± 0.26 
Post 2.98 ± 0.44 2.56 ± 0.38 3.52 ± 0.70 I 1.92 ± 0.23 I 

IGF·l (U/ml) Pre 0.76 ± 0.11 0.86 ± 0.16 0.82 ± 0.12 0.59 ± 0.06 
Post 0.73 ± 0.06 0.77 ± 0.11 0.93 ± 0.10 I 0.60 ± 0.08 I 

I Indicates differences between groups, p < 0.05 
• Indicates differences within groups, p < 0.05 
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Glucose Tolerance Parameters 

Glucose tolerance was evaluated by the responses of glucose, insulin, glucagon, 

and 1:G ratio following a glucose challenge (Figures 3-6). Changes in areas under the 

curves for each of these variables were also compared among groups (Table 9). Initial 

glucose, insulin, and 1:G AUCs were similar between groups and did not significantly 

differ within or between groups following intervention. Glucagon AUC was also similar 

between groups before intervention, however, following the IO-week study, significant 

(p < 0.05) within-group increases were seen for PIC, AL/C, and P/RT, although this 

did not lead to significant between group differences. 

Table 9. AUCs for Glucose tolerance parameters pre- and post-treatment, Mean 
± SE 

Control Resistance Trained 

Time Placebo Arg/Lys Placebo Arg/Lys 
(0=7) (0=7) (0=8) (0=8) 

Glucose Pre 1132 ± 30 989 ± 70 993 ± 48 1061 ± 61 
(mmoUL x min) Post 1102 ± 64 1066 ± 104 1029 ± 97 918 ± 57 

Insu1.in Pre 103,727 ± 28,236 92,039 ± 29,044 90,756 ± 15,345 98,539 ± 21,226 
(pmoUL x min) Post 133,469 ± 15,119 136,954 ± 29,623 131,174 ± 30,698 73,673 ± 10,559 

Glucagon Pre 6058 ± 562 5788 ± 543 6383 ± 392 6616 ± 623 
(pmoUL x min) Post 7208 ± 718' 6539 ± 340' 8012 ± 608' 7123 ± 463 

I:G Pre 17.41 ± 4.39 17.63 ± 6.01 14.10 ± 2.08 16.43 ± 4.12 
(min) Post 20.47 ± 3.62 21.15 ± 4.51 16.02 ± 3.04 11.15 ± 2.33 

• Indicates significant difference within groups, p < 0.05 
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Figure 3. Pre- and post-intervention plasma glucose responses following 100-gram 
glucose challenge. PIC - Placebo Control (n=7), AL/C -
Arginine/Lysine Control (n=7), P/RT = Placebo Resistance Trained 
(n=8), AURT = Arginine/Lysine Resistance Trained (n=8). No 
significant differences were noted. 
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Pre- and post-intervention plasma insulin responses following lOO-gram 
glucose challenge. PIC = Placebo Control (n=7), AL/C = 
Arginine/Lysine Control (n=7), P/RT = Placebo Resistance Trained 
(n=8), AURT = Arginine/Lysine Resistance Trained (n=8). • Indicates 
significant (p < 0.05) pre- to post-differences within groups. 
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Figure s. Pre- and post-intervention plasma glucagon responses following 100-gram 
glucose challenge. PIC = Placebo Control (n=7), ALIC -
ArgininelLysine Control (n=7), P/RT = Placebo Resistance Trained 
(n=8), AURT = Arginine/Lysine Resistance Trained (n=8). • Indicates 
significant pre- to post-differences within groups (p < 0.05). 
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Figure 6. Pre- and post-intervention plasma insulin:glucagon responses following 
lOO-gram glucose challenge. PIC = Placebo Control (n=7), ALIC = 
Arginine/Lysine Control (n=7), P/RT = Placebo Resistance Trained 
(n=8), AURT = Arginine/Lysine Resistance Trained (n=8). No 
significant differences were noted. 



58 

Prediction of OGT 

Potentially significant predictor variables (including training status, supplement 

status, the interaction of training and supplement status, per cent carbohydrate in diet, per 

cent protein in diet, absolute changes in body fat, fat-free body, strength, glucose, 

insulin, glucagon, and insulin:glucagon AUCs, and IGF-1) for evaluating glucose 

tolerance were tested using multiple regression. Statistically significant predictors are 

summarized in Table 10. The strongest predictor of absolute change in glucose AUC was 

absolute change in glucagon AUC, accounting for 12.2% (p < 0.05) of the variability. 

While the interaction of training and supplement status was the next strongest predictor 

of absolute change in glucose AUC, it was not significant (p < 0.08). No significant 

predictors were found for absolute change in insulin, glucagon, or insulin:glucagon 

AUCs. The per cent carbohydrate in diet and absolute change in FFB were both 

significant predictors of the absolute change in IGF-1, accounting for 22.0% (p < 0.01) 

and 20.8% (p < 0.01) of the variability, respectively. A complete summary of the 

regression analyses to test the hypotheses is in Appendix E, whereas a correlation matrix 

of predictor variables can be found in Appendix F. 
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Table 10. Significant variables for prediction of absolute change in glucose 
AUC and IGF-llevels 

Criterion Predictor b R2 Change P 
Variable Variable 

AGLAB ARGAB -0.3534 0.122 <0.05 

T -S Interaction- -0.3253 0.106 <0.08 

IGF-IAB % CHO 0.4283 0.220 <0.01 

FFBAB 0.4562 0.208 <0.01 

b, standardized regression coefficienl; R2 Change x 100, per cenl variabililY in crilerion variable accounled for by each 
prediclor variable; P, probabilily; AOLAB, absolulC change in glucose AUC; IOF-IAB, absolulC change in IOF-l; 
AROAB, absolule change in glucagon AUC; T-S Inleraction, Training slalUs Supplemenl slalUs inlCraction; % CHO, % 
carbohydralC in diel; FFBAB, absolule change in fat-free body weighl. "Training StalUs: -I =Conlrol; 1 = Resistance 
Trained. Supplemenl StalUs: -1"Placebo; 1 =ArgininefLysine. Inleraction: -I =PIRT or ALlC; 1 = PIC or ALlRT. 



60 

Discussion 

Arginine infusion has been shown to stimulate the release of hGH from the 

anterior pituitary. 28,50,63,66,72 When given in combination with lysine, oral administration 

of arginine has also been demonstrated to acutely enhance hGH release.43 Glucose 

tolerance may be impaired through chronic elevation of hGH84
,85 which causes insulin 

resistance, presumably at a post-receptor site. Subjects receiving arginine/lysine 

supplements in the present study were expected to reflect these mechanisms by increasing 

basal levels and AUCs for glucose, insulin, and, to a lesser extent, glucagon in response 

to a glucose challenge following the lO-week intervention. However, no significant 

within or between group changes in basal glucose or AUC were noted following the 10-

week intervention. Similar patterns were observed in the resting insulin and AUCs, 

except that P/RT significantly (p < 0.05) increased basal insulin following intervention, 

which made it significantly (p < 0.05) different from ALiRT. Further, basal glucagon 

was not significantly different following the lO-week intervention, and although glucagon 

AUCs increased (p < 0.05) within the PIC, P/RT, and AL/C groups, no significant 

between group differences were noted. The results in the present study are somewhat 

surprising in lieu of past findings which would suggest changes in glucose tolerance 

following these types of interventions. A number of factors may have contributed to 

these observations. 
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Glucose tolerance reflects an individual's ability to regulate blood glucose in 

response to a glucose challenge, and, to some extent, depends upon that individual's 

physical characteristics. In the present study, subjects were screened for age, weight, 

body composition, diet, fitness and activity levels prior to participation, since all of these 

may contribute to glucose tolerance. Except for body composition and diet which will 

be discussed separately, no significant differences within or between groups were noted 

in these descriptors following intervention. 

Group means did not significantly differ before or after intervention; however, 

variability about the mean was large. Since the number of subjects in each group was 

relatively small (7 or 8), the study may not have attained a statistical power sufficient to 

demonstrate significant differences between groups. However, previous studies with 

similar sample size64,107 were able to demonstrate changes in tolerance following 

resistance training; no studies are available examining the effects of arginine/lysine 

supplementation on glucose tolerance. 

While arginine administration has been demonstrated to increase hGH release 

when infused intravenously, oral administration may not sufficiently elevate plasma 

arginine/lysine levels to facilitate this response. Clinically, 30 g arginine in solution is 

infused intravenously over 30 minutes to elicit an hGH response. 28,50,63 Although Isidori 

et al (1981) successfully elicited an acute hGH response with only 1200 mg arginine/1200 

mg lysine in three separate trials, this study has not been repeated. However, Besset et 

al (1982) demonstrated a 60% higher slow wave sleep-related hGH peak following 7 days 

of oral administration of 250 mg/kg/d (roughly 17.5 g/day) arginine aspartate, although 
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waking hGH levels remained relatively unchanged. The present study required subjects 

to daily ingest 4-5 g of both arginine and lysine over a lO-week period; pilot work 

suggested supplementation above this level might result in significant gastric distress, 

including diarrhea. Assuming this dose was sufficient to elicit a hGH response, chronic 

elevation of hGH should have resulted in elevated IGF-l levels; 73 no such increase was 

seen in the present study. It therefore appears unlikely that the amount of argininellysine 

ingested in the present study was sufficient to induce the anticipated hGH release 

necessary to cause impaired glucose tolerance. 

Dietary differences may have masked hGH-induced increases in IGF-l levels, 

since IGF-l has been demonstrated to be strongly linked to diet, and specifically to 

carbohydrate content. 92 When corrected for their respective supplements, ALIC and 

ALIRT consumed a significantly (p < 0.05) lower per cent of carbohydrates and higher 

percent protein than did PIC; P/RT diet composition was similarly different from ALIC 

and ALlRT, but not significantly so (Table 6). Unfortunately, these differences in diet 

composition were not reflected in IGF-l levels, although they may account for the 

observed difference in post-IGF-l levels between the P/RT (0.93 ± 0.10 U/ml) and 

ALIRT (0.60 ± 0.08 U/ml) groups. However, it should be noted that the diet-induced 

differences in IGF-I found by Snyder et al (1989) were under conditions of severe caloric 

restriction, and may therefore not apply to the present study. Interestingly, Rhinehardt 

(1988) found no significant between group differences in IGF-llevels following a 9-week 

resistance training program, despite differences in diet composition (45% versus 65% 

carbohydrate). Using multiple regression in the present study, the per cent carbohydrate 



63 

in diet proved to be a significant (p < 0.05) predictor of the absolute change in IGF-l, 

accounting for 22.0% of the variability. However, the absolute changes in IGF-l were 

not significantly different between groups. 

The arginine/lysine combination may have acted directly to acutely release similar 

amounts of both insulin and glucagon, accounting for the failure to observe significant 

differences in I:G ratios. Since certain amino acids (particularly arginine) enhance the 

release of both insulin30,31 and gluc3gon,68,71 it is possible that the arginine/lysine 

supplementation stimulated both responses to a similar extent. Further, it is likely that 

the amount of supplementation (both placebo and arginine/lysine) in the present study was 

insufficient to chronically affect insulin or glucagon sensitivity, reflecting the body's 

ability to adapt to changes in diet composition provided adequate caloric intake is 

maintained. 

Also surprising in the present study was the lack of a significant relationship 

between glucose tolerance parameters and training protocol or body composition changes. 

Physical activity has been directly correlated with favorable alterations in oral glucose 

tolerance (OGT).4,29,39 Specifically, endurance exercise in humans has been shown to 

increase insulin sensitivity, 44,53,57,97 reduce basal insulin levels,23,57 reduce the areas under 

the response curves for both glucose and insulin,24,4O,44,93,97 and enhance glycogen 

storage.24,44,93,97 Animal studies further substantiate these findings. 8,47 While fewer 

studies have examined OGT responses to resistance training, results appear similar to that 

of endurance regimes. A lO-week resistance training program was found to significantly 

reduce both basal plasma insulin levels and the area under the insulin response curve 
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during an oral glucose tolerance test.64 The reduction in area under the glucose response 

curve approached, but did not reach significance. Yki-Jarvinen et al (1984) found lower 

blood glucose and insulin levels in bodybuilders than in weight-matched and normal

weight controls during a 2-hour OGTT. In another study, while powerlifters who had 

ingested anabolic steroids were found to have impaired glucose tolerance and increased 

post-glucose insulin and peak insulin, those powerlifters who had not used steroids 

appeared to have reduced post-glucose insulin and peak insulin levels compared to 

sedentary and obese controls during a 2-hour OGTT.l9 It has been hypothesized that 

these favorable alterations in glucose tolerance are due to increased muscle mass and 

decreased fat weight consequent to the resistance training programs. lOO In animals, 

chronic exercise has been shown to increase insulin binding in selective skeletal muscles;8 

this has yet to be shown in humans. 

The present study found no significant relationship between glucose tolerance 

parameters and either training status or body composition changes. In contrast, Miller 

et al (1984) reported a significant relationship (r=0.89, p < 0.05) between change in 

insulin AUC and change in lean body mass (LBM), in which 79% of the improvement 

in insulin AUC could be accounted for by the increase in LBM. However, Rinehardt 

(1988) demonstrated no significant changes in resting insulin following a 9-week 

diet/resistance training intervention program; glucose tolerance was not assessed. While 

both of the aforementioned studies employed a training regime similar to that utilized in 

the present study, resulting in similar changes in LBM by hydrostatic weighing, they 

failed to include a control group in their experimental designs, making their results 
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difficult to interpret. In comparing weight lifters, runners and control subjects, Yki

Jarvinen & Koivisto (1983) demonstrated a significant relationship (r=.54, p < 0.01) 

between per cent muscle mass and glucose infused to maintain euglycemia, an indicator 

of insulin sensitivity. When calculated separately, per cent muscle mass was only of 

borderline significance (p <0.06); however, when combined with per cent fat and 

maximal oxygen consumption, the correlation with insulin sensitivity became highly 

significant (p < 0.0005). The present study did not measure insulin sensitivity, making 

comparisons difficult. It would appear, however, that while body composition may 

contribute to glucose tolerance parameters, other factors such as fitness level must be 

considered, although strength changes in the present study failed to significantly predict 

glucose tolerance parameters. 

The present study failed to demonstrate a relationship between arginine/lysine 

administration and IGF-I increases (a chronic indicator of hGH release). Similar attempts 

to stimulate hGH release with the amino acid ornithine proved unsuccessful, except at 

doses that caused "gastric distress including diarrhea in most (10) subjectS. 12 Future 

research would do well to discard these indirect attempts to stimulate hormonal release, 

and replace them with direct administration of hGH. Crist et al (1988) found beneficial 

changes in body composition following a 6-week resistance training program coupled with 

exogenous hGH administration. While fasting blood glucose levels were periodically 

measured throughout the study with no significant change, response to a glucose challenge 

was not measured. The hGH-induced increase in FFB mass might compensate for the 

diabetogenic effects of hGH administration; however, these relationships have not been 
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clearly investigated. Future research should also include measures of insulin sensitivity 

and glucose uptake in order to more clearly define these relationships. In addition, the 

relationship between diet and hormonal control of IGF-l secretion is not clearly 

understood, and warrants further study under both exercise and non-exercise conditions. 

Finally, further research is needed to establish the extent to which fitness level and body 

composition may alter glucose tolerance. 

In conclusion, it appears that neither argininellysine supplementation nor resistance 

training had a significant effect on glucose tolerance parameters following 10 weeks of 

intervention. Further, it is unlikely that the argininellysine dose employed in this study 

significantly altered hGH release, since IGF-I levels failed to significantly increase. 

However, it should be noted that while IGF-l did not significantly change within groups, 

the absolute change in IGF-l was significantly related (p < 0.05) to the per cent 

carbohydrate in diet, implying that diet composition may be a significant confounding 

factor when evaluating endocrine and body composition interactions. While the resistance 

exercise significantly affected body composition and strength parameters, supplement 

status (argininellysine versus placebo) did not appear to be a factor. Finally, although 

previous studies have demonstrated relationships between glucose tolerance parameters 

and body composition, the present study was unable to support those relationships. 



CHAPTER 4 

THE EFFECTS OF ARGININE/LYSINE 

SUPPLEMENTATION ON GLOMERULAR 

FILTRATION RATE 

Introduction 

67 

In recent years, protein and amino acid supplements have been highly touted as 

the safe and effective alternative to anabolic steroids in building muscle mass. Although 

some studies appear to support these claims on the basis of increased protein demands for 

athletes,17,20,52 numerous studies have demonstrated that the increase in dietary protein 

provided by such supplements is not necessary for optimal muscle 

growth. 13,26,33,59,80,81,95,96,108 Recent claims that arginine/lysine ingestion may indirectly 

stimulate protein synthesis via human growth hormone (hGH) release have led to an 

increased use of these amino acids as potential ergogenic aids. However, chronic 

ingestion of amino acid supplements may increase the risk of renal damage10,ll as 

increased protein intake has been demonstrated to increase the glomerular filtration rate 

(GFR) and increase glomerular capillary permeability to negatively charged 

macromolecules. This may in turn stimulate mesangial cell proliferation and lead to 
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glomerular sclerosis. The mechanism underlying this protein-induced elevation of GFR 

is not clearly understood, but may involve the pancreatic hormone, glucagon, which has 

been shown to selectively increase dilation of the renal afferent arterioles.54.69.70.99 

Arginine/lysine supplementation is most commonly employed in conjunction with 

resistance training (RT) exercises to maximize muscle gain. Acute changes in GFR 

during and following heavy endurance exercise have been demonstrated. 16.36.48 These 

changes appear to be inversely related to the exercise intensity and proportionate to the 

hydration state of the individual. In contrast, 24-hour Creatinine clearance (CCr) did not 

significantly change following a single RT exercise bout.37 Further, the chronic effects 

of RT on GFR have not been studied. 

The purpose of this project was to assess changes in GFR after chronic ingestion 

of the amino acids arginine and lysine versus a placebo during a lO-week period with or 

without resistance training. In addition, relationships between GFR and selected 

hormonal parameters were to be examined. It was hypothesized that argininellysine 

supplementation would increase GFR compared to placebo, and that resistance training 

would have no effect on GFR. 
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Materials and Methods 

Experimental Design 

Thirty college males (ages 20-30 years) were recruited and randomly assigned to 

one of four groups (Table 11) arranged in a 2x2 factorial design to investigate the effects 

of Resistance Training (RT) and Arginine/Lysine (AL) supplementation over a lO-week 

period. Groups 1 and 2 received a placebo (cornstarch) while groups 3 and 4 ingested 

equal amounts of arginine and lysine. Subjects were given doses equalling 66 mg of each 

amino acid/kg fat-free body/day or 132 mg cornstarch/kg fat-free body/day in a double-

blind fashion. Groups 2 and 4 completed a 10-week resistance training program, while 

groups 1 and 3 did not. 

Table 11. Description of Experimental Groups 

Group (n) Supplement Training 
Condition 

1 (P/C) (7) Placebo Control 

2 (P/RT) (8) Placebo Resistance Exercise 

3 (ALlC) (7) Arginine/Lysine Control 

4 (ALlRT) (8) Arginine/Lysine Resistance Exercise 

Subjects 

In order to participate, subjects were required to meet specified ranges for body 

weight (72.5-86.0 kg) and body fat (9-18%) determined from hydrostatic weighing. 
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Subject groups were therefore matched on physical characteristics. Of thirty-nine subjects 

assigned to a group, nine failed to complete the study, resulting in a 25 % dropout rate. 

Nutritional status for the previous three months was assessed by a computer

scanned food frequency questionnaire developed by the University of Arizona Cancer 

Research Center. All subjects were required to have maintained stable body weight and 

to have met criteria for per cent carbohydrate, fat, and protein components of diet within 

established guidelines (40-60%,25-40% and 10-20%, respectively). Previous nutritional 

status information was necessary to avoid recruiting subjects who had been on extreme 

diets. Subjects also completed food and activity records one day each week for the 

duration of the study. 

Final criteria required subjects to have had some resistance training experience, 

but no formal resistance training program was to have been implemented for the 3 months 

prior to the study. In addition, any subject with a history of orthopedic injury, diabetes, 

or renal disease was excluded from the study. A Human Subjects Consent Form 

(Appendix A), approved by the University of Arizona Human Subjects Review Board, 

was signed by each subject prior to any testing. 

Protocols 

Maximal Performance: Prior to engaging in the resistance training program, all 

subjects were tested for maximal performance in the back squat, dead lift, and bench 

press. Testing was performed between 0700 - 0900 in the morning and 1700 - 1900 in 
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the evening at the University of Arizona varsity weightroom. Maximal performance was 

also measured at completion of the lO-week training period. 

The maximal performance on the back squat was recorded only if the subject 

could attain a 90° angle between his thigh and lower leg and return to full hip extension 

under his own power. Maximal performance for the dead lift required the subject to lift 

the loaded bar from the floor to a position in which his hips are fully extended. The 

maximal performance on bench press required the subject to lower the loaded bar from 

a position in which the arms were fully extended at the elbow to his chest, returning it 

to the original position without raising his feet from the floor or lifting his buttocks from 

the bench. 

Resistance Training: All subjects in Groups 2 and 4 trained three days/week at 

the University of Arizona varsity weightroom. The exercises performed included the 

squat, stationary lunge, dead lift, bench press, bent-over row, lat-pull, military press, 

weighted dip, biceps curl, and medicine ball crunch; sets, repetitions and relative 

intensities during each week of the study are listed in Table 12. Relative intensities were 

based on percentages of the one repetition maximum (1RM), i.e., the amount of weight 

which could be completely lifted one time by the subject for that particular exercise. All 

exercises were done with barbells and metal weights, except that medicine ball crunches 

were performed with either six-, nine- or fifteen-pound medicine balls. Workouts 10, 

20, and 29 were used as "unload" periods to maximize strength gains by allowing the 
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subjects to "rest" before increasing demands. All workouts were recorded by the subject; 

five missed workouts resulted in expulsion from the study. 

Table 12. Sets, repetitions, and intensity for resistance training program 

Week Workout Sets Repetitions Intensity 
Relative to 

lRM 

1-3 1-9 4 8 60-65% 

4 10 4 8 50-55% 

4-7 11-19 4 6 70-75% 

7 20 4 6 60-65% 

7-10 21-28 4 4 80-85% 

10 29 4 4 70-75% 

10 30 0 1 100% 

Renal Function: Glomerular filtration rate (GFR) was estimated using creatinine 

clearance (CCr)' determined by the following formula: 

Where: Dcr = [Creatinine] in urine 
V = Rate of urine flow 
PCr = [Creatinine] in plasma 

Further, body surface area (SA) was calculated (SA = 0.007184 X Weight°.425 x 

HeightO,725) for all subjects before and after the intervention; GFR was standardized to 

1.73 m2 body surface area.3S 
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Plasma Analyses 

Ten ml blood samples were collected from an antecubital vein of fasted subjects 

between 0700 and 1000 before and at the completion of the 10-week training program 

from both exercise and control sUbjects. The blood was collected with the appropriate 

preservatives, immediately placed on ice, serum harvested within 1 hour and stored at -

20°C until assayed. Samples for different assays (including hormonal) were aliquotted 

to reduce freezing and re-thawing. 

Creatinine: Pre- and post-intervention serum creatinine levels were determined 

within 24 hours of collection by SMAC 20 analysis (Clinical Laboratory, Arizona Health 

Sciences Center). The Jaffe rate method4S , most commonly used to determine serum 

creatinine concentration, was selected for the present study. A sample mixed with 

alkaline picrate reagent forms' a red color complex which can be measured 

bichromatically; rate of complex formation is directly proportional to the creatinine 

concentration in the sample. A Paramax Analytical System (PAS) was used to determine 

serum creatinine concentrations based on a kinetic Jaffe reaction in which creatinine in 

basic solution reacted with lithium picrate to form a picrate-creatinine complex. The 

complex was then measured bichromatically at 525/630 nm to determine serum creatinine 

levels. The within-run precision of the PAS at one standard deviation has a coefficient 

of variation (C. V.) of 7% (± 0.20 mg/dl). 



74 

Additionally, fasting 5 ml blood samples were collected at weeks 2, 4, and 6 by 

similar method and serum creatinine assessed by the Clinical Laboratory at AHSC using 

a Beckman Synchron CX System. The methodology was similar to that of the PAS 

except that a different alkaline picrate reagent was used and complex formation was 

monitored bichromatically at 520/560 nm. The within-run precision of the Synchron 

CX3 at one standard deviation has a C.V. of 3% (± 0.10 mg/dl). 

Endocrine: Resting values for glucagon were determined pre- and post-

treatment, through the use of radioimmunoassay techniques (RIA). The RIA method is 

an antigen:antibody reaction based on competition between the hormone in the serum 

sample and a mown amount of radioactive labeled hormone for a limited number of 

binding sites on a specific antibody. Both labeled and unlabeled hormone serve as the 

antigens in this reaction. The amount of radioactivity recorded from the bound antibody 

reflects the amount of labeled hormone bound; the concentration of the unlabeled 

hormone is, therefore, inversely proportional to the radioactivity recorded. lOS Known 

amounts of a labeled hormone and various amounts of unlabeled hormone were used to 

produce a standard curve based on counts per minute (cpm) of radioactivity. 

Double antibody commercial RIA kits (Diagnostic Products Corporation) which 

include standards and specific labeled hormone were used to determine plasma glucagon 

concentration. The antibody present in a each kit was specific for a glucagon, although 

some cross-reactivity with other hormones might occur. The percent binding and cross
( 

reactivity with other hormones was determined and controlled by the laboratory preparing 
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the assay kits (See Appendix B). All samples were assayed in duplicate preceded by 

tubes to determine total counts, non-specific binding, maximum binding, standards, and 

controls. Each assay was also followed by control tubes to assure quality control. Intra

and inter-assay variation was monitored and recorded (Appendix C). 

Glucagon assays were done by the investigator in an RIA laboratory at the 

University of Arizona. Reagents and samples were added to tubes with Eppendorf 

pipettes and spun in a refrigerated centrifuge. Radioactive levels of I2SI for hormonal 

assays were counted in an LKB Clini-Gamma Counter. Standard curves, using the spline 

method, and hormone concentrations were calculated with an LKB computer software 

program. 

Urinalyses 

Subjects collected 24-hour urine samples to coincide with serum samples that were 

taken before, at weeks 2, 4, and 6, and at the completion of the lO-week study. Urine 

volume and creatinine concentrations were determined by the Clinical Laboratory at 

AHSC using the Synchron CX3 System described above. The within-run precision for 

urine measurements at one standard deviation has a C.Y. of 3% (± 2.0 mg/dl). 
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Statistics 

A 2 X 2 factorial experimental design was used to assess the effects of dietary 

supplementation and resistance training. Dependent variables for assessing GFR included 

creatinine clearance (CCr)' plasma creatinine (PCr), urine creatinine (VCr), and urine flow 

rate (V). In addition, initial and final resting glucagon levels were compared. Analysis 

of variance was used for comparisons within and between groups. Multiple regression 

was used to determine to what extent resistance training and supplementation contributed 

to observed variability in GFR. Specifically, pre- and post-treatment values, as well as 

the absolute changes, were assessed for the dependent variables representing these 

physiological parameters. In addition, relationships (zero order and partial correlations) 

among values and changes in fat-free body, hormonal, and metabolic parameters were 

evaluated. 
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Results 

Descriptive Characteristics 

Initial values for age, height, weight, surface area (SA), and fat-free body (FFB) 

were similar among all groups (Table 13). Following intervention, RT groups 

demonstrated significant changes in FFB when compared to Control groups, regardless 

of supplement. Fat-free body mass (FFB) significantly increased in both P/RT and 

AL/RT groups when compared to Placebo or AL controls. 

