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holds true that orally ingested arginine will stimulate the
pituitary gland tc release HEH, then perhaps, muscle tissue
integrity and function may be spared during times of energy
restriction. This «cwould be very important for body
builders, as well as other athletes, who attempt to maximize
fat loss while minimizing lean tissue loss. If there is no
effect of oral arginine on body compaosition or muscle
functioning during enerqgy restricticn, there will be direct
evidence to refute the claims being made by manufacturers of
these supplements.

Statement of the FProblem

It is well known that intravenously administered amino
acids will stimulate HEH release from the anterior pituitary
(Merimee et al., 1969, with arginine being documented as
one of the most potent stimulators (Casanueva et al., 1983;
Knopf et al., 1965; Merimee et al., 1969). However, since
athletes are taking these supplements orally, it is possible
that the high arginase levels in the liver will prevent any
increase in blood arginine or HEH.

Some evidence exists that oral arginine can reduce lean
tissue loass in rats (Seifter et al., 1978) and humans (Daly
et al., 1988) subjected to surgical trauma. Major surgery
and inJjury results in weight laoss, primarily due to
catabolism of lean tissue (Daly et al., 1988), thus oral

arginine may be most effective in catabolizing conditions.



However, the research on the effectiveness of oral arginine
supplementaticon in healthy populations has been equivocal
(Barr et al., 1987; Elam 1988; Elam et al., 1383).

Since male body builders may be at risk of catabeolizing
lean mass during energy restriction practiced prior to
competition, the intent of this study was to examine the
effects aof oral arginine supplementation on body compasition
and muscle strength and endurance during energy restriction
in male body builders.

Fesearch Hypothesis

The fallowing null hypothesis were tested in this

study:

Hpi: There were no differences in percent body fat
or fat free mass measured by hydrostatic
weighing between the arginine supplemented group
and placebo group during the ten day hypoenergy
phase.

Hpo: There were no differences in muscle strength
(peak torque? and muscle endurance of elbow
flexion and knee extension between the arginine,
placebo, or control groups as determined by pre
and post experimental phase scores.

HDS: There were na differences between the arginine
and placebo groups in nitrogen balance, urinary

creatinine, total urinary nitrogen, and urinary



w

nitragen excretion/urinary creatinine excretion
during the ten day experimental phase.

Significance of the Study

Body building has become an extremely popular sport
with enthusiasts invelvement vranging from novice weight
lifter to professional competitor. Since success in the
spoart of body building is dictated by muscle definition and
size, many of these athletes experiment with their diets to
maximize the training results of their weight-lifting
programs. That is, they suffer through low energy diets
with the intent of shedding unwanted fat. From anecdotal
accounts, the information that they receive in regards to
diet manipulation is based on recommendations of other
athletes which is often a mixture of tradition and folklore,
with some scientific fact thrown in.

Not only do  these athletes experiment with diet
manipulation but they also experiment with ergogenic aids to
achieve the "quick fix" for the ideal physique. One type of
ergogenic aid which has become popular in the gym is amino
acid supplementation. Manufacturers of amino acid
supplements claim that amino acids will stimulate protein
synthesis, decrease body fat and increase endurance.
Fesearch has indicated that the amino acid arginine will
cause an increase in serum levels of HGH and that in

traumatized humans and animals oral and infused arginine



will spare protein mass as determined by nitrogen balance
studies. However, research to date has been equivocal as it
relates to healthy human subjects. That is, the question
"will oral supplementation of arginine increase protein
synthesis, increase lipeolysis, ar imprave muscle
perfdrmance?" has not been adequately answered.

The purpose of this study is to investigate the
possible positive effects of oral supplementation of the
amina acid arginine on lean bady mass maintenance C(as
measured by nitrogen balance), percent body fat and muscle
per formance in male body builders on a hypoenergy diet. If
a relationship between aral ingestion of the amino acid
arginine can be documented, then not wonly will athletes

benefit but possibly obese populations as well.

Delimitations

The following delimitations were made:

1. The subjects were trained male body builders age
20 - 25.

2. The mode of training utilized was weight lifting.

3. A maintenance week where diet and activity were

controlled was completed by all subjects prior to
the experimental treatment.

4. The hypoenerqgy diet consumed by both the arginine
and placebo groups was a formula diet (Exceed,

Ross Laboratories) and powdered milk which



provided 22 kcal/kg/day with protein intake
controlled at 1.0 g/ka/d.

The independent variable was oral arginine (0.1
g/kg body weight) supplementaticn given twice
daily.

The dependent criterion scores were: ochange in
percent body fat by hydrostatic weighing; change
in dynamic muscular endurance in percent by
endurance ratio; change in dynamic muscul ar
strength (torque); and nitrogen balance as
determined by the amount of nitrogen consumed
compared with nitrogen loast through urine, sweat

and feces.

Limitations

The following limitations of the study were noted:

1.

The small sample size may limit this study’s
findings to the subject sample studied.

Dermal nitrogen measures were estimated based on
recent FAO/WHO/UNO 13985 committee recommendations
of 8 mg N/kq body weight per day (WHO, 1985).
Fecal nitrogen measures were estimated from Ross
Laboratories recommendations (5.85 % of ingested
nitrogen in Exceed).

Subjects were free living (not in a metabolic

wardl.



Due to the use of a liquid diet versus solid food,
the results of this experiment may be limited.

The results ocbtained from this study are limited
only to the amino acid arginine at the specified

dose of 0.1 g/kag/d.

Definitions and Symbols

The following definitions and symbols will be utilized:

1.

r

Body Composition: The major components of the
body which include muscle, fat, organs and bone
tMcArdle, Katch and Katch, 1981)

Fercent Body Fat (ZRF): FPercentage of total body
composition which includes essential and
nonessential lipid stores (Brooks and Fahey,
1984).

Fat Free Mass (FFM): All the nonfat tissues
including skeleton, water, muscle, connective
tissue, organ tissue and teeth (Brooks % Fahey,
1984).

Body Builder: Subjects who have engaged in

weight lifting for physique development on a
consistent basis (3 - 7 times per week) for the
past two years.

Muscle Function: Measured by Cybex Il isokinetic

dynamometer and delimited to maximum dynamic
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muscle torque and dynamic muscle endurance of
elbow flexion and knee extension.

Maximum dynamic muscle torgque: Maximum peak
torque measured from S maximum efforts at the
angular velocity of 60 degrees per second for both
elbow flexion and knee extension.

Dynamic muscle endurance: The ability to perform
a physical activity or resist muscular fatigue
measured from 30 maximal efforts at the

angqular velocity of 120 degrees per second for
elbow flexion and 180 degrees per second for

knee extension.

Endurance Ratioc: The ratioc calculated from the
area under the torque curve during the last five
contractions divided by that area during the first
five contractions.

Hydrostatic weighing: The procedure of weighing
subjects underwater in a special tank, to
determine bedy density using weight in air, weight
underwater, water density, and residual lung
volume.

Residual Lung Volume (RLV)>: The volume of gas
remaining in the lungs at the end of a maximal
evpiration (Brooks % Fahey, 1984) as measured by

oxygen dilution technique (Wilmore et al., 13800



11.

13.

14.

15.

1&6.

17.

10

Maintenance Diet: Diet prescribed during

a seven day maintenance phase. An exchange list
diet was utilized and calorie intake was set at 35
kcal /kg/d (protein: 1.0 g/kg/d) for those subjects
in the arginine and placebo groups.

Hypocaloric Diet: Diet prescribed during
experimental phase. Subjects in the arginine and
placebo groups consumed a formula diet (Exceed)
approximately 22 kcal/kg/d, plus enocugh skim

milk (provided as powder? to provide the same
amount of protein (1.0 qg/kg/d}) to all subjects.
Maintenance Phase (MAINT?>: Days 1 - 7 of the
study.

Experimental Phase (EXPER): Ten days duration.
Days 8 - 18 of total study time periaod.

One repetition max (1RM): The maximum amcount of
weight that can be lifted for one repetition.
Arginine Group (ARG): The group of subjects (n=6)
who received an arginine supplement consisting of
purified arginine hydrochloride (Sigma Chemical
Company? in a gelatin capsule. The arginine
supplement dose was calculated to be 0.1 g/kg body
weight given twice a day.

Flacebo Group (PLAY: The group of subjects (n=6)

who received a placebo in the form of powdered
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casein (Sigma Chemical Company) in the same type
gelatin capsule and dose as utilized by the ARG
during the ewperimental phase.

18. Control Group (COND: The group of subjects (n=6)
who received neither the amino acid nor placebco.
Also, this group did not participate in the
hypoenergy diet but consumed food ad libitum in an
effort to keep their weight stable. This group
followed the same exercise prescription as the
arginine and placebo group and participated in
muscle function tests. Thus, the primary purpose
of this group was to control for exercise effects
on muscle function tests.

19. Nitrogen Balance (NBALY>: Dietary intake of
nitrogen (grams) equals excreticn of nitrogen
(Brooks & Fahey, 1984).

20, Protein degradation: Catabolism of protein
content into amino acids.

21. Protein synthesis: Anabolism of amino acids into
lean body tissue.

22. Human Growth Hormone (HGH): Stored within the
anterior pituitary and causes growth of almost all
cells and tissues of the body (Guyton, 19391).

Rasic Assumpticons

The following basic assumptions were made:
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Summary

Body building is a sport that dictates muscle size and
low bady fat for success. In an effort to achieve a low

body fat percentage,

It was assumed that for the muscle functioning
tests, all subjects qgave a maximum effort.

It was assumed that maximum expirations were
given by all subjects to achieve the correct
residual volume.

It was assumed that maximum stability was

achieved during each trial of hydrostatic weighing

procedures.

It was assumed that all subjects refrained from

ingesting amino acid supplements other than those

prescribed at least two weeks prior to and during

participation in the study.

It was assumed that subjects had taken no anabolic

steroids at least 3 months prior to and during
participation in the study.

It was assumed that subjects twenty-four hour
urine collections were complete in volume.

It was assumed that all subjects complied with

diet, supplement and exercise prescriptions.

are severely low in calories and micronutrient content.

a result,

the beody responds by shunting calories away from

many body builders engage in diets that



arowth related processes as well as depleting glycogen
stores. This process is experienced by the athlete as
general fatique and impaired muscle functioning.

In an effort to counteract these negative effects of a
hypocaloric diet, many body builders have begun to
experiment with oral amino acids as a dietary supplement.
Amino acids have been advertised by their manufacturers as
being natural stimulators of the anterior pituitary to
release growth hormone. Endogenous growth hormone is known
to stimulate muscle growth and at the same time increase the
rate of lipolysis.

Although there has been some data to suggest that amino
acids may influence the release of HGH, there has been
insufficient evidence documenting body composition changes
nor per formance enhancement from the oral ingestion of these
amino acids. However, many athletes continue to purchase
these supplements with the hope that they well enhance their
per formance and/cr physique development. Therefore, it
would be advantageous to determine from controlled research,
what potential oral supplementation of amino acids may have,

if any, on physique development and per formance.



Chapter 11
REVIEW OF LITERATURE

In an attempt to gain a "leading edge" in competition,
many athletes have turned to various fad diet manipulations
as well as ergogenic aids such as amino acid supplements.
From the consumption of these supplements, body builders
hope to experience an increased reduction of their fat and
an increase in their muscle mass so as to enhance their
per formance. The following is a review of the literature as
it relates to the present study. This review will be
divided into five sections: 1> Protein needs of body
builders; 2) Muscle Function and Diet 3> Amino acid
supplementation; 4 Human Growth Hormone; and 5) Response of
growth hormone to exercise.
Protein Needs Of Body Builders

When preparing for competition, body builders suffer
through extreme enerqy restriction in an effort to shed
subcufaneous fat so that muscle definition may be more fully
accentuated (RBazzarre et al., 1990). Unlike endurance
activities where the primary fuel sources are derived from
glucose and free fatty acids, he;vy—resistance exercise
(e.g., weight training) is primarily protein anabolic in
nature, especially when the exercise is of low repetition

14
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and heavy resistance. In the human muscle, this increase in
protein synthesis is manifested as increased muscle size
(MacDougall, 1980) and this hypertrophy has been observed
even when enerqgy intake is inadequate (Lemon and Chaney,
1988). However, in these instances it is believed that
inactive tissues are degraded to compensate (Goldberg et
al., 197%. That is, during energy restriction, when
metabol ic fuels are low, the body responds by "decreasing
the rate of calorie consumption, and by shunting calories
away from growth related processes which may not be critical
for survival” (Phillips, 1986).

The ancient Greek athletes have been attributed with
endorsing the practice of eating large quantities of meat in
an effort to replace muscle tissue that was "spent" during
exercise (Cooper, 1966). Sur feit protein feeding continues
to be practiced tocday by many engaged in heavy physical
activity. Bazarre et al. (1990) noted that body builders
mean protein intake from diet and supplements was more than
3007 of RDA and represented 34+ 127 of total kilocalories
for males. Although surfeit protein feeding continues, the
theory that protein is the main source of energy for
muscular contraction 1is generally considered incorrect
(Hedman, R., 1938; Gontzea et al., 1984). In the isocaloric
state, the general consensus is that glycogen stores usually

fuel the initial stages of an exercise bout giving way to
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free fatty acids as duration increases (Lemon & Nagle,
1981). It has been estimated that protein accounts for only
5.9 - 154 of total available energy during exercise
depending on the type of exercise program and the energy
substrates available at the onset of exercise (Rosenek &%
Stone, 1984). Limitations placed on protein when considered
as a fuel source are due to the fact that each protein
molecule serves another physiological role (i.e.,
contractile or structured protein, enzymes, etc.) (Felig %
Warren, 19735).

The present RDA recommendation for protein intake of an
adult male age 19 years or older is 0.8 g/kg of body
weight/day of mixed protein (RDA, 1989). However, how much
protein that is required to maintain or increase muscle mass
in exercising individuals is presently controversial
especially as the literature applies to body builders
(Marable, 1979; Tarnopolsky, 1988).

There are many factors that could have an influence on
the protein requirement for an athlete, including the state
of training, training type and volume, energy density of the
diet and carbohydrate content of the diet (Tarnopolsky et
al., 1988; Lemon et al., 1984). In an attempt to determine
these various effects, researchers often rely on nitrogen
balance studies, a much better index then body weight change

(Chiang, 1988; Goranzom, 1985; Todd et al., 1984) to test
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whether a specific intake of protein is sufficient to
maintain body protein homeostasis and organ function (Rand,
1981>. Normally, the body’s protein stores are continuously
broken down to amino acids and resynthesized. The body is
able to maintain homeostasis by maintaining a dynamic
equilibrium between the absorbe& amino acids in the
digestive tract and those which originate from the splitting
of endogenous proteins. It is this combination of ingested
protein and endogenous protein that makes up the body'’s
amino acid pool from which contractile protein, hormones,
enzymes, antibodies etc. are built from (Garza 1974).
Because of the increased metabolism that occurs during
muscular activity, it would be expected that this increase
in activity would affect nitrogen equilibrium (Garza 1974)
which can be demonstrated by nitrogen balance.

Nitrogen balance is an index of the difference between
nitrogen ingested and nitrogen excreted. For nitrogen
balance to be used as an effective measure of nitrogen
eguilibrium, the total nitrogen content of the diet must be
measured (Lemon et al., 1984). In regards to nitrogen
excretion, not only is it important to measure urinary
nitrogen content but fecal and sweat nitrogen as well
(Garza, 1974).

In a research review presented by Lemon et al. (1984),

it was suggested that urinary urea excretion may not
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accurately reflect protein breakdown because blood flow to
the kidneys is reduced during exercise. Thus, other protein
degradation end-products become mor e important with
exercise. Decreases in blood flow to the kidneys and
increases to the skin during the exercise, especially in
prolonged exercise, suggest that the skin (sweat) becomes an
important organ of urea excretion during exercise. Gontzea
et al. (1974) reported that nitrogen loss in sweat during
muscular activity (cycle ergometer) accounted for 22-284 of
total nitrogen lost. Walberg et al. (1988) compared body
builders involved in a controlled weight lifting regimen but
placed on two different macronutrient hypocaloric diets lost
1774 to .20%4 of total nitrogen loss in sweat. The World
Health Organization (1985) presently recommends that an
estimated 8 mg N/kg/d/ of sweat be utilized in nitrogen
balance studies when nitrogen loss in sweat is not measured
directly.

Many studies have been conducted to determine the
effect of protein content of diet and of exercise on urinary
nitrogen. The question here is: Does an exercise bout
increase muscle protein degradation (catabolism) as
demonstrated by an increase in urinary nitrogen and thus
increase the need for dietary protein? Gontzea et al.
(1974) looked at the protein needs of 30 untrainmed males who

were placed on a cycle ergometer exercise regimen. All
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subjects were fed 1.0 g protein/kg/d during a two week
maintenance phase and were in positive nitrogen balance
before the exercise phase commenced. Although the caloric
value of the diet was 10%Z higher than the energy expense,
the nitrogen balance became negative. They concluded that
during intense activities, increased expenditure of energy
resulting from the bout of exercise is accompanied by
intensification of protein metabolism. This increase 1in
protein metabolism was demonstrated not only by an increase
in urea nitrogen but sweat nitrogen as well.

Gontzea et al. (1974) also observed that by increasing
protein intake from 1.0 g to 1.5 g protein/kag/d while
subjects performed the same exertion, nitrogen balance was
achieved. Thus, this supports the belief that muscular work
increases amino acid metabelism and consequently increases
the need for protein. However, as was observed by Garza et
al. (1975) and others (Calloway, 1973) exercising subjects
who experience an initial excess nitrogen loss during the
first 4 - 6 days of effort will achieve equilibrium over
time. This effect was observed in a later study by Gontzea
et al. (1975) in which subjects, after 3 weeks of the same
muscular work (cycle ergometer), controlled diet (kcal 10%
above estimated enerqgy expenditure) and controlled protein
intake (1 g/kg/d)> demonstrated negative nitrogen balance

during the first 4 days of exercise. This negative nitrogen
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balance gradually decreased to where by the end of 3 weeks
it was lower by 90% compared to the first 2-4 days. Since
the caloric consumption decreased by only 18%, the authors
stated that the ". . . diminution of protein catabolism is
not due to reduction of energetic metabolism alone,
following training, but alsc a complex process of adaptation
of the organism to a lower protein intake" (Gontzea et al.
1975). This observed pattern of initial increased protein
catabolism followed by protein conservation is similar in
time course to the events during starvation (Lemon and
Nagle, 1981) when the body adapts and adJjusts to conserve
protein stores. It has been suggested (Rand et al., 1981)
that 9 - 12 days are necessary for the body to adjust
(achieve a steady state) to an altered protein intake and
that the precise length of period is dependent upon the
magnitude of change.

It should be noted that the studies by Gontzea et al.
(1974 and 19795 utilized cycle ergometry as the mode of
exercise,. However, the physiological responses to cycle
ergometry (an endurance-building activity) and body building
(a strength-building activity) are different (Hickson et
al., 1990) and as a result, protein metabolism may not be
affected similarly. Also, the training regimens of the two
types of exercise are different as well. Body building

requires brief (30 sec), high intensity sets of interval
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work (Keul et al., 1972) whereas, endurance exercise
requires prolonged, continuous, submaximal work. Thus, the
fuel sources utilized to provide ATP to accomplish work may
be different.

Hickson (1986) studied the acute effects of a standard
weight training program in selected urinary indices of
protein metabolism in ten trained males. The experimental
design consisted of subjects consuming a 41 kcal/kg/d lacto-
ovo-vegetarian diet with protein intake approximating .93
a/kg/d. A weight training exercise regime was per formed on
two non-consecutive days with the two days immediately
following the exercise bout utilized for collection of
urinary metabolite excretion data which included total
urinary nitrogen, urea and creatinine. These researchers
found that an acute bout of strength training had no
significant effect on any of the urinary indices measured
over the two day period, suggesting that an acute bout of
weight lifting does not stimulate skeletal muscle
catabol ism. This was a contradiction of a study documented
by Dohm et al. (1982) who studied the acute effects of a
power lift routine on urinary indices (one day sample) in
four experienced weight lifters. Unlike the Hickson (1986)
study, diet was not controlled in the Dohm study other than
instructing subjects to consume their normal diets. Dohm et

al. (1982) observed that with an acute power 1lift routine an
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increase in total and urea nitrogen excretions were
observed. It was thus concluded by Dohm et al. (1982) that
exercise increases amino acid cataboclism. The differences
in the results of Hickson (1986) and Dohm et al. (13982) may
be attributed to the lack of diet contreol in the Dohm study
and the difference in volume and intensity of the weight
lifting protocols. Regardless, both of these studies looked
at only acute effects, neglecting compensatory mechanisms
during recovery from exercise which may alter the overall
response.

Not only have the acute effects of a weight lifting
routine been researched, but these same effects have been
studied utilizing short term ({ 30 days) nitrogen balance
data. Marable (1979) looked at bodybuilders versus
sedentary subjects and the effect of two protein intake
levels (0.8 and 2.4 g/kg/d) over a 28 day period on nitrogen
bal ance. They found that the exercising subjects excreted
significantly 1less urinary nitrogen relative to intake
nitrogen for both protein intake 1levels than did non-
exercising subjects. However, the exercising group received
more kcal than the sedentaries (62 kcal/d vs. 41 kcal/d),
they gained weight (X=3.2 kg), and the exercising group
sweated more (nitrogen content of sweat was not accounted

foro. These three factors may have accounted for the
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decrease in urinary nitrogen observed thus confounding the
compar isons.

Hickson et al. (1990), utilized eleven untrained males
in a study to examine the effects of a weight lifting
regimen on uripary nitrogen excretions over a 12 day
evperimental period. Energy intake was based on body weight
(50 kcal/kg/d) and was lacto-vegetarian in nature. Protein
intake level was set at 0.8 g/kg/d. Also, an extra 2350
kcal/d of a carbohydrate source was fed to offset the enerqgy
cost of weight training exercise. They found no effect of
exercise to increase or decrease group mean urinary total or
urea nitrogen excretions during the experimental period for
untrained subjects. Thus, their conclusion that a
bodybuilding regimen does not cause an exercise induced
catabeolism of amino acids when subjects are fed an adeqguate
diet.

Tarnopolsky et al. (1988) compared endurance athletes,
bodybuilders and sedentary subjects in an attempt to
determine protein intake requirements for male athletes
consuming a high energy and high carbohydrate diet and who
are in steady state training. The nitrogen balance data
revealed that body builders required 1.12 times and
endurance athletes required 1.67 times more daily protein
then sedentary controls. As a result, the authors

recommended that a body builders extrapolated protein intake
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for a zeroc nitrogen balance would be 1.2 g/kag/d. This
gquideline falls in 1line with others (Consclazio et al.,
1975; Goranzon and Forsum, 1985; Todd et al., 1984) who have
concluded that bodybuilders require 0.8 - 1.4 g/kag/d of
protein when not on an enerqgy restricted diet.

The above studies incorporated adequate to high levels
of enerqy intake for their subjects while adjusting protein
intakes during the experimental phases. However, it has
been shown that enerqy intake above (Chiang, 1988; Inoue et
al., 1973) as well as below (Munro & Naismith, 1953; Garza,
19765 maintenance requirements may influence nitrogen
utilization when protein intake is maintained at a set
level. That is, deficient dietary energy intakes decrease
the efficiency of nitrogen utilization. In a study by Garza
et al. (1976) it was found that energy deficiency caused by
increased activity or reduced energy intake both increase
urinary nitrogen output and decrease nitrogen balance in
male subjects consuming 0.57 g protein/kg/d. These
researchers further hypothesized that it is labile proteins
(i.e., those easily mobilized from liver, pancreas and
intestinal mucosa) that are utilized in the beginning stages
of a hypoenergy phase to cause a greater increase in urinary
nitrogen that is often initially observed in these type

studies.
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Calloway (1973) also observed that total energy intake
appears to have a much greater effect on nitrogen balance
than does protein intake when both are claose to estimated
energy maintenance levels. As a result, the equivocal
results of nitrogen balance studies may be a result of the
differences in the energy content of the diets utilized for
study.

Thus, body builders who are attempting to decrease
their body fat by engaging in hypocaloric diets may be
sacrificing 1lean body mass if their protein intake is
inadequate or they may be compromising their energy stores
if their carbohydrate intake is inadequate. The optimal
protein and carbohydrate intake, under low calorie intake
conditions, has yet tc be determined to ensure that muscle
integrity, as well as energy stores are maintained. It may
be that by the nature of hypocaloric intake, that this
balance may not be possible.

Diet

Muscle Function and et
wil

Not only 1 energy content of the diet effect
nitrogen balance, but it may effect muscle performance as
well. Walberg et al. (1988) demonstrated that body
builders, in spite of a regular weight-lifting schedule,
lose body protein during times of energy restriction (18

kcal/ka/d), although their protein intake was in the RDA

range (0.8 g/kg/d) indicating that body builders may require
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more protein in their diet then the RDA recommended levels.
Walberg et al. (1988 also found that those subjects
consuming a high protein/moderate carbohydrate diet
maintained positive nitrogen balance but these same subjects
demonstrated decreased muscle endurance in the quadriceps as
measured by the Cybex II dynamometer. This decrement in
endurance may have been due to "a progressive glycogen
depletion in this group, which could not be replaced due to
the moderate carbohydrate intake" (Walberg et al, 1988).
Others have confirmed that a weight-lifting routine relies
on anaerobic glycolysis and therefore muscle glycogen for
ATP production, as well as the creatine-phosphogen system
(Guezennac et al., 1986> If the diet is insufficient in
supplying adequate enerqy, then the glycogen stores cannot
be repleted. This decrement in fuel supply is often
experienced by the athlete as general fatigue and impaired
muscle functioning.

In a study utilizing wrestlers in which caloric intake
was restricted to 3374 of baseline for two days, Houston et
al. (198B1) reported a significant decrease in quadriceps
peak torque measured isokinetically. As in the Walberg
study, the decrease in strength was found to be concurrent
with a decrease in muscle glycogen.

Krotkiewski et al. (1988) studied the effects of a very

low calorie (544 kcal/d) high protein diet for four weeks in
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32 obese women on isokinetic (dynamic) muscle strength and
endurance of knee extension at three different angular
velocities (30, 60 and 180%/sec). After two weeks, the
subjects indicated a significant decrease in muscle strength
that corresponded with a decrease in glycogen. However, an
improvement in muscle endurance was observed. It was
speculated that the improvement in endurance may have been
the result of improved muscle metabolism of glucose caused
by increased insulin sensitivity or an improved capacity to
oxidize fatty acids.

As the above studies indicate, muscle per formance may
also be affected by macronutrient content of the diet as
well as by caloric density. If the caloric intake of the
exerciser is reduced or enerqy expenditure increased
sufficient to produce a caloric deficit then muscle
per formance may be compromised.

Amince Acid Supplementation

Not only have body builders experimented with diet
manipulation in an effort to achieve an optimal physique,
but they have alsc experimented with anabolic androgenic
steroids in an effort to increase muscle hypertrophy as well
as decrease body fat percentage. However, with the advent
of negative press toward anabolic androgenic stercid use and
more stringent testing, many of these athletes are choosing

to supplement their diets with amino acids. Many body



builders, from anecdotal accounts, are convinced that
supplement manufacturer claims are true that amino acids are
beneficial in increasing muscle hypertrophy, strenqgth,
endurance and decreasing body fat. The mechanism that is
believed to be involved is that amino acids act on the
pituitary to release human growth hormone. If these claims
are true, by supplementing their diets, athletes may be able
to counteract some of the losses exper ienced with
hypocaloric diets (i.e., decrease in strength, loss of LEM)
However, as will be discussed in the following sections, the
research has yielded equivocal results as it relates to
healthy human adults.

Human growth hormone secretion is controlled by the
hypothalamus which contains growth hormone-releasing hormone
(GH-RH)> and growth hormone-inhibiting hormone
(somatostatind. Release of hypothalamic hormones are
regulated by a number of neurotransmitters (e.g, dopamine,
serctonin, norepinephrine) (Kraemer, 1988). As a result,
the release of HGH from the anterior pituitary may occur in
response to various stimuli such as exercise, sleep, stress,
and drugs (Macintyre 1987). Another secretagogue of HGH
from the pituitary are amino acids. There has been some
evidence to suggest that when injected intravenously certain
amino acids (arginine, methionine, phenylalanine, lysine and

histidine) promote HGH secretion (Knopf et al., 1965). The
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mechanism involved is not completely understocd but it is
believed that amino acids stimulate hypothalamic HGH
releasing factors (perhaps mediated by insulin secretion)
which subsequently cause HGH release from the pituitary
gland <(Lemon & Chaney, 1988). This response appears to
decrease with age, especially in men, and there appears to
be a great deal of individual variability (Buckler, 1969).
One amino acid that has been studied for its effect on
HGH secretion is arginine. Arginine, is unique in that it
is considered essential (i.e., required in the diet) during
growth but not for the adult. Al though other amino acids
have been found to stimulate HGH release upon infusion
(e.g., ornithine, lysine, methionine), arqginine appears to
be one of the most potent (Jacobson, 1990 next to
methionine which is very toxic (Lemon & Chaney, 1988). In
fact, arginine infusion is routinely used as a clinical test
of pituitary function in children (Lemon & Chaney, 1988).
Arginine has many roles within the human body other than as
HGH release stimulator. Arginine is used in synthesis of
body proteins, is essential for ammonia detoxification via
urea synthesis which prevents metabolic derangements caused
by elevations in tissue ammonia (Visek, 1986) and it is also
a precursor in the creatine synthetic pathway (Crim et al.,

1975).
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There have been several studies to document a rise in
HGH from intravenously administered arginine. Mer imee et
al. (1969) administered arginine intravenously to male and
female healthy subjects at three dose levels (0.08 g/kg,
0.17 g/kg and 0.25 g/kg?) to test their effectiveness in
increasing HGH response when compared to baseline. The
minimum arginine load that was found to be effective in
stimulating HGH release was found to be different for
females and males. A significant HGH response for females
was identified at the 0.08 q/kg dose after 60 minutes
whereas for males, a significant increase in HGH was not
noted after 60 minutes until a 0.17 g/ kg arginine load was
infused. Similar response patterns of HGH to intravenous
administration of arginine has been reported by others.
Knopf et al. (1965) found that a 30 g (.43 g/kg body weight
for a 70 kg subject) infused dose of arginine increased HGH
by 1,084.67%Z by 90 minutes. Casanueva et al. (1983), also
utilizing a 30 g dose, found that in a group composed of two
women and four men HGH increased significantly at 60 minutes
(16.6+5mg/ml? compared to baseline (0.9+0.1 mg/ml)

Not only has research been aimed at the secretagogue
effects of arginine, but the corresponding metabolic effects
of the arginine-HGH relationship. Evidence has been
documented to support the use of intravenous arginine as a

method of attenuating the catabolism of protein and immune
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suppression during times of trauma and in burn patients.
Typically, during these situations, the body catabolizes
dramatic amounts of protein which is exemplified by elevated
urinary nitrogen loss.

Elsair et al. (1978) tested the effects of infused
arginine (7.5 g twice a day; 0.11 g/kg for a 70 kg subject),
on nitrogen balance disturbed by surgical shock. The
supplements were given for 3 consecutive days following
routine surgery (cholecystectomy) in normal human adults,
These researchers documented a 60% improvement in nitrogen
balance for the arginine supplemented group when compared to
isonitrogenous controls. This dose per day was 1/2 of the
doses given adults (30 g) in studies evaluating HGH
responses to an arginine infused bulbus.

There have been numer ous animal model studies
demonstrating the efficacy of arginine supplemented diets in
reducing the catabolic response to major trauma. In the
case of traumatized rats (i.e., bilateral femural fracture),
Barbul et al. (1981) compared three supplemented groups: A:
control which received infused DSW3 B: dextrose
supplemented with 1.55 g/L.L. of arginine; C: dextrose
supplemented with 4.03 g/L arginine. The increase in
arginine of group C was done at the expense of glycine
content. Thus, Group B and C were isonitrogenous. All

three groups lost weight over the 5 day study period with



32

Group C losing significantly less weight than those in the
other two groups. Alsc, Group C had a positive nitrogen
balance during all five days with a cumulative balance of
492+117 mg, whereas Group A had a negative nitrogen balance
throughout the study period (cumulative = ~1,057+89 mg> and
Group B had a cumulative balance of -8+129 mg. Al though
nitrogen retention was greater in Group C, no differences
were found in liver, splenic or adrenal weights of the three
aroups. Thus, the authors speculated that the increase in
nitrogen retention of Group C occurred in muscle mass and/or
other viscera and the weight loss that occurred may have
reflected GI tract losses or boady fat.

Previous to Barbul (1981), Pui and Fisher (1979
studied the effects of four different diets for six days
following femur fracture in rats. The four diets prescribed
were: control diet which contained 25% crude casein; a diet
supplemented with 2.4% arginine HCl and 1% glycine; a diet
supplemented with 2.4% arginine HCl alone and; a diet with
1% aglycine alone. The group fed a 25% base casein diet
supplemented with 2% arginine and 1% glycipe indicated
better qgrowth after 3 days and retained 113/ as much
nitrogen over the other three groups. The rats given
arginine only (25% casein + 2% arginine and aspartic acid)
also showed a significant increase in weight on Day 1 and

Days 3 - 6 post trauma. However, this increase in weight
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was not accompanied by a parallel increase in nitrogen
retention. Thus, unlike Elsair et al. (1978) and Barbul et
al. (1981) which sacrificed glycine to increase arginine,
Pui and Fisher showed that arginine alone did not have a
nitrogen sparing effect but required the additien of
glycine.

The findings of Pui and Fisher supported the previous
work of Sitren and Fisher (1976) who demonstrated that a 200
g casein/kg body weight based diet supplemented with 20 g/ka
arginine and 10 g/kq agalycine increased nitrogen retention 60
- 70% for the first 5 days post bilateral femoral fracture
in rats. However, Sitren and Fisher also found that when
dietary casein, as well as the supplemental arginine and
glycine were reduced by half that nitrogen retention did not
improve. As a result, it was suggested that both protein
qual ity and quantity are important following injury.

Another factor that may be important in determining the
possible benefits of arginine supplementation is the
physiolegical state of the animal Based on their previous
work invelving injured rats, Barbul et al. (1984) studied
the metabeolic and immune effects of increased intravenous
arginine administration in non injured, mildly energy
depleted rats. All the animals received hypertonic dextrose
207 supplemented with 1.55 a, 4.05 g or 7.5 a

arginine/liter. No significant difference was found in
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weight gain or cumulative nitrogen retention among the
different groups. However, based on thalmic weight from
autopsy, the arginine infused supplements showed a
significant effect indicating the positive attributes of
arginine infusion on immune function.

The difference in results between the two Barbul
studies may be attributed to the di fferences in
physiological state. Traumatic shock modifies protein
metabolism which may result in alteration of the amino acid
requirements of the body. Trauma is associated with an
increase in the catabolism of amino acids due to increased
muscle protein breakdown or decreased muscle protein
synthesis (Sitren & Fisher, 1976). £fs a result, the demands
for arginine might be increased not only for the significant
role it plays in the repair of muscle tissue, but also for
the role arginine plays in the urea cycle where it is
essential for the detoxification of ammonia arising from the
catabolism of other amino acids (Sitren & Fisher, 1976).

Although evidence supports the positive effect of
infused amino acids on lean muscle mass retention in
traumatized rats and humans, the results of research
investigating effects of oral amino acid supplementation has
been equivocal. The discrepancies found in the research
literature may be due to intrinsic differences associated

with delivery system of the amino acid (i.e., direct blocd
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infusion vs oral ingestion with gastrointestinal
invol vement). When an amino acid enters the system through
the digestive tract, it is absorbed into the liver via the
portal vein and its fate is determined by the amount of
amino acid catabolizing enzyme which is present in the
liver. In the case of arginine, the liver has very high
arginase activity which may blunt the change in plasma
levels of arginine following consumption. Alsa, the
metabolic state of the animal, as demonstrated by the two
studies conducted by Barbul et al. (1981 &% 1983) may be a
determining factor when discussing the positive effects of
arginine on body composition.

To expand on the ideas that liver arginase involvment
with oral supplementation and the metabolic condition of the
animal may be contributing factors in determining the
potential benefits of arginine supplementation, two related
studies are presented for discussion. In a study by Daly et
al. (1988), the immune and metabolic effects of enteral
supplementation of arginine were tested in 30 cancer
patients undergoing major surgery. Part of the subject
sample received 25 g/d of L-arginine ¢(0.36 g/kg for 70 kg
subject) ((n=16) and the other part received 43 qg/d (0.61
a/kg for 70 kg subject) (n=14) of L-glycine for 7 days.
Measurement of plasma somatomedin C levels, a monitor of the

overall effects of arginine on growth hormone secretion,
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indicated a level of significance by day 7 in the arginine
group compared with the glycine group, suggesting a
stimulatory effect of arginine on the pituitary. In regards
to nitrogen balance, although there was no significant
difference between the two groups, after Day 5 mean nitrogen
balance became positive in the arginine group, whereas it
remained negative in the glycine group throughout the seven
day experimental period. Daly et al. also reported a
significant impact of arginine on increasing the mean T-
lymphocyte and CD4 phenotype (4 T-cells) response compared
to the glycine control group.

The nitrogen balance response found in the Daly et al.
study was not in agreement with an earlier study by Seifter
et al. (1978). Seifter et al. (1978) reported from a study
of rats subjected to surgical trauma and oral amino acid
supplementation (rat chow supplemented with 1.8% arginine),
that those rats receiving the oral supplementation had
reduced nitrogen loss. They also found that the arginine
supplemented group had an increase in wound breaking
strength and increase rate of collagen deposition. Although
Daly et al. (1988) and Seifter et al. (1978) reported
conflicting results in regards to nitrogen balance, they
both support distinct immunological benefits from arginine

supplementation.
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Unfortunately, many manufacturers of amino acids have
made the leap between the results obtained from infused and
oral amino acid résearch in traumatized humans and animals
to the effectiveness of oral supplementation in healthy
humans, with little published evidence. There have been a
few studies concerned with the effects on HGH of oral
administration of amino acids. In healthy subjects, Isidori
et al. (1981) reported that a single oral dose of 1200 mg
(17 mg/kg in 70 kg adult) each of arginine and lysine
stimulated an increase of up to 7947 in HGH. However, when
given separately, only a minimal rise in HGH was observed.
This study lends weight to the belief that gastrointestinal
involvement may not be a mitigating factor in regards to HGH
release. However, these researchers per formed no measure of
muscle function, conducted no measure of changes in muscle
mass, nhor did they measure nitrogen balance. As a result,
it is difficult to state what the physiological relevance
the observed increase in HGH production produced.

In another study, Barr et al. (1987) indicated a lack
of effect of supplemental arginine (24 of diet, 1600 mg/kg
body weight) and ornithine (1% of diet, 800 mg/kg body
weight) in regards to muscle morphological changes as well
as fat 1loss in healthy adult rats after 4 weeks of
supplementation and access to an activity wheel. Although a

decrease in weight was observed in some rats, this loss was
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determined to be associated with wheel-running activity
since no change in growth hormone was revealed at autopsy.
This finding is in contrast to the studies involving
traumatized rats (e.g., Seifter, 1978) and humans (Daly et
al., 1988) and may lend credence to the theory (as outlined
abave in regards ¢to infused supplementation) that the
anabolic value of arginine may depend on the metabolic
condition of the animal or individual as well as the
intensity, frequency, duration and type of exercise.

Only two studies have been reported in regards to the
effect of oral arginine supplementation plus exercise on
muscle function. Elam (1988) conducted a study using 18
adult males to determine the effects of weight training (3
days per week) and dietary supplementation of arginine (1
a/day; 0.014 g/kg for 70 kg subject) and ornithine (1 qg/day;
0.014 mg/kg for a 70 kg subject) or a placebo. Those
subjects receiving the supplement significantly reduced
their body weight and body fat as measured by skin fold
thickness when compared to the placebo agroup. Thus, he
concluded that the oral supplements combined with resistance
exercise will reduce total body mass and body fat in adult
males. However, he did not control for diet, assuming that
the subjects maintained their established dietary habits.
As a result, it may be that the changes in body weight were

due to individual dietary changes. It is interesting to
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note that subjects in the placebo, as well as the supplement
group, decreased their body weight over the 5 week study.
Elam alsco did not discuss lean body mass changes but did
note that of 4 composite body girth measurements (obtained
from circumference measurement technique), both groups
increased with no significant difference between groups.
This could lead one to speculate whether the weight training
alone or the amino acid was the mitigating factor invelved
here since weight training alone is anabolic. Although Elam
claimed that muscle strength increased significantly in the
supplemented group, muscle function tests were a post test
only design making it difficult to compare changes over time
between the two groups. Elam also claimed that the subjects
rate of metabolism changed as a result of the aral
supplements and from the influence of exercise. However, he
did not test for this directly by means of resting metabolic
rate measurement.

During a follow-up study, Elam et al. (1989) tested
arginine and ornithine effect in 22 adult males who
participated in a 5 week progressive strength training
program. Half the subjects received 500 mg doses of L-
arginine and L-ornithine and the other half received a
placebo (Vitamin C and oyster shell calcium in 300 mg and
300 mg doses respectively? The subjects were instructed to

take their prescribed doses twice a day except on non-
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workout days when the entire 4 tabs were to be taken before
going to bed. Results indicated that the arginine plus
ornithine group scored significantly higher in measures of
total strength (one-repetition max performance) and lean
body mass levels (skinfold technique). As in the previous
documented research (Elam et al., 1988), diet was not
controlled which could have a confounding effect. In this
more recent study (Elam et al., 1989), subjects were also
tested for urimary hydroxyproline in an attempt to assess
tissue breakdown. The supplement qroup indicated lower
levels of urinary hydroxyproline than the placebo qgroup.
Again, due to lack of diet control, as well as due to the
fact that the amino acid and placebe groups received non
isonitrogenous supplements, any lean mass indices may be
suspect.

Human Growth Hormone:

Oral supplementation of amino acids has been promoted
by manufacturers as being a "natural” release stimulator of
the anabolic hormone, growth hormone, from the pituitary
gland (Slavin et al., 1988), Endogenous human growth
hormone (HGH>, a power ful protein anabolic hormone, is known
to stimulate muscle growth by stimulating protein synthesis
in both muscle and liver and at the same time stimulate
lipolysis of fat cell triglyceride to decrease body fat

(Macintyre, 1987).
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The study of muscle growth is complicated by the dual
influences of work and hormonal factors. Whether growth is
occurring longitudinally <(childhood) or circumferentially,
the formation of new proteins has many cellular level
requirements (Macintyre, 19877, The mRNA templaée is
produced from nuclear DNA from an RNA polymerase catalysed
reaction (Macintyre, 1987). In the cell cytosol, mRNA
attaches to ribosomes that subsequently interact with the
tRNA which carries the specific amino acids necessary toc be
incorporated into the final protein (Macintyre, 1987).
Thus, an adequate supply of amino acids, ribosomes and
enzymes are required for this process to proceed. Wor k-
induced muscle growth is different from hormone-induced
arowth because the synthesis of new RNA is required for the
work induced growth whereas HGH enhances the rate and
translation of existing RNA (Kostyo and Reagan, 1979).

The importance of HGH as a requlator of linear growth
in childhood has been known for over 50 years. However, it
is now knpown that HGH has a wide variety of biological
actions related to maintaining the body’'s normal structure
and metabolic function (Kraemer, 1988). The type of
metabolic effect produced <(anabolic vs diabetogenic) is
determined by time of effect (acute vs delayed). The
effects observed after a single injection of HGH are

biphasic (Frohman, 1987) and may occur in hypophysectomized
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animals, HGH deficient humans and to a lesser extent normal
person. The initial effects are a decrease in
concentrations of blood glucose, free fatty acids and amino
acids (Frohman, 1987) After a few hours, blood glucose and
amino acids rise above normal. Thus, the acute effects are
insulin-like in that HGH increases amino acid uptake and
incorporation into protein in muscle and liver. This
process is independent of new RNA synthesis. In muscle and
adipose tissue, HGH stimulates glucose uptake and
utilization, antagonizes the lipolytic effect of
catecholamines in adipose tissue and stimulates RENA and
mitochondrial protein synthesis. These effects disappear
within 3 to 4 hours and then there is a refractory period
(Frohman, 1987). After the disappearance of these acute
effects, a series of delayed HGH effects appear which form
the basis of the diabetogenic effects. These effects are
demonstrated by increased free fatty acids, increased
lipolytic effects of catecholamines and inhibition of both
glucose uptake and glucose utilization. (Frohman, 1987).
All the late effects persist for many hours and are additive
with additional exposure to HGH (Frohman, 1987).

A few studies have been reported assessing the anabolic
effects of exogenous HGH in healthy human subjects. Crist
et al. (1988) studied the effects of exogenous HGH on body

composition in eight subjects experienced in progressive
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resistive exercise. The dose utilized was 2.67 mg given
three times a week. They found, after 6 weeks, a
significant decrease in percent fat and an increase in free
fat weight as measured from hydrodensiometry. These changes
were significantly greater than those produced in the
exercise alone group.

Snyder and his colleagues (19902 utilized an obese
female subject sample to test the anabolic effects of
exogenous HGH. A dose of 0.9 mg/kg ideal body weight (IBW)
was infused daily for fourteen weeks. Since these
researchers were interested in finding a method for
conserving lean tissue and accelerating loss of fat during
weight reduction, the subjects were prescribed a 12 kcal/kg
IBW with 1.0 g/kg IBW protein diet. Although no difference
in weight loss was observed between HGH and placebo group,
only the HGH group achieved an immediate positive nitrogen
balance. This study as well as the study by Crist et al.,
lends credence to the theory that HGH will alter body
composition in the direction desired by body builders (i.e.,
a decrease in fat and an increase in muscle bulk). However,
muscle functioning was not measured which may have given
insight as to whether the increase in free fat weight was
due to increases in connective tissue or contractile

elements.
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A potential side effect of increased HGH secretion is
acromeqgaly. This is a condition that 1leads to gradual
thickening of bones and soft tissues which may lead to
deformities of the skull, face, hands and feet (Macintyre,
1987). Although muscles often appear to be outwardly
hypertrophied in acromegaliacs, they are "actually
functionally impaired, with the victims complaining of
muscle weakness, easy fatigability, and decreased exercise
tolerance” (Macintyre, 1987). As a result of this
potentiality, it would appear that a measurement needs to be
included within the research design aimed at measuring HGH
effects in an attempt to differentiate LBM that is being
retained or increased. That is, 1is the enhancement of
muscle mass due to increases in connective tissue alone and
not contractile tissue.

Another potential negative effect of exogenous HGH
administration that was observed by Crist et al. (1988) was
that exogenous treatments of HGH may suppress endogenous
release of HGH in some individuals. Other possible side
effects include glucose intolerance and disruption of
thyroid hormone metabolism (Cowart, 1988). In light of
these possible side effects, researchers have investigated
the use of aminoc acids as natural stimulators of endogenous

HiGH.
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Response Of Growth Hormone To Exercise

Not only is the release of HGH been shown to be related
to arginine, but exercise also has an effect on HGH release.
Sutton and Lazarus (1976) locked at the effect on serum
arowth hormone of cycle ergometry in 8 healthy male
subjects. They found that the response was correlated to
intensity. Exercise at 900 kpm/min (75 - 904 of subject
masimum oxygen consumption) elicited a significant increase
in serum growth hormone and compared favorably with insulin
hypoglycemia test but was found to be a better stimulator of
HGH release than sleep, arginine or L-Dopa. Similar effects
were found by Casanueva et al. (1984) when they exercised a
mixed group of men and women at 475 kpm/min for 20 minutes
on a cycle ergometer. The mediation of exercise-induced HGH
release is bel ieved to be due to cholinergic
neurotransmission (Casanueva et al., 1984; Nabil % Jacobs,
1986).

Only limited data are available regarding the response
of HGH to resistance exercise. VanHelder et al. (1984) and
Lukaszewoka (1976) both showed that it is possible to
stimulate increased serum concentrations of HGH following an
acute resistance training exercise session. Both studies
found that increased serum concentration of HGH was
dependant upon intensity of the exercise. Loads ranging

from 857 of a 7 RM (VanHelder et al., 1984) to 70- 85 % of a
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1IRM (Lukaszewoka, 1976) in an Olympic lift were required
before an increase in serum concentrations of HGEH was
observed following exercise (1.8 baseline to 4.5+0.4 ug.1-1
and 6.2+3.9 to 44.0+29.0 ug.l-1 respectively) The effects
of higher volumes (i.e., repititions x sets x load) of
exercise and/or higher intensities (ie., percent 1RM) has
yet to be elucidated.

There are other factors that may influence HGH
responses to resistance training that may have a confounding
effect on study results. Some of these factors are lactate
and/or oxygen deficit, hypoxia, changes in body temperature
resulting from an exercise session, fitness, clearance rate
changes and hemoconcentrations (VanHeler et al., 1984), It
should also be noted that serum levels of HGH are usually
sporadic over a 24 hour period and normally total serum
levels of HGH are lower in adult males (although they tend
to have higher peak levels) than females or adolescents
(Macintyre, 1987).

Summary

Body building is a sport that dictates muscle size and
low body fat for success. In an effort to achieve a low
body fat percentage, many body builders engage in diets that
are severely low in calories and micronutrient content. As

a result, the body responds by shunting calories away from
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agrowth related processes as well as depleting glycogen
stores.

In an effort to counteract these negative effects of a
hypocaloric diet, many body builders have begun to
experiment with oral aﬁino acids as a dietary supplement.
Amino acids have been advertised by their manufacturers as
being natural stimulators of the anterior pituitary to
release growth hormone. Endogenous growth hormone is known
to stimulate muscle growth and at the same time increase the
rate of lipolysis.

Although there has been some data to suggest that amino
acids may influence the release of HGH and that amino acids
may prevent lean mass catabolism when the body is in a
traumatized state, there has been insufficient evidence
documenting body composition changes nor per formance
enhancement from the oral ingestion of these amino acids.
However, many athletes continue to purchase these
supplements at great financial expense with the hope that
they well enhance their per formance and/or physique
devel spment. Therefore, it would be advantageous to
determine from controlled research, what potential oral

supplementation of amino acids may have, if any.
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Body building is a sport in which success is dictated
by both muscle size and definition. As a result, these
athletes are interested in maximizing their muscle mass as
well as reducing their body fat to achieve peak muscle
definition. T accomplish this end, body builders often
suffer through extreme energy restriction in preparation far
a contest often at the expense of lean tissue. Walberg et
al. found that in spite of a regular weight-lifting
schedule, body builders may lose body protein during times
of energy restriction although their protein intake is in
the RDA range (37). This loss has been demonstrated by an
increase in urinary nitrogen output and a decrease in
nitrogen balance (4)(14)(37). Not only will a hypoenergy
diet affect nitrogen balance, but it may affect muscle
per formance as well (193 (22)(37).

In an effort to achieve an optimal physique, body
builders have also experimented with anabolic androgenic
steroids. However, with the advent =«f negative press toward
anabolic stercid use and more stringent testing, manmy body
builders tboth competitive and recreationall are
experimenting with other ergogenic aids, such as amino acid
supplements, to achieve a "competitive edge". Manufacturers
often suggest that amino acids act as a "natural" release
stimulator of the anabolic hormone, human growth hormone

CHEHY . Endogencus HGH is known to stimulate muscle growth



by stimulating protein synthesis in both muscle and liver
and at the same time decrease body fat by stimulating
lipolysis (23). If these claims are true, by supplementing
their diets, athletes may be able to counteract some of the
losses experienced with hypocaloric diets (i.e., decrease in
strength, loss of lean body mass).

It is well known that intravencusly administered amino
acids will stimulate HiEH release from the antericr pituitary
(23) with arginine being documented as one of the most
patent stimulators (5)(28)¢(28). However, since athletes are
taking these supplements orally, it is possible that the
high arginase levels in the liver will prevent any increase
in blood arginine or Hi5H.

Some evidence exists that oral arginine can reduce lean
tissue loss in rats (31) and humans (10) subjected to
surgical trauma. Major surgery and injury results in weight
loss, primarily due to catabolism of lean tissue (102, thus
aral arginine may be most effective in catabolic conditions.
However, the research on the effectiveness of oral arginine
supplementation in healthy populations has been equivocal
(320110 (12 (20D,

Since male baody builders may be at risk of catabolizing
lean mass during enerqy vestriction practiced prioer to
competition, a research project was designed to test whether

oral supplementation of the amino acid arginine would affect
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lean tissue maintenance, body fat loss, and muscle function
in male body builders placed on a hypoenergy diet.
Methods
Subjects

Twenty male body builders were randomly selected fraom a
group of volunteers who were recruited from weight lifting
clubs located in the Blacksburg, Virginia area. All
subjects had been weight lifting for a minimum of 2 years, 3
- 6 times a week, for the purpaose of physique development.
All subjects denied the use of steroids during their 1ifting
history and all denied competing in a body building
competition. The subjects were asked not to use amino acid
supplements at least two weeks prior to the study or during
the study. The subjects were randomly assigned to either
the placebo (PLAY», n=7, arginine (ARG, n=7, or control
CZONY, n=6. Because of the range of body weights, the
subjects for ARG and PLA were ranked from highest to lowest
body weight and assigned to a group consecutively to ensure
that body weights were not different between groups (Table
1). Experimental design was double-blind. Durina the
study, one of the FLA subjects dropped out and one of the
ARG subjects data was dropped due to non compliance of wrine
collection procedures. Thus, for the analysis of all
indices PLA N = €& and the ARG n = &. The study was approved

by the Virginia Tech Institutional Review Board for Research
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Invalving Human Subjects. All subjects were informed of
risks and signed informed consents.
Exper imental Procedures

Only FLA and ARG participated in diet manipulaticons.
CON was utilized to control for possible effects of the
exercise regimen and repeated testing on muscle function
tests. A seven—day maintenance periad (MAINT? was
established to ensure that PFPLA and ARGE subjects were
consuming similar composition diets and familiarize subjects
with the weight training routine. Prior to MAINT, subjects
of all three groups were instructed in the caorrect weight
lifting techniques for each lift and the repetition maximum
C1EM) for each 1ift was measured either directly or
estimated from a SRM (dumbell exercises) for each subject.

The MAINT diet was prescribed to ARG and PLA subjects
using an exchange list diet and energy intake was prescribed
as 35 kcal/kg body weight (BW)/d (262, Adjustments were
made when necessary to ensure body weight maintenance
occurred. Protein intake was calculated to be 1.0 g
protein/kg BW/d (approximately 15% pratein) with
carbohydrates accounting for approximately 5S5% and fats 30%
of the total diet. The CON was advised to eat ad libitum
throughout the experiment to maintain a stable body weight,

within a 3% daily variation,



All three groups participated in the weight 1lifting
sessions which were also regimented during this week to
normalize all subjects to a similar exercise routine. The
weight 1lifting sessions,  with an average duration of 60
minutes, consisted of exercises for the
back/biceps/abdominals, chest/triceps/abdominals and
legs/shoulder /abdominals, per formed on alternating days for
six days and then one day rest during MAINT (Table =2).
Three to five sets (number of sets were dependent upon what
exercise was being performed) of 8 - 10 repetitions at 70%
1EM  for upper body and B3%Z 1EM for legs was prescribed.
Individual adjustments were made, however, to  achieve
required repetitions and sets. As a result, actual
intensities ranged &0 - 854 of 1EM. Weight 1lifted,
repetitions and sets were recorded for each session.
Subject exercise volume was calculated (weight 1lifted «x
number of repetiticons for each set of each exercise. These
valumes were total to determine a daily exercise volume.
For purposes of analysis, cumulative volumes of the three
day cycles were utilized. That is volume for one cycle
equaled volume of Day 1z Back/Riceps plus Day 2
Chest/Triceps plus Day 3: Legs/Shoulders. This allowed for
comparison of two cycles in MAINT and two complete cycles in
EXFEF. To ensure compliance, subjects warked in pairs and

weight lifting sessions were supervised by the
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investigators. Subjects were instructed to limit their
exercise to the weight lifting sessiocns only.

The ten day exper imental CEXPER) pericd began
immediately following MAINT. All three groups continued
their weight lifting schedule of & days wor ke, aée day rest,
then 3 days of work. Subjects in PLA and ARG consumed a 22
keoal /7kg BW/day ligquid diet (Exceed, Ross Laboratories), plus
encough powdered skim milk to provide the same amount of
protein (1.0 g/kg BW/d) to all subjects. An increase in
nonprotein calories was provided as needed depending on body
weight by a powedered carbohydrate beverage (Wyler’s). To
ensure adequate sodium, subjects were allowed two bullion
cubes a day. All subjects were allowed noncaloric beverages
as desired. CON continued with their ad libitum diet during
EXFEFR.

During EXFER, PLA and ARG took either a placebo or
arginine supplement twice daily. The arginine supplement
consisted of purified arginine HCZL (Sigma Chemical Company)
in a gelatin capsule. The placebo was powdered casein
(Sigma Chemical Company? also in a gelatin capsule. The
dose for both arginine and casein were 0.1 g/kg BW twice a
day. From an unpublished pilot study conducted in our lab,
this dose was sufficient to invoke a significant increase in
serum HGH in 1 of 2 subjects tested at 0.0z, 0.06, 0.1 and

0.2 g/kg EBW. As recommended by supplement companies, one



dose was consumed in the morning after an overnight fast and
another dose was consumed before bed.

Subjects in the PLA and ARG collected 24 hour urine
specimens daily (in 1-liter polyethylene containers with 2
ml S04 HC1l as a preservative) beginning with the second
vaiding of the day and ending with and including the first
vaoiding of the next day. This collection continued for the
entire 10 days of EXPEE. Urine volume was measured and
recorded for each day's sample and 150 ml aliguotes were
frozen for later analysis of nitrogen excretion. A separate
aliquote was frozen for analysis of urine creatinine.

Apparent nitrogen balance (NBAL)? was calculated using
the known values in the Exceed nutritional beverage, nonfat
milk and supplements {(arginine HIl or casein). Fecal
nitrogen was estimated from the digestibility estimates for
Exceed (i.e., S5.8%4 lost in feces) as provided by the
manufacturers (Ross Laboratories). Dermal and sweat loss
was alsoc estimated at 8 mg/kg BW/d, the present WHOD
recommendation (38). Total urine nitrogen was determined by
k.ijehldahl method (4) in duplicate.

The difference between nitrogen consumption and urinary
nitrogen excretion plus estimated fecal and dermal nitrogen
loss determined the NBAL for each 24 hour period. Ur ine
creatinine was measured as an index of the completeness of

the daily urine collections (24), Urine creatinine was



assayed in duplicate using Sigma Diagnostics Procedure No.
599. |

FPercent baody fat (4LBF) was calculated by hydrostatic
weighing technique, which was performed on day 6 of MAINT
and day 9 of EXPER. The three highest values of 8 trials
were averaged to determine underwater weight. Body density
was calculated using the equation by Keys and Brozek (210
and taking into account residual volume and intestinal
factors (100mld. Fesidual lung volume (RLV) was determined
using the oxygen-dilution nitrogen equilibration method of
Wilmore et al. (33) using Applied Electrochemistry oxygen
and carbon dioxide analyzers. ZBF was determined from the
Siri equation (32) where (4.395/BD - 4.50)#100 was equal to
ZEBF. Fat free mass (FFM) was calculated as the difference
between total weight and fat weight.

Muscle function tests of elbow flexion and knee
extension were performed two days prior to MAINT, day & of
MAINT, and day 9 of EXPER for all three groups. All muscle
function tests were dynamic isckinetic tests performed on
the Cybex II dynamometer (Lumex, Ronkonkoma, NY). All test
data was measured by the Cybex Data Reductiocn Computer
(CDREZY  and weight of the limb tested and weight of the
dynamometer lever arm were compensated for. The sequence of
testing for the first day of testing was randomly assigned

with subsequent test sequence beinq controlled based on
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initial. All subjects received proper orientation prior to
any testing, all tests were performed utilizing the subjects
preferred limb and a standard warm—-up protocol was followed.
The Cybex II was appropriately calibrated prior to each test
day according to manufacturer recommendations (9).

Twa measurements to determine muscle function were
per formed during each test session for both elbow flexion
and knee extension. The first was a torque test of dynamic
strength measured in foot pounds to determine peak maximum
torque. An angular velocity of 607/sec and a 5 maximum
contraction sample was utilized for both the elbow and knee.
The second test was a work test of dynamic muscle endurance.
This endurance test consisted of 30 maximum dynamic
repetitions exerted at an angular velocity of 120%/sec for
elbow and 180%/sec for the knee. The test speed for the
elbow extension test was determined from previous pilot work
in which it was found that 120°/sec closely matched the
speed that resistance trainers utilize when engaging in a
preachers bench bicep curl. From this same pilot work it
was determined that 30 repetitions was sufficient in
eliciting a S0% fatigue rate at 120%sec. for bicep flexion
and 180%/sec. for knee extension. Endurance was determined
from an endurance ratico which was calculated from the area

under the torque curve during the last S5 caontractions
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divided by that area under the curve during the first five
contractions.

The elbow flexion test was performed following a
protocol developed in our lab from a previous pilot study
€181, This protocol involved a mock preachers bench which
was attached to the Cybex II Upper Body Exercise Testing
Table (UBXT). Measurement of elbow flexion occurvred while
the subject was sitting with the shoulder flexed at 45%. A
damp setting of 1 and chart speed of 25 mm/sec was utilized.
All elbow flexion tests started in  full flexion with
anatomical zero determined from full'extensinn. Test-retest
reliability was determined from Spearman-Rho correlation
(torque test: p=.88; endurance test: p=.84),. The knee
extension test followed Cybex II manufacturer suggesticons
(9>,

All data is expressed as mean (+SEM). The experimental
design was a two—-way factorial design for all tests except
for muscle function which utilized a three-way factorial
design. All dependent measures were analyzed by repeated
measures analysis of variance (ANOVA), with the alpha level
set apricri at 0.05. A test of the simple main effects was
conducted to determine significance when there was a
significant group % time interaction identified.

Results
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Changes in body weight, “BF, and FFM as determined by
hydrodensiometry for ARG and FLA are depicted in Table 3.
CON group did not significantly change their body weight
over the experment (MAINT day —-2: 86.37 (4.39) ka; MAINT day
6: 86.20 (4.14) kg; EXPER day 9: 86.32 (4.19)kg). Weight
loss was significant for both ARG and PLA over time but the
twoe groups did not differ significantly from one another.
Weight for ARG decreased from 80.37 kg (2.25) to 77.132 kg
(2.08) signifying a 4% rchange from initial weight. For PLA
weight decreased from 79.4 kg (4.13) to 76.25 (4.27) also a
4% change. Change in %“ZBF was also significant for both ARG
and PLA over time. ARG decreased from 2.852%4 (2.74) to
10.851% (2.89) a 164 change and FLA decreased from 10.48
€0.80) to 8.39% (1.02) a 20% change. As with weight change,
there was no significant interaction between the groups over
time for %“BF. Lean mass showed no significant change over
time nor was there an interaction of group with time.

The data for daily nitrogen balance is graphically
depicted in Figure 1 as mg of nitrogen per kg of daily bady
weight per day. There was no significant difference in
nitrogen balance for either group over time or interaction
between grocups over time. However, the PLA group showed a
trend towards a more positive nitrogen balance than the ARG
beginning on Day 4. This same trend was observed when

comparing cumulative nitrogen balance (mg/kg/10  days).
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Cumulative nitrogen balance for ARG was —-4.49 (93.3B) and
for PLA was 327.18 (134.4). However, two sample T-test
results indicated no significant difference between the twao
groups.

The data for urinary creatinine excretion (mg/kg daily
body wt/d) depicted in Figure 2, and data for total nitrogen
excreted over the 10 days (Figure 3} indicated no difference
over time nor any significant interaction between groups
over time. However, there was a trend towards a higher mean
total urinary nitrogen excretion for ARG.

Urinary nitrogen excretion/urinary creatinine excretion
ratio (UNE/UCE) (Figure 4) between the groups over time was
significantly different. Test of simple effects indicated
significance on Days 4, 5, &, 7, & 9 with FLA showing a
significantly higher ratic then ARG on these days.

Total Volume for four cycles when analyzed by Repeated
Measures ANOVA indicated no significance between groups,
over time, or interacticn thus indicating that Volume was
not a confounding factor in the analysis of muscle function
tests. Volume means were: ARG Cycle 2: 8954732 (115607,
Cycle 4: 87677 (11903933 PLA Cycle 2: 77032 (45335) and Cycle
4: 75901 (546933 and CON Cycle 2Z: 74618 (4192) and Cycle 4:
74738 (4423).

Muscle per formance results are shown in Table 4.

Muscle peak torque tests indicated a significant time effect
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when groups were combined which reflected a reduction for
both elbow flexicon and knee extension. However, there was
no significant difference between groups or interaction.

In regards to elbow flexion endurance, a significant
time effect was noted towards increased endurance. However,
the knee extension endurance test indicated no difference
over time nor significant interaction between groups over
time.

Discussicon

In the present study, an oral 0.1 g/kg/d dose of
arginine given twice a day, appeared to give no added
benefit to weight lifting subjects during a 22 kcal/kg BW/d
diet. The purpose of the reduced caloric intake was to
mimic a diet of a competitive body builder who is preparing
for a competition. Walberg et al. demonstrated that body
builders, in spite of a regular weight-lifting schedule,
lose body protein during times of energy restriction,
although their protein intake was in the REDA range (37).
This loss of body protein was do-cumented by a decrease in
NEBAL and this decrease is similar to that observed in trauma
victims. That is, in both situtations, there is an
associated increase in the catabolism of amince acids due to
increased muscle protein breakdown or decreased muscle

protein synthesis. This catabolism may be documented by a
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decrease in nitrogen balance a much better index than weight
loss (73(181(40).,

During trauma, it has been hypothesized that the
demands for arginine may be increased for muscle protein
synthesis (21) (13), as well as because of its role in the
urea cycle, where it is egssential for the detoxification of
ammonia arising from the catabolism of other amino acids
(33 It may also be that arginine becomes essential in
traumatized animals and humans due too its role in wound
healing by nutritional mechanisms as well as by its
influencing hormone mediated reactions that are specific to
trauma (312, The benefits of infused arginine, whether used
alone (23(13) or in combinaticn with glycine (29)(33)», have
been well documented for traumatized rats and humans as it
relates to nitrogen balance studies. Specifically, these
studies indicate that infused arginine increases nitrogen
retention and decreases weight loss. However, the results
from oral supplementation studies have been equivocal as
they relate to NEAL.

There have been only a few studies documenting the
effectiveness of oral arginine in traumatized humans and
animals. In a study by Daly et al. (10), the immune and
metabolic effects of enteral supplementation of arginine
(.36 g/kg for 70 kg subject dose) were tested in 30 cancer

patients undergoing major surgery. Measurement of plasma



somatomedin C levels, a monitor of the overall effects of
arginine on growth hormone secretion, indicated a
significantly higher concentration by day 7 in the arginine
aroup campared to controls (isonitrogenous alycined,
suggesting a stimulatory effect o f arginine an the
pituitary. However, in regards to nitrogen balance, there
was no significance noted, even though after Day S5 mean
nitrogen balance became positive 1in the arginine group,
whereas it remained negative in the control group throughout
the seven day exwperimental pericd.

In an earlier study, Seifter et al. (321) reported that
rats subjected to surgical trauma and oral amino acid
supplementation (rat chow supplemented with 1.8% arginined,
indicated significant reduced nitrogen loss. They also
found that the arginine supplemented group had an increase
in wound breaking strength and increase rate of collagen
deposition. Although the Seifter et al. study suggests
positive metabolic effects of oral arginine in traumatized
rats, Daly et al. found only moderate effects on nitrogen
balance.

In the present study no treatment effects were noated in
our healthy subjects in regards to NBAL. There is little
reported research in regards to the possible positive
benefits of oral supplementation of arginine in healthy

animals and humans from which to make a compariscon to our
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study. Barr et al. (3) indicated a lack of effect of
supplemental arginine (2% of diet, 1600 mg/kg body weight)
and ornithine (1% of diet, 800 mg/kag body weight) combined
with access to an activity wheel on muscle morphological
changes or fat loss in adult healthy rats after 4 weeks.
Although a decrease in weight was observed in some rats,
this loss was determined to be asscciated with wheel-running
activity since no change in growth hormone was revealed at
autopsy.

The findings of Barr and associates were in line with
what was found here but in contrast to a study by Elam (1)
who locked at morphological changes in male weight lifters
who consumed an amino acid supplement twice a day composed
of 1.0 g arginine and 1.0 g ornithine. After a S week
pericd, the amino acid supplemented group lost a significant
amount of body weight and body fat (skin fold techrniqued
when compared to controls. Thus, the author concluded that
the oral supplements combined with resistance exercise will
reduce total body mass and body fat in adult males.
However, Elam did not control for diet and assumed that the
subjects maintained their established dietary habits. As a
result, it may be that the changes in body weight were due
to individual dietary changes. It is interesting to note
that subjects in the placebo, as well as the supplement

aroup, decreased their body weight over the © week study.
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Elam alsoc did not discuss lean body mass changes but did
note that of 4 composite body girth measurements (obtained
from circumference measurement techniqued, both groups
increased with no significant difference between groups.
This could lead one to speculate whether the weight training
alone aor the amino acid was the mitigating factor involved
here since weight training alone is anabolic. It is also
important to note that the diffences in results aobtained by
Elam from ours as well as Barr et al. canncot be explained by
an amino acid dose relationship. The Elam dose (0.014 g/kg
for 70 kg subject of both arginine and ornithine taken twice
a day) was less then the dose administered by our group (0.1
a’kg for a 70 kg subject taken twice a day) and less than
that administered by Barr et al. (1.& g/kg arginine plus 0.8
a/kg ornithine),.

Although no benefit was determined to occcur from
arginine treatment in this study, changes did occur which
may be explained by nutritiocnal mechanisms. Although both
ARG and PLA showed similar trends in their NBAL with no
significant difference indicated between the two groups,
only the ARG group was in negative nitrogen balance (Days 4
- &, 8, 10), This difference may have been attributed to a
lower initial mean NBAL demonstrated by the ARG on Day 1.
Unfortunately, NBAL was not assessed during the maintenance

week so it is not known whether a trend for a lower mean
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NEBAL occurvred for ARG prior to EXPER. Alsc, arginine per
aram has a higher nitrogen content then casein (17), which
may have accounted for the greater total urine nitrogen
content observed in ARG. Although this increase was not
sufficient to make a significant difference when comparing
total urinary nitrogen content alone, it was sufficient to
cause a significant difference between groups for urinary
nitrogen/urinary creatinine ratio.

It is interesting to note that although both ARG and
FLA lost a significant amount of weight, no significant
change in their NBAL occurred. It has been noted by octhers
that a deficient dietary energy intake as well as increased
muscular work may cause a decrease in nitrogen balance
(145 (15 and uoften times in cases of weight loss a
significant negative nitrogen balance occurs (27)(37).
However, how mu:-h decrement, if any, is observed may be
dependent upon the macronutrient content of the diet (37).
The protein fequirements of weight lifters has been
suggested to be 0.8 - 1.4 g/kg/d (7)(15)(30)(36) when
athletes are consuming adequate energy diets. However,
whether weight lifters require more protein than the EDA
recommends is controversial. In addition, the amcunt of
required protein to ensure maintenance of lean mass when

consuming a hypoenerqgy diet has not been well documented.
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Walberg et al. (372 studied the affects of
macronutrient content of a hypoenergy diet (18 kcal/kg/d) on
nitrogen retention in exercising male weight lifters. One
diet was moderate-protein (.8 g/kg/d) high~carbohydrate and
the other was a high—-protein 1.6 g/kg/d), moderate-
carbohydrate hypoenergy diet. Both aroups lost a
significant amount of weight and percent body fat with no
difference noted between the groups. However, only the
high-protein group was able to maintain positive nitrogen
balance throughout the experimental phase. The protein dose
utilized in this study was intermediate toc the twe protein
doses utilized in the Walberg study and from analysis of
nitrogen balance, appeared to be effective in maintaining
lean mass in exercising body builders.

Ancther possible contributing factor associated with
the maintenance of lean mass during weight loss, as
demonstrated by this study, was the exercise protocol
utilized. It has been hypothesized that if a caloric
deficit is caused by exercising it may have a positive
effect on lean mass compared to the effect of a caloric
deficit developed through food restriction (26). McMurray
et al. (26) tested this hypothesis by examining the effects
of 7 days of calaric deficit (1,000 kcal/d) induced by diet
or exercise on weight 1loss and nitrogen balance in €

endurance trained males. They found that when subjects
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dieted alone they had a higher cumulative nitrogen loss then
when the same subjects incurred a caloric deficit from
evercise alone.

The caloric deficit established by the diet in the
McMurray study (20 kcal/kg/d) was similar to the diet
protocol used in the present study (22 kcal/kg/d) as well as
the protein dose ¢1.0 g/kg/d). However, although the amount
of weight lost was similar between the McMurray diet
subjects and the subjects in ocur study, our subjects did not
experience similar negative nitrogen balance during weight
loss. Instead, the nitrocgen balance results of the present
study matched more closely those aof the endurance exercising
aroup. Although the McMurray qroup utilized endurance
activities others have noted the anabolic effects of weight
lifting (1) and the process involved is believed to be due
to an interaction of work and hormonal influences (23) on
contractile tissue. The results from our study reinforce
the idea that weight lifting exercise may have a positive
effect on conserving lean tissue when a caloric deficit is
present.

If arginine supplementation at the dose utilized in
this study was to stimulate the release of HEH then it might
be possible to detect aifferences in muscle functicon between
the two treatment groups with the ARG group demonstrating

areater positive changes. However, there were no positive
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effects from arginine supplementation noted from any of the
mus:cle per farmance tests. This finding is not in line with
studies by Elam (1) and Elam et al. (2) who found that their
arginine/crnithine supplemented groups per formed
significantly better then controls after a five week weight
training regimen. Although Elam claimed that muscle
strength increased significantly in the supplemented group,
muscle function tests were only done at the end of the study
making it impossible to compare changes over time between
the two groups. Fegardless, as discussed earlier, in
neither Elam study was diet controlled which may again have
had a confounding effect on the results.

The amount of work a muscle is able to perform may be
limited by nutritional mechanisms. The decrease in peak
muscle tarque observed in this study has been observed by
cther researchers when studying the effects of a hypoenergy
diet. Krotkiewski et al. (22) studied the effects of a very

low calorie (544 kcal/d) high protein diet for four weeks in

3.
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obese waomen on isokinetic muscle strength and endurance
of knee extension at three different angular velocities (30,
60 and 180%/sec). After two weeks, the subjects indicated a
significant decrease in muscle strength that corresponded
with a decrease in glycogen. This finding correlates with
that of Houston et al. (19) who studied wrestlers in which

caloric intake was restricted to 33%4 of baseline for two
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days. That is, a significant decrease in quadriceps peak
torque measured isokinetically was observed concurrent with
a decrease in muscle qglycogen.

The results of both the Krotkiewski and Houston et al.
studies have validity for body builders as well. A weight-
lifting routine relies on anaerocbic glycolysis and therefore
muscle glycogen for ATP production, as well as the creatine-
phosphogen system (16). If the diet is insufficient 1in
supplying adequate energy then the glycogen stores cannoct be
replenished and a decrement in strength may occur such as
ccourred in our ARG and PLA subjects.

Ancther possible explanation for the observed decrement
in maximum peak torque may be due to a reduction in ATP-
gaenerating enzymes and muscle cell minerals that are a
function of a hypoenergy diet (37). However, as Walberg
indicated in a review article, although there has been some
documented research in the obesity literature in regards to
electrolyte and other mineral disturbances involved in
impaired muscle function in energy-restricted obese
individuals there has been very little research in this area
utilizing resistance exercise during energy restriction.

Statistical analysis of the muscle endurance tests
indicated a significant time effect towards increased elbow
flexion endurance for all groups. Although this phencomenon

is difficult to explain in light of the observed decrement



in maximum peak torque of these same energy restrictec
subjects, others have noted increases in isckinetic
endurance tests in subjects exposed to a hypoenerqgy diet.
Erotkiewski et al. (22 noted an increase in  dynamic
quadriceps endurance, as measured from Cybex II isakinetic
dynamometer, after 32 women were placed on a very low
calorie diet (944 kecal/d) for two weeks, even though
glycogen stores were reduced. Obese individuals have also
been found to have a greater percentage of Type IIA fibers,
which these authors speculated would not be as limited by
the fall in glycagen levels (22). Although athletes who
have trained in resistance exercise, especially those
involved in high volume training such as our subjects, have
been noted to possess a high ratico of Type IIA compared to
Type I and Type IIER muscle fibers (34) (8), it is difficult
to accept the hypothesis that this fiber ratioc would be a
contributing factor in an endurance test that was of only 30
seconds duration.

Our results, as well as FKrotkiewski et al., are 1in
conflict with Walberg et al. (41) who found that those
subjects consuming a high protein/moderate carbohydrate
hypoenergy diet demonstrated decreased muscle isometric
endurance in the quadriceps as measured by the Cybex 1II
dynamometer. They speculated that the observed decrement

was due to depleted qglycogen stores. However, the
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discrepancy in the results of this study and ours, may have
been due to a difference in the macronutrient diet content
(low carbohydrate)? as well as the test protocols. Walberq
et al. utilized an isometric test whereas we used, as well
as kKrotkiewski, a dynamic muscle endurance test. During an
isometric contraction blood flow to the working muscles is
occcluded thus causing more of a reliance on immediate ATF
and creatine-phaosphate stores then might occur during
successive dynamic contractions.

In coanclusion, the results of this study give no
suppart to the use of arginine by healthy male body builders

on a hypoenerqy diet as an ergogenic aid in  improving

physique development over a ten day pericd. This
hypocaloric diet in combipation with weight lifting appeared
to have a protein sparing effect. This suggests that 1.0

a/kg/d of protein is adequate to maintain lean mass for
weight 1lifters even during weight loss. As has been
documented by others, the caloric deficit caused a decrement
in muscle peak torque which may have been due to a change in
muscle enzyme activity and/cr a depletion of the muscle
glyc-cogen stores. Since the only amino acid tested was
arginine and the experimental phase was only ten days in
duration, more research is indicated in regards to possible
synergistic effects of amino acid combinations as well as

long term effects of supplementation in healthy populations.



Until then, it appears that hard work and proper nutrition

remain the keys to improvement for body builders.
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Table 1. Age and Initial Weight of Subjects

ARG FLA CON
n = = =
Age (yrs) 21.8 20.8 22.0

€0.7) (0.3 (0.4
Weight <kg) 80.4 79.4 86.95

Q.37 (4.1 (4.4)

Values are means (SEM),

ARG = Arginine supplemented group
FLA = Placebo supplemented group
CON = Control



Table 2.

Alternating Weightlifting Routine During

Maintenance and Hypoenergy Fhase

Day 1

Lat Fulldowns
Full-ups

Seated rows
Bentaver DE rows
Preacher Curl

Day 2 %

Supine Bench Press
Incline Bench Fress
Decline Bench Press
Flat BRench Flies
Dips

Day 3 %

Leq extensions
Leg press

Leq curls

Calf raises
Military press

g3

Sets

WWE~WU

RN EWN

&:

Wephphp

biceps, abdomen

Dumbell curls
E-Z curls
hyperextensiaons
Crunches

Knee up crunces

triceps, abdomen

Cable Pushdowns
Tricep Extensions
Crunches

Knee up crunches

shoulders, abdomen

Side lateral raise
Bent over lat raise
Shoulder shrug
Crunches

Knee up crunches

Fest

Sets

BB (D0

MRNOW

MRHOWW
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Table 3. Hydrostatic weighing data

ARG PLA
n & =
Pre Fost FPre Fost
Weight (kaqgl 80.4 77.1% 79.4 76.23%
(2.3 (2.1 (4.1) (4.32
7BF 12.5 10.5% 10.5 8.4%
(2.7) (2.9 (0.8 (1.0)
FFM (kq? €3.7 €9.4 69.5 9.5
(2.1) (2.6) (3.1 (3.0)

Values are means (SEM)

*indicates significant difference from pre value.
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Table 4. Muscle Fer formance

ARG FLA CON
n = & &
Feak Tarque
(ft.lbs.?
Elbow Flexicon®
MAINT1 439,17 44,83 29.95
4,02 (3.49) (2.36)
MAINTZ 46.5 45. 83 41.33
(2.53) (2.73) (1.12)
EXFER1 41.00 43.17 40.50
(32.18> (2.30) (1.86)
Enee Extension®
MAINT1 185.17 179.33 170.82
(8.48) (12.00) (.02
MAINTZ 175.83 178.17 174.17
(6.09) €10.80) (8.84)
EXPER1 163.50 161.00 170.00
(6.78) (6.64) (7.29
Endurance (%4>
Elbow Flexion®
MAINT1 40.17 42.83 40,50
(3.22) (3.93 (2.64)
MAINTZ2 43. 00 44.5 40.5
(4.13) (4.51) (2.362
EXPEF1 48.33 45.17 48. 00
(4.96) (7.03) (4.63)
Enee Extension
MAINTI1 49.83 48.17 S50.67
(1.32) (3.56) 4,04
MAINTZ 46.83 48. 00 45.83
(3.32) (2.84) (2.82)
EXFER1 46.17 52.83 47.83
(2.41) (4.22) (2.54)

Values are means (SEM)

*Indicates significant time effect

for groups.
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FIGURE LEGEND

Plot of nitrogen balance over hypoenergy
phase of experiment for the arginine and
placebo supplement gr oups.

ARG ~ Arginine supplemented group
PLA - Casein supplemented group

Plot of uwrine creatinine over hypoeneragy
phase of experiment for <the arginine and
placebo supplement groups.

ARG - Arginine supplemented group
FLA — Casein supplemented group

Plot of total urinary nitrogen over
hypoenergy phase of experiment for the
arginine and placebo supplement aroups.

ARG — Arginine supplemented group
PLA - Casein supplemented group

Flot aof mag of urinary nitrogen
excretion/mg ur inary creatinine
excretion over time during the hypocaloric
diet. Significant difference between groups.
Significant interaction between groups over
time (#).

ARG - Arginine supplemented group
PLA - Casein supplemented groaup
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Figure 1: Plot of nitrogen balance over time during the

hypocaloric diet.
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Plot of urine creatinine over hypoenergy phase.
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Chapter 1V
SUMMARY

Body building is a sport in which success is dictated
by baoath muscle size and definition. As a result, these
athletes are interested in maximizing their muscle mass as
well as reducing their body fat to achieve peak muscle
definition. To accomplish this end, body builders often
suffer through extreme enerqgy restriction in preparation for
a contest often at the expense of lean tissue. Walberg et
al. (1988) found that in spite of a regular weight-lifting
schedule, body builders may lase body protein during times
of energy restriction although their protein intake is in
the RDA range. This 1loss has been demonstrated by an
increase in urinary nitrogen output and a decrease in
nitrogen balance (Calloway et al., 1971; Garza et al., 1976;
Walberg et al., 1988). Not only will a hypoenergy diet
affect nitrogen balance, but it may affect muscle
per formance as well (Houston et al., 1981; Krotkiewski et
al., 1990; Walberg et al., 1988).

Not only have bady builders experimented with diet
manipulation in an effort to achieve an optimal physique,
but they have also experimented with anabolic androgenic
sterocids. However, with the advent of negative press toward
anabolic stercoid use and more stringent testing, many body

30
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builders (both competitive and recreational? are
experimenting with other ergogenic aids, such as aminco acid
supplements, to achieve a "competitive edge". Manufacturers
often suggest that amino acids act as a "natural" release
stimulator of the anabolic hormone, human growth hormone
CHiGHY . Endogencus HEH is known to stimulate muscle growth
by stimulating protein synthesis in both muscle and 1liver
and at the same time decrease baody fat by stimulating
lipolysis (Macintyre, 13987). If these claims are true, by
supplementing their diets, "athletes may be able to
counteract some of the losses experienced with hypocaloric
diets (i.e., decrease in strength, loss of lean body mass).

It is well known that intravenously administered amino
acids will stimulate HGH release from the anterior pituitary
(Merimee et al., 1969) with arginine being documented as cne
of the most potent stimulators (Casanueva et al., 1983;
Merimee et al., 1969; knopf, 1965). However, since athletes
are taking these supplements orally, it is possible that the
high arginase levels in the liver will prevent any increase
in blood arginine or HGH.

Some evidence exists that oral arginine can reduce lean
tissue loss in rats (Seifter et al., 1978B) and humans (Daly
et al., 1988) subjected to surgical trauma. Major surgery
and injury results in weight loss, primarily due to

catabolism of lean tissue (Daly et al., 1988), thus oral



arginine may be most effective in catabolizing conditions.
However, the research on the effectiveness of oral arginine
supplementation in healthy populations has been equivocal
(Barr et al., 1987; Elam, 1988; Elam et al., 13893).

Since male body builders may be at risk of catabolizing
lean mass during enerqgy vrestriction practiced prior to
competition, a research project was designed to test whether
coral supplementation of the amino acid arginine would affect
lean tissue maintenance, body fat loss, protein metabolism
as measured by nitrogen balance and muscle function in male
body builders placed on a hypoenergy diet.

Twenty male body builders were randomly selected from a
group of volunteers and assigned to one of three groups:
Arginine supplemented group (ARG), casein supplemented group
(PLAY, and a group to control for the muscle per formance
tests (CON). For one week prior to the experimental weel,
all subjects consumed a similar maintenance diet and
followed the daily weight-lifting regimen.

During the experimental week (EXPER) subjects in ARG
and PLA consumed a hypocaloric liquid diet (22 kcal/kg body
wt/d, Exceed) with protein intake maintained at 1.0 g/kg/d.
ARE received arginine HC1 at a dose of 0.1 g/kg body weight
twice a day. This same dose was maintained for the PLA

which received powdered casein instead. CON received no



supplements and continued on an ad libitum diet to maintain
body weight.

All subjects continued the supervised weight training
program through EXPER. Subjects in ARG and PLA turned in
daily 24-hour urine samples. Urine was analyzed for
nitrogen excretion and creatinine. An estimation of fecal
nitrogen and sweat nitrogen were made (WHO, 13985).

All subjects were tested for muscle performance of
elbow flexion and knee extension uwutilizing the Cybex Il
isokinetic dynamometer. Tests were conducted two days prior
to MAINT, day 7 of MAINT and day 9 of EXFER.

Hydrostatic weighing was utilized to assess changes in
percent body fat (UBF) and fat free mass (FFM) in the ARG
arnd PLA groups. Hydrostatic weighing occurvred on day € of
MAINT and day 9 of EXPER.

" Both ARG and FLA lost a significant amount of bady
weight and %“BF over time but were not different from one
another. There was no significant change in FFM for either
aroup.

Results of the repeated measures ANOVA showed no
significant difference between ARG and PLA for nitrogen
balance, cumulative nitrogen balance, creatinine or total
urinary nitrogen. However, ratioc of urinary
nitrogen/urinary creatinine was significantly different

between groups and indicated a group*time interaction. This
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ratico outcome was believed to be due to the fact that
arginine is a very nitrogen rich aminoe acid (i.e., <4
nitrocgen molecules per amino acid) as compared to casein
which is a mixture of amino acids which is likely to fit the
average of 164 nitrogen value used for mixed amino acid
praoteins.

In regards to muscle performance tests, a significant
time effect for groups combined was noted for both elbow
flexion and knee extension. However, there were no
treatment effects noted between groups nor group % time
interaction. A significant increase over time was noted for
all groups when combined in elbow flexion. Again no
significant interaction between groups over time oaccurred.
For the knee extension endurance test statistical analysis
indicated no difference between groups, no difference oaver
time nor any significant interaction between groups over
time.

FResearch Implications

From anecdatal accounts, body builders, as well as
other athletes, have been consuming aminc acids, at great
financial expense, with the expectation that these
supplements will assist them in decreasing body fat as well
as increasing muscle mass. The mechanism invalved in
achieving these results, as promoted by manufacturers of

aminga  acid supplements, is that certain amino acids



stimulate the release of human growth hormone. Arginine in
particular has been shown to increase serum levels of human
growth hormone when infused. Arginine has also been proven
to improve nitrogen retention in traumatized animals and
humans when infused as well as when given orally. However,
few healthy human studies which incorporate tests of
arginine effectiveness toward conserving the body’s protein
ponl or improving muscular per formance have been documented.
The few studies that have been conducted to explore these
relaticonships have been equiveocal.

In the present study, subjects consuming the arginine
supplements indicated no positive effects on the indices
measured. All subjects participating in the hypoenerqy diet
indicated a significant decrease in boady weight and body fat
aover time with no change in fat free mass. Although no
significant difference was found between the two groups in
regards to nitrogen balance, the ARG group showed a trend
toward a higher total urinary nitrogen excreted and a lower
nitrogen balance.

One possible explanation for the trends observed in
nitrogen balance may have been due to the quality of the
protein content consumed. For a 70 kg man in our study, the
base diet provided 70 grams of protein. The supplements for
this same 70 kg man would provide an additional 14 grams,

accounting for 174 of the total protein intake. Al though



the base diets were the same, the PLA group received casein
as their supplement. Casein is a complete protein which
contains all 20 amino acids. Although there was no
significant difference between the groups, the casein group
showed a trend toward more positive nitrogen balance
throughout the experimental phase which may have been due to
the added 174 of a complete protein to the PLA diet. This
leads to the speculation that a diet sufficient in complete
protein is more then adequate to conserve protein mass
during times of energy restriction in male body builders.

As was discussed earlier, it should alsc be noted that
arginine per gram has a higher nitrogen content then casein.
As a result, this increase in nitrogen content may have
accounted for the increase in urine nitrogen content
observed in the arginine group (Hamilton % Gropper, 13987).
Amina acids are oxidized to carbon dioxide, water and
urinary metabolites containing nitrogen. As a result,
biological energy content will be greatest when the weight
proportion of nitreogen is least (May and Hill, 1990). What
was observed here in the nitrogen balance studies may Jjust
be an example of how metabolically efficient the human beody
is at disposing of nitrogen when confronted with a large
pool of one specific amino acid. Specifically, in the case

of arginine, arginase activity in the liver is very high and
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break down of arginine to ornithine and urea occcurs rapidly
(Hamilton & Gropper, 13987).

Another factor that may affect the positive benefits of
amino acid supplementation on nitrogen balance is the
quantity of supplement given. The dose utilized in this
study was in line with others (Elam, 1388; Elam et al.,
1383) and was sufficient in initiating an increase in serum
arowth hormone as documented by a pilot study conducted in
our  lab. However, as stated earlier, there was no
significance noted between the two supplemented groups in
regards to positive protein sparing effects.

In regards to muscle per formance tests, there were no
treatment effects noted. This was in contradiction to the
Elam (1988) and the Elam et al. (1383) studies. These two
studies are the only other documented research studies that
utilized arginine to test its effects on healthy weight
lifters. Although both Elam studies indicated the positive
effects of arginine when combined with ornithine on body
composition and muscle performance, it is believed that
these studies have many veaknesses. First, these
researchers did not control for diet as we did. As a
result, it is difficult to tease out what were the true
contributing factors to the wobserved changes—--was it the
supplements or was it the diet? Also, the placebo was not

isonitrogenous. This fact combined with the lack of dietary
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control makes it difficult to determine if the macronutrient
content of the diets were the same for both groups. As
Walberg et al. (19881 daocumented from their research,
macronutrient content of a diet is a contributing factor to
muscle per formance.

Ancther factor that may be involved in the differing
results between the Elam studies and ours is that arginine
may become effective only when combined with another amino
acid such as ornithine. However, BRarr et al. (1387, whao
alsae used an arginine and ornithine mix to supplement
healthy rats, found no significance when compared to
controls in regards to muscle morphological changes as well
as fat loss.

Both ARG and PLA decreased elbow flexion and knee
extension peak torque over time. This decrease in muscle
strength was believed to be due to a depletion of glycogen
stores caused by the nature of the diet and weight-lifting
regimen. A weight-lifting routine relies on anaerobic
glycolysis and therefore muscle glycogen for ATP production
(Guezenne: et al., 1986). If the diet is insufficient in
supplying adequate energy, then the glycocgen stores cannot
be restored.

Statistical analysis of endurance tests for knee
extension and elbow flewion indicated no treatment effects

as well. However, a significant time effect was noted



towards increased elbow flexion endurance. The muscle
per formance results may be explained by the type of muscle
fiber recruitment which occurs for a taorque versus an
endurance test. The torque test is dependent upon rapid
high tension development which would call uwupon Type IIR
fibers. Type IIb fibers are well-supplied with glycolytic
enzymes but are poorly endowed with oxidative enzymes
(Bandy, 132390),. As a result, these muscle units generate a
large amount of tension in a short time, but fatigue
rapidly. The endurance tests are of a longer duration
Capproximately 30 seconds each) and as a result, recruitment
of Type IIA fibers may be expected to occur. Type IIA
fibers possess intermediate amounts of oxidative and
glycolytic enzymes which indicates the use of both anaerobic
and aerobic metabalism (Bandy, 1990).

It has been indicated by others (Staron et al., 1984;
Costill et al., 1979) that resistance training increases the
propartion of Type IIA:I and IIA:IIB fiber area ratiocs.
Although the subjects participated in the prescribed weight-
lifting regimen for only seventeen days, a training effect
appears to have occurred and may have been related to Type
IIA muscle fiber type. Since muscles involved in knee
flexion tend to have a higher Type IIA to IIB and I ratio
then elbow flexion muscles, then the training effect would

be more apparent in the elbow flexion tests.
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The results of our muscle endurance tests were not in
agreement with Walberg et al. (1988) who found a decrease in
knee extension and elbow flexion endurance. This difference
may be attributed to the different testing protocols
utilized on the Cybex II. That is, Walberg et al. used an
isometric test whereas we used a dynamic test. During an
isometric contraction, blood flow to the working muscles is
occluded thus causing more of a reliance on immediate ATP
and creatine-phosphate stores.

Bodybuilding is becoming extremely popular not just as
a competitive sport but as a leisure activity as well.
Success as a bodybuilder is determined by muscle definition.
It appears from this investigation that an athlete who wants
to decrease baody fat while maintaining protein stores can do
so utilizing a hypocaloric diet, but the diet must provide
more than the RDA for protein and adequate carbohydrates to
enhance protein retention. This can be achieved through
normal diet manipulation, and as the results of this study
indicate, the addition of amino acids is not warranted.

Recommendations for Future Research

The results of this investigation indicate
possibilities for future research. In the present study,
nitrogen balance was not measured during the maintenance
phase. Although the groups would not be expected to be

different during maintenance, the placebo group began the
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experimental phase at a higher nitrogen balance than ARG.
Since nitrogen balance was not assessed prior to
experimental phase, it is unknown whether this was a normal
fluctuation phenomenon or whether the placebo grocup had a
higher nitrogen maintenance from the beginning.

Many of the trauma studies infuse arginine in
combination with glycine. Elam and Rarr loocked at arginine
and ornithine. As a result of this inconsistency in type of
amino acid utilized for study, makes it difficult to compare
research results. It would be interesting to use the same
exper imental protocols established here but  supplement
subjects with arginine plus glycine and/or arginine plus
ornithine to determine whether there are synergistic
effects.

Not conly are there inconsistencies in the type as well
as dosages of amino acids utilized but training regimens
differ as well. A consistent training regimen should be
developed, such as the one utilized here, as well as a
consistent measurement of change in muscle per formance. The
utilization of Cybex Il isokinetic dynamometer has its
limitations when the training regimen is a different mode
(e.q., isctonic exercises). Measurement of 1RM during short
term studies are also limited due to their lack of
sensitivity. As a result, it may be best to either use

igsokinetic training as the exercise protocol and then test
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for changes and make comparisons using the Cybex, or use a
longer training period after which a 1REM measurement would
be adequate to assess changes.

The experimental phase of this study was of a short
duration (10 days). It would be beneficial to study
possible long term effects of argininme in male body builders

on muscle mass and percent body fat. Also, the newer

techniques available with magnetic resonance imaging are
making it possible to differentiate these changes more
accurately. These newer techniques should be pursued to
determine their superiority over the more traditional
methods of assessing lean mass and body fat.

In conclusion there is rcom for further study of amino
acids being consumed by body builders. Future research
needs to take the direction of establishing controlled diet
and exercise protocols so that the efficacy of these various

supplements may be established.
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METHODOLOEY
SELECTION OF SURJECTS
Twenty male body builders between the ages of 20 - 25

were randomly selected from a group of volunteers who were
recruited from weight lifting clubs loacated in the
Elacksburg area. All subjects had been weight lifting for a
minimum of 2 years, 3 - & times a week for the purpose of
physique development. Weight range for subjects was 64.6 kg
- 107.7 kg (x=81.7). All subjects denied the use of
steroids during the lifting history. The subjects were
asked not to have used amina acid supplements two weeks
pricr to the study or during the study. All claimed that
they had followed these instructions.

Health screening was used to eliminate subjects with a
history of liver or kidney problems, diabetes, hypertension
or ortﬁopedic limitations. All subjects signed an informed
consent before participating.

Sampling Procedures

The subjects were randomly assigned to either the
placebo (PLAY (n=7), arginine (ARG) (n=7) or control group
(ZON) (n=6). During the course of the study, o-ne of the FLA
subjecfs dropped out for personal reasons and one of the ARG
subjects data was dropped due to non compliance of urine
ccllection procedures. This left PLA n = 6 and ARS n = 6.

The key to subject group assignment for the FLA and ARG was



kept confidential by a selected staff member who was not
involved in subject testing. The CON group was not on a
controlled solution diet as were ARG and PLA during EXFER.
As a result, urine studies were not considered for this
graup. The only purpose of CON was to control for effects
of exercise regimen on muscle function tests.

GENERAL METHODOLOGY

R,

Prior to the experimenf; a general meeting was held for
interested potential subjects. Detailed explanations were
made concerning the study and the necessity of strict
adherence to the prescribed diet and exercise prescription
as well as urine callections. For those subjects involved
in energy restriction, detailed diet instructions (written
as well as oral) were given on an individual basis. Prior
to the hypocaloric phase, written instructions were given in
regards to proper urine collection.

Written instructions were given to each subject prior
to specific test days in regards to hydrostatic weighing and
Cybex testing. The importance of following the prescribed
instructions were emphasized verbally throughout the study.

Selection of Appropriate Criterion Scores

The dependent measures investigated were body weight,
urimary nitrogen loss (in relatiocn to nitrogen intake and
urinary creatinine?, changes in %“ZBF and lean muscle mass

determined from hydrostatic weighing technique, and muscle
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function changes (elbow flexion and knee extension) as
determined by Cybex Il peak torgue and endurance tests.

In reqgards to nitrogen balance, nitrogen intake was
calculated for each subject from the values provided by the
manufacturers of the diet products. The nitrogen content of
the supplements were calculated by assuming that the amino
acids were 164 nitrogen. Urine was analyzed for nitrogen by
using the Micro-kKheldahl method. Fecal nitrogen excretion
values were estimated utilizing digestibility estimates far
Exceed (Foss Laboratories). Sweat excretion was estimated
utilizing 8 mg N/kg/d (WHO, 1985). The criterion scores
were determined by taking the difference between nitrogen
intake and nitrogen excretion for each of the ten days of
the experiment and calculating the nitrogen balance. Ur ine
creatinine was assayed in duplicate using Sigma Diagnostics
Frocedure No. S5S595. To determine the completeness of the
daily urine collections daily creatinine fluctuations were
analyzed as well as a total daily urinary nitrogen to
creatinine ratio.

Reliability and Validity Estimates

Feliability estimates for hydrostatic weighing were
determined from a pilot study in which sixteen subjects were
tested and then retested. The Spearman-Rho correlation was

used. The calculated p value for hydrostatic weighing was
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. 96. The hydrostatic weighing procedure is a valid
estimation of body density (Pollock & Jackson, 1983).

Reliability estimates were determined for elbow flexion
criterion during a pilot study utilizing 10 subjects who
vere tested and then retested. The test/retest score for
endurance ratic for elbow flexion was p = .84, The
test/retest score for maximum torque was p = .88. The
muscle function tests for knee extension have been
researched in depth by others in regards to wvalidity and
reliability (Montgomery et al., 1989).

Experimental Procedures

The entire study lasted a total of 17 days. Days 1-7
were labeled the maintenance phase (MAINT) with days 8 - 17
referred to as the experimental phase (EXFER). Only those
sub.jects in the PLA and ARG participated in diet
manipulations. MAINT served to ensure that PLA and ARG
subjects were in energy balance, were consuming similar
composition diets, and were participating in a similar
exercise program so as to provide a baseline for analysis.
During MAINT a diet was prescribed to each athlete using an
exchange list diet and energy intake was prescribed as 35
kcal/ka/d  (McMurray et al., 1983). Adjustments were made
when necessary (manipulation of carbohydrate and fats) to
ensure boady weight maintenance occcurred. Protein intake was

calculated teo be 1.0 gm/kg/d (approximately 154 protein)
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with carbohydrates accounting for approximately 55% and fats
30% of the diet for each subject. Subjects were counseled
prior to the diet and sample diets were given to all
subjects. In addition, cards were distributed to all
subjects with the number of servings that should be consumed
each day. Cards were completed by subjects and turned in
daily.

The diet during EXPER was a formula diet (approximately
22 kcal/kg/d) which consisted of at least 4 cans of Exceed
(FRoss Laboratories), plus enough skim milk (provided as
powder? to provide the same amount of protein (1.0 am/kg/d)
to all subljects. An increase in nonprotein calories were
provided as needed depending =N body weight by a
carbohydrate beverage (Wyler’s). To ensure adequate socdium,
subjects were allowed two bullion cubes a day. All diet
foods were weighed and provided to the subjects each morning
when they reported for their daily weigh;ins.

An example calculation of the diet for a 70 kg male was

as follows:

4 cans Exceed 1 1/2 Cup Skim milk Total
kcal 1440 120 1560
protein (g) &0 12 72
carbohydrate 188 i8 206
fat 48 - 48

Thus the macronutrient content of the diet was approximately

18.5% protein, 52.8% carbohydrate and 27.7% fat.



During EXPER all PLA and ARG subjects underwent a
hypoenerqy diet with subjects taking either a placebo or
argqinine supplement twice daily. The arginine supplement
consisted of purified arginine HCL (Sigma Chemical Company?
in a gelatin capsule. The arginine supplement dose was
calculated to be 0.1 mg/kg body weight. Thus, for a 70 kg
male the dose would be 7 mg twice a day. As recommended by
supplement companies, one dose was consumed in the morning
after an overnight fast and another dose was consumed before
bed. The placebo was the same quantity (.1 mg/kg body
weight) of powdered casein (Sigma Chemical Company?) also in
a gelatin capsule. Thus, supplements provided equal amounts
of nitrogen to the entire diet.

Subjects in the PLA and ARG collected 24 hour urine
specimens commencing the first day of EXPER with the
collection of the second voiding of the day. Urine
collections continued through the entire EXPER with the
first voiding of day 18 being the final specimen collected.
Urine was collected in 1 liter polyethyline bottles
containing 2 ml of S50% HC1 as a preservative. The 24 hour
collections began with the second voiding of the respective
day and ended with (and included) the first vaoiding of the
following day. Daily urine samples were collected each
morning when the subjects reported for their daily weigh-ins

as well as to collect their diets for the day.



For each subject, urine wvolume was measured and
recorded for each day's sample and a 150 ml sample was
frozen for later analysis of nitrogen excretion. A separate
aliquocte from each day’'s sample was utilized for the
analysis of urine creatinine.

Nitrogen consumpt ion was calculated using the
manufacturers values in the Exceed nutritional beverage,
nonfat milk and supplements (arginine HCl or casein). Fecal
nitrogen was estimated from the digestibility estimates for
Exceed (Ross Laboratories)——94.2% digested, 5.8%4 lost in
feces. Dermal and sweat loss was also estimated at 8 mg
N/kasd (WHO, 1385). Total urine nitrogen was determined by
the Department of Human Nutriticn and Foods Lab, VA Tech,
utilizing a Buchi Kjeldahl Nitrogen Analyzing System in
duplicate (Calloway, 13971).

The difference between nitrogen consumpt ion and
nitrogen excretion determined the nitrogen balance for each
24 hour period during EXPER. Urine wvolume and urine
creatinine were measured as indices of the completeness of
the daily wurine collections (Marable, 1979). Ur ine
creatinine was assayed in duplicate using Sigma Diagnostics
Frocedure No. 558.

Muscle function tests were performed two days prior to
MAINT, on day & of MAINT and on day 9 of EXPER. Hydrostatic

weighing was performed on day & of MAINT and on day 3 of
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EXFER. Subjects from the PFPLA and ARG participated in
hydrostatic weighing whereas all three groups (PLA, ARG, and
CONY participated in muscle function testing.

Prior to MAINT, subjects were required to submit a
volume recall of their uwsuwal training regimen for a week
fram which a standard weight training protocol was
determined for all subjects. Each subject was given a
written description of their exercise prescription after
each subjects repetiticon maximum (1EM) was determined for
each 1lift using either a true maximum or a predicted maximum
from a submaximal lift of five repetitions (see sample in
Appendix B). Each subject was given exercise logs to keep
track of their workouts.

The resistance weight training program was the same for
all 1B subjects. This program was controlled for volume
(i.e., sets x repetitions x lcad) and was followed during
MAINT as well as EXPER (see Appendix C for analysis data in
regards to Volume). The training sessions lasted
approximately one hour a day and were performed on a & day
an 1 day off vrotation. The following protocol was
prescribed and followed:

Day 1: back/biceps/abdominals
Day 2: chest/triceps/abdominals

Day 3: legs/shoulders/abdominals



112

This three day rotation was then repeated with a day of rest
allowed on day 7. This entire cycle was then repeated
during EXPER. Three to five sets (number of sets were
dependent upon what exercise was being performed) of 8 - 10
repetitions at 70 - 834 1 EM were performed each exercise
session (see sample in Appendix B). Since the number of
participants and the limitation of University Gym facilities
made it difficult to work all subjects at the same time,
participants were encouraged to work with a partner to
monitor one ancothers compliance to the exercise protocol.
Also, researchers involved in the study monitored these
wor kouts as well.

Percent body fat (ALBF) was calculated by hydrostatic
weighing. A metal tank filled with water, containing a
chair suspended from one load cell, was used for the
procedure to determine body density (BD)., The load cell was
connected toc an amplifier which connected to an analog to
digital converter within an Apple IIE computer. The system
was apprapriately calibrated prior to each test using a 10.8
kg weight suspended from the locad cell as well as by
weighing ©O weight. Water temperature was recorded prior to
each test. After being weighed in air, the subjects were
instructed to enter the tank and remxve air bubbles from
their bathing suits and hair. In a sitting position, after

expelling as much air as possible and with nose clips in
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place, subjects bent forward so as to totally immerse their
bodies in the water. When no air bubbles c-ould be seen, a
reading was achieved on the Apple IIE computer. Eight
trials were conducted and the three highest values were
averaged and used to determine underwater weight (pounds).
This number was divided by 2.2 kg/lb and the resulting
rnumber was used as the underwater weight. Body density was
calculated using the equation by Keys and Brozek (1953) and
ZBF was determined from the 8Siri equation (1961) where
(4.95/BD - 4,30)X100 was equal to %UBF.

Residual 1lung volume (ELV) was determined using the
oxygen—dilution nitrogen equilibration method by Wilmare et
al. (1980) An evacuated 5 liter anaesthesia bag was filled
with 100% oxygen to 854 of the subject’s vital capacity.
One end aof the bag was clamped shut and the open end was
fitted with a 3 way valve. A mouthpiece was attached tao the
valve. Sub.jects assumed a sitting position and a naseclip
was placed on the nose. The mouthpiece was positioned in
the mouth and subjects were instructed to breath at a rate
of 1 breath every 2 seconds. After 2 minutes of normal
breathing, with the valve open to room air, the subjects
were instructed to exhale as much air as possible. When
this was completed the valve was opened to the bag (100%
oxygen) and 5 - 7 breaths were taken at the rate of 1 breath

every 2 seconds. A maximal exhalation was made again after
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the S5 - 7 breaths and the valve was turned back to room air.
The ncose clips and mouthpiece were removed and the contents
of the bag were analyzed for oxygen and carbon dioxide
concentrations with the Applied Electrochemistry (Model
numbers 5S-3A, CD-3A) gas analyzers. Fesidual volume was
calculated using the equation RLVY=V02Z X (b—-a)/(c—d)» where
ELV=Residual 1lung volume; VO2Z=volume of oxygen in bag at
beginning of test; a=%nitrogen impurity of eariginal 0Z;
b=%nitrogen in the mixed air in the bag at point of
equilibrium C(100%4—-C(A02+%4C02»; c=%nitrogen in the alveclar
air at the beginning of the test (assumed to be 80.0%4); and
d=%nitvrogen in alveclar air during the last maximal breath
tassumed to be 0.2% nitrogen higher than the equilibrium %
i.e. b+0.2% nitrogen).

Muscle function tests of elbow flexion and knee
extension were performed at three different times on the
Cybex II isokinetic machine which was appropriately
calibrated according to manufacturers suggestion, prior to
each testing day. The sequence of testing for the first
muscle function tests was randomly assigned with subsequent
test sequence being controlled. Testing occurred two days
pricr to MAINT, once on day & (MAINT)? and on day 9 (EXPER),
All subjects received proper orientation prior to any
testing. All tests were performed utilizing the subjects

preferred limb. Two measurements to determine muscle
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function were performed during each test session for both
elbow flexion and knee extension. The first was a torque
test of dynamic strength measured in foot  pounds to
determine peak maximum torgue as measured by the Cybex Data
Reduction Computer (CDRC)Y. An angular velocity of 60%/sec
and a 8§ maximum contraction sample was utilized for both the
elbow and knee. The second test was a work test of dynamic
muscle endurance. This endurance test consisted of 320
maximum dynamic repetitions exerted at an angular velocity
of 120%/sec for elbow and 180%/sec for the knee. During
pilot studies 30 repetitions was determined to be sufficient
to induce a S50% fatigue value at the prescribed speeds. The
angular velocity of 120%/sec. was found alsc during pilot
work, to closely match the speed of a normal preachers curl.
The 180%/sec. angular velocity was utilized for knee
extension due to its frequent use by other researchers so as
ta provide a means of comparison. Endurance was determined
fram an endurance ratio which was calculated from the area
under the torque curve during the last five contractions
divided by that area under the curve during the first five
contractions. As’ in the test for peak torque, calculations
for endurance determination were obtained from the CDRC.

Both tests were conducted during the same session for
each subject after an appropriate warm—up as follows:

1. 3 minutes on cycle ergometer
2. 4 submaximal contractions at appropriate
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test speed

3. 30 seconds rest

4. 2 maximal contractions at appropriate test
speed

S. 1 minute rest

6. First Test

7. 1 minute rest

8. Second test
Pricr to the initial test, the subjects were familiarized
with the positions and movements required. Consistent
verbal encouragement was given for all tests. Again, during
pilot studies the method of wverbal encouragement utilized
had been practiced by this experimenter to ensure the
maintenance of consistency.

During the elbow flexion tests, subjects were seated
before a mock "preachers bench" designed to allow for 45°
shoulder flexion. This bench was attached to the UBXT by a
universal adaptor positioned in tube #4 of UBXT. The UBXT
backrest was down flat with the seat in the highest
position. A rotating hand grip was attached to the shoulder
extension accessory bar which was inserted into the input
shaft of the dynamometer. The hand was supinated and
subjects were instructed to keep the wrist locked. The
rotational axis of the elbow joint was aligned with the
input shaft of the dynamometer.

Each subject sat with a straight back such that the
bench fit snugly under the subjects armpit and the upper arm
was maintained and stabilized against the bench via a velcro

strap. To prevent inter ference from the contralateral limb
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as well as to maintain shoulder alignment subjects were
instructed to cross the contralateral arm across the bench
with the contralateral hand resting on the shoulder of the
working side. Subjects were instructed to remain seated and
to maintain both feet flat on the floor throughout the test.

A damp setting of 1 and chart speed of 25 mm/sec was
utilized for elbow flexion. All elbow tests were started in
full flexion as suggested by Cybex II protocols with
anatomical 9] determined from full elbow extension.
Measurements for height of bar, dynamometer, hand grip and
preachers bench were recorded and maintained for all trials.

Procedures to test knee extension were closely matched
to those used for elbow flexion. The subject was seated on
the appropriate S-H-D table of Cybex II isckinetic system.
The subjects were moved back on the seat as far as possible
to allow the heel of the working limb to touch the padded
table leg while keeping the seat resting posterior of the
knee. When necessary back pads were provided for sclid back
support. The shin pad was placed praximal to the malleoli
belcow the bulk of calf musculature., Vertical and horizontal
alignment was made between the knee axis of rotation and the
dynamometer. A thigh stabilization strap, torso
stabilization strap and pelvic stabilization strap were
utilized for each subject. Subjects held to the sides of

the table during all tests. Anatomical zera was set with
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the knee fully extended and locked. Test starting position
was with the knee flexed and the heel in contact with the
padded table leq. Subjects were instructed to make heel
contact at the end of each stage of knee flexion.

The length of the 1long input adapter with adJjusting
arm, position of dynamomefer in relation to knee axis, and
use of pads were all recorded for duplication purposes in
all tests. Consistent verbal encouragement was given to all
subjects to give a maximal effort during all trials.

Research Design and Statistical Procedures

The experimental design was a two-way factorial design
for all tests except for muscle function which utilized a
three-way factorial design. All dependent measures were
analyzed by repeated measures analysis of variance (ANOVA),
with the alpha level set apriori at 0.05. A test of the
simple main effects was conducted to determine where
significance occurred when a significant group x time

interaction was identified.
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FERSONAL DATA SHEET

LAST NAME FIRST NAME MI
DATE OF BIRTH AGE So#

ADDRESS CITY,STATE ZIF

HOME FHONE WETEHT THEIGHT
FHYSICIAN ADDRESS FHONE#

DATE OF LABT FPHYSICZAL EXAM

In Case of Emergency, call:

NAME RELATIONSHIF FHONE#

Are you a VYa Tech Student? I1f yes, please indicate

your class schedule for July 19390:

Are you presently working? If yes, please

indicate:

Flace of employment:

Fhone#:

Schedule:

Is there a time during the month of July when you plan to be

cout of town? When™
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DIET HISTORY

Have you taken steroids over the past six months?

I1f ves, are you currently taking sterocids?
Have you taken amino acid supplements over the past €

months? If yes, what type and how often

did you take them™

Are you presently using amino acid supplements™

Has your weight fluctuated more than a few pounds aver the

past vear?T Did you attempt to bring about

this weight change through diet and/or exercise?

Flease specify:

Do you presently follow a specific diet regimen?

I1f yes, please specify:

Do you have any food allergies that you are aware of?

If ves, please specify:

MEDICAL HISTORY
Have you ever been told you have one of the following:
High blood pressure High Cholesterol

Diabetes hypoglycemia
(low blood sugar?

Fidney problems Thyroid problems

Anemia Heart disease
Ear infections Allergies
Artericscleroccsis Heart murmur

Fheumatic Fever aneurysm
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If vyes to any of the above, please elaborate:

Have youw given blood in the past?

Do you have problems giving blood? Flease

explain:

Have you ever experienced dizziness, nausea or fainting when

working out® Flease explain:

Are you presently taking any form of medication™

(prescription as well as nonprescription)

If ves, please specify type and what it is for:

Have youw ever broken a bone? If yes, which

bonef(s) and when™

Have you ever incurred another form of injury (strain,
sprain, displacement, fluid retention, etc.) to
shoulders, elbows, wrists, hips, knees, ankles, etc.?

If vyes, please specify site and date:

Do you have any other condition that might limit you while

exercising?® Flease explain:
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EXERCISE HISTORY/HARITS

Are you currently weightlifting®

How long have you been weightlifting®

How many days per week do you 1ift?

What type of rotation schedule do you presently adhere to?

Where do you work out?

What type of eqgquipment do you usually use?

Do you engage in any other form of exercise™

Flease specify:

In the space provided belaow, please specify your present
schedule faor a week. Flease be as specific as possible.
This infarmaticon will help us to determine what volume you
have been lifting so that we can match, as closely as
possible, what you've been doing with what we need you to do
during the study periaod.

Type of Exercise No. Fepetitions Nz, Sets
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MAINTENANCE WEEEK
The FURFOSE of the Maintenance week is to:
1. Control your diet so that:
a. you don’t lose or gain body weight

b. everyone eats about the same amount of
carbohydrate, protein, and fat

2. Contral the exercise you do so that:

a. everyone is doling the same amount of exercise

We will prescribe a DIET and an EXERCISE program for you to
follow during this week.

MAINTENANCE DIET

The diet during this week is an "exchange system" diet. It
will probably not be much different from your normal diet.
"Exchange system" means that all foods are divided into &
categories. Rather than counting calories, you count the
number of exchanges to match them to your prescription.
This will insure the appropriate amount of fat,
carbohydrate, and protein.  Your prescription is based on
your body weight. However, if it is not encough food or too
much food I will alter it for you.  AGAIN, we would like it
to be enocugh food for you to maintain your body weight
during this week. Also, let me know if you have any other
questions or problems with it. During this week (and
through the rest =f the experiment) do not consume any
supplements unless we give them to you. You can consume as
much water and other noncaloric beverages (e.g., diet cokle,
etc.) as desired.

Everyone will start the Maintenance Diet on Monday July 9.
You should continue on this same diet through (including)d
Sunday July 13. FKeep track of the number of exchanges you
consume throughout the day on the notecards I give you sa
that we can check to see how close you come to your
prescription. I will collect these at the end of the weesk.
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YOUR DIET FRESCRIFTION IS:

meat milk
bread fruit
vegetable fat

YOUR EXERCISE PRESCRIFTION IS:

Everyone will be lifting weights & days per weehk throughout
the rest of the experiment. Flease do not do ANY OTHEER
EXERCZISE during the rest of the experiment since this could
affect our results. An appointment will be made with you so
as t determine your 1REM for the 21 exercises that will be
utilized in your exercise vroutine. From this 1EM your
exercise prescription will be calculated. Evercises will be

prescribed at 70 - 83%4 of 1EM depending upon which exercise
is involved., FRepetitions are set at 8 - 10, and sets are
prescribed as 3 — 5 sets, also depending upon which exwprcise

is involved., You will receive a written prescription
detailing how much weight, how many repetitions and how many
sets are required for each evercise. Exercises are split
into 3 day rotations: back/biceps/abdominals,
chest/triceps/abdominals, legs/shoulders/abdominals. This
three day rotation will then be repeated. A day of rest is
then allowed before the rotation is begun again (low calorie
phase).

Everyone will start the Maintenance Exercise program on
Monday July 9.
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The following is an example of the maintenance diet:

Food Group Servings Calories/Serving Eeal /meal

EBreakfast

Fruit = 40 a0
Bread =1 &8 27z
Meat c 73 219
Milk 1 170 170
Fat =2 45 S0
Coffee/Tea As much as desired
Lunch
Fruit =2 40 80
Bread 4 &8 272
Meat 3 73 219
Milk 1 170 170
Fat 2 45 20
Coffee/Tea As much as desired
Faw veqg. As much as desired
Vegetables 1 36 36
Dinner
Fruit 2 40 80
Bread S &8 340
Meat 3 73 213
Milk 1 170 170
Fat 2 45 0
Coffee/Tea As much as desired
Faw veqg. As much as desired

Vegetables 1 36 26
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LOW CALORIE DIET

WHY? The purpose of the diet is to:

1. Control calorie intake to decrease your body
weight.

The diet will supply from about 1440 kcal/d to 2000
kcal/d depending on your body weight. Thus, it is not a
starvation diet. You can expect to lose about 2 pounds of
body fat. Your total weight loss (maybe up to 10 pounds)
will be greater because aof body water loss. You are likely
to quickly vegain most of the weight you lose on the diet
once the experiment is over.

e Control nutrient intake.

The amount =f protein, fat, and carbohydrate are
controlled in this diet. Everyone will be consuming about
18% protein, 524 carbohydrate, and 304 fat. It is VERY
IMFORTANT that you consume all the diet you are given and
that you DON'’T CONSUME ANY OTHER CALORIES.

Ok List
Water
diet soft drinks
coffee (no cream, artificial sweeteners only)

tea (artificial sweeteners only)
bowillon (1 cup per day)
sugarless gum (up to 3 sticks per day)

If you think there is something else that could be ockay to
eat during this week. . . check with me first!

The diet will be providing you with all the recommended
amounts of vitamins and minerals. 5o, don’t take any types
of supplements except for the ones we give you. FLEASE
DREINE LOTS OF WATER. . . AT LEAST & FULL GLASSES FER DAY AND
MORE IF YOU LIKE. Dieting can be dehydrating and you need
to drink lots of water. Consuming 1| cup of BOUILLON per day
i a good idea to give you added salt. This will probably
make you feel better since it helps to prevent dehydration
tdehydration will make you feel tired and dizzyod.

Expect to feel some fatigue on the diet but LET US KNOW IF
YOU EXPERIENCE ANY UNUSUAL SYMFTOMS. You also may
experience a change in your bowel habits due to the diet
change, this is normal.
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WHEN?Y

The controlled diet begins when you get up on Monday July 16
and continues through the end of the day on Wednesday July
25.

WHAT is the diet™

Your daily diet consists of:

The diet is better cold so put it in the rvefrigerator.  You
could also heat it in the microwave before consuming it if
you want. We have three flavors of the EXCEED: strawbervy,
vanilla, chocolate. We will try to give you your choice.

WHEN do I take the supplement?

You should take one full dose of your supplement when you
first get up in the MORNING before you eat anything and
ancther dose in the EVENING before you go to bed.

The supplement dose is based on your body weight.

YOUR DOSE IS:
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Content of Hypocaloric Diets

£33 kg Weight Class:

Exceed Milk Carbohydrate Total
4 cans
kcoal 1440 1440
Frotein &0 &0
Carbohydrate 188 188
Fat 48 48
70 kg Weight Class:
Evceed Milk Carbohydrate Total
4 cang 24.0 g
keal 1440 120 1860
Frotein &0 1z 72
Carbohydrate 188 18 206
Fat 48 48
75 kKg Weight Class
Ex-eed Milk Carbohydrate Tt al
4 cans 42,6 g 15.4 g
kcal 1440 150 &0 1650
Frotein &0 15 75
Carbohydrate 188 22.9 14,2 224.7
Fat 48 48
80 Kg Weight Class
Exceed Milk Carbohydrate Total
9 cans
k-al 1800 1800
Frotein 75 75
Carbochydrate 2329 235
Fat &0 &0
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85 kg Weight Class

Exceed Milk Carbohydrate Total
5 cans 28.4 g
kcal 1800 100 1900
Frotein 75 10 85
Carbohydrate 235 15 250
Fat &0 - &0
90 KEg Weight Class
Exceed Milk Carbohydrate Total
S cans 4.6 g
koal 1800 150 1350
Frotein 75 15 50
Carbohydrate 235 22.9 =235
Fat &0 &0
35 kg Weight Class
Exceed Milk Carbohydrate Total
S5 cans S6.7 g 15.4 g
kc-al 1800 225 &5 2030
Frotein 75 20 S5
Carbohydrate 235 30 15 280
Fat &0 &0
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Name: Time:

Date:

INSTRUCTIONS FOR TESTING
Flease report to the lab (Room 230, War Memorial Hall) at
the above designated time and date. You will be involved in
three different tests in the following order:

1) Cybex muscle functioning test,

2y skinfold measurement for the estimation of body fat,
and

3) hydrostatic weighing for the estimation of body fat.

Do not exercise prior to testing. Save your workout until
after.

Do not eat two hours prior to testing. Do not eat foods
that are known to be gaseous 24 hours prior to testing.

Do bring a bathing suit and towel.
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INSTRUCTIONS FOR CYBEX MEASUREMENTS

Report to lab (Gym 230) at assigned time and check in with
technician. Be sure to wear clothing that will allow free
movement of the knee and elbow.

If testing quad sit on lower extremity machine and if
testing biceps sit on chair in front of preachers bench.

Technician will adjust machine to proper poéition. Straps
will be tightened around body.

Two speeds will be used for testing of both quadracep and
biceps. A torque test will be administered first for each
limb tested. During the torque test, 60 deg/sec is the
speed utilized and 5 maximum repetitions will be analyzed.
Prior to the torque test a warm-up will be given. The warm-
up consists of five submaximal contractions followed by
three maximal contractions. An endurance test will be
administered immediately following the torque test for each
limb tested. During the endurance test, 120 deg/sec
(biceps) and 180 deg/sec (quad) will be utilized and the
subject will be required to perform 30 maximal efforts.
Prior to the performance of the endurance test you will be
requested to perform 5 submaximal contractions at the
specified endurance test speed and 3 maximal contractions.
You will be given one (1) minute rest between the endurance
warm—up and the endurance test.



INSTRUCTIONS FOR HYDROSTATIC WEIGHING

After skinfold testing you will be instructed as to where
hydrostatic weighing will occur within the lab.

Change into bathing suit and have technician record body
weight.

The technician will explain the procedures prior to the
underwater weighing.

Upon entering the tank you will be instructed to totally
immerse yourself in the water, removing air bubbles from
hair and suit.

You will be requested to wear a weight belt that will help
hold you down into the chair.

With head out of the water begin exhaling and submerging
until you are sitting in the chair with head totally
submerged.

Continue exhaling until air is completely out of lungs.
When the technician ¢can no longer see air bubbles escaping
the computer will be keyed to take a reading. Two seconds
later the technician will knock on the side of the tank
indicating that the trial is finished.

The procedure will be repeated 8 times.



Name:

II.

HYDROSTATIC
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WEIGHING WORKSHEET

Date:
Time:
Body Density:
Wt of subject in air (kgl
Wt of subject in water (1lb?
1. 5.
2 &.
3. 7.
<, 8.
Three highest wts:
y y
Average: (lbs)/2.2 = Average (kg)
Temp. of water Density of water
Ma
BRD =
Ma — Mw - (RV + 100ml)
Dw
BD =
“BF = 4. 95 - 4. X 100
ED

LEF

tMaj

tMw)

{Dw)
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Name: Date:
Time:

Fesidual Volume:
VO: im bag before rebreathing procedure Liters
a = % N2 impurity in 0Z rebreathing gas: % N2

b = %Z N2 in mixed air in bag at the point of
equilibriums: NZ

[x]
I

= % N2 in alveolar air at beginning of test:
80 % N2

d = % N2 in alveolar air during last maximal breath
tassumed to bhe 0.2% N2 + value of bd

BV = Vo2 X  (b-a)/(c-—-d)

BV = liters

Analyzer Data:

% 02: ' 7 C02:

ZON2 =1 — (402 + AC02) =

Valume of air in bag at end of rebreathing:
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INSTRUCTIONS FOR DAILY URINE COLLECTION

All uwrine voided during the experimental periocd (solution
diet phase) is to be collected and turned in.

You will be given twz to three caollection bottles each day.
Each bottle contains a small amount of hydrochloric acid.

2320

Collection bottles are to be turned in to the lab (Room
War Memorial Halll) each morning.

Daily collection will begin with the second (2nd) voiding of
the day and will end with, and include, the first (lst?
voiding of the next day.

All urine should be voided dirvrectly into the collection
bottle.

Fill one collection bottle before using another bottle.

Urine collection will begin with the second (2nd) voiding of
the first (lst) day of the experiment (July 16th) and will
end with, and include, the first (lst?) voiding of the
eleventh (11th) day (July Z&th).
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Name: Date:

Weight: Time:

Cybex Testing

Biceps:

Dominant Arm: Handgrip:

Long Inmput Adaptor Ext.: haoles

Universal Adaptor Extensicon: horizontal
vertical

Dyrnamometer Height: distance:

fuadraceps:

Dominant Leg:

Dynamometer Height: distance:

Shin Fad height: Seat cushions:
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INSTRUCTION SHEET FOR 1FEM DETERMINATION

The subject should warm up with one set of S - 10 reps
with something light (40% - €0% of perceived maximum).

After approximately a minute of rest and saome 1light
stretching, the subject should perform one set of 3 -
reps Wwith something a little heavier (60 - BO¥Y of
perceived maximum).

After ancther minute of rest and some additional
stretching, the subject should perform 3 — 4 1 rep
attempts spaced by 20 — 60 second rest with increments
of increasingly heavier weights.

The last successfully executed lift weight is recorded
as the individual’s 1 EM in that l1ift.

S



DATA FOR 1RM LIFTS

Subject:

SUPINE BENCH PRESS

INCLINE BENCH PRESS

FLAT BENCH FLIES

DIFS

CABLE PUSHDOWNS

TRICEF EXTENSIONS
(CURL EBARD

LAT PULLDOWNS

SEATED ROWS

BENTOVER DE ROWS

PREACHER CURL

DUMBELL CURLS

E-Z CURLS

HYPEREXTENSIONS

MILITARY PRESS

SIDE LATERAL RAISE

BENT OVER LATERAL RAISE

SHOULDER SHRUG

LEG EXTENSIONS

LEG PRESS

LES CURLS

CALF RAISES

_1RM

1RM
_1EM
~1EM
_ARM
1M
1FM
BW
1RM
1RM

_1RM

SEM

_iRM

1 EM

_1REM

SEM

Date:

75%

1REM



Back/biceps

Lat Fulldowns
Full-ups

Seated rows
Bentover DE rows
Freacher Curl
Dumbell curls
E-Z curls
hyperextensions
Crunches

Frnee up crunches

Chest /triceps

Supine Bench Fress
Incline Bench Fress

Decline Bench Fress

Flat Bench Flies
Dips
Cable Fushdowns

Tricep Extensions
(Curl ERar?

Crunches

Fnee up crunches
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EXERCISE FROTOCOL

Day 1
Weight
75%

_EW

75%
_75%
_75%
_75%
_75%

_EW

Day &
Weight

75%

Sets

&)
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Day 2
Legs/shoulders Weight Feps Sets
Leg extensions _B85% 8-10 .
l.eg press 85% 8-10 .
Leg curls _Z5% 8-10 .
Calf raises _75% 8-10 .
Military press _75% 8-10 Rt
Side lateral raise _75% g8-10 =
Bent over lateral raise 7S g-10 _ 3
Shoulder shrug _75% 8-10 3
Crunches =25+ =
Frnee up crunches 25+ =

Days 4, 5, and & are a repeat of the Days 1, 2, ¥ 2 cycle.
Day 7 is a rest day. The above cycle is then repeated for &
days and then anocther rest day. This cycling of the workout
will continue until the end of the study. It is important
that you follow this workout and document on the form
provided what you are doing. Flease do not do any
additional exercises other than those prescribed above.
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load ’,/" reps

set 11 set 2
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load /,//’ reps

Data:
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set 4! set (2
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. NAME:
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HLIMAN FERFORMANZE LARORATORY

Division of Health, FPhysical Education and Eecreation
Virginia Polytechnic Institute and Btate University

INFORMED CONSENT

I, y do hereby voluntarily agree
and consent to participate in a testing program conducted by
the persconnel of the Human Fer formance Laboratory of the
Divigsion of Health, Physical Education and FRecreation of
Virginia Folytechnic Institute and State University.

Title of Study:

The effect of oral amino acid supplementation of growth
hormone, body composition, and muscle function during energy
restriction in male weight lifters.

The purposes of this experiment include:

1) To determine the immediate effect of oral arginine

consumption on blood growth hormone concentration. 20 To
examine the effect of daily oral arginine supplementation on
agrowth hormone and body compoasition changes during 10 days

of calorie restriction.

I voluntarily agree to participate in this testing program.
It is my understanding that my participation will include:

During the first week you will be asked to maintain your
body weight and participate in a prescribed weight lifting
session & days per week. At the end of this week we will do
three tests: 1) body composition (underwater weighing), 20
muscle function (30 maximal repetitions on a Cybew I1
dynamometer), 3) acute response to amino acid Carginined
supplement. The latter test will include insertion of a
catheter, a slender flexible tube, intoc a forearm vein.
Thie will remain in place for the next 1 1/2 to 2 hours so
that & different blood samples can be sporadically removed.
Shortly after the initial insertion of the catheter, you
will consume a capsule containing an amino acid mixture.
You will remain seated during this entire procedure.

The next ten days will reguire you to consume a low calorie
Capproximately 1200 - 1800 kecal, depending on your body
weight) formula diet (a commercial product for athletes
called Exceed and skim milk), continue the prescribed weight
lifting routine (no other exercise activity), consume a
daily amino acid supplement and collect all urine daily (for
determination of body protein changes). The three above
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tests will be repeated at the end of the 10 day low calaorie
phase.

I understand that participation in this ewperiment may
produce certain discomforts and risks. These discomforts
and risks include:

12 Slight discomfort associated with placement of the
catheter.

20 Slight risks of infection or blood clot associated with
indwelling -catheter.

37 Temporary fatigue associated with the low calorie diet.

Certain personal benefits may be expected from participation
in this experiment. These include:

17 Determination of maximum muscle strength and muscle
endurance.

2 Analysis of body composition.

3 Weight reduction

41 Enowledge of your body’s response to amino acid

supplements.

Appropriate alternative procedures that might be
advantageous to you include:

I understand that any data of a personal nature will be held
confidential and will be used for research purposes only. I
also understand that these data may only be used when not
identifiable with me.

I understand that I may abstain from participation in any
part of the experiment or withdraw fraom the experiment
should I feel the activities might be injuricus to my
health. The experimenter may alsas terminate my
participaticon should he feel the activities might be
injuricus to my health.

I understand that it is my personal responsibility to advise
the researchers of any preexisting medical problem that may
affect my participation or of any medical problems that
might arise in the course of this experiment an that nao
medical treatment or compensation is available if injury is
suffered as a result of this research. A telephone is
available which would be used to call the local hospital for
emergency service.

I have read the above statements and have had the
cpportunity to ask gquestiaons., I understand that the
researchers will, at any time, answer my inguiries
concerning the procedures used in this experiment.
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Scientific inguiry is indispensable to the advancement of
knowledge. Your participation in this experiment provides

the investigator the opportunity to conduct meaningful
scientific observations designed to make significant
educational contribution.

If you would like to receive the results of this
investigation, please indicate this choice by marking in the
appropriate space provided below. A copy will then be
distributed toc you as soon as the results are made available
by the investigator. Thank you for making this important
contribution.

I request a copy of the results of this study.

Date Time a.m./p.m.

Farticipant Signature

Witness

HFL Fersonnel

Fraoject Director _Janet L. Walberg, Fh.D. Telephone Z21-£355

HFEFR Human Subjects Chairman Dr. Charles Baffi

Telephone_221-8284

Dr. Charles Waring, Chairman, Institutional Review Board for
Fesearch Involving Human Subjects. Fhone 361-5283.
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e

. Submitiad o

Charles Baff{

Chairman, Qivisicn Human Sunjects ComaiToae ang/ar
Chair=an, Institutional Revier Baard

by

Janet L. Waiberg, Ph.D.
Principal laovestigatsr

.

TITLE: The effect of oral arginine supplementation on growth hormone, body compasition,
and muscle function during energy restriction in male weight lifters.

BACKCROWNO/SCIEATIFIC JUSTIFICATION :Manv_athletes todav. particularlv weight trainina

athletes, are taking amino acid suoplements. C(Claims are made by the manufacturers that
these supplements stimulate the release of growth hormone which will subsaquently reduce

fat mass and increase muscle mass. These claims are based on tests of intraveneous amino

acid administration (from research on burn and"trauma catients) and thus mav not aoolv to
oral consumotion. Since various diet and exercise factors influence growth hormone, a

studv testing thase suoplements must control both of these factors to isolate the effect
of the amino acid.

SEGSTIS) :

=0S21

The ourooses of this studv are: 1) To determine the acute effact of oral
arginine consumotion on blood arowth hormone concentration. 2) To examine the effect of
daily oral arginine sucoiementation on arowth hormone and body compositian changes during
10 days of eneray restriction.

EPRIMEITAL METSCES & PRCCITTURSS: Sixteen male weiaht lifters will participvate in a

"maintenance weaek" when thev will be asked to maintain their bodv weight and begin a weight
training program orescribed bv the experimentors. At the end of this week the subjects

will underco thres tests: bodv composition (hvdrostatic weighing). muscle performance

and acute resognse to arginine sypoplement. The latter test will include insertion of a
cathetar (kent patesnt with henarin), removal of two 5 ml samples of blood prior to con-

syrotion of the sypnlemant .  consymotion of 1 am of arginine or olacebo (casein). and 4
more 5 ml samoles of blood over the subsequent hour. The muscle performance test will

consist of 30 maximal contractions on a Cvbex Il dvnamometer, (Continued on attached page)

STATTHEIT DESTRIZING LEVE. QF RISK TO SUSJETTI: Risks associated with this studv
includa: 1) <light diccamfnrt accociated with olacement of the cathetar. 2) slight risk

of infection and blood clot formation associated with the oresence of an indwelling
catheter, 3} fat1gue associated w1th a low calor1e diet.- Note that the arginine suppliement

At thie dose 1s not consideraed a Pﬁek ‘Arginine is considpra £ 2 X 1 f

the amino acids. Others have fed arginine in 30 g daily quantities without avidence of
.negativg side effects.
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PRGCZIURSS TO MINIMIZE SUBJEST RISK (IF APPLICABLE): An exoerienced phlebotomist will
do_the catheter insertion and conduct the entire blood drawina orocedure. The ohlebot-
omist will use gloves when handling blood samples. The heparin solution used in the

cathetar will decrease risk of clot formation. The subiects will be seen dailv dyring

the low calorie phase (when thav bring urine collection) and will be questioned concern-

ing any discomfort ‘or unusual svmotoms associated with the low calorie diet.

RISK/SENESTT RATIO (IF RISK PRCJECT): These athletes will have the benefit of having
their body comoosition. and muscle strength analvzed as well as determining their bodv's
metabolic reaction to arainine suoolementation. The risk of blood collection is
minimized_since an experienced ohlebotomist will administer the test,

EXPERIMENTAL METHODS & PROCEDURES (cont.):

The subjects will at this paint be assigned to one of two groups:
arginine or placebo. Both groups will consume the same contrglled
hypoenergy formula diet (3 cans Exceed, Ross Laboratories, and 3 cups
skim milk) for the next 10 days (19kcal/kg/d, 1.0 g protein/kd/d).

ATl will be given a suoplement containing 100% of the RDA for vitamins.
Prescribed weight 1ifting sessions will continue for all athletes as
during the first week. Each subject will consume either the 1 gram
placebo or- arginine supplement daily. A1l subjects will also collect
their urine to be turned into the experimentors daily (for measurement
" of body protein loss). The thres previously listed tasts will be
_ administered for'a second time at the end of the hypoenergy phase.
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Summary ANOVA for Body Weight (Kg) During EXFER

Scurce 88
Group 23.82
Error 1 538.20
Day 24.04
Interaction

(Day % Group) 0.0004
Ervror 2 7.45

*F .05, 10, 10 = 2.98

df MS E
1 23.52 0.44
10 53.82

10 24.04 2. 29%
i 0. 0004 0.00

10 0.75

Summary ANOVA for Percent Body Fat During EXFER

Source 85
Group 23.52
Errar 1 538. 20
Day 24,04
Interaction

(Day % Group) 4.1670%
Error 2 7.45

* .05, 1, 10 = 4,36

Summary ANOVA for Fat

Source gss
Sr oup 1.41
Error 1 1082.45
Day 0.249
Interaction

(Day x Group? 0.17

Errar 2 8.90

df MS E
1 23,52 0. 44
10 53.82
1 4. 04 32,29
1 4.16704 0. 00
10 0.75

Free Mass During EXPER

df MS F
1 1.41 0.01
10 108.25
1 0.24 Q.27
1 0.17 .19
10 0.89



Summary ANOVA for Body Weight Change
For Three Groups

Scurce =1=] df MS F

Gr oup 705,22 o 352.61 1.47
Error 1 3587.39 15 239. 16

Day 47.95 z 23.97 50, 25%*
Interaction

(Day % Group) 25.76 4 6. 44 13.50%%*
Error 2 14.31 30 0.48

*This analysis utilized body weight at MAINT Day -2, MAINT
Day & and EXPER Day 9.

**F .05, 2, 30 = 3.32
*%¥F .05, 4, 30 = 2.69



Cumulative Nitrogen Ralance During
Two—-Sample T-Test Results

Ma/Ka/10 days:

G/10 days:

Erou

ARG
PLA

ARG
PLA

Mean

EXPEF

Prob

0.07
0.07

0.08
0.08
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Summary ANOVA for Nitrogen Balance During EXFER
(mg/kg body weight/d)

Saurce =11 af MS £
Eroup 32371.3 1 32971.3 4.1
Error 1 80419.54 10 8041.95
Day 17422.8%3 9 1935.88 1.87
Interaction
(Day x Group) 12803.65 9 1422.63 1.37
Error 2 Y3262, 41 30 1036. 25

Summary ANOVA for Urinary Creatinine During EXFER

tmg/kg body weight/d?

Source 88 df MS E
Graoup 24.75 1 24.75 0.20
Error 1 1265.72 10 126.57
Day 196.21 9 21.80 1.04
Interacation
(Day x Group) 341.03 9 37.89 1.81

Error 2 1888. 66 90 20.99



Summary ANOVA

Scurce

Eroup

Error 1

Day
Interaction
(Day x Group)?
Ervror 2

*F .05, 1,

Summary of Simple Main Effects for
Urinary Nitrogen/Urinary Creatinine Ratio

Scurce

Day
Day at Group
Day at Group
Gy cup
Group at Day
Group at Day
Group at Day
Group at Day
Group at Day
Group at Day
Group at Day
Group at Day
Group at Day
Sroup at Day
Error

*r .05, 9, 90
**F 05, 1, 90

Ratico During EXFER
(mg/kg body weight/d)

10
**F .05, 9, 30

N o

glﬂm\lmﬂl&wMH

L

88 df MsS
46.63 1 46.6
45.30 10 4.5
24.52 E] 2.7
29.66 9 3.2

137.94 90 1.5
4.96
2. 06

58 df MS
29.55 9 3.28
24.61 9 2.73

0.04 1 0.04
0.50 1 0.50
1.87 1 1.87
23.46 1 23.46
7.32 1 7.32
9.79 1 9,79
21.28 1 21.79
3.70 1 3.70
7.79 1 7.79
0.54 1 0.54
137.94 90 1.53
2.0
3. .36

for Total Urinary Nitrogen/Urinary Creatinine

(mg/ka/d)

E

o.14%
1.79

0.03
0.33
1.22

15.33%*
4,78%*
6.a0%*

13.91%*
2.42
5. 09%*

0.35
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Summary ANOVA Tables for Peak Torque (ft.lbs.)

Elbow Flexion (609

Socurce =151 df MS E
Gr oup 266.27 2 133.136 1.20
Error 1 1659. 16 15 110.861
Day 106.04 2 53.02 3.41%
Interaction
(Day x Group) 133.36 4 33.49 2.16
Error 2 465.99 30 15.53
*F 0,05, 2, 30 = 3.32

kKnee Extension (609)
Source ss df MS F
Group 92.03 2 46. 02 0.04
Error 1 16291.31 15 10B6. 09
Day 1901.44 2 950.72 7.36%
Interaction
(Day % Group?) 838.56 4 209.64 1.62
Ervror 2 2875.99 30 129.2

*r .05, 2, 30 = 3.32
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Summary ANOVA Tables For Muscle Endurance (%)

Elbow Flexion (120%)

Source =35 df MS
Group 13.00 2 &.50
Error 1 4060. 33 15 270.69
Day 351.00 2 175.50
Interacticon

(Day % Group) 37.67 4 24,42
Error 2 1274.00 30 42.47

*r .05, 2, 30 = 3.32

Knee Extension (1809
Source : =1=] daf MS
GEroup 41.37 2 20.69
Ervror 1 1930.0€6 1S 128.67
Day 70.26 2 35.13
Interaction
tDay x Group) 136.63 4 34.16

Error 2 765.11 30 25.50
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Summary ANOVA for Exercise Volumes
4 Three Day Cycles Utilized For Comparison

Source t=t=] df MS
Group 1.66E03 2 8. 28E08
Ervror 1 1.53E10 14 1.09E09
Day €. 18E0Q7 3 2. 06E0Q7
Interaction

(Day x Group) 6. 86E07 & 1.14E07

Error 2 4.67E08 42 1.11E07
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Wilcoxon Signed Ranks Test For Three Groups
Initial Body Weight (kg

Test Direction z—value Frobxizi
ARGECPLA -0.52 Q.60
ARG CON 1.18 0.25
PLA<CON 1.15 0.25

Wilcoxon Signed Ranks Test For Three Groups
Initial Elbow Flexion Feak Torque (60%)

Test Direction z—-value Prab )
ARG<FLA -0.94 0.35
FLA<CON -1.21 0.23
ARG CON -1.57 0.12

Wilcoxon Signed Ranks Test For Three Groups
Initial Elbow Flexion Endurance (1209

Test Direction z—-value Probxiz |
ARG FPLA 0.11 0.92
FPLACON ~-0.11 0.92

ARGIFLA 0.11 0.92
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Wilcovon Signed Ranks Test For Three Groups
Initial Enee Extension Peak Torque (607

Test Direction z—-value Probxiz)
ARG<FLA -0, 34 0.39
PLA-CON -0.11 0.392
ARG CON -0.73 0.46

Wilcoxon Signed Ranks Test For Three Groups
Initial Knee Extension Endurance (180%)

Test Direction z-value Prob>iz}
ARGCFLA -0.55 0.58
PLA<CON 0.31 0.75

ARG<CON 0.73 0.46
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RAW DATA FOR
PERCENT BODY FAT

SUBJ GROUP PRETEST POST TEST
1 ARG 14.8 11.7
2 ARG 8.9 8.5
3 ARG 18.3 18.3
4 ARG 21.6 18.8
S ARG 4.7 2.5
6 ARG 7.0 3.4
7 PLA 9.7 7.9
8 PLA 9.4 8.2
9 PLA 11.7 9.6
10 PLA 11.8 8.8
11 PLA 13.9 12.9
12 PLA 7.1 3.8

RAW DATA FOR
LEAN BODY MASS

SuUBJ GROUP PRETEST POST TEST
1 ARG 63.5 63.4
2 ARG 70.3 67.1
3 ARG 64.3 62.4
4 ARG 69.4 69.8
S ARG 75.8 76.9
6 ARG 75.2 76.6
7 PLA 78.6 78.1
8 PLA 71.6 71.0
9 PLA 56.3 56.93
10 PLA 66.4 67.0
11 PLA 80.4 80.0
12 PLA 67.1 67.5

ARG = ARGININE
PLA = PLACEBO
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RAW DATA FOR BODY WEIGHTS
DURING MAINTENANCE AND END OF EXPERIMENTAL

SUBJECT GROUP PRE MAINT END MAINT END EXPER

1 ARG 74.5 73.6 72.0
2 ARG 76.8 77.0 72.4
3 ARG 79.4 79.8 75.7
4 ARG 89.7 90.0 85.8
S ARG 80.2 80.0 78.2
6 ARG 80.7 81.8 78.7
7 PLA 86.3 87.2 84.5
8 PLA 79.6 79.8 76.6
9 PLA 64.6 66.5 62.1
10 PLA 75.3 75.4 74.2
11 PLA 93.2 94.5 91.1
12 PLA 73.0 73.4 69.0
13 CON 78.2 79.0 78.2
i4 CON 107.7 106.4 106.4
15 CON 80.9 80.9 81.8
16 CON 81.8 81.8 80.5
17 CON 84.1 83.6 84.5
18 CON 85.5 85.9 86.4
ARG Arginine

PLA = Placebo
CON = Control
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Faw Data For Cumulative Nitrogen Balance During EXPER
{(mg/kg/10 days)

SUBJECT GROUFP JTOTALS
1 ARG 71.51
2 ARG 63.91
3 ARG 23426
4 ARG 288.69
S ARG - 69.62
& ARG -404 . 68
7 FLA 240.29
8 PLA 93.18
E FLA 728.31

10 PLA - 62.43
11 FLA 725.80
1z PLA 237.94

Faw Data For Cumulative Nitrogen Balance During EXFER
(g/10 days)?

SURJECT GROUF TOTALS
1 ARG Se20
2 ARG 4.72
3 ARG 1.88
4 ARG 24.95
S ARG - 5.56
e ARG -32.28
7 FLA 20.49
8 PLA 7.06
| FLA 45.75

10 PLA - 4.64
11 FLA 66.57

12 FLA 16.68



MUSCLE FUNCTION:

SUBJECT GROUP
1 ARG
2 ARG
3 ARG
4 ARG
5 ARG
6 ARG
7 PL.A
8 PLA
9 PLA
10 PLA
11 PLA
12 PLA
13 CON
14 CON
15 CON
16 CON
17 CON
18 CON

ARG = ARGININ
PLA = PLACEBO
CON = CONTROL

E
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RAW DATA FOR

ELBOW FLEXION 60 DEGREES

PRE MAINT
42
44
39
52
52
66
S4
48
33
52
36
46
34
46
44
44
36
33

END MAINT
40
54
40
44
53
48
47
46
35
53
42
52
38
42
44
44
38
42

END EXPER
32
36
38
39
49
52
46
39
36
50
36
52
38
44
42
47
36
36



MUSCLE FUNCTION:

SUBJECT GROUP
1 ARG
2 ARG
3 ARG
4 ARG
S ARG
& ARG
7 PLA
8 PLA
9 PLA
10 PLA
11 PLA
12 PLA
13 CON
i4 CON
15 CON
16 CON
17 CON
18 CON

ARG = ARGININ
PLA = PLACEBO
CON = CONTROL

E
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RAW DATA FOR

ELBOW FLEXION 120 DEGREES

PRE MAINT
39
45
44
35
28
50
27
42
57
46
44
41
36
40
35
48
49
35

END MAINT
43
o1
46
45
23
20
33
35
63
49
40
47
36
40
38
45
54
30

END EXPER
45
48
48
69
31
49
12
53
59
42
50
S3
37
o1
54
49
64
33



MUSCLE FUNCTION:

SUBJECT GROUP
1 ARG
2 ARG
3 ARG
4 ARG
S5 ARG
&6 ARG
7 PLA
8 PLA
9 PLA
10 PLA
11 PLA
12 PLA
13 CON
14 CON
15 CON
i6é CON
17 CON
18 CON

ARG = ARGININ
PLA = PLACEBO
CON = CONTROL

E
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RAW DATA FOR

KNEE EXTENSION 60 DEGREES

PRE MAINT
176
205
162
164
194
210
175
176
143
159
227
196
179
153
194
167
139
193

END MAINT
167
194
160
161
185
188
205
185
133
165
201
180
176
174
196
167
137
195

END EXPER
157
173
155
140
188
168
171
171
131
175
162
156
180
148
181
176
147
188



SUBJECT GROUP
1 ARG
2 ARG
3 ARG
4 ARG
5 ARG
& ARG
7 PL.A
8 PLA
9 PLA
10 PLA
11 PLA
12 PLA
13 CON
14 CON
15 CON
16 CON
17 CON
18 CON
ARG = ARGININE

MUSCLE FUNCTION:

PLA = PLACEBO

CON

CONTROL

176

RAW DATA FOR

KNEE EXTENSION 180 DEGREES

PRE MAINT
49
43
54
56
50
47
60
43
57
45
37
47
56
51
35
64
53
45

END MAINT
47
51
38
60
46
39
56
45
48
52
36
51
47
55
44
52
40
37

END EXPER
42
43
40
S53
45
oS4
65
43
57
oS4
38
60
45
o8
43
51
49
41
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Raw Data For Weight Lifting Volumes
(Pounds lifted # repetitions)

SUBJECT* GROUF CYCLE 1 CYCLE 2 CYCLE 3 CYCLE4
1 ARG 95500 913395 F6060 96425
2 ARG 59375 61455 60230 61120
3 ARG 127120 127440 125365 123630
4 ARG 68315 76240 743905 763950
S ARG 71865 70835 77532 74260
= FPLA 92030 91540 95430 98500
7 FLA 65165 65265 65323 64162
8 PLA 82640 BEEZ 73480 71005
9 FLA 74235 73260 73580 20395

10 FLA 63225 64330 &e5670 62325
11 PLA 81630 81180 83370 77320
2 CON 61417 65480 £8480 66305
13 C:ON 61235 63395 71065 62678
14 CON 69840 77065 71350 74670
15 CON 83610 Q2270 92600 33800
16 CON 74330 74485 76552 78045
17 CON 75365 75010 81915 72330

Cycles indicate three day totals (Day 1 Back/Biceps + Day
2 Chest/Triceps + Day 3 Legs/Shoulders).
#0One subject data not available for analysis.



Subject

SET 1
1500
1600

950
735
350
420
TOTAL

SET 1
1640
1360
1640

400

810

800
TOTAL

SET 1
1120
200
200
700
2920
450
840
1200

TOTAL

178

SubJject Sample of Daily Weightlifting Volumes

9

SET 2
1500
1600

800
950
950
420

SET 2
1640
1360
1230

400
700
800

SET 2
950
200
200
700

2920
450
960

1400

CYCLE 1 TOTAL:

7/3/30

SET 3
1500
1600

800
760
950
420

7710730

SET 3
1640
1280
1560

400
€40
760

7/11/30

SET 3
1120
200
200
700
2920
450
1080
1600

BICEFS

SET 4
1500
1600

CHEST

SET 4
1640
1240
1480

LEGS

SET 4
1120

SET S
1500

SET S
1640

SET S
920

AVE
1500.00
1600, 00

850. 00
815.00
I50.00
420.00
1022.50

AVE
1640, 00
1210.00
1477.50

400.00
716.67
78€.67
1055. 14

AVE
1046.00
200.00
200.00
700.00
2920.00
450. 00
960.00
1400, 00
984 . 50

TOTVOL
7800
6400
2530
2445
2850
1260

23005

TOTVOL
8200
9240
53910
1200
2150
2360

23060

TOTVOL
523
600
600
2100
8760
1800
2880
4200

26170

74235



SET 1
1500
800
1600
3950
950
350
TOTAL

SET 1
1640
1360
1200

400

300

720
TOTAL

SET 1
950
200
200
700
2960
450
1600
840
TOTAL

SET 2
1500
800
1600
850
950
350

SET 2
1640
1360
1520

400
900
720

SET 2
1120
200
200
700
2960
4350
1600
960

Cycle 2 TOTAL:

7/712/90

SET 3
1500
800
1600
850
950
350

7/13/390

SET 3
1640
1360
1330

400
300
720

7714730

SET 3
1120
200
200
700
2960
450
1600
1080

179

BICEFS

SET 4
1500

1600

CHEST

SET 4
1640
1360
1140

LEGS

SET 4
1120

SET S
1640

SET S

AVE
1500.00
800.00
1600. 00
883.33
950. 00
350. 00
1013.89

AVE
1640.00
1360.00
1297.50

400. 00
900.00
720.00
1052.92

AVE
1077.90
200.00
200.00
700.00
2960. 00
450,00
1600. 00
360.00
1018.44

TOTVOL
7500
2400
6400
2650
=850
1050

22850

TOTVOL
8200
5440
5190
1200
2700
2160

248390

TOTVOL
4310
600
600
2100
8880
1350
4800
2880

25520

73260



SET 1
1300
1000

800
300
350
950
TOTAL

SET 1
1680
1360
1560

480

810

760
TOTAL

SET 1
1120
250
200
840
3240
540
1680
720
TOTAL

SET 2
1500
1750

800
300
250
950

SET 2
1680
1360
1365
480

810
760

SET 2
1120
250
200
840
2920
340
1920
840

CYCLE 3 TOTAL:

7/16/30

SET 3
1300
1750

800
850
350
350

7/17/30

SET 3
1470
13260
1365

480
810
760

7/18/90

SET 3
840
2295
200
840

2920
540
2160
960

180

BICEFS
SET 4

1500
1750

CHEST
SET 4
1670
1130
1330

LEGS

SET 4

SET &
1500

S

= [T
£~

ma

SET S

AVIS
1500.00
1562.30

800.00
883.33
350.00
950. 00
1007 .64

AVE
1587.00
1217.50
1405. 00

480. 00
810.00
760.00
1083.92

AVE
1026.67
241.67
200.00
840.00
3026.67
540.00
1320.00
840.00
1079.38

TOTVOL
7500
6250
2400
2650
1080
2850

22700

TOTVOL
7935
S270
5620
1440
2430
2280

24375

TOTVOL
3080
25
600
2520
9080
1620
S760
2520
25905

73580



SET 1
1500
1730

960

300

350

1050
TOTAL

SET 1
1680
1360
1600

420

300

760
TOTAL

SET 1
2160
840
40350
540
1260
200
300
840
TOTAL

SET 2
1500
1750

960
300
350
1050

SET 2
1680
1360
1600

420
900
760

SET 2
2160
360
32649
540
1260
200
300
840

CYCLE 4 TOTAL:

7/13/30

SET 3
1500
1750

960
00
350

B840

7/20/30

SET 3
1470
1130
1400

420
200
760

77217390

SET 3
2160
1080
6240

540
1260
200
300
840

181

EBICEFS
SET 4

1500
1750

CHEST
SET 4
1435
1530

1365

LEGS

SET 4

SET 5
1500

SET S
1400

SET 5

AVE
1500, 00
1750.00
FEO0. 00
900.00
350.00
980.00
1073.33

AVE
1533. 00
1360.00
1491.25

420.00
900. 00
760.00
1077.38

AVE
2160.00
960.00
4645. 00
540.00
1260.00
200.00
300.00
840.00
1363.13

TOTVOL
7300
7000
2880
2700
1050
2940

24070

TOTVOL
7665
5440
5965
1260
2700
2280

25310

TOTVOL
6480
2880

13935
1620
3780
600
00
2520

32715

B2095
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