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The objectives of this study were a) to determine
if pyridoxine (PN) supplementation increases the rate at
which plasma urea and ammonia return to basal levels,
following exercise, b) to determine, by open circuit
calorimetry, the utilization of carbohydrates, and c) to
further understand vitamin B-6 metabolism during and
following strenuous exercise. Six male athletes (age 26 ±
5 years and VO2 max 66.4 ± 6.9 ml/kg/min) exercised for 1
hour on a cycle ergometer at 72% VO2 max at two points
during a 17 day study.

For the first 8 days subjects

received daily a placebo solution, while during the next
half they received a PN dose (20 mg).

Subjects consumed

a constant diet the day before, day of, and day after the
exercise test.

Blood samples were taken the day of the

exercise test at fasting (Fl), pre-exercise (PE), during

exercise (DE), 1 min post exercise (I'P), 6 hour post
exercise (6hP), and the day after the exercise test at
fasting (F2).

Plasma was analyzed for ammonia, urea, and

pyridoxal 5'-phosphate (PLP).

ANOVA showed no

significant difference between treatments for either
plasma ammonia or urea.

While there was a significant

increase (p<0.001) in plasma ammonia levels over time
with the placebo, with supplementation the increase over
time was not significant. With PN supplementation,
plasma PLP levels were significantly correlated (p<0.05)
with plasma ammonia levels at I'P.

A slight decrease in

plasma urea concentration was observed with the PN
treatment at PE, DE, I'P, and 6hP.

It was concluded

that PN may reduce adverse consequences of plasma
ammonia and urea seen with exercise.

On the other hand,

pyridoxine supplementation may produced a shift in the
utilization of substrates of the subjects.

Metabolic

rate results showed that the contribution of
carbohydrates as a energy source increased from 43.5 ±
13.7% with the placebo, to 52.0 ± 6.7% with the PN
treatment (not significantly different). This observation
lead to the conclusion that PN supplementation decreases
glycogen stores compared to the glycogen stores without
supplementation. Since the findings from this study
suggest slightly more rapid plasma ammonia and urea
restoration but decreased glycogen stores, they do not
provide evidence for or against an increased need for

vitamin B-6 in persons that are involved in strenuous
exercises of medium duration.
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EFFECT OF VITAMIN B-6 SUPPLEMENTATION BEFORE STRENUOUS
EXERCISE ON RESTORATION OF PLASMA UREA AND AMMONIA LEVELS

I.

INTRODUCTION

The ability of athletes to recover following
strenuous exercise (competitive situation or training
sessions) is of great importance in maintaining their
general health and optimal athletic performance.

In

order to be able to perform adequately in future efforts,
it is necessary that the athlete's body repair cellular
breakdown, eliminates waste products, and replenishes
energy reserves (Creff, 1963).
The use of numerous nutritional aids have been
employed extensively by athletes and investigators with
the purpose of increasing performance and dimishing
fatigue.

The outcome of use of these aids are

contradictory depending on the kind of nutritional aid,
and the intensity and duration of the specific exercise.
In most of the studies reported, the use of the
nutritional aid had been taken by the subjects before
exercise or a specific test performance (Mac Laren et al,
1984; Van der Beck et al, 1984; Barnett and Conlee, 1984;
Sharman, 1984; Hagan et al, 1982; Wijnen et al, 1984;
Maughan and Saddler, 1983; Read and Guffin, 1983), or
throughout training periods (Sharman, 1984; Grassi et
al., 1983).
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Ammonia and urea are toxic end products of amino
acid metabolism. Their concentrations in the blood
increase after moderate to strenuous exercise
contributing to fatigue.

Ammonia, one of the principal

products of nitrogen metabolism, is normally converted
to urea, in the liver, by a series of enzymatic
reactions.

The primary degradation of amino acids (with

the exception of tryptophan) share the initial step of
deamination of the amino group from the amino acids.
Transaminases catalyze the transfer of an alpha-amino
group from an alpha-amino acid to an alpha-keto acid.
The coenzyme for all transaminases is pyridoxal
5'-phosphate (PLP), which is derived from the three
forms of vitamin B-6 (Gunsalus et al., 1944;
and Gunsalus, 1945;

Umbreit

Schlenk and Snell, 1945).

PLP

enzymes form covalent Schiff-base intermediates with
their substrates (Stryer, 1981).
The reaction involving transamination of
oxaloacetate, the urea cycle, and the citric acid cycle
are linked by fumarate and aspartate (Katunuma et al,
1965;

Shambaugh III, 1978;

Stryer, 1981).

Figure 1

shows in more detail the metabolic relationship between
vitamin B-6 (as PLP), urea, and ammonia in the muscle
and liver.
The resulting keto acid products can be oxidized to
release energy for metabolic purposes (this occurs once
amino acids have been deaminated).
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THE UREA CYCLE AND THE CITRIC ACID CYCLE
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fumarate by the urea cycle is important because it links
the urea cycle and the citric acid cycle (Katunuma et
al, 1965).

Fumarate is finally oxidized to oxaloacetate

which can be transaminated to aspartate, or converted
into glucose through gluconeogenic pathway, or it can be
condensed with acetyl CoA to form citrate (Stryer,
1981) .
An increase in blood ammonia concentration
accompanying strenuous exercise has been implicated in
fatigue development and physical exhaustion (Schwarts et
al. (1958).

During intense exercise, ammonia induces

the production of other metabolites, which may be the
immediate precursors that precipitate fatigue.

In the

brain, elevated ammonia and reduction in both glutamate
and GABA are associated with neural dysfunction.

In the

periphery, ammonia induces phosphofructokinase activity,
thus increasing glycolytic flux.

By increasing the

overall rate of glycolysis, high concentrations of
lactic acid in blood are produced and fatigue is
developed.

Ammonia also inhibits mitochondrial

respiration, resulting in an inevitable lactic acid
accumulation and a lowered intra-cellular pH.

Lactate

and a lower pH result in the final failure of muscular
contraction, but ammonia is the initiator of these
events (Lowenstein, 1972; Mutch and Banister, 1983).
Several authors have reported that in the rat,
ammonia production during intense exercise is confined
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to fast twitch muscle fibers and in particular the fast,
glycolitic fibers (Dudley et al, 1983;
1980;

Babij et al, 1983;

and Terjung, 1979).

Meyer et al,

Hermansen et al, 1984, Meyer

These studies suggested that during

exercise fast glycolytic muscle is an important source
of blood ammonia.