Table 13. Descriptive characteristics of groups, Mean (SE) 

Group Age Height Pre Post Pre Post Pre Post 
(Years) (em) Weight Weight SA SA FFB FFB 

(kg) (kg) (m~ (m~ (Kg) (Kg) 

PIC 21.4 178.8 76.7 75.9 1.95 1.94 63.6 62.8 • 
(n=7) (0.6) (2.3) (0.5) (1.0) (0.03) (0.03) (1.2) (1.3) 

P/RT 21.4 177.6 76.0 77.6 1.93 1.95 62.4 64.5' 
(n=8) (0.8) (1.7) (2.0) (2.2) (0.03) (0.03) (1.3) (1.5) 

AL/C 23.7 183.6 75.5 76.0 1.98 1.98 64.9 I 64.9 
(n=7) (1.2) (2.1) (1.3) (1.3) (0.02) (0.02) (1.8) (1.8) 

AL/RT 23.2 177.5 72.9 73.4 1.90 1.91 59.8 I 61.9 • 
(n=8) (0.9) (1.2) (1.6) (1.3) (0.02) (0.02) (1.0) (0.8) 

I Indicates between group difference, p < 0.05 
• IndicalCs wilhin group difference, p < 0.05 
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Dietary PronIes (Table 14) 

Pre-study dietary profiles were not statistically different between groups except 

that the AL/RT group had a lower percentage of carbohydrate and higher percentage of 

protein in their diet than did the PIC group. The ALlC group also had a greater 

percentage of protein in their diet than did the PIC group. Caloric intake and diet 

composition during the study were corrected to include the respective supplement taken 

by each group. Caloric intake during the study was similar between groups, and 

remained isocaloric to pre-study determinations. Diet composition remained similar 

within groups, except that AL/RT significantly (p < 0.05) increased per cent protein. 

PIC had a significantly (p < 0.05) higher relative carbohydrate intake and lower relative 

protein intake than both AL/C and AL/RT; P/RT was also significantly lower in per cent 

protein consumed than ALIRT. 

Table 14. Caloric intake and diet composition before and during lO-week 
intervention, Mean (SE) 

Prior to lO-week Study During lO-week Study 

Group Caloric %CHO % Fat % Pro Caloric %CHO % Fat % Pro 
Intake Intake 
(KcaI) (KcaI) 

PIC 1965 54.4 1 30.0 15.6 1•2 1699 54.4 1,2 3D.4 15..2 1.2 

(n=7) (132) (2.9) (2.7) (0.8) (167) (3.4) (3.1) (0.6) 

PIRT 2591 4'1.1 35.7 17..2 2275 50.3 33.4 16.3 3 

(n=8) (365) (1.7) (1.7) (0.6) (207) (2.1) (2.5) (0.8) 

ALlC 2647 48.8 33.6 17.6 1 2283 44.7 1 36.9 18.4 1 

(n=7) (402) (2.6) (2.5) (0.6) (254) (4.2) (3.0) (1.4) 

ALIRT 2471 45.7 1 36.5 17.8 2 2321 44.6 2 35.9 19.5 2.3,. 

(n=8) (354) (2.7) (2.4) (0.4) (295) (2.4) (2.4) (0.6) 

1,2.3 Indicates between group difference. p < 0.05 
• Indicales within group difference. p < 0.05 
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Strength 

Initial combined strength values were similar among subjects. Significant (p < 

0.05) increases in strength were observed within both RT groups with no difference in 

the magnitude of changes for the two supplements. Data for individual lifts (bench press, 

squat, and dead lift) are presented in Appendix D. 

Table 15. Combined (bench press, squat, dead lift) lRM performances, Mean 
(SE) 

Group Pre-Intervention Post-Intervention Absolute Change Average 
Strength Total Strength Total Total Strength Per Cent 

(kg) (kg) (kg) Change Total 
Strength 

PIC (n=7) 318.0 ± 20.2 329.0 ± 17.2 1 10.9 ± 5.6 1,2 3.96 ± 1.92 1,2 

PIRT (n=8) 335.2 ± 17.7 412.4 ± 15.5 1,2,3,. 77.2 ± 8.3 1,3 24.16 ± 3.92 1,3 

AUC (n=7) 312.4 ± 13.2 329.0 ± 14.1 2,. 16.6 ± 4.3 3,4 5.37 ± 1.44 3,4 

AURT (n=8) 306.5 ± 11.1 366.2 ± 12.3 3,. 59.7 ± 8.02,4 19.79 ± 2.822,4 

1,2,3,4 Indicates differences between groups, p < 0.05 
• Indicates differences within groups, p < 0.05 

Creatinine Clearance 

Initial creatinine clearances (CCr) were similar between groups, and no significant 

(p < 0.05) within- or between-group differences were found following the lO-week 

intervention (Table 16, Figure 7). However, CCr decreased significantly (p < 0.05) from 

initial values at weeks 2,4, and 6 for all groups except PIC at week 6 and P/RT at week 
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2; no between-group differences were noted. Creatinine clearances determined for weeks 

2, 4, and 6 were not significantly different within or between groups. Finally, mean CCr 

for AL/C at the end of the study was significantly (p < 0.05) higher than that at week 

2. 

Table 16. Creatinine Clearance (CCr) before, during, and at the end of the study 
(Mean ± SE) 

Group Initial C~ Week 1 CCr Week 4 CCr Week 6 CCr rll1lll CCr 
(mIII.73 (mIII.73 m%/min) (mIII.73 m%/min) (mIII.73 m2/min) (mIIl.73 
m%/min) m2/min) 

PIC (n=7) 135.9 ± 13.2 94.6 ± 5.6· 99.2 ± 10.4· 108.5 ± 11.0 126.5 ± 21.8 

PIRT (n=8) 135.5 ± 11.0 110.0 ± 16.5 84.1 ± 10.7· 91.0 ± 10.2· 112.4 ± 13.3 

ALlC (n=7) 144.7 ± 16.2 87.7 ± 11.9· 85.7 ± 12.8· 97.5 ± 6.3· 123.7 ± 16.6 b 

AURT (n=8) 158.8 ± 17.2 106.0 ± 5.8 • 98.6 ± 17.4· 97.6 ± 7.7· 124.7 ± 10.3 

• Indicates within group difference from initial value. p < 0.05 
b Indicates within group difference from Week 2. p < 0.05 
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Creatinine clearance (CCr) at weeks 0, 2, 4, 6, and 10. PIC = Placebo 
Control (n=7), ALiC = Arginine/Lysine Control (n=7), P/RT = Placebo 
Resistance Trained (n=8), AL/RT = Arginine/Lysine Resistance Trained 
(n=8). a Indicates significant (p < 0.05) within-group decrease from 
Week 0 for PIC, AL/C, and ALiRT. b Indicates significant (p < 0.05) 
within-group decrease from Week 0 for all groups. C Indicates significant 
(p < 0.05) within-group decrease from Week 0 for P/RT, ALlC, and 
ALiRT. d Indicates significant within-group increase from Week 2 for 
ALiC. No significant differences were noted between groups. 
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Initial serum creatine (PCr) levels were also similar between groups, with no 

significant differences noted within or between groups noted following the intervention 

period (Table 17). However, PCr at weeks 2, 4, and 6 were significantly (p < 0.05) 

higher than both pre- and post-levels. Between-group differences were noted at weeks 

4 and 6; the AL/RT group had significantly «p < 0.05) lower PCr than all other groups. 

These between-group differences were no longer seen at the completion of the study. 

Table 17. Serum Creatinine Pre-, during, and Post-Intervention (Mean ± SE) 

Group Pre Pc, Week 2 Pc, Week 4 Pc, Week 6 Pc, Post Per 
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

PIC (n=7) 0.74 ± 0.05 1.08 ± 0.05 .,b 1.07 ± 0.04 I,.,b 1.06 ± 0.04 I,.,b 0.71 ± 0.07 

PIRT (n=8) 0.78 ± 0.04 1.00 ± 0.05 .,b 1.08 ± 0.03 2,.,b 1.08 ± 0.04 2,.,b 0.89 ± 0.04' 

ALlC (n=7) 0.84 ± 0.06 1.10 ± O.04.,b 1.13 ± 0.03 3 • .,b 1.08 ± 0,03 3 • .,b 0.88 ± 0.07 

AURT (n=8) 0.70 ± 0.06 1.02 ± 0.02 .,b 0.98 ± 0.02 1.2.3 • .,b 0.95 ± 0.02 1,2,3,.,1>,0 0.76 ± 0.05 

• Indicates within group difference from Pre Value, p < 0.05 
b Indicates within group difference from Post Value, p < 0.05 

o Indicate. within group difference from Week 2 value, p < 0.05 
1,2,3 Indicates between group difference, p < 0.05 

Pre and post urine creatinine (UCr) were similar between all groups; no between-

group differences were noted at weeks 2,4, or 6. Only AL/C significantly decreased UCr 

from pre- (1941 ± 147 mg) to post- (1715 ± 149 mg) levels; no other within group 

differences were present. Similarly, initial urine volume (UV) was not significantly 

different between groups, and no significant within-group changes were noted at any time 

during the study. However, post-UV was significantly (p < 0.05) higher in ALIC (1912 

± 467 ml) than in either PIC (898 ± 166 ml) or P/RT (873 ± 77 ml). Appendix G 

summarizes UCr and UV data throughout the study. 
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Glucagon 

Initial resting glucagon was similar between groups and did not significantly 

change within or between groups following the 10-week intervention (Table 18). The 

absolute change in resting glucagon from pre- to post-values increased slightly in all 

groups, although this increase was not significant. 

Table 18. Resting glucagon (Mean ± SE) 

Group Initial Glucagon Final Glucagon Absolute Change in 
(pmol/L) (pmol/L) Resting Glucagon 

(pmol/L) 

PIC (n=7) 39.1 ± 3.2 44.6 ± 4.3 S.4 ± 2.6 

PIRT (n=8) 42.7 ± 2.8 49.S ± 4.1 6.8 ± 4.4 

AUC (n=7) 38.S ± 4.6 44.8 ± 2.8 6.3 ± 3.2 

AURT (n=8) 39.1 ± 3.0 46.0 ± 3.2 6.9 ± 4.4 

Prediction of GFR 

Potentially significant predictor variables (including training status, supplement 

status, the interaction of training and supplement status, per cent protein in diet, body 

weight, fat-free body, strength, and resting glucagon) for evaluating post-intervention and 

absolute change in CCr were tested using multiple regression. Statistically significant 

predictors are summarized in Table 19. The only significant predictor of post-

intervention CCr was body weight, accounting for 20.1 % (p < 0.05) of the variability. 

Similarly, the only significant predictor of the absolute change in CCr was the absolute 
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change in body weight. A complete summary of the regression analyses to test the 

hypotheses is in Appendix H, whereas a correlation matrix of predictor variables can be 

found in Appendix I. 

Table 19. Significant variable for prediction of post-intervention and absolute 
change in CCr 

Criterion Predictor b R2 Change P 
Variable Variable 

Post Co Post BW (kg) -0.4488 0.201 <0.05 
(mlll.73 m2/min) 

Absolute Change Absolute -0.3690 0.136 <0.05 
in Co Change 

(mill. 73 m2/min) in BW (kg) 

b, standardized regression coefficient; Rl Change x 100, per cent variability in criterion variable accounted for by each 
predictor variable; P, probability 
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Discussion 

Chronic ingestion of high levels of protein could place an individual at increased 

risk for renal damage by elevating GFR, which hypothetically can lead to the 

development of Glomerular sclerosis10,ll. Protein-induced elevation of GFR has been 

demonstrated acutelyS5 and chronically41,46 in animals. A single bolus of 40% bovine 

albumin was found to significantly increase GFR (mean = 30%) in rats compared to 

control animals given a similar bolus of 40% com starch.55 Hostetter et al (1986) found 

that rats maintained on chow of 40% protein content for four months had significantly 

increased GFR values compared to those on 6% protein. Further, the GFR of young rats 

fed 51 % protein diets was found to have increased out of proportion to body weight over 

a 40-day period, while rats fed 12 % and 21 % protein diets demonstrated no change in 

GFR.46 Similar findings have been found in humans. Healthy subjects on ad libitum 

protein diets had CCR of 110.4 mll1.73 m2/minute (SD 13.1) compared to 67.9 mll1.73 

m2/minute (SD 22.9) for subjects on a vegetarian diet.9 In addition, when those subjects 

on rullibitum protein were challenged with three different protein loads (40g, 70g, 90g 

meat), the CCr was found to increase in direct proportion to the protein load. Likewise, 

normal young adults placed on diets of three different protein intakes (0.3, 1.0, 2.6 

g/kg/day) for two weeks, demonstrated inulin clearance (CIn) in direct proportion to their 

protein intake, with significant differences found between each group. 78 
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Amino acid infusions have also been demonstrated to induce increased GFR in 

humans. 1S,38 Castellino et al (1986) found that a combination of 15 amino acids infused 

over a three-hour period resulted in a 20 % increase in GFR, associated with increased 

glucagon and plasma amino acid levels. A 500 mg/kg arginine-HCl infusion alone 

increased GFR (42.7 ± 29.1 %) over a 30-minute period.38 As in the previously 

mentioned study, there was an associated increase in glucagon. The present study was 

unable to demonstrate similar results. 

Initial creatinine clearances in the present study were similar to those found in 

previous studies of normal adult males when standardized to 1.73 m2 body surface 

area.9,lS,27,86 During intervention, however, CCr was consistently lower than initial 

values, with no significant differences found between groups. Final CCr determined after 

the lO-week intervention was slightly, but not significantly lower than the initial values 

and was also significantly higher than CCr at weeks 2, 4, and 6. Much of the difference 

noted can be attributed to serum creatinine levels which were significantly higher during 

weeks 2, 4 and 6 than pre- or post-determinations. Pre- and post-serum creatinine 

concentrations were determined as part of the SMAC 20 analyses using the Paramax 

Analytical System (within-run precision: ± 0.20 mg/dl), whereas samples at weeks 2, 4, 

and 6 were analyzed with the Beckman Synchron CX System (within-run precision: ± 

0.10 mg/dl). Creatinine concentrations as determined by both systems were well within 

normal limits. 

Despite within-group variations, supplement status over the lO-week intervention 

did not appear to significantly affect creatinine clearance. The increased amino acid load 
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consumed by the AL/C and AL/RT groups was expected to increase CCe compared to the 

groups ingesting placebo; no such differences were noted. While the amount of 

arginine/lysine supplement ingested per day (66 mg arginine + 66 mg lysine/kg FFB/d) 

was similar to or greater than that routinely used for "anabolic" purposes, it was much 

lower than the doses administered intravenously to subjects by both Castellino et al (1986) 

and Hirschberg & Kopple (1987) who used 770 mg of 15 amino acids/kg/3 hours and 500 

mg arginine-HClIkg/30 minutes, respectively. Further, creatinine clearances determined 

for the present study were based on 24-hour urine collections; GFR increases noted by 

Castellino et al (1986) and Hirschberg & Kopple (1987) were based on 3-hour (30 minute 

intervals) and 30-minute urine collections, respectively. The experimental design in the 

present study was utilized to track chronic, rather than acute changes in GFR, and did 

not attempt to measure acute alterations. It appears, however, that 10 weeks of daily oral 

arginine/lysine administration does not appreciably alter GFR. 

Training status over the 10-week period also failed to significantly alter GFR in 

the present study, which was expected based on previous exercise studies, although the 

chronic effects of exercise have not been clearly defined. The reduction in renal blood 

flow (RBF) during exercise is well documented16,36,74 and appears to result from 1) 

increased sympathetic nervous activity which constricts both afferent and efferent 

arterioles, 2) increased epinephrine and norepinephrine, and 3) local autoregulation of 

blood flow.74 The reduced RBF appears to cause a concomitant, although relatively 

lower decrease in GFR. 74 During light to moderate exercise, there appears to be no 

change or a slight increase in GFR determined by inulin (CrJ or creatinine (CCe) 
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clearance following treadmill running48 or bicycling.36,104 In contrast, immediately 

following heavy exercise GFR was found to decrease significantly. 16,36,48 Interestingly, 

by increasing the hydration state of subjects during heavy exercise, the decrease in GFR 

was almost completely abolished. 16 It appears, therefore, that GFR during exercise is 

inversely dependent upon the intensity at which the exercise is performed and 

proportionate to the hydration state of the subject. While it has been suggested that 

physical training can diminish the exercise-induced reductions in RBF and GFR,89 there 

is no evidence currently available to support training-induced changes on resting GFR. 

. Further, the only study available which measured GFR after resistance exercise found no 

change in the 24-hour CCr measured after a single RT exercise bout when compared to 

pre-exercise determinations.37 No significant between-group differences were noted in 

CCr at any time in the present study. The present study supports, therefore, the 

contention that physical training in general, and resistance training in particular, has no 

effect on GFR. 

Resting plasma glucagon concentration did not significantly increase within 

groups, nor were there significant between-group differences following the lO-week 

intervention. Basal glucagon was expected to rise in the ALiC and ALiRT groups in 

response to the increased protein load.68,71,100 It appears, however, that the relationship 

between glucagon and protein in the diet is only a transient phenomenon, and may not 

have chronic significance. 

The mechanism by which GFR is increased in response to a protein load is not 

clearly understood. The most likely mechanism proposed to date involves the release of 
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a protein-induced hormone and its consequent interaction with the renal vasculature; 

glucagon has been suggested as a likely candidate. Despite previously suggested 

relationships,54,69,70 no significant correlation between resting glucagon and CCr was noted 

in the present study. Two factors may have contributed to the lack of significant 

relationship: 1) failure to induce chronic elevation of basal glucagon, and 2) failure to 

stimulate glucagon release of sufficient amplitude to alter renal function. The first of 

these has been addressed in the previous paragraph. In regard to the second, physiologic 

doses of glucagon, similar to those acheived following ingestion of a protein meal were 

found to acutely increase GFR by only 6 percent. n While intrarenal infusion of glucagon 

selectively increased dilation of the renal afferent arterioles to elevate GFR, 

supraphysiologic doses were required.99 It would appear, therefore, that while glucagon 

may playa minor role in altering GFR, the physiological relationship is relatively 

unimportant and at best, indirect. A more recent hypothesis suggests the role of a liver 

hormone, glomerulopressin, which rises in response to elevated plasma amino acids and 

glucagon, and directly affects GFR.3,76,101 Further research is necessary to validate this 

hypothesis. 

In conclusion, it appears that neither arginine/lysine supplementation nor resistance 

training had a significant effect on GFR following 10 weeks of intervention. While 

amino acid infusion in previous studies significantly increased GFR,15,38 oral ingestion 

of similar doses would be very likely be intolerable. The present study required subjects 

to daily ingest 4-5 g of both arginine and lysine over a IO-week period; pilot work 

suggested supplementation above this level might result in significant gastric distress, 
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including diarrhea. At present, it appears there is little change in renal function 

consequent to 10 weeks of oral arginine/lysine supplementation in moderate amounts, 

although the effects of chronic ingestion over greater periods of time has yet to be 

evaluated. Argininellysine suppplementation in these amounts also failed to enhance FFB 

or strength increases with resistance training when compared to a placebo (cornstarch). 

Further research is required to clearly define exercise training effects on renal 

function. In addition to intensity and duration of exercise, different modes of exercise 

(i.e., endurance versus resistance training) need tc be separately evaluated. Anaerobic 

and aerobic exercises require different hemodynamic adjustments during and subsequent 

to physical training; further studies are required to differentiate these effects on renal 

function. 
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Chapter 5 

Conclusions 

The specific aims of this project were to assess changes in oral glucose tolerance 

(OGT) and glomerular filtration rate (GFR) consequent to chronic ingestion of the acids 

arginine and lysine versus a placebo during a IO-week period with or without resistance 

training. Questions specific to OGT included: 

1. What is the effect of arginine/lysine supplementation on OGT? 

2. What is the effect of Resistance training on OGT? 

3. What is the interactive effect of arginine/lysine:resistance training on OGT? 

4. Is there a relationship between changes in OGT and selected hormonal 

parameters, specifically IGF-l, insulin, or glucagon? 

Neither arginine/lysine supplementation nor resistance training had a significant effect on 

OGT parameters following 10 weeks of intervention. Further, it is unlikely that the 

arginine/lysine dose (132 mg/kg FFB/day) employed in this study significantly altered 

hGH release, since IGF-l levels failed to significantly increase. It should be noted, 

however, that while IGF-l did not significantly change within group, the absolute change 

in IGF-l was significantly related to the percent carbohydrate in the diet, implying that 

diet composition may be a significant confounding factor when evaluating endocrine and 

body composition interactions. While resistance training significantly increased FFB and 
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strength, supplement status (arginine/lysine versus placebo) did not appear to be a factor. 

Finally, although previous studies have demonstrated relationships between glucose 

parameters and body composition, the present study was unable to support those 

relationships. 

With regard to GFR, specific questions posed in Chapter 2 included: 

1. What is the effect of arginine/lysine supplementation on GFR? 

2. What is the effect of resistance training on GFR? 

3. What is the interactive effect of arginine/lysine:resistance training on 

GFR? 

4. Is there a relationship between changes in GFR and selected hormonal 

parameters, namely IGF-l and glucagon? 

Neither arginine/lysine supplementation nor resistance training had a significant effect on 

GFR following 10 weeks of intervention. While the amount of arginine/lysine 

supplement ingested per day was similar to or greater than that routinely used for 

"anabolic" purposes, it was much lower than the intravenous doses employed in other 

studies,15,38 and apparently insufficient to chronically increase GFR. Further, resting 

glucagon levels did not significantly increase in the AL groups, suggesting that the 

relationship between glucagon and protein in the diet is only a transient phenomenon 

which has no chronic significance. Finally, while resistance training did significantly 

increase FFB and strength, it appeared to have no significant effect on 24-hour GFR 

following 10 weeks of intervention. 
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Implications for Future Research 

The arginine/lysine dose employed in the present study appeared to be insufficient 

to stimulate hGH release, as indicated by the unchanging IGF-llevels following the 10-

week intervention. However, pilot work indicated that additional amounts of the amino 

acids administered orally would likely result in gastric distress. Similarly, Bucci et al 

(1990) was unable to elicit hGH responses with the amino acid ornithine administered 

orally, except at doses that caused "gastric distress including diarrhea" in most (10) 

subjects. Future research with these oral preparations of amino acids should determine 

both tolerable dose limits and absorption capacity from the gastrointestinal tract. 

Additionally, plasma amino acid should be monitored acutely and chronically to 

determine the minimal plasma amino acid concentration required to stimulate hGH 

release. However, previous research has established that even intravenous infusion of 30 

g arginine over a 30-minute interval does not stimulate an hGH response in all normal 

individuals. 28,50,63,66,72 Future research would do well to discard these indirect attempts 

to stimulate hormonal release, and replace them with direct administration of hGH. 

Christ demonstrated beneficial changes in body composition following a 6-week resistance 

training program supplemented with exogenous hGH administration. Unfortunately, oral 

glucose tolerance was not monitored in this study. The hGH-induced increase in FFB 

mass might compensate for the diabetogenic effects of hGH administration; these 

relationships need to be more thoroughly investigated. Additionally, while hGH clearly 

increases muscle mass, Bigland & Jehring (1952) found that the muscles of rats treated 
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with GH were incapable of increase tension production despite their increased size. 

Further, acromegalics, who have chronically elevated hGH levels, have a high incidence 

of myopathies and decreased strength despite their large muscle size.56,61,65 These 

findings suggest that hGH-induced muscle hypertrophy may not contribute to increased 

contractile material; further research is required to determine the nature of hGH-induced 

muscle hypertrophy. 

The effect of resistance training on OGT has not been thoroughly investigated. 

While some studies have demonstrated improved OGT parameters following resistance 

training,19,64,107 the extent to which body compositional changes or enzymatic alterations 

within the muscles themselves contributed to these changes was not examined. Further, 

the acute versus chronic effect of resistance exercises needs to be more extensively 

investigated. 

Although previous research has demonstrated a strong relationship between dietary 

protein and increased GFR in both animals41 ,46,55 and humans,9,15,38,78 the mechanism of 

the relationship is not understood. Glucagon seemed to be a likely candidate due to its 

rising levels in response to a protein meal68,71,100 and its association with elevated 

GFR. 54,69,70 However, further studies demonstrated that significant changes in GFR were 

only seen in response to supraphysiological doses of glucagon. Future research should 

focus on isolating the substance/hormone responsible; the liver hormone, 

glomerulopressin, would seem to warrant future study due to its relationship with both 

glucagon and GFR.3,76,101 Additionally, the chronic effect of "high protein diets" on 

kidney function has not been clearly established. 
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While the acute effects of endurance exercise on kidney function have been well 

studied, the effects of chronic training are not fully understood. Renal blood flow (RBF) 

decreases during exercise, apparently due to 1) increased sympathetic nervous activity 

which constricts both afferent and efferent arterioles, 2) increased epinephrine and 

norepinephrine, and 3) local autoregulation of blood flow. 74 However, exercise training 

may chronically increase parasympathetic drive during non-exercise activities; the 

implications on renal function are not clearly established. Further, neither the acute nor 

chronic effects of resistance training on kidney function have been thoroughly 

investigated. During acute bouts of RT, sympathetic drive may well increase far above 

those levels measured in endurance activities, potentially leading to greater decrements 

in RBF than seen in endurance exercise. However, RT requires only short bursts of 

activity alternated with periods of rest. Clearly, further investigations are needed to fully 

understand these relationships. 
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APPENDIX A 

HUMAN SUBJECTS CONSENT FORM 



TITLE: 
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UNIVERSITY OF ARIZONA 

DEPARTMENT OF EXERCISE AND SPORT SCIENCES 

Hwnan Perfonnance Research Laboratories - McKale Center 

SUBJECT CONSENT FORM 

The Effect of Amino Acid Supplementation Versus Carbohydrate/Protein Supplementation 
on Strength, Glucose Tolerance, Kidney Function, and Selected Hormonal Parameters 
During a 10-week Resistance Training Program 

YOU ARE ASKED TO READ THE FOLLOWING MATERIAL TO INSURE THAT YOU ARE 
INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW YOU WILL 
PARTICIPATE IN IT, IF YOU CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE 
THAT YOU HAVE BEEN SO INFORMED AND THAT YOU GIVE YOUR CONSENT. FEDERAL 
REGULATIONS REQUIRE WRI'ITEN INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS 
RESEARCH STUDY SO THAT YOU CAN KNOW THE NATURE AND THE RISKS OF YOUR 
PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER. 

PURPOSE: You are being invited to participate in a research study to determine if amino acid or 
protein/carbohydrate supplementation will alter strength, sugar tolerance, kidney function or hormone levels 
during a l2-week resistance training program. 

Participants for this study must be physically active males between the ages of 20-30 years old 
who have experience lifting weights but have not been involved in a weight-training program for the past 
3 months. Established ranges for body weight, body fat, and nutritional status will be required for 
participation. The anticipated number of participants in this study is 50. 

If you agree to participate, you will be asked to come to the Human Performance Research 
Laboratories in McKale Center nine times. Two visits will be completed within 2 weeks before the study 
begins, with an additional visit every 2 weeks until the 12th week, at which time two final visits will be 
made within a 2-week period. 

During your first visit, you will be tested for resting blood fat, protein, sugar, and hormone 
levels, and nutritional status with the following procedures: 

(1) Report to the lab between 7:00-8:00 a.m having refrained from eating or physical activity 
for at least 8 hours to have an indwelling venous catheter inserted into an antecubital vein 
(in front of the elbow) which will be maintained with a slow sterile saline drip. Initially 
30 ml of blood (approximately 6 teaspoons) will be drawn from the catheter. 

(2) Oral glucose (sugar) tolerance test: This requires you to drink 10 oz. of a sugar solution 
and then have 10 ml of blood (approximately 2 teaspoons) drawn from the catheter every 
30 minutes while resting for three hours. The total number of samples = 7; total amount 
of blood = 90 ml over three hours. 
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(3) Food Frequency Questionnaire: This form is to determine your nutritional status by 
recording how often you eat/drink different types of food. This will be filled out at your 
leisure and returned at your next visit. 

(4) You will also be asked to collect all of yonr urine for the next 24 hours in a container 
provided to you, and return the entire collection the next day. 

During your second visit, you will be tested for strength and per cent body fat with the following 
procedures: 

(1) Strength will be determined by maximal performance on the back squat, dead lift, and 
bench press. 

(2) Per cent body fat will be estimated using skinfold thickness, electrical impedance, body 
circumference and width at several sites, and underwater weighing. The skinfold 
measurement will be taken by gently pinching your skin at different location with a 
special instrument that will give a thickness measurement. Electrical impedance 
measurement., wi.ll involve attaching four cl~t;vdes (that :escmble tape) on the hand and 
foot. Then a current (so small that it cannot be felt) is passed through the body and the 
Bioelectrical Impedance analyzer will measure the resistance of body tissues to this 
signal. The body circumference measurements will be taken with a tape measure. The 
widths of the wrist and ankle will be measured with an anthropometer, which resembles 
a bowed ruler. The underwater weighing involves weighing you on land first and then 
weighing you while you are completely submerged. To get an underwater weight you 
will be asked to blowout your air while sitting in a tank with your head above the water 
and then to slowly lean forward until you are submerged and hold your breath for five 
seconds. This procedure will be repeated seven to nine times. The entire test will take 
approximately 3 hours. After completion of these tests, you will be compensated with 
$25. 

During the visits at weeks 2, 4, 6, 8, and 10 you will be tested for blood and urine creatinine (a 
protein) with the following procedures: 

(1) Report to the lab between 7:00-10:00 a.m. having refrained from eating or physical 
activity for at least 8 hours to have a blood sample drawn from four arm by needle. The 
amount drawn will be approximately 2 teaspoons. This will require approximately 5 
minutes. 

(2) You will also be asked to collect all of your urine for the next 24 hours in a container 
provided to you, and return the entire collection the next day. 
During the final 2 visits, the same procedures used in the first two visits will be repeated. 



99 

After the initial two visits, you will be assigned by chance (like the flip of a coin) to one of five 
groups. The five groups are as follows: 

Group 1 
Group 2 
Group 3 
Group 4 
Group 5 

Placebo supplement without weight lifting 
Amino acid supplement without weight training 
Placebo supplement with weight training 
Amino acid supplement with weight training 
Protein/Carbohydrate supplement with weight training 

Neither you nor the investigator will know which supplement you will be receiving until after the study 
is completed. If you are assigned to Groups 3, 4, or 5 you will also participate in a 12-week weight 
training program 3 days each week, consisting of back squats, stationary lunges, dead lift, bench press, 
bent-over rows, lat pull-downs, military press, weighted dips, biceps curls, and medicine ball crunches. 
Each work-out will last approximately 90 minutes. 

Upon completion of the entire study, subjects in Groups 1 and 2 will be compensated with an 
additional $25, while those in Groups 3, 4, and 5 will be compensated an additional $50. 

RISKS: The following are possible: 

(1) Localized muscle fatigue and soreness due to lifting weights. 

(2) Localized swelling, soreness, or discoloration from the catheter insertion or venipuncture. 

(3) Some discomfort or apprehension while holding your breath during the underwater 
weighing procedure. 

(4) Musculoskeletal injuries during the resistance training program. 

(5) Temporary changes in glucose (sugar) tolerance and kidney function due to the 
supplements. 

(6) Those subjects in Groups 1 and 3 will be receiving a placebo which will have no physical 
effect on them, whatsoever. 

BENEFITS: Besides monetary remuneration, participation in this study will provide you with information 
about your strength, nutritional status, per cent body fat, and levels of cholesterol, triglycerides, and sugar 
in your blood, as well as sugar tolerance and kidney function. Some of these factors have been identified 
as indicators of potential risk for developing heartlblood vessel disease. You will also learn whether amino 
acid and/or protein/carbohydrate supplementation is having positive or negative effects on these factors. 

Participation in this study is completely voluntary, and the data will be kept confidential. No 
subject will be forced to continue if he wishes to withdraw at any time during the study. 

All procedures, training, and supplements will be provided by the investigators at no cost to the 
subject. 
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I have read the preceding description and understand the nature of the proposed research activity 
in which I, , (print) am to be involved. I have been informed 
of the need for the research and the risks involved and may withdraw from participation at any time 
throughout the course of the research activity. If injured during the course of this study, I understand that 
compensation for medical care, hospitali:mtion, or time lost from work is unavailable. I also understand 
that this consent form will be filed in an area designated by the Human Subjects Committee with access 
restricted to Dr. Bunt or authorized representatives of the Department of Exercise and Sport Sciences. A 
copy of the consent form will be given to me. In addition, I understand that Dr. Joy C. Bunt (6214104) 
will provide more information whenever necessary. I understand that I do not waive any of my legal rights 
by signing this form. If I have any questions concerning my rights as a research subject, I may call the 
Human Subjects Committee at 626-6721. 

BEFORE GMNG MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME AND MY 
QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY ASK QUESTIONS AT 
ANY TIME AND THAT I AM FREE TO WITHDRAW FROM THIS PROJECT AT ANY TIME 
WITHOUT CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL CARE. I UNDERSTAND 
THAT THIS CONSENT FORM WILL BE FILED IN AN AREA DESIGNATED BY THE HUMAN 
SUBJECTS COMMITIEE WITH ACCESS RESTRICTED TO THE PRINCIPAL INVESTIGATOR, DR. 
JOY C. BUNT, OR AUTHORIZED REPRESENTATIVE OF ,THE EXERCISE AND SPORT SCIENCES 
DEPARTMENT. I UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY 
SIGNING THIS FORM. A COPY OF THIS CONSENT FORM WILL BE GIVEN TO ME. 

Signature of Subject Date 

Subject Name (Print) Date 

I have carefully explained to the subject the nature of the above project. I hereby certify that to 
the best of my knowledge the subject who is signing this consent form understands clearly the nature, 
demands, benefits, and risks involved in participating in this study. A medical problem or language or 
educational barrier has not precluded this understanding. 

Signature of Investigator Date 
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APPENDIXB 

ASSAY SENSITIVITY AND SPECIFICITY 
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Assay Sensitivity and Specificity 

GLUCOSE 

SENSmVITY: 1 mg% 

ACCURACY: 
yields: 

Testing the YSI Model 23A vs. hexokinase on plasma samples 

[Glucose] Pooled Estimate Mean Bias Bias Std. 
[ mg/dl ] Std. Deviation [ mg/dl ] Deviation 

[ mg/dl] [ mg/dl ] 

0-150 1.3 1.6 1.2 
150 - 300 1.5 0.4 2.9 
300 - 500 2.6 0.1 3.7 

GLUCAGON 

SENSITIVITY: 18 pg/ml 

SPECIFICITY: Highest reactivity with Oxyntomodulin = 0.1 % 

ACCURACY: Recovery = 94 - 107% 

MAX BINDING: ,.,. 35 % 
( %Bol TC) 

NSB: < 4% 
(NSB/TC) 
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Assay Sensitivity and Specificity (Contin) 

INSULIN 

SENSITIVITY: 1 JLIU/ml 

SPECIFICITY: Reactivity with pro-insulin @ mid-curve is 40%. No significant 
reactivity with other substances. 

ACCURACY: Recovery = 94-102% 

MAX BINDING: 50% 

NSB: < 2% 

IGF-l 

SENSITIVITY: 0.1 U/ml 

SPECIFICITY: Highest reactivity with Prolactin < 0.02 % 

ACCURACY: Correlation coefficient (r) = 0.96 in ranges 0.10 - 24.0 U/ml 

MAX BINDING: 28% 

NSB: < 3% 
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APPENDIX C 

STANDARD CURVES AND HORMONAL ASSAY VARIATIONS 



Assay # 7.18 
pmollL 

1 92.73 

2 100.37 

3 89.03 

4 99.89 

5 97.51 

6 93.42 

7 91.36 

8 94.31 

9 97.92 

10 93.14 

11 90.35 

Mean 94.55 

S.D. 3.84 

C.v. 4.06 

Expected 89.90 

Glucagon 

Standards (5 Points) 

Glucagon Standard Values: Percent Binding 

14.36 28.72 143.60 287.20 
pmollL pmollL pmollL pmollL 

75.73 24.05 16.56 

90.48 66.37 16.36 9.51 

84.00 68.45 19.06 13.28 

93.76 69.22 25.10 15.87 

86.89 63.08 25.80 14.74 

84.30 64.23 23.09 15.29 

83.52 65.51 23.39 16.49 

83.00 71.98 26.18 18.09 

81.27 67.58 22.80 19.71 

83.85 67.85 21.50 15.13 

84.49 70.55 22.87 14.42 

85.57 68.23 22.74 15.37 

3.81 3.61 2.91 2.63 

4.45 5.30 12.81 17.12 

79.20 65.50 21.30 14.90 

% NSB = Percent Non-Specific Binding 

% MB = Maximum Binding 
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%NSB %MB 

2.11 26.71 

3.45 25.38 

1.71 27.4 

2.87 27.05 

1.99 33.91 

2.06 35.44 

1.52 31.83 

0.97 30.53 

1.18 32.48 

0.88 31.54 

0.64 33.80 
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Standard Curve for Combined Glucagon Assays 
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Glucagon Standard Curve (n=l1). Standard glucagon concentrations were 7.18, 
14.36, 28.72, 143.60, and 287.20 pmollL. 
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Glucagon Control Samples 

Glucagon Low Standard (pmoIlL) 

Assay # Tl T2 Mean S.D. C.V. 

5 18.46 23.56 21.01 3.61 17.16 % 

6 15.82 20.24 18.03 3.12 17.33 % 

7 17.45 19.51 18.48 1.46 7.88 % 

8 13.90 18.85 16.38 3.50 21.37 % 

9 14.80 17.05 15.92 1.59 9.99 % 

Mean 17.96 

S.D. 2.01 

C.V. 11.22 % 

Assay # Tl T2 Mean S.D. C.V. 

10 17.34 21.88 19.61 3.21 16.37 % 

11 18.98 2S.2S 22.12 4.43 20.04 % 

Mean 20.86 

S.D. 1.77 

C.V. 8.51 % 

T1 and 1'2 are mean from duplicate tubes 

T1 = Beginning of assay 1'2 = End of assay 
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Glucagon Control Samples (Contin) 

Glucagon High Standard (pmoIlL) 

Assay # T1 T2 Mean S.D. C.V. 

5 46.66 63.77 55.22 12.10 21.91 % 

6 46.28 49.43 47.86 2.23 4.65 % 

7 56.45 51.17 53.81 3.73 6.94 % 

8 59.51 65.86 62.68 4.49 7.16 % 

9 49.08 57.35 53.22 5.85 10.99 % 

Mean 54.56 

S.D. 5.33 

C.V. 9.77 % 

Assay # T1 T2 Mean S.D. C.V 

10 161.55 164.64 163.10 2.18 1.34 % 

11 195.00 197.39 196.20 1.69 0.86 % 

Mean 179.65 

S.D. 23.40 

C.V. 13.03 % 

T1 and 1'2 are mean from duplicate tubes 

T1 = Beginning of assay 1'2 = End of assay 
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Insulin 

Standards (6 Points) 

Insulin Standard Values: Percent Binding 

Assay # 35.88 107.63 358.75 717.50 1435 2870 %NSB % 
pmoll pmollL pmollL pmollL pmollL pmollL MB 

L 

1 85.59 78.09 56.27 45.04 29.50 19.47 1.67 46.08 

2 88.27 76.45 52.83 38.25 26.06 15.35 1.81 48.37 

3 90.68 81.31 54.80 42.39 29.23 18.38 1.71 47.30 

4 87.10 72.04 49.70 35.29 26.40 16.46 1.64 48.34 

5 91.16 73.42 51.73 36.29 26.20 16.52 1.76 46.54 

6 91.78 74.80 52.00 38.14 26.76 18.10 1.79 48.19 

7 88.62 74.08 51.89 36.57 26.13 17.08 1.68 45.92 

8 86.46 69.39 45.22 33.73 24.95 15.20 1.99 49.73 

9 89.26 74.76 47.21 34.20 23.91 13.97 2.14 48.65 

10 91.67 75.81 53.21 38.46 29.44 17.64 2.06 44.71 

11 83.18 70.03 45.57 30.75 22.88 13.08 2.13 48.62 

12 90.34 72.11 46.70 29.28 21.70 13.68 2.41 46.72 

13 90.02 72.14 47.76 34.51 25.15 15.57 1.40 52.56 

14 91.36 73.46 50.20 35.01 24.58 15.64 1.78 50.84 

15 91.02 74.41 49.31 34.02 24.42 15.14 1.55 52.37 

Mean 89.10 74.15 50.29 36.13 25.82 16.08 

S.D. 2.55 3.04 3.35 4.03 2.30 1.82 

C.V. 2.86 % 4.09 % 6.65 % 11.15% 8.89 % 11.33 % 

Expected 86.00 72.90 49.40 34.10 23.60 14.10 

% NSB = Percent Non-Specific Binding 

% MB = Maximum Binding 
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Insulin Standard Curve (n=l5). Standard insulin concentrations were 35.88, 107.63, 
358.75,717.50, 1435, and 2870 pmollL. 
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Insulin Control Samples 

Insulin Low Standard (pmoIlL) 

Assay # Tl T2 Mean S.D. C.V. 

1 74.05 51.88 62.96 15.68 24.90 % 

2 89.76 100.31 95.04 7.46 7.85 % 

3 92.49 104.97 98.98 8.47 8.56 % 

4 93.42 90.76 92.09 1.88 2.04 % 

5 91.19 94.35 92.77 2.23 2.41 % 

6 93.63 131.66 112.64 26.89 23.87 % 

7 94.57 104.25 99.41 6.84 6.89 % 

8 65.08 68.66 66.87 2.53 3.79 % 

9 61.99 80.65 71.32 13.19 18.50 % 

10 102.67 80.29 91.48 15.82 17.30 % 

11 69.45 70.24 69.84 0.56 0.80 % 

12 98.87 117.02 107.94 12.83 7.51 % 

13 92.99 91.19 92.09 1.27 1.38 % 

14 93.99 102.53 98.26 6.04 6.15 % 

15 102.96 105.40 104.18 1.72 1.66 % 

Mean 90.39 

S.D. 15.44 

C.V. 17.08 

Tl and T2 are mean from duplicate tubes 

T1 = Beginning of assay T2 = End of assay 
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Insulin Control Samples (Contin) 

Insulin Medium Standard (pmoIlL) 

Assay # Tl T2 Mean S.D. C.V. 

1 291.16 247.82 269.49 30.65 11.37 % 

2 236.70 258.87 247.78 15.68 6.33 % 

3 236.06 228.67 232.36 5.22 2.25 % 

4 230.32 238.07 234.20 5.48 2.34 % 

5 259.66 235.41 247.54 17.15 6.93 % 

6 230.82 281.12 255.47 35.57 13.90 % 

7 254.35 285.28 269.28 21.87 8.11 % 

8 - - - - -
9 - - - - -
10 285.28 216.11 250.70 48.91 19.51 % 

11 216.76 212.45 214.60 3.05 1.42 % 

12 223.79 251.27 237.53 19.43 8.18 % 

13 216.33 219.27 217.80 2.08 0.95 % 

14 235.20 242.23 238.72 4.97 2.08 % 

15 255.00 239.57 247.28 10.91 4.41 % 

Mean 243.37 

S.D. 16.80 

C.V. 6.91 % 

T1 and T2 are mean from duplicate tubes 

T1 = Beginning of assay T2 = End of assay 
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Insulin Control Samples (Contin) 

Insulin High Standard (pmoIlL) 
.. ---. 

Assay # Tl T2 Mean S.D. C.V. 

1 2048.75 1735.63 1892.19 221.41 11.70 % 

2 1494.98 1561.21 1528.10 46.83 3.06 % 

3 1491.47 1453.08 1472.28 27.14 1.84 % 

4 1715.18 1885.09 1800.14 120.14 6.67 % 

5 1750.99 1723.94 1737.46 19.13 1.10 % 

6 1801.50 1983.89 1892.70 128.97 6.81 % 

7 1791.17 1723.94 1757.56 47.54 2.70 % 

8 - - - - -
9 - - - - -
10 2269.16 2116.41 2192.78 108.01 4.93 % 

11 1705.35 1692.73 1699.04 8.92 0.53 % 

12 1616.53 1681.32 1648.92 45.81 2.78 % 

13 1767.06 1686.41 1726.74 57.03 3.30 % 

14 1727.45 1861.62 1794.54 94.87 5.29 % 

15 1640.78 1686.99 1663.88 32.68 1.96% 

Mean 1754.33 

S.D. 179.87 

C.V. 10.25 % 

T1 and 1'2 are mean from duplicate tubes 

T1 = Beginning of assay 1'2 = End of assay 
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IGF-l 

Standards (5 Points) 

IGF-l Standard Values: Percent Binding 

Assay # 0.12 0.34 0.68 1.20 2.40 %NSB %MB 
U/ml U/ml U/ml U/ml U/ml 

1 98.4 77.6 56.2 28.6 15.2 3.10 28.40 

2 85.8 72.2 47.6 28.8 18.0 4.37 34.98 

3 81.9 64.1 40.8 23.8 15.9 3.14 40.26 

Mean 88.7 71.3 48.2 27.1 16.4 

S.D. 8.6 6.8 7.7 2.8 1.5 

C.V. 9.72 % 9.53 % 16.01 % 10.45 % 8.89 % 

Expected 87.1 66.2 43.1 26.4 14.2 

% NSB = Percent Non-Specific Binding 

% MB = Maximum Binding 
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Standard Curve for Combined IGF-l Assays 
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IGF-l Standard Curve (n=3). Standard IGF-1 concentrations were 0.12, 0.34,0.68, 
1.20, and 2.40 U/m!. 
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IGF-l Control Samples 

IGF-l Low Standard (U/ml) 

Assay # Tl T2 Mean S.D. C.V. 

1 0.37 0.31 0.34 0.04 12.48 % 

2 0.34 - 0.34 - -
3 0.35 0.23 0.29 0.08 29.26 % 

Mean 0.32 

S.D. 0.03 

C.V. 9.02 % 

IGF-l Medium Standard (U/ml) 

Assay # Tl T2 Mean S.D. C.V. 

1 0.85 0.76 0.80 0.06 7.95 % 

2 0.65 0.58 0.62 0.05 7.98 % 

3 0.70 0.67 0.68 0.02 3.12 % 

Mean 0.70 

S.D. 0.09 

C.V. 13.09 % 

Tl and T2 are mean from duplicate tubes 

Tl = Beginning of assay T2 = End of assay 
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IGF-l Control Samples (Contin) 

IGF-l High Standard (U/ml) 

Assay # Tl T2 Mean S.D. C.V. 

1 1.28 1.25 1.26 0.02 1.68 % 

2 1.36 - 1.36 - -
3 1.27 1.21 1.24 0.04 3.42 % 

Mean 1.29 

S.D. 0.06 

c.v. 4.98 % 

TI and T2 are mean from duplicate tubes 

Tl = Beginning of assay T2 = End of assay 
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STRENGTH TABLES 
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Strength Tables 

Bench Press lRM Performances, Mean ± SE 

Group Pre Bench Press Post Bench Press Absolute Change Average Percent 
(kg) (kg) (kg) Change 

PIC (n=7) 78.9 ± 7.4 78.9 ± 7.5 1 0.0 ± 2.3 1,3 0.07 ± 3.06 1,3 

PIRT (n=8) 87.1 ± 4.0 98.9 ± 3.0 1,2,. 11.9 ± 1.7 1,2 14.34 ± 2.36 1,2 

ALlC (n=7) . 72.1 ± 4.5 72.1 ± 4.62.3 0.0 ± 1.32,4 0.07 ± 1.90 2,4 

AURT(n=8) 74.8 ± 3.7 88.9 ± 3.8 3,. 14.1 ± 1.9 3,4 19.34 ± 2.81 3,4 

1,2,3,4 IndicaJcs differences between groups, p < 0.05 
• IndicaJcs differences within groups, p < 0.05 

SQuat lRM Perfonnances, Mean ± SE 

Group Pre Squat Post Squat Absolute Change Average Percent 
(kg) (kg) (kg) Change 

PIC (n=7) 118.4 ± 5.0 122.9 ± 4.8 1,3 4.5 ± 3.1 1,3 4.42 ± 2.74 1,3 

PIRT (n=8) 111.1 ± 6.6 151.9 ± 7.0 1,2,. 40.8 ± 3.8 1,2 38.04 ± 4.85 1,2 

AlIC (n=7) 112.9 ± 5.1 121.5 ± 5.02,4 8.6 ± 3.62,4 7.86 ± 3.272,4 

AlIRT (n=8) 104.8 ± 2.7 142.8 ± 5.3 3,4,. 38.0 ± 4.3 3,4 36.36 ± 4.14 3,4 

1,2.3,4 lndicaJcs differences between groups, p < 0.05 
• Indic8Jcs differences within groups, p < 0.05 

Deadlift lRM Perfonnances, Mean ± SE 

Group Pre Dead Lift Post Dead Lift Absolute Change A verage Percent 
(kg) (kg) (kg) Change 

PIC (n=7) 121.1 ± 10.8 127.0 ± 8.7 1 5.9 ± 3.6 1 6.39 ± 3.53 

PIRT (n=8) 137.0 ± 9.6 161.4 ± 8.2 1,2.3,. 24.4 ± 6.5 1,2.3 20.92 ± 8.15 

ALlC (n=7) 127.0 ± 7.7 135.1 ± 7.0 2 8.1 ± 3.6 2 7.06 ± 3.28 

AURT (n=8) 127.0 ± 8.5 134.2 ± 5.0 3 7.2 ± 6.3 3 7.82 ± 4.90 

1,2,3 lndicaJcs differences between groups, p < 0.05 
• Indicales differences within groups, p < 0.05 
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APPENDIXE 

GLUCOSE TOLERANCE MULTIPLE REGRESSION TABLES 
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Glucose Tolerance Multiple Regression Tables 

Regression Analyses for Prediction of (Pre) Glucose Tolerance Parameters 

Criterion Predictor R:Z R:ZChange b P 
Variable Variable 

AGLI ARB .3303 .3303 .5748 .6348 

STl .4216 .0912 -.3129 .0982 

I .4814 .0598 .2494 .2683 

S .5114 .0300 -.1775 .3127 

ARGI .5343 .0229 .1575 .1636 

BFl .5557 .0214 -.1688 .6429 

IGFI .5689 .0132 -.1328 .3846 

T .5766 .0077 -.0997 .7261 

% CH01 .5805 .0039 -.0739 .5671 

% PROI .5861 .0056 -.1064 .6065 

FFBI .5871 .0010 .0423 .7994 

AlGI .5882 .0011 .2616 .8330 

ARIl AGL1 .3303 .3303 .5748 .0010 

STl .4501 .1198 .3496 .0238 

IGF1 .5423 .0921 .3062 .1214 

FFBI .5939 .0517 -.2351 .4640 

S .6146 .0207 .1498 .2691 

ARGI .6369 .0222 -.1541 .3121 

BFl .6588 .0219 .1857 .2952 

I .6620 .0032 -.0651 .6949 

T .6623 .0004 -.0236 .8803 

% PROI .6624 .0001 .0107 .9633 

% CHOI .6624 .0000 -.0030 .9873 
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Regression Analyses for Prediction of (Pre) Glucose Tolerance Parameters 

Criterion Predictor R2 R2 Change b P 
Variable Variable 

ARGI % CHOI .0530 .0530 -.2302 .1919 

% PROI .1402 .0872 -.3437 .0949 

STl .2074 .0672 .2654 .1269 

ARIl .2324 .0250 -.1651 .3121 

AGLI .2517 .0193 .1914 .4542 

T .2722 .0205 .1553 .3882 

S .2973 .0251 .1820 .3257 

BFl .3120 .0146 .1484 .4683 

FFBI .3366 .0247 .2000 .4221 

I .3389 .0022 .0553 .7965 

IGFI .3392 .0003 .0208 .9313 

AlGI AGLI .2399 .2399 .4898 .0061 

IGFI .3446 .1047 .3238 .1595 

% PROI .4198 .0751 .2822 .2050 

FFBI .4659 .0461 -.2195 .1388 

STl .5040 .0381 .2059 .1625 

T .5424 .0384 -.2269 .2902 

% CHOI .5522 .0098 .1234 .3830 

S .5593 .0071 .0969 .4112 

BFl .5711 .0118 .1414 .3998 

I .5791 .0079 -.1076 .5568 
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Regression Analyses for Prediction of (Pre) Glucose Tolerance Parameters 

Criterion Predictor Rl RlChange b P 
Variable Variable 

IGFI ARB .1319 .1319 .3632 .6737 

I .2216 .0897 -.3005 .2486 

T .2475 .0259 -.1609 .4930 

BFl .2966 .0491 .2638 .3264 

AGLl .3119 .0153 -.1637 .3846 

% PROI .3320 .0200 -.1547 .6086 

FFBI .3453 .0133 .1398 .5582 

STl .3523 .0070 -.0989 .6822 

AlGI .3530 .0007 -.0867 .9495 

S .3534 .0003 -.0227 .9305 

% CHOI .3538 .0004 -.0278 .9155 

ARGI .3538 .0000 -.0115 .9836 

R2 x 100, cumulative percent variability in criterion variable accounted for by all previous variables; R2 Change x 100, 
percent variability in criterion variable accounted for by each predictor variable; b, standardized regreaaion coefficient 
(slope); P, probability; AGLI, initial area under tho glucose curve; ARIl, initial area under the insulin curve; ARGI, initial 
area under the glucagon curve; AlGI, initial area under the insulin:glucagon curve; BFI, initial percent body fat; FFBI, 
initial fat-free body; STI, initial total strength; IGFI, initiallGF-I concentration; % CHOl, initial percent carbohydrate in 
the diet; % PROI, initial percent protein in the diet; T, Training Status: -I =Control; I =Resistance Trained. S, 
Supplement Status: -I = Placebo; 1 = ArgininelLysine. I, Training Status x Supplement Status Interaction: -I =PIRT or 
AlJC; 1 = PIC or ALlRT. 
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Regression Analyses for Prediction of (post) Glucose Tolerance Parameters 

Criterion Predictor Rl RlChange b P 
Variable Variable 

AGL2 IGF2 .1096 .1096 .3311 .3861 

T .1745 .0648 -.2547 .6119 

% PR02 .1968 .0223 -.1540 .3822 

% CH02 .2301 .0333 -.2311 .4029 

ST2 .2395 .0095 -.1255 .6477 

FFB2 .2541 .0146 .1382 .9128 

I .2581 .0041 .0733 .7517 

BF2 .2635 .0054 -.1034 .8742 

S .2675 .0040 -.0914 .6631 

ARG2 .2712 .0037 -.0830 .4924 

AlG2 .2714 .0002 -.0189 .5315 

ARI2 .2884 .0170 .7893 .5321 

ARI2 IGF2 .2186 .2186 .4676 .0967 

T .2865 .0679 -.2606 .3696 

S .2939 .0074 -.0902 .4321 

% CH02 .3016 ,0077 -.0998 .4144 

BF2 .3078 .0062 -.0919 .4350 

FFB2 .3275 .0197 -.1679 .4650 

% PR02 .3367 .0092 -.1484 .6715 

I .3427 .0060 -.0904 .6883 

ARG2 .3451 .0023 -.0628 .8481 

ST2 .3457 .0006 -.0401 .9035 

AGL2 .3459 .0001 .0138 .9513 



125 

Regression Analyses for Prediction of (Post) Glucose Tolerance Parameters 

Criterion Predictor R2 R2 Change b P 
Variable Variable 

ARG2 S1'2 .1615 .1615 .4019 .2017 

% CH02 .2140 .0525 -.2302 .0160 

S .3134 .0994 -.3681 .0332 

BF2 .3614 .0480 -.2581 .0517 

FFB2 .4492 .0879 -.3586 .1162 

% PR02 .4602 .0109 -.1591 .5025 

I .4636 .0034 .0629 .6927 

T .4657 .0022 -.0641 .7618 

AGL2 .4672 .0015 -.0426 .7692 

IGF2 .4693 .0021 .0583 .7500 

ARI2 .4705 .0011 .0412 .8481 

AlG2 T .1456 .1456 -.3816 .2867 

IGF2 .2477 .1020 .3195 .2748 

S1'2 .2694 .0218 -.1895 .5886 

BF2 .2786 .0092 .1003 .6360 

I .2882 .0095 -.1l01 .5461 

% CH02 .2959 .0077 .0928 .7420 

FFB2 .2986 .0027 -.0674 .7980 

% PR02 .2990 .0004 .0316 .9104 

AGL2 .2991 .0001 .0121 .9567 

S .2991 .0000 .0037 .9894 
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Regression Analyses for Prediction of (post) Glucose Tolerance Parameters 

Criterion Predictor R2 R2 Change b P 
Variable Variable 

IGF2 ARI2 .2186 .2186 .4676 .0445 

I .2925 .0739 -.2806 .1801 

BF2 .3590 .0665 .2609 .0828 

AIG2 .4069 .0479 -.4643 .0867 

ARG2 .4707 .0638 -.6070 .1731 

% CH02 .4857 .0150 .1329 .3541 

% PR02 .5087 .0230 .2352 .2573 

AGL2 .5313 .0226 .1672 .3861 

ST2 .5420 .0107 .1231 .4287 

T .5489 .0069 -.1172 .5742 

FFB2 .5503 .0015 -.0530 .7786 

S .5512 .0009 -.0495 .8578 

R2 x 100, cumulative percent variability in criterion variable accounted for by aU previous variables; R2 Change x 100, 
percent variability in criterion variable accounted for by eacb predictor variable; b, standardized regression coefficient 
(slope); p, probability; AGL2, final area under the glucose curve; ARl2, final area under the insulin curve; ARG2, final 
area under the glucagon curve; AlG2, final area under the insulin:glucagon curve; BF2, final percent body fat; FFB2, final 
fat-free body; ST2, final total strength; IGF2, final IGF-I concentration; % CH02, final percent carbobydrate in the diet; 
% PR02, final percent protein in the diet; T, Training Status: -I = Control; I = Resistance Trained. S, Supplement Status: -
I = Placebo; 1= ArgininefLysine. I, Training Status x Supplement Status Interaction: -I = PfRT or ALlC; I = PIC or 
AllRT. 
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Regression Analyses for Prediction of Absolute Change in Glucose Tolerance 
Parameters 

Criterion Predictor RZ RZChange b P 
Variable Variable 

AGLAB I .1058 .1058 -.3253 .1377 

ARGAB .2280 .1222 -.3534 .2460 

IGFAB .2745 .0465 .2167 .3500 

T .3275 .0530 -.2406 .1269 

STAB .4227 .0952 .5798 .1142 

BFAB .4384 .0156 -.1522 .3632 

S .4516 .0132 -.1266 .5450 

FFBAB .4587 .0071 -.1679 .5918 

% CH02 .4658 .0072 -.1132 .7221 

ARIAB .4678 .0020 -.0517 .9656 

% PR02 .4681 .0003 .0269 .9256 

AIGAB .4681 .0000 -.0177 .9846 

ARIAB I .0796 .0796 -.2821 .3196 

T .1190 .0394 -.1985 .0822 

STAB .2253 .1062 .5956 .1917 

BFAB .2469 .0216 -.1725 .4675 

S .2646 .0177 -.1360 .3570 

% PR02 .2886 .0240 .1989 .3288 

% CH02 .3014 .0128 .1448 .6711 

IGFAB .3059 .0045 .0856 .7671 

AGLAB .3080 .0021 -.0553 .7885 

ARGAB .3093 .0013 -.0446 .8835 

FFBAB .3098 .0005 .0516 .9084 
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Regression Analyses for Prediction of Absolute Change in Glucose Tolerance 
Parameters 

Criterion Predictor R2 R2 Change b P 
Variable Variable 

ARGAB AGLAB .0885 .0885 -.2975 .0387 

S .1866 .0981 -.3149 .1596 

I .2481 .0614 -.2623 .1202 

BFAB .2757 .0276 -.1701 .1115 

FFBAB .3321 .0564 -.3038 .3007 

STAB .3611 .0290 .2460 .4094 

% CH02 .3747 .0135 -.1336 .6780 

T .3837 .0090 -.2204 .5832 

% PR02 .3907 .0070 .1326 .6354 

IGFAB .3959 .0053 .1037 .6897 

ARlAB .3967 .0007 -.0327 .8835 

AlGAB AGLAB .0815 .0815 .2855 .6413 

BFAB .1051 .0236 .1539 .7663 

% CH02 .1182 .0131 .1148 .3999 

% PR02 .1331 .0149 .1548 .3496 

S .1458 .0126 -.1394 .5685 

T .1593 .0136 -.1412 .1684 

STAB .2259 .0665 .5149 .2779 

FFBAB .2365 .0107 .2030 .6590 

I .2380 .0015 -.0437 .8529 

IGFAB .2381 .0001 -.0124 .9658 
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Regression Analyses for Prediction of Absolute Change in Glucose Tolerance 
Parameters 

Criterion Predictor R2 R2 Change b P 
Variable Variable 

IGFAB FFBAB .2081 .2081 .4562 .0882 

% CH02 .4382 .2301 .4885 .0454 

AGLAB .4913 .0531 .2309 .3500 

ARIAB .4971 .0058 .0783 .4078 

AlGAB .5063 .0092 -.2350 .4345 

I .5126 .0063 .0909 .4962 

BFAB .5244 .0117 .1588 .5818 

ARGAB .5278 .0035 -.1097 .6897 

STAB .5303 .0025 .0779 .6602 

T .5334 .0031 -.1418 .7514 

S .5336 .0002 -.0161 .9570 

% PR02 .5336 .0000 -.0045 .9871 

R2 x 100, cumulative percent variability in criterion variable accounted for by all previous variables; R2 Change x 100, 
percent variability in criterion variable accounted for by each predictor variable; b, standardized regression coefficient 
(slope); P, probability; AOLAB, absolute change in area under the glucose curve; ARlAB, absolute change in area under 
the insulin curve; AROAB, absolute change in area under the glucagon curve; AlOAB, absolute change in area under the 
insulin:glucagon curve; BFAB, absolute change in percent body fat; FFBAB, absolute change in fat-free body; STAB, 
absolute change in total strength; IOFAB, absolute change in IGF-l concentration; % CH02, final percent carbohydrate in 
the diet; % PR02, final percent protein in the diet; T, Training Status: -1 = Control; 1 =Resistance Trained. 5, Supplement 
Status: -1 = Placebo; 1 = ArgininefLysine. I, Training Status x Supplement Status Interaction: -1 = PIRT or AUC; 1 = PIC 
or AURT. 
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APPENDIX F 

GLUCOSE TOLERANCE ZERO ORDER CORRELATIONS 



Pre Glucose Tolerance Zero Order Correlations 

Variable 1 2 3 4 5 6 

I 1. T5 . . . - - -
2. 55 .0000 - - - -

I 

(.500) 

I 3. AGlC1 -.1102 -.1018 - - - -
I (.281) (.296) 

I 4. AIRI1 -.0269 -.0109 .5748 - - -
(.444) (.4n) ( .000) 

I 

5. AIRG1 .2051 -.0006 .0720 - .0539 - -
(.138) (.499) (.353) ( .389) 

6. AIG1 -.1118 .0569 .4898 .9293 -.3795 -
(.278) (.383) (.003) ( .000) (.019) 

7. IGF1 .1712 -.1229 .0316 .3632 ·.0352 .3389 
( .183) (.259) (.434) (.024) (.427) ( .033) 

8. FFB1 -.3956 -.1032 -.1668 -.2309 .0816 -.2801 
(.015) ( .294) (.189) (.110) ( .334) ( .067) 

9_ 5n .0671 -.2141 - .1413 .2614 .2041 .1685 
( .362) (.128) ( .228) ( .081) (.140) (.187) 

to. X CHOt -.3612 -.3582 -.0274 -.1197 -.2302 -.0529 
( .025) (.026) (.443) ( .264) (.111) (.391 ) 

11. X PROt .2520 .3568 -.2320 .0557 -.1358 .1361 
(.090) (.026) (.109) (.385) ( .237) ( .237) 

TS Training Status I.IRG1 Pre Glucagon AUC 
SS Supplement Status AIG1 Pre I:G AUC 
AGLC1 Pre Glucose AUC IGF1 Pre IGF-1 
AIRI1 Pre Insulin AUC FFB1 Pre FFB 

(One-Tailed probability) 

7 8 9 10 

- - - -
- - - -

- - - -

- . - -

- - - -

- - - -

- - - -

.0942 - - -
(.310) 

.1217 .1984 - -
( .267) ( .147) 

-.0075 .1462 - .0534 -
(.484) (.220) ( .390) 

-.0584 -.0393 .2058 -.5119 
(.380) (.418) (.138) (.002) 

ST1 Pre Total Strength 
" CH01 Pre Percent Carbohydrate 
" PR01 Pre Percent Protein 

..... 
Vl ..... 



Post Glucose Tolerance Zero Order Correlations 

Variable 1 2 3 4 5 6 

1. TS . . . . . . 
2. SS .0000 - - - -

( .500) 

3. AGLC2 -.2483 - .1702 - - - -
( .093) ( .184) 

4. AIRI2 -.2516 -.2234 .2653 - - -
( .090) (.118) (.078) 

5. AIRG2 .2307 -.2621 - .0091 .0838 - -
(.110) ( .081) (.481 ) (.330) 

6. AIG2 ·.3816 .1110 .2084 .8760 -.3537 . 
(.019) (.280) (.135) (.000) (.028) 

7. IGF2 .0189 -.2989 .3311 .4676 .1450 .3121 
(.460) (.054) (.037) ( .005) (.222) ( .047) 

8. FFB2 -.0880 -.0521 .0843 -.1099 - .0045 -.0936 
(.322) (.392) (.329) (.459) (.491) ( .311) 

9. ST2 .5885 - .2408 ·.1298 -.0613 .4019 -.2700 
(.000) (.100) (.247) ( .374) ( .014) ( .075) 

10. X CHOZ ·.1214 -.4315 - .0341 ·.0206 -.2667 .0853 
(.261) (.009) (.429) (.457) (.077) ( .327) 

11. X PROZ .1966 .5741 -.2432 -.1678 .0534 -.lm 
(.149) (.000) ( .098) (.188) ( .390) (.174) 

TS Training Status AIRG2 Post Glucagon AUC 
SS Supplement Status AIG2 Post I:G AUC 
AGLC2 Post Glucose AUC IGF2 Post IGF-l 
AIRI2 Post Insulin AUC FFB2 Post FFB 

(One-Tailed probability) 

7 8 9 10 

. · · · 
- - - -

- - - -

- · · · 

- - · -

- - - · 

. · · -

- .0397 - - · 
(.418) 

.2287 .3104 · -
(.112) ( .048) 

-.0317 ·.0849 -.9060 -
( .434) (.328) ( .307) 

·.0672 .0906 .0352 -.6020 
( .362) ( .317) (.427) (.000) 

ST2 Post Total Strength 
X CH02 Post Percent Carbohydrate 
X PR02 Post Percent Protein 

! 
I 

........... 
w 
tv 



----

Absolute Change Glucose Tolerance Zero Order Correlations (one-Tailed p.robability) 

variable 1 2 3 4 5 6 7 8 9 10 

1. TS - - - - - - - - - -
2_ SS .0000 - - - - - - - -

(.500) 

3. AGlCAB '.1727 -.1005 - - - - - - - -
(.181) ( .299) 

4. AIRIAB -.1985 -.1868 .2251 - - - - - - -
(.146) (.162) (.116) 

5. AIRGAS .0421 -.2818 -.2975 .1206 - - - - - -
(.413) ( .066) (.055 ) ( .263) 

6_ AlGAS -.1962 -.1373 .2855 .9074 -.2238 - - - - -
(.149) (.235) (.063) (.000) (.117) 

7_ IGFAB .2846 -.1905 .2603 .1191 -.0551 .0905 - - - -
( .064) ( .157) (.082) (.265) (.386) ( .317) 

8_ FFBAB .7651 .1332 .0028 -.0897 -.0980 -.1145 .4562 - - -
(.000) (.241) (.494) (.319) (.303) ( .273) (.006) 

9_ STAB .8174 -.1002 .1107 .0669 .0766 .0492 .3642 .6858 - -
(.000) ( .299) (.280) (.363) (.344) (.398) (.024) (.000) 

10_ X CH02 -.1214 -.4315 .0588 .0898 .0155 .1297 .3847 -.1892 -.1241 -
(.261) (.009) (.379) (.318) (.468) (.247) (.018) (.158) (.257) 

11_ X PR02 .1966 .5741 -.1583 -.2082 .0109 -.0214 -.3231 .0544 .1404 -.6020 
(.149) ( .000) (.202) (.441) (.4n) (.455) (.041) ( .388) (.230) (.000) 

TS Training Status AIRGAB Abs.A Glucagon AUC STAB Abs.A Total Strength 
SS Supplement Status AI GAB Abs.A I:G AUC X CH02 Post Percent Carbohydrate 
AGLCAB Abs.A Glucose AUC IGFAB Abs.A IGF-1 X PR02 Post Percent Protein 
AIRIAB Abs.A Insulin AUC FFBAB Abs.A FFB 

~ 

Vol 
Vol 
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URINE CREATININE AND URINE VOLUME 
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Urine Creatinine and Urine Volume 

Urine Creatinine Pre-, During, and Post-Intervention (Mean ± SE) 

Group Pre Uer Week 2 Uer Week 4 Uer Week 6 Uc, Post UCI 

(mg) (mg) (mg) (mg) (mg) 

PIC (n=7) 1632 ± 163 1663 ± 112 1737 ± 211 1850 ± 184 1399 ± 196 

PIRT (n=8) 1644 ± 95 1685 ± 159 1465 ± 198 1558 ± 166 1575 ± 144 

AIlC (n=7) 1941 ± 147 1571 ± 217 1606 ± 250 1746 ± 134 1715 ± 149 • 

AURT (n=8) 1701 ± 188 1712 ± 90 1540 ± 296 1463 ± 115 1467 ± 78 

• Indicates within group difference from Pre value 

Urine Volume Pre-. Durine. and Post-Intervention (Mean ± SE) 

Group PreUV Week 2 UV Week 4 UV Week 6UV Post UV 
(ml) (ml) (ml) (ml) (ml) 

PIC (n=7) 1040 ± 275 858 ± 92 1012 ± 138 999 ± 186 898 ± 166 1 

PIRT (n=8) 892 ± 127 916 ± 123 978 ± 283 1103 ± 224 873 ± 77 2 

AIlC (n=7) 1758 ± 416 1620 ± 390 1599 ± 378 1470 ± 316 1912 ± 467 1,2 

AURT (n=8) 1668 ± 255 1692 ± 384 1426 ± 259 1504 ± 219 1322 ± 191 

1,2 Indicates between group differences, p < 0.05 
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GLOMERULAR FILTRATION MULTIPLE REGRESSION TABLES 
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Glomerular Filtration Multiple Regression Tables 

Regression Analyses for Prediction of (Pre) GFR 

Criterion Predictor R2 R2Change b P 
Variable Variable 

CCRO S .0463 .0463 .2151 .4040 

STl .0552 .0089 -.0967 .5730 

T .0642 .0091 .0954 .6422 

I .0708 .0065 .0817 .7160 

% PROI .0720 .0012 -.0411 .9336 

FFBI .0730 .0011 .0377 .6405 

SAl .0817 .0087 -.1738 .6355 

IRG1R .0834 .0017 .0464 .8449 

R2 x 100, cumulative percent variability in criterion variable accounted for by all previous variables; R2 Change x 100, 
percent variability in criterion variable accounted for by each predictor variable; b, standardized regression coefficient 
(elope); P, probability; CCRO, initial creatinine clearance; SAl, initial surface area; FFBI, initial fat-free body; STl, initial 
total strength; RIRGI, initial resting glucagon; % PROI, initial percent protein in diet; T, Training Status: -I =Control; 
I = Resistance Trained. S, Supplement Status: -I = Placebo; I =ArgininclLysine. I, Training Status x Supplement Status 
Interaction: -I=PIRT or AJ.JC; I=P/C or AURT. 



Regression Analyses for Prediction of (post) GFR 

Criterion Predictor R2 R2Change b P 
Variable Variable 

CCR10 STlO .1064 .1064 -.3262 .0030 

SAIO .2111 .1047 -.3257 .0079 

FFBI0 .3070 .0959 .5466 .0493 

% PROIO .3641 .0572 .2414 .1122 

S .4364 .0723 -.3483 .1216 

I .4545 .0180 -.1478 .3750 

T .4773 .0228 .2122 .2967 

IRG2R .4922 .0149 .1435 .4413 

R2 X 100, cumulative percent variability in criterion variable accountcd for by all previous variablcs; R2 Changc x 100, 
percent variability in criterion variable accounted for by each predictor variable; b, standardized regression coefficicnt 
(slope); P, probability; CCRIO, Final creatinine clearance; SAIO, final surface area; FFBIO, final fat-frec body; STIO, 
final total strength; RIRGIO, final resting glucagon; % PROiO, final percent protein in diet; T, Training Status: -
I = Control; I = Resistance Trained. S, Supplement Status: -I = Placebo; I =ArgininefLysine. I, Training Status x 
Supplcment Status Interaction: -I = PIRT or AUC; 1 = PIC or AURT. 

Regression Analyses for Prediction of Absolute Change in GFR 

Criterion Predictor R2 R2Change b P 
Variable Variable 

CCRAB SAAB .1408 .1408 -.3753 .1161 

RIRGAB .2110 .0702 .2693 .2500 

S .2262 .0151 -.1231 .3660 

I .2370 .0109 -.1111 .5850 

% PROIO .2406 .0036 .1788 .5873 

STAB .2448 .0042 -.1745 .7098 

FFBAB .2563 .0115 .1685 .5495 

T .2582 .0019 -.0947 .8193 
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R2 X 100, cumulative percent variability in criterion variable accounted for by all previous variables; R2 Change x 100, 
percent variability in criterion variable accountcd for by each predictor variable; b, standardized regression coefficient 
(slope); P, probability; CCRAB, absolute change in creatinine clcarance; SAAB, absolute change in surface area; FFBAB, 
absolute change in fat-free body; STAB, absolute change in strength; RIRGAB, absolute change in resting glucagon; % 
PROIO, final percent protein in diet, T, Training Status: -I =Control; I = Rcsistance Trained. S, Supplement Status: -
1 = Placebo; 1 = ArgininelLysine. I, Training Status x Supplement Status Interaction: -1 =PIRT or AUC; 1 = PIC or 
AURT. 
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APPENDIX I 

GLOMERULAR FILTRATION ZERO ORDER CORRELATIONS 



Variable , 
,_ TS -
2_ SS .0000 

(.500) 

3_ Ccr' .0885 
( .321) 

4. Pcr1 -.1906 
(.156) 

5_ Ucr1 - .1398 
( .231) 

6_ UV1 -.0736 
(.349) 

7_ SA1 -.3252 
(.040) 

8_ FFB1 -.3956 
(.015) 

9_ sn .0671 
(.362) 

10_ IRG1 .1158 
(.271 ) 

11. % PR01 .2520 
(.090) 

TS 

SS 

CCr1 

PCr1 

--- --

Pre GFR Zero Order Correlations (one-Tailed probability) 

2 3 4 5 6 7 8 9 

- - - - - - - -
- - - - - - -

.2151 - - - - - - -
(.127) 

.0230 - .4928 - - - - - -
(.452) ( .003) 

.2148 .6195 .3356 - - - - -
( .127) (.000) (.035) 

.4661 .0147 .2309 .1290 - - - -
(.005) ( .469) (.110) ( .248) 

-.0322 -.0728 -.0590 .0123 .0419 - - -
(.433) ( .351) ( .378) (.474) ( .413) 

-.1032 -.0676 -.0255 .0942 - .0156 .8021 - -
(.294) (.361) (.447) (.310) ( .467) (.000) 

-.2141 -.1383 .1514 -.0309 .0812 -.0885 .1984 -
(.128) (.233) (.212) (.436) ( .335) (.321) ( .147) 

-.1246 - .0238 - .0180 -.0769 - .0131 .1450 .1355 .3227 
( .256) ( .450) ( .462) ( .343) (.473) (.222) ( .238) (.041) 

.3568 .0286 .0415 .0692 .2944 - .0345 -.0393 .2058 
(.026) (.440) (.414) ( .358) ( .057) (.428) (.418) (.138) 

Training Status UCr1 Pre Urine Creatinine ST1 Pre Total Strength 

Supplement Status UV1 Pre Urine Volume IRG1 Pre Resting Glucagon 

Pre Creatinine Clearance SA1 Pre Surface Area X PR01 Pre Percent Protein 

Pre Plasma Creatinine FFB1 Pre FFB 

-

'0 

-
-

-

-

-

-

-

-

-

-

-.0610 
(.374) . 

I-" 

~ o 



Post GFR Zero Order Correlations (One-Tailed Probability) 

Variable 1 2 3 4 5 6 7 8 9 10 

1. TS - - - - - - . - - . 
.< 

2. ss .0000 - - - - ,-- - - -
(.500) 

3. Ccr10 -.0816 .0655 - - - - - - - -
(.334) (.365) 

4. Pcr10 .0776 .0415 -.5430 - - - - - - -
(.342) (.414) ( .001) 

5. Ucr10 -.0473 .1163 .7244 .1194 - - - - - -
(.402) (.270) (.000) ( .265) 

6. UV10 - .1990 .4624 -.0393 .4804 .3515 - - - - -
(.146) (.005) (.418) (.004) (.028) 

7. SA10 -.2368 -.0334 - .2840 -.0087 - .1807 .0681 - - - -
(.104) (.430) (.064) (.482) ( .170) (.360) 

8. FFB10 -.0880 -.0521 - .1729 .0713 -.0292 .1329 .7228 - - -
(.322) (.392) ( .180) (.354) ( .439) (.242) (.000) 

9. ST10 .5885 -.2408 - .3262 .3837 -.1525 ·.0814 -.1146 .3104 - -
(.000) (.100) (.039) (.018) (.211) ( .335) ( .273) (.048) 

10. IRG10 .1585 -.0919 .1593 .0687 .2864 -.2253 - .1488 .0756 .3583 -
(.201) (.315) ( .200) (.359) (.062) (.116) (.216) (.346) (.026) 

11. X PR010 .1966 .5741 .2655 -.2589 .1785 -.0272 .0004 .0906 .0352 .2704 
(.149) (.000) (.078) _ (.084) ( .173) (.443) (.499) ( .317> ( .427> (.074) 

TS Training Status UCr10 Post Urine Creatinine ST10 Post Total Strength 

SS Supplement Status UV10 Post Urine Volume IRG10 Post Resting Glucagon 

CCr10 Post Creatinine Clearance SA10 Post Surface Area " PR010 Post Percent Protein 

PCr10 Post Plasma Creatinine FFB10 Post FFB -.p.. -



Absolute Change GFR Zero Order Correlations (One-Tailed probability) 

Variable 1 2 3 4 5 6 7 8 9 10 

1. TS - - - - - - - - - -
2. SS .0000 - - - - - - - -

(.500) 

3. Cc,-AB -.1368 -.1157 - - - - - - - -
(.236) ( .271) 

4. Pc,-AB .2321 .0193 - .6415 - - - - . - -
(.109) (.460) (.000) 

5. Uc,-AB .0860 -.0947 .6465 .1236 - - - - - -
( .326) (.309) (.000) (.258) 

6. UVAB - .1540 -.0294 -.0185 .0663 .0153 - - - - -
(.208) ( .439) (.461) (.364) (.468) 

7. SAAB .3469 .0000 -.3753 .3995 -.1050 .2134 - - - -
( .030) (.500) (.020) ( .014) (.290) (.129) 

8. FFBAB .7651 .1332 -.1507 .2984 .0625 - .0468 .4634 - - -
(.000) (.241) ( .213) (.055) ( .371) (.403) (.005) 

9. STAB .8174 -.1002 -.1103 .1704 .0202 -.1069 .3908 6858 - -
( .000) (.299) ( .281) (.184 ) ( .458) ( .287) (.016) (.000) 

10. IRGAB .0559 .0271 .3282 - .1506 .2044 .0234 -.1802 - .0211 .1791 -
(.385) ( .443) ( .038) ( .213) ( .139) ( .451) ( .170) (.456) ( .172) 

11. X PR010 .1966 .5741 .0466 - .2248 - .0940 -.1272 .0210 .0554 .1404 .3033 
(.149) (.000) (.403) (.116) ( .311) (.252) ( .456) (.388) (.230) (.052) 

TS Training Status UCrAB Abs.A Urine Creatinine STAB Abs.A Total Strength 

SS Supplement Status UVAB Abs.A Urine volume IRGAB Abs.A Resting Glucagon 

CCrAB Abs.A Creatinine Clearance SAAB Abs.A Surface Area X PR010 Post Percent Protein 

PCrAB Abs_A Plasma Creatinine FFBAB Abs.A FFB 
........ 
..(::>.. 
tv 
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