"The differences in ammonia

metabolism of skeletal muscle fiber types may explain
some of the variability seen in blood ammonia
concentrations in exercising humans" (Mutch and
Banister, 1983) .
Increases in blood ammonia and urea after strenuous
and moderate exercise have been confirmed in both humans
and rats (Meyer et al, 1980; Dudley et al., 1983;
Decombaz et al., 1979;
et al., 1981;

Lemon and Mullin, 1980; Rennie

Wilkerson et al, 1975;

Wilkerson et al,

1977). A significant increase in blood ammonia has been
found in rats that exercised above 80% of their VO2 max
(Meyer et al, 1980).

In exercising humans, blood

ammonia rises with work loads above 60-70% of maximal
oxygen uptake (Hultman and Sahlin, 1980).

Rennie et al.

(1981), found that plasma urea and creatinine
concentrations increased after 3 3/4 hour on a
motor-driven treadmill at 50% of VO2 max (4 males,
meat-free diet for 4 days before the investigation).
Rennie et al. (1981), found that for at least 5 hours
after exercise, plasma urea concentrations remained very
close to the values obtained at the end of exercise.
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Decombaz et al. (1979), found that plasma urea and
creatinine concentrations increased after a 100 Km run
(11 males).

Creatinine concentration in plasma returned

to its resting value 18-25 hours after the race, but
plasma urea remained high throughout that time.
Another study with similar findings of increases of
blood ammonia and urea was reviewed in an article of
recuperation diets for athletes, by Creff (1963).

He

reported the following (original written in French):
"...Finally, vitamin B-6 permits the return to
normal of ammonia and urea from the effort, as we
know from the findings from three tennis players.
Their mean blood concentration of ammonia and urea
was, respectively, 180 ug/100 ml and 0.58 g/100 ml
after a match of about 1 hour. Their resting levels
were 126 ug/100 ml and 0.43 g/100 ml, respectively.
In normal conditions, with no therapeutic or special
diets, ammonia and urea do not reach normal levels
before 24 to 36 hours. However, when the subjects
took 250 mg of pyridoxine after the match, it was
found that the levels of urea and ammonia were not
as high and returned to normal within 12 to 15
hours."
No further details about the study were given.
Studies of protein metabolism in endurance exercise
have demostrated that in addition to carbohydrates and
fats, amino acids can contribute to whole body
metabolism in the formation of alanine via the
glucose-alanine cycle.

The branched chain amino acids

(BCAA) act as the nitrogen donor to an original
alpha-ketoacid while it is transaminated to form a new
alpha-ketoacid.

Eventually, the alanine nitrogen is

transferred to the urea cycle in the liver, where it is
excreted as urea (Felig and Wahren, 1971; Evans et al,
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1983).
The above studies suggest that prolonged exercise
is associated with increased protein catabolism, plasma
ammonia and plasma urea.

At the present, there are no

studies that show whether oral administration of vitamin
B-6, before strenuous exercise, will more rapidly
restore plasma urea and ammonia to basal levels.
Studies by Munoz (1982), Leklem and Shultz (1983),
deVos (1983), Hatcher (1983), Leklem (1985), Dreon and
Butterfield (1986), and Manore et al. (1987) have shown
that exercise modifies vitamin B-6 metabolism. An
increase concentration of plasma PLP immediately after a
run of 4500 meters has been reported by Leklem and
Shultz (1983).

Meanwhile, in some studies done at the

Department of Foods and Nutrition at Oregon State
University, it was found a decrease in plasma PLP at
30-60 minutes after the end of exercise test (Leklem,
1985).

Since exercise may promote storage of the

vitamin B-6 (i.e., in the muscle glycogen phosphorylase)
that is available for redistribution with increased
need, current studies provide no conclusive evidence of
the need for vitamin B-6 supplementation in athletes.
Oral administration of vitamin B-6 before strenuous
exercise might increase the rate of transamination
reactions.

PLP is an important coenzyme for many

enzymatic reactions, especially those which are involved
in protein metabolism.

Urea and ammonia are end
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products of protein metabolism.

Oral administration of

vitamin B-6 might also serve as a detoxifying nutrient
and hence decrease elevated concentrations of urea and
ammonia in plasma.

Transamination reactions occur in

the following pathways in which ammonia metabolism is
involved:
a.

The purine nucleotide cycle (PNC) (Lowenstein,

1972; Goodman and Lowenstein, 1977):

The formation of

ammonia in the muscle and other organs occurs by the
PNC.

The overall reaction is Aspartate + GTP + H2O
> Fumarate + NH3 + GDP + Pi. In many tissues, the

deamination of glutamate proceeds via a transamination
reaction involving oxaloacetate with the resultant
production of aspartate.
b. A gluconeogenic pathway which is involved in the
production of citric acid intermediates from amino acids
is catalyzed by glutamic pyruvic transaminase (also
called glutamate-alanine transaminase): Glutamate +
pyruvate <

> alpha-ketoglutarate + alanine. Alanine

plays an important role in the transport of ammonia from
the muscle to the liver (Felig and Wahren, 1971).

In

summary, an increase in the rate of transamination
reactions due to oral administration with vitamin B-6,
may favor less of an increase in concentration of plasma
urea and ammonia. Based on this brief review (and that
described in the literature section) the following
hypothesis and objectives will be presented (see next page).

HYPOTHESIS

The oral administration of vitamin B-6 will more
rapidly restore plasma urea and ammonia to basal level
following strenuous exercise of moderate duration.

OBJECTIVES

1.

To determine if oral administration of vitamin B-6

(pyridoxine) increases the rate at which plasma urea and
ammonia return to basal levels, following strenuous
exercise.
2.

To have further understanding of vitamin B-6

metabolism during and following strenuous physical
activity, especially when supplemental vitamin B-6 is
administered.
3.

To determine, by open circuit calorimetry, the

utilization of carbohydrates with or without
supplemental vitamin B-6.
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II.

REVIEW OF LITERATURE

EXERCISE PHYSIOLOGY

The function of the human body during physical
activity is quite complex.

A precise neuromuscular

coordination for a determined performance, as well as
several and complex adjustments in metabolism,
respiration, and circulation are essential to the
regulation of the whole organism.

During physical

activity, the human body must supply metabolic
substances coming from the intestines, lungs, and liver
transported through circulation to the muscles.
Likewise, the whole body must maintain chemical
homeostasis through the transport of the metabolites to
the lungs, kidneys, and skin where they are subsequently
excreted.

Such adjustments are better made when the

whole body has an adequate supply of nutrients coming
from a well-balanced diet.
Since physiology of exercise is a extensive matter
to review, the purpose of this section is to review some
exercise parameters measured during the design of this
study.
ERGOMETRY;
The term ergometry refers to the measurement of
work.

An erg is a unit of work.

Ergonomics is the

science of work that intends to fit the job to the
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person and has a goal of increasing productivity by
reducing fatigue.

With a reduction in fatigue, there

would be fewer accidents in a given type of work.

In

exercise physiology three types of ergometers are used:
the cycle ergometer, the treadmill, and the step.

These

ergometers can be used to evaluate either anaerobic or
aerobic power. Anaerobic power can be determined by the
Margaria-Kalamen Power test which requires a staircase
(the step), and by the Wingate test which requires a
cycle ergometer (Kraemer and Fleck, 1982).

Aerobic

power can be determined with the cycle ergometer or with
the treadmill (Astrand, 1984).
The cycle ergometer is a stationary bicycle which
can be adjusted for seat level and for resistance to
pedaling, thus a variety of work loads can be measured
(see Table 1 for definitions and units).

The greatest

advantage of the cycle ergometer is that the amount of
work done by the subject can be determined.
ENERGY. WORK. AND WORKING CAPACITY;
Work is a given amount of force applied through a
distance.
1).

Energy is required to do that work (see Table

Working capacity is the ability of an individual to

perform work (Astrand and Rodahl, 1977). Several factors
affect physical working capacity (Astrand and Rodahl,
1977).

These factors are:

the nature of work, somatic

factors, training or job adaptation, psychic factors,
and environment.

In addition, the nutritional state of
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TABLE 1.

WORK.

DEFINITIONS AND UNITS

UNIT

DEFINITION

Power = ability to work; capacity
for performance; faculty to
perform work.
Power = energy per unit time
1 Watt = 1 Joule/second
Units of work are the product
of the units of force (i.e.,
Newtons or pounds) and the
units of displacement (i.e.,
meters or feet)

The kilocalorie (kcal) is a
unit of energy related to
the Joule

Work = Force x distance
= Newtons x meters
= Joule

1 kcal

= 1000 calories
4186 Joules
1 Joule = 10 ergs
0.239
calories
1 calorie = 4.186 Joules
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an individual, the nature & quality of food ingested
frequency of meals & diet modifications, oxygen uptake,
cardiac output, oxygen extraction, and hormonal and
nervous mechanisms play important roles for an
individual to perform at his/her best working capacity
(Astrand and Rodahl, 1977; Gollnick, 1985).
Fuel regulation during exercise depends on the
interaction of several variables such as the state of
physical training, the intensity and duration of
exercise, the composition of the diet, and the
concentrations of hormones in plasma such as glucagon,
catecholamines, and cortisol (Horton, 1982; Evans et
al., 1983).

Under normal conditions of physical

exercise energy is derived from the terminal oxidation
of fuels the rate of which can be estimated (Gollnick,
1985).

Substrates used during exercise can be measured

from the ventilation system, changes in blood
concentrations, and/or by muscle biopsy samples to
determine directly what type of substrate was used
(Gollnick, 1985).

More specifically, the uptake of

oxygen during muscular contraction is derived from ATP.
This high energy substrate is continuously formed and
consumed, serving as the principal immediate donor of
free energy (Stryer, 1981). ATP turnover is very high;
at rest, the human body consumes about 0.028 kg of ATP
per minute (40 kg of ATP in 24 hours).

The rate of

utilization of ATP during strenuous exercise may be as
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high as 0.5 kg per minute (Stryer 1981). This is
approximately 17.9 more times than at rest!
Margaria (1972), distiguished three phases in the
operation of energy by the muscle during strenuous
exercise.

During the first phase, lasting a few

seconds, the energy is provided by the splitting of ATP
and phosphocreatine (PC).

The second phase is the use

of oxidation as a source of energy for resynthesizing
ATP and PC.

The third energy, which enters after

oxidation is glycolysis.

Figure 2 summarizes the

interrelationship of the main sources of energy (adapted
from Margaria, 1972).

These are the major forms of

energy used in short and medium events, lasting only a
few seconds, or several minutes.

However, endurance

events like the marathon, cross country running and
skiing, lasting for 1 to 2 hours (or more), could
deplete glycogen stores.

When muscle glycogen falls

below 3 to 5 grams per kg of muscle, fat metabolism
sustains the muscular effort.

As exercise continues,

the plasma concentration of free fatty acids (FFA) rise,
their uptake by muscles increases, and hence fatty acids
become a more important source of energy (Locksley,
1980; Horton, 1982).
A further explanation will discuss the sources of
energy into separate categories:

the ATP-PC system,

glycolysis and gluconeogenesis, carbohydrates, fats, and
proteins:
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SOURCES OF ENERGY

*

MECHANICAL
WORK

PHOSPHAGEN SPLITTING
;

PHOSPHAGEN

ALACTIC
ENERGY

PHOSPHAGEN RESYNTHESIS

OXYGEN

COMBUSTION OF FOOD

OXIDATION
ENERGY

LACTIC ACID FORMATION

LACTIC
ENERGY

GLYCOGEN
GLYCOGEN RESYNTHESIS

* ATP + PC

(SEE TEXT)

FIGURE 2. MAIN SOURCES OF MUSCULAR
ENERGY.
Adapted from Margaria (1972).
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The ATP-PC System (adenosine triphosphatephosphocreatine system):
The immediate source of energy for muscular
contraction is the splitting of ATP which is formed in
the muscles by the metabolism of carbohydrates, fats,
and proteins.

The release of energy from the splitting

of ATP into ADP and phosphoric acid is what determines
muscle contraction.

ATP is resynthesized from its

products as soon it is broken down.

The energy needed

for the recombination of ADP and phosphoric acid into
ATP is supplied by the splitting of phosphocreatine (PC)
which is also resynthesized continuously.

ATP is in

equilibrium with PC, which can be utilized almost to
100% efficiency.

But within a matter of minutes of

strenuous exercise, the small stores of ATP-PC system
are used up and the body turns to a second energy supply
(muscle glycogen) in order to recharge the ATP-PC system
(Margaria, 1972; Astrand and Rodahl, 1977; Bergstrom and
Hultman, 1972).

Events like sprints and weight lifting

that last few seconds use predominantly fast twitch
muscle fibers.

These "explosive" events depend

primarily on the ATP-PC system to supply energy.
Glycolysis and Gluconeogenesis:
Under anaerobic conditions, the rate of production
of pyruvate by glycolysis is greater than the rate of
oxidation of pyruvate by the TCA cycle.

In addition,

during exercise the rate of formation of NADH in
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glycolysis is greater than the rate of its oxidation by
the respiratory chain.

The availability of NAD+ for the

oxidation of glyceraldehyde 3-phosphate is important so
glycolysis can continue.

Lactate dehydrogenase mediates

this mechanism by reducing pyruvate to lactate and by
oxidizing NADH to NAD+.

Therefore, in the process of

the reduction of pyruvate to lactate NAD+ is
regenerated.

Glycolysis can only proceed in the working

muscle when adequate NAD+ is present.

The lactate which

is formed in the muscle, eventually circulates to the
liver.

In the liver lactate is oxidized to pyruvate.

This last reaction is possible because of the low ratio
of NADH/NAD+ in the liver cytosol.

Pyruvate will

eventually be converted into glucose through the
gluconeogenic pathway. Once glucose is released into the
circulation, it is again available to be taken up by the
skeletal muscle.

Thus, the liver furnishes glucose to

contracting skeletal muscle, which derives ATP from the
glycolytic conversion of glucose into lactate.

Glucose

is then synthesized from lactate by the liver.

These

conversions constitute the Cori cycle (Stryer, 1981)
(see Figure 16. on page 88).
Carbohydrates (CHO);
The adult body requires at least 100 to 150 grams
of carbohydrates daily to spare the proteins from being
consumed and to provide glucose as a fuel for the brain,
as well as for other essential functions of other
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tissues (Cahill, 1970).

Glucose is provided to the

muscles by the breakdown of muscle glycogen stores
(carbohydrates in animal system are stored as glycogen)
and by extraction of glucose from the circulation. Blood
glucose concentrations are maintained by increased
glucose production from the liver through glycogenolysis
and gluconeogenesis and from CHO intake.
Muscle glycogen is a limiting factor for work
capacity:

when exercise starts the needed glucose is

made available by the rapid breakdown of glycogen in the
muscle, following by a combination of muscle
glycogenolysis and glucose uptake from blood.

Glucose

uptake from the circulation increases, reaching a peak
at about 90 min of exercise at 70% VO2 max.
plasma insulin concentration decreases.

Meanwhile,

As exercise

continues, the concentration of plasma glucose decreases
slightly but the level homeostasis is maintained by
increased hepatic glucose production (Horton, 1982).
Costill (1984, 1985) has reviewed the role of CHO
metabolism before, during, and after exercise.

In these

reviews Costill points out that a sujects's prior diet,
and the intensity and duration of exercise determine the
choice of the muscles for fuel production.
production is highly regulated by hormones.

Fuel
Consumption

of a diet rich in CHO (CHO loading) before a strenuous
exercise performance increases muscle glycogen stores
but also increases the rate of CHO oxidation and the use
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of muscle glycogen (Costill, 1985).

Sherman et al

(1981) advise athletes to follow a high-carbohydrate
diet throughout training and to decrease the intensity
of exercise approximately 7 days before the event.

The

daily CHO intake may begin at 350 grams and increase to
525-550 grams per day during the last 72 hours prior to
the event.

The athlete must rest the day before the

event.
Consumption of CHO in the last hour before
exercise often results in hypoglycemia because of the
insulin stimulated uptake from blood (Costill, 1984,
1985).

During exercise different types of CHO are used

by athletes (i.e., glucose, fructose, sucrose).

These

CHO's produce different blood glucose and insulin
responses.

This also depends on the intensity &

duration of the exercise, and the time when the CHO
(generally in solution) is taken by the subject
(Costill, 1984, 1985). "Ingesting CHO during exercise
appears to be of minimal value to performance except in
events lasting 2 hours or longer" (Costill, 1985). CHO
intake is also recommended after exercise, especially
for those athletes who exercise intensively over several
days.

A diet rich in CHO would minimize the

accumulative effects of glycogen depletion.

The

American Dietetic Association (ADA), recommends that
athletes who train or compete in endurance exercise
follow a diet rich in CHO in which 65-70% of the total
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calories are from CHO (ADA, 1987).
Fats;
After CHO sources are depleted and when exercise
increases either in intensity or duration, or both,
plasma concentrations of free fatty acids (FFA)
increase.

Then the muscles can uptake these fatty acids

as a source of energy (Horton, 1982).

The role of FFA

has been studied in trained middle distance runners and
marathon runners (Locksley, 1980; Horton, 1982).
Training enhances the ability of the skeletal muscle to
oxidize FFA.

This increased capacity to utilize FFA and

the increased ability of trained individuals to release
FFA from adipose tissue (Issekutz et al., 1965),
suggests that training enhances the proportion of energy
that can be produced through fat metabolism (Lewis and
Gutin, 1973).

Lewis and Gutin (1973) have indicated

that the ability of individuals to utilize fat as a
substrate during strenuous exercise is related to their
VO2 max levels.

At a given workload, an individual with

a lower VO2 max will produce more lactate than an
individual with a higher VO2 max.

Issekutz et al.

(1965) found a negative correlation between changes in
the rate of release of FFA and the increase of blood
lactate produced by their subjects during exercise.
This study suggested that high levels of blood lactate
may interfere with the release of FFA from adipose
tissue.
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Carbohydrates and fats serve as the major energy
fuels for the working muscle, and their contribution
depends on the workload level and dietary intake.
However, carbohydrates have been found to be 4 to 5%
more efficient than fats as energy source for muscular
activity (Consolazio and Johnson, 1972).

Studies of the

respiratory quotient (RQ) indicate that the primary fuel
in endurance exercise is CHO (Consolazio and Johnson,
1972; Lewis and Gutin, 1973).

RQ's near 1.0 indicate

that CHO is the main substrate being used, whereas RQ's
near 0.7 indicate that fat is the main substrate of
metabolism.

The relative contribution of carbohydrates

and fats depends on the workload level and dietary
intake. At rest and during work of low intensity, fat
metabolism provides much of the energy required
(Consolazio and Johnson, 1972; Lewis and Gutin, 1973).
Proteins;
The contribution of proteins as a energy source
during physical exercise had not received much attention
before 1970.

However, recent investigations have shown

that protein catabolism increases with strenuous
exercise, indicating that protein may provide a
significant portion of energy.

Researchers estimate

that protein can provide 5.5 to 15% of the total caloric
cost of energy (Dohm et al., 1985; Evans et al., 1983).
Since the role of protein catabolism will be reviewed
(under both ammonia and urea metabolism and exercise),
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no further discussion on proteins as an energy source
will follow.
HEART RATE AND MAXIMAL OXYGEN UPTAKE:
Heart rate (HR) is the number of ventricular beats
per minute.

It is counted from records of the

electrocardiogram (EGG) or blood pressure curves.

Both

during rest and exercise, the heart rate can be
determined by auscultation with a stethoscope or by
palpation over the heart (Astrand and Rodahl, 1977).
Strenuous exercise for long periods of time leads
to hypertrophy of the heart as well as enlargement of
the ventricular chambers. Consequently, the heart
becomes stronger, and its effectiveness as a pump
increases (Guyton, 1981).

Sympathetic stimulation

and/or parasympathetic inhibition also makes the heart
more effective as a pump (Guyton, 1981).
When the amount of muscular work increases, the
heart rate then, increases (Astrand and Rodahl, 1977).
Strenuous exercise in a warm environment causes higher
HR than when exercise is performed at low temperature.
Other factors affect the HR at rest and during exercise,
for example;

stress, nervousness, emotions, smoking,

and altitude (Astrand and Rodahl, 1977; Astrand, 1984).
To record the electrical activity of the heart an
electrocardiogram is used.

The electrocardiogram (EGG)

is composed of both repolarization and depolarization
waves; the P,Q,R,S, and T waves.

These waves are
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electrical voltages generated by the heart which are
recorded by the electrocardiograph from the surface of
the body (Guyton, 1981).

The P wave is caused by

depolarization and followed by contraction of the atria.
The QRS waves are the result of depolarization of the
ventricles. The T wave represents the stage of
repolarization of the ventricles, the time when
relaxation of the heart begins (Guyton, 1981).
The maximal oxygen uptake (VO2 max) is the maximal
aerobic power that an individual can obtain during
physical work while breathing air at sea level at
standard temperature and pressure (Astrand and Rodahl,
1977).

The VO2 max is expressed in liters/min,

ml/kg/min, or in METs (1 MET =3.5 ml/kg/min).

When VO2

max is expresed in liters/min or ml/kg/min they have
particular advantage of evaluating pulmonary and cardiac
performance of a subject during exercise.

When

measuring the VO2 in METs it will relate to the energy
expenditure at rest.

For this reason, this unit has no

particular advantage when evaluating cardiac output or
pulmonary performance of a subject when doing exercise.
VO2 max measured in ml/kg/min gives a better evaluation
when an individual has to move and lift his/her body.
Middle and long distance runners, cyclists, and
cross-country skiers are evaluated on the basis of
ml/kg/min.

Swimmers, rowers, and canoeists are better

evaluated in liters/min since they do not have to
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support their own weight (Astrand, 1984).
When the heart rate increases during exercise, the
VO2 increases. Therefore, by knowing the heart rate of
an individual at a specific work load, the VO2 can be
predicted.

Nomograms and tables have been developed to

calculate the VO2 max from submaximal pulse rate at
specific oxygen uptake value (Astrand and Rodahl, 1977).
Oxygen uptakes can be measured in a laboratory by the
Haldane or Scholander techniques.

These techniques

analyze gas concentrations of the carbon dioxide (CO2)
expired and the oxygen (O2) inhaled by the subject
(Astrand, 1984).
In average populations, the VO2 max increases with
age up to 20 years and then, declines gradually.
However, regular training can maintain and increase (in
most cases) the VO2 max (Astrand and Rodahl, 1977).
Before puberty, there is no significant difference
between sexes. However, after puberty females tend to
have lower VO2 max than males. This is probably related
to differences in lean body mass between sexes (Astrand
and Rodahl, 1977).

In endurance events top athletes

have a maximal oxygen uptake that is about twice as high
as in the average person (Astrand and Rodahl, 1977).
Powers and co-workers (1985) found that highly trained
individuals achieve a more rapid VO2 adjustment at the
onset of work than other trained individuals with lower
VO2 max. These investigators conclude that differences
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in genetics could influence the results found in VO2 in
both groups of highly trained subjects.
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VITAMIN B-6 FUNCTION AND METABOLISM

Vitamin B-6 is a water soluble vitamin consisting
of three related compounds pyridoxal (PL), pyridoxamine
(PM), pyridoxine (PN), and their phosphorylated
derivatives pyridoxal 5'-phosphate (PLP), pyridoxamine
5'-phosphate (PMP), and pyridoxine 5'-phosphate (PNP).
Figure 3. illustrates the free and phosphorylated forms
of vitamin B-6. PLP is the active form of vitamin B-6 in
transamination reactions.

PM can also activate a

number of vitamin B-6 dependent enzymes, but it does not
serve as a Schiff-base intermediate (PLP enzymes form
covalent Schiff-base intermediates with their
substrates).

PLP constitutes more than 50% of the

vitamin B-6 vitamers in human plasma, although
substantial quantities of nonphosphorylated forms, PL
and 4-pyridoxic acid (4PA) are also present (Li and
Lumeng, 1981,1986; Lui et al., 1985).
In any regular diet, PLP and PMP are the
predominant forms found in animal products.

PN, PLP,

and PMP are the predominant forms found in vegetables,
grains, legumes, and fruits.
in milk.

PL is the major form found

Pyridoxine hydrochloride (PN HC1) is the

vitamer most used in both the food and drug industry (Li
and Lumeng, 1986).

In nutritional studies PN HC1 is

also the major form used.
The United States food supply of vitamin B-6 is
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shown in Figure 4 (adapted from Sauberlich, 1981):

The

meat group is the major supply of vitamin B-6, followed
by vegetables (potatoes supply 8.9%) (Driskel and
Chrisley, 1981), dairy products, cereals, fruits,
legumes, and eggs.
The major functions of vitamin B-6 are (Sauberlich
and Canham, 1980):
1.

Amino acid metabolism:

transamination &

decarboxylation reactions.
2.

Carbohydrate metabolism:

glycogen phosphorylase.

3.

Nucleic acid metabolism:

carbon transfer pathway.

4.

Hormone action:

interaction with intra-cellular

receptors.
5.

Fat metabolism:

secondary role.

Figure 5 (adapted from Sauberlich, 1985) shows the
enzymatic interconversion pathways of mammalian vitamin
B-6 metabolism.

In the body, however, some differences

exist among several tissues and cell types (Lumeng et
al., 1985).

A pathway for the conversion and interorgan

transport of vitamin B-6 compounds is presented in
Figure 6 (Lumeng et al., 1985; Hatcher, 1983; deVos,
1983):
It has been shown that in the rat intestine PN,
PL, and PM cross the mucosal membrane by passive
diffusion (Rose et al., 1984).

PLP and PMP from the

diet are absorbed after hydrolysis in the intestinal
lumen as PL and PM.

Those phosphorylated forms can also
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FIGURE 4. THE UNITED STATES FOOD SUPPLY
OF VITAMIN B-6.
Adapted from Sauberllch (1981).
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be absorbed without hydrolysis, but to a limited extent
(Henderson, 1985).
In the human plasma, concentrations of PLP, PMP,
PL, PN, PM, and 4PA have been detected (Lumeng, Li, and
Lui, 1985).

After oral administration of PN HC1, PLP,

4PA, and PL constitute the major B-6 vitamers in plasma,
indicating that PN is readily converted to PNP and,
therefore, to the other forms.

This PN mechanism is

important because circulating PLP permits the
utilization and storage of vitamin B-6 by the body (Li
and Lumeng, 1986; Lumeng, Li, and Lui, 1985).

With the

method used in this laboratory for plasma PLP (as part
of nutritional assessment), Leklem (1985) reports levels
for normal adults as follow: 51.8 + 19.3 nmol/L for
males, and 37.7 ± 14.7 nmol/L for females.
The liver plays an important role in vitamin B-6
metabolism.

In the human liver, the B-6 vitamers are

taken up by diffusion and then converted to PLP
(synthesis of PLP).

This organ is the only one capable

of exporting PLP into the circulation (Merrill et al.,
1984).

PLP is transported to other tissues attached to

albumin.

The liver cells also release into the

circulation PL and 4PA (Merrill et al., 1984).

The

formation of 4PA occurs in the liver because aldehyde
dehydrogenase and pyridoxal oxidase are highly active
(Lumeng et al., 1985).
The erythrocytes convert PN to PL (Anderson et
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al., 1971).

The erythrocytes do not contain pyridoxal

oxidase but have low aldehyde dehydrogenase.

For this

reason, 4PA is not formed as it is in the liver (Lumeng
et al., 1985).

Mehansho and Henderson (1980) found that

not all PL formed in erythrocytes is readily released to
the plasma.

PL binds to hemoglobin.

Hence, this may

explain why PL is not immediately released. Benesch and
co-workers (1972) found that PLP also binds to
hemoglobin. Therefore, PL and PLP could serve as
circulating reservoirs for vitamin B-6.

PLP has to be

hydrolyzed to PL and then, this one can be released into
plasma (Anderson et al., 1971).
The other major reservoir of vitamin B-6 in the
body, is the skeletal muscle (approximately 40% of body
weight).

PLP binds to the enzyme glycogen phosphorylase

(enzyme responsible for the conversion of muscle
glycogen to glucose-1-phosphate) (Black et al., 1977,
1978; Stryer, 1981).

Since the muscle is the major

organ involved in exercise, a further discussion of this
topic will be given in the section of vitamin B-6
metabolism in exercise.
With the development of a fluorometric procedure,
it has been shown that 4PA is the major urinary
metabolite of vitamin B-6 in man (Reddy et al., 1958;
Price et al., 1965).

4PA represents approximately 90%

of the vitamin B-6 metabolites excreted in urine (Lui et
al., 1985; Li and Lumeng, 1986).

The other 10% is
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converted to the other B-6 vitamers.

On the other hand,

another report indicated that 20-50% of the ingested
vitamin is converted to 4PA (Donald et al., 1971).
remainder is converted to the other B-6 vitamers.

The
Lui

et al. (1985) indicated that "urinary excretion is
almost the sole route for the elimination of vitamin B-6
in man."

Stool collections for vitamin B-6 study are

not very useful, except when studying bioavailability of
the vitamin in foods (Lui et al., 1985).
Bioavailability of vitamin B-6 is the proportion of
dietary B-6 vitamers that are absorbed and utilized in
vitamin B-6 metabolism (Gregory and Ink, 1985).
Studies on bioavailability of vitamin B-6 done at
Foods and Nutrition laboratory at Oregon State
University have shown that fecal vitamin B-6 excretion
is affected by dietary fiber (Miller et al., 1980;
Leklem et al., 1980; Lindberg et al., 1983; Kabir et
al., 1983).

Miller et al. (1980) studied the influence

of pectin supplementation (15 grams for 18 days) in
eight men.

Compared to a basal diet containing no

pectin, it was found that the pectin treatment had no
effect on urinary vitamin B-6, urinary 4PA excretion,
and plasma vitamin B-6.

However, an increase in fecal

vitamin B-6 was observed with the pectin treatment, but
this was apparently unavailable for absorption.
Lindberg et al. (1983) studied the influence of
cooked wheat bran (15 grams for 18 days) in ten men in a
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switch-back design.

The bioavailability of vitamin B-6

was significant decreased (17%) during the wheat bran
treatment as indicated by decreased levels of plasma
vitamin B-6 and PLP, and urinary vitamin B-6 and 4PA
excretion.

On the other hand, fecal vitamin B-6

excretion was significantly increased with the wheat
bran treatment.
Leklem et al. (1980) studied the bioavailability
of vitamin B-6 from three types of bread in nine men.
These investigators found that whole wheat bread was
5-10% less available than from white bread or
PN-enriched white bread.

In this study they found that

fecal vitamin B-6 excretion was significantly higher
when the whole wheat bread was fed as compared to the
other two breads.
The above studies indicate that the
bioavailability of vitamin B-6 from animal products is
higher than that of the vitamin from plant-derived foods
(Gregory and Ink, 1985).
Other routes of excretion of the vitamin are sweat
and saliva (Johnson et al, 1945;
1953).

Kauffman et al.,

Johnson et al. (1945) have reported pyridoxine

excretion in sweat of 0.04-0.17 ug/100 ml. Kauffman et
al. (1953) have reported pyridoxine excretion in saliva
of 0.1-1.7 ug/100 ml.
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VITAMIN B-6 METABOLISM AND EXERCISE

Most of the studies on vitamin B-6 metabolism in
exercising humans have been done in this laboratory
(Foods and Nutrition laboratory at Oregon State
University) (Wozenski, 1977;
Hatcher, 1983;

Munoz, 1982;

Leklem and Shultz, 1983;

Walter, 1985; Seitz, 1986;

deVos, 1983;
Leklem, 1985;

Manore et al., 1987).

Elsewhere, few studies have been reported in humans
(Lawrence et al., 1975; Borisov, 1977; Dreon and
Butterfield, 1986).

All the above studies indicate that

exercise modifies vitamin B-6 metabolism.

Therefore a

question arises as to the need to increase the
requirement for vitamin B-6 (Leklem, 1985).

Since

exercise may promote storage of the vitamin B-6 that is
available for redistribution with increased need (i.e.,
when a given supplementation), current studies provide
no conclusive evidence of the need for vitamin B-6
supplementation in athletes.

However, understanding

vitamin B-6 metabolism during and following strenuous
physical activity, especially when supplemental vitamin
B-6 is administered is important.
Studies in rats and other mammals have contributed
to the understanding of vitamin B-6 metabolism in the
muscle.

In 1964 Krebs and Fisher found high levels of

vitamin B-6 in muscle mice.

They suggested that vitamin

B-6 was stored in muscle glycogen phosphorylase.

Black
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and co-workers (1977) provided data which supported
Krebs and Fisher hypothesis that muscle glycogen
phosphorylase acts as a reservoir for vitamin B-6.

When

rats were fed a high intake of vitamin B-6 for at least
6 weeks, they found that both muscle glycogen
phosphorylase and total vitamin B-6 increased steadily
for that period.

They also found that both alanine and

aspartate transaminase increased at the beginning of the
study, but they reached a plateau within two weeks.
Furthermore, when rats were restricted to 10% of the
National Research Council (NRC) recommended level for
vitamin B-6, phosphorylase concentration did not
increase during a period of 10 weeks.

One conclusion of

this study was that the dietary intake of vitamin B-6
was the cause factor leading to muscle phosphorylase
accumulation (Black et al., 1977).
A follow-up study done by Black and co-workers
(1978) found that when rats were fed at 10% of the
normal energy intake for 1 to 4 days, they lose muscle
glycogen phosphorylase, whereas both alanine and
aspartate transaminases were retained.

When the rats

were totally starved, they lost more muscle
phosphorylase and some of aspartate transaminase, but
alanine transaminase was completely retained.

Once

again, this study showed that muscle glycogen
phosphorylase acts as a reservoir for vitamin B-6.
These investigators concluded that starvation, but not
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vitamin B-6 deficiency per se, was the cause for muscle
phosphorylase depletion.
One possible factor that contributes to the
release of PLP from muscle tissue is pH (Munoz et al.,
1984;

Butler et al., 1985).

The role played by pH in

the removal of PLP from phosphorylase obtained from
rabbit skeletal muscle was studied by Munoz et al.
(1984).

A mathematical model was presented indicating

that the structure of phosphorylase remained stable at
high pH.

A drop in the pH (slightly acid), released PLP

from muscle glycogen phosphorylase to the solvent (a
buffer solution).

This study showed that in order for

PLP to kept stable as the Schiff-base structure, the pH
must be high enough (pH 7.5).

This work presented

evidence that in the muscle, PLP reactivity is strongly
influenced by protein concentration (Munoz et al.,
1984).

Similar observation on the role played by pH in

the removal of PLP from glycogen phosphorylase, has been
made by Butler et al. (1985).

They found that when

muscle glycogen phosphorylase from mice was treated with
5% (w/v) trichloroacetic acid, 98% of PLP was released
from the enzyme.

Butler et al. (1985) also demostrated

that most of the PLP in skeletal muscle is associated
with glycogen phosphorylase.
Russell and co-workers (1985) studied muscles from
postpubertal gilts (young female pigs).

In their study

they examined the activity of glutamic-oxaloacetic
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transaminase, glutamic-pyruvic transaminase, glycogen
phosphorylase, and pyridoxal phosphate in two types of
muscles. When the gilts were vitamin 5-6 deficient, they
lost transaminase activity, but the content of muscle
phosphorylase or PLP changed only slightly.

This

observation contradicts Black et al. (1978) results.
Russell et al. explained the factors that could
contribute to this difference.

These included age of

the animals, body weight, and length of study.

When the

gilts were fed with a high vitamin B-6 diet, both muscle
PLP and glycogen phosphorylase increased and the
activity of glutamic-oxaloacetic transaminase and
glutamic-pyruvic transaminase decreased slightly.

These

observations are similar to those of Black et al.
(1977), in that, in the muscle, the levels of PLP and
glycogen phosphorylase increased with a diet high in
vitamin B-6.

However, there is a disagreement with

respect to the behavior of the enzymes.
In summary, muscle glycogen phosphorylase serves
as a reservoir for PLP.

Muscle protein concentration

and pH are two possible factors that contribute to the
release of PLP from muscle tissue.
Probably one of the first studies on vitamin B-6
metabolism and exercise was done in rats by Russian
investigators (Efremov and Zaburkin, 1972).

These

investigators made the rats swim until exhaustion and
deprived them of either pyridoxine or niacin, or gave
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these vitamins in the adeguate amounts.

This study

revealed that all rats had decreased excretions of 4PA
in response to the imposition of the exercise regimen.
The following studies have contributed to the
understanding of vitamin B-6 metabolism in exercising
humans.

Lawrence and co-workers (1977) tested swimmers

who were given either vitamin E, vitamin B-6 or,
placebo.

Erythrocyte transaminase activity was measured

to evaluate vitamin B-6 status.

The study showed that

the group receiving vitamin B-6 had the lowest
erythrocyte transaminase activity coefficient.

It is

important to point out that the swimmers were allowed to
take One A Day Multiple Vitamins as designed for the
investigators.

Interestly, it was observed that the

vitamin B-6 group had significantly higher levels of
lactic acid compared to both the vitamin E and the
placebo groups.

The authors concluded that training,

rather than supplementation, improved subjects swimming
time.
Borisov (1977) found that in response to physical
activity, their subjects had a 17% increased excretion
of 4PA.

For this reason, it was proposed that the

requirement for vitamin B-6 may be increased in
physically active people.
In 1977 Wozenski observed that two hours after 0.5
mg of PN administration, one of her subjects (male) had
high levels of plasma vitamin B-6.

It was determined
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later that in the interval between the PN dose and the
two hour blood draw the subject had run two miles.
Mufioz (1982) studied the influence of exercise on
vitamin B-6 metabolism in both trained and untrained
subjects.

The subjects (19 men and 2 women) were

divided into four groups according to their level of
training and age.

All the subjects exercised by either

running for 21-26 min, cycling on a cycle ergometer for
21 min, or both.

This researcher found that plasma PLP

and plasma vitamin B-6 levels were significantly higher
after both types of exercise in all groups.

However,

urinary vitamin B-6 and 4PA excretion did not
significantly change during either type of exercise in
any group.

It was suggested that the increased levels

of plasma PLP and plasma vitamin B-6 after exercise were
due to an increased utilization of muscle glycogen
phosphorylase with a subsequent release of PLP.

No

significant difference in urea nitrogen excretion was
found when comparing the day before exercise with the
day of exercise.

A significant correlation between urea

nitrogen excretion and dietary protein intake was found
in the running group, but not in the cycling group.

An

explanation for this observation was not given.
The effects of carbohydrates (CHO) and vitamin B-6
supplementation were studied in four trained cyclists by
deVos (1983) and Hatcher (1983). The experimental design
was the same for both studies:

during three weeks of
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the study CHO modified diets were fed to the subjects.
During the third week, 8 mg of PN HCl was given orally
to the subjects. Exercise tests were performed six times
(twice a week) during the study.
Fuel metabolism changes were studied by deVOs
(1983).

It was observed that plasma free fatty acids

(FFA), glucose, and lactate increased with exercise, and
dropped during recovery.

Plasma glucose and lactate

values were higher with CHO repletion plus PN dose than
with CHO depletion plus PN dose.

It was suggested that

glycogenolysis could occur more rapidly after PN
supplementation because the level of glycogen
phosphorylase may be increased.

For this reason,

excessive amounts of PN supplementation was not
recommended because it could decrease athletic
performance.
In the above same study, Hatcher (1983) studied
the effect of exercise on vitamin B-6 metabolism.

In

all exercise tests, with exception of the low and high
CHO diet condition, there was a significant increase in
both plasma vitamin B-6 concentration and PLP
concentration (pre to post exercise).

Both plasma PLP

and vitamin B-6 concentrations dropped continuously
throughout the 60 min post exercise period.

A greater

increase in plasma vitamin B-6 and PLP was observed with
the PN supplementation.

This suggests the possibility

of storage and availability of the vitamin during
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exercise.

4PA excretion increased on the day of all

exercise tests (except for exercise tests with low CHO).
The investigator recommended that athletes avoid diets
low in CHO and to consume diets with the RDA for vitamin
B-6.
Leklem and Shultz (1983) investigated the effect
of running on vitamin B-6 metabolism.

An increased

concentration of plasma PLP and plasma vitamin B-6
immediately a run of 4500 meters was observed in male
adolescent athletes.

These investigators suggested that

a decrease change in plasma volume was in part
responsible for the increase in plasma B-6 vitamers.
However, other possible explanations were given;
indicating that PLP is released from storage sites such
as muscle and red blood cells, from the interstitial
fluid, and from other tissues.

A more detailed

explanation of the factors (non-dietary) that could
affect a change in plasma PLP concentration during or
after exercise is given by Leklem (1985).

Some of these

factors and their probably mechanism are summarized in
Table 2.

In this review article, Leklem emphasizes the

importance of the gluconeogenesis process and the role
of vitamin B-6 (transamination reactions) when strenuous
exercise is performed.
The effect of glucose and fructose ingestions on
vitamin B-6 and fuel metabolism during prolonged and
continuous exercise in trained males was tested by Seitz
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TABLE 2. SOME FACTORS THAT MIGHT AFFECT PYRIDOXAL
5*-PHOSPHATE LEVELS DURING AND IMMEDIATELY AFTER
EXERCISE

FACTOR
A. Release of PLP (*) from a
storage site such as muscle
and/or red blood cells

MECHANISM
1. Change in muscle
pH and concentration
2. Leakage of enzymes
and other proteins
from muscle cells
3. PLP bound to some
enzyme (i.e.,
glycogen phosphorylase &/or aminotransferase)
4. Phosphorylated
forms of vitamin
B-6 cross slowly
into red blood cell

B. Decreased plasma volume

1. Shifts in fluids
from plasma to
intracellular space
2. Increased solute
concentration

(*) Pyridoxal 5'-phosphate
Adapted from Leklem (1985)
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(1986).

In this study, the subjects ingested 200 ml of

either glucose, fructose or water.

The concentration

for glucose and fructose was based on each subject's
body weight (i.e., 1 gram CHO per kg body weight per
liter of water).

Each solution was given at the

beginning of the test and at 30 min intervals throughout
the cycling test (ergometer for 120 min at 60% VO2 max).
It was found that plasma levels of lactate and PLP were
lower at 60 min when glucose was consumed as compared to
fructose or water.

This study showed no significant

difference among treatments for means plasma PLP and
lactate levels at any time of exercise.

However, mean

plasma glucose concentration was significantly different
among treatments.

A higher plasma glucose concentration

was observed with the glucose ingestion.

Hence, it was

suggested that the glucose solution may spare muscle
glycogen stores. For this reason, this investigator
recommended the use of fructose solution to the
performance-conscious athletes.
Dreon and Butterfield (1986) investigated vitamin
B-6 metabolism in both active and inactive young men.
Under controlled diets providing 4.2 mg of vitamin
B-6/day, the trained group lived for 58 days in a
metabolic unit.

The trained group ran 10 miles/day for

29 days and 5 miles/day the other 29 days of the study.
The untrained group of subjects were free-living,
although their meals were provided on an outpatient
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basis for 29 days.

A methionine load test was performed

to all subjects. Urinary 4PA was analyzed with and
without a methionine load (PLP is involved in four
separate transamination reactions in the degradation of
methionine).

It was found that the mean basal excretion

of 4PA was significantly higher in the untrained group
than in the trained group. This group excreted more 4PA
after the methionine load when running either 10 or 5
miles/day.

However, in the untrained group the 4PA

excretion fell after the methionine load.

These

investigators suggested that trained individuals may
have a labile pool of pyridoxine that is redistributed
under circumstances of increased need.
In summary, vitamin B-6 metabolism is affected
during and after physical activity of medium to high
intensity.

Plasma PLP and plasma vitamin B-6 increase

during and immediately after exercise, but decrease 30
to 60 minutes after exercise.

4PA excretion has been

shown to either increase or decrease in response to
exercise.

PLP plays an important role in both

glycogenolysis and gluconeogenesis pathways and
therefore in CHO metabolism.
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AMMONIA METABOLISM

Ammonia (*) is one of the catabolic end products
of protein metabolism.

Free amino acids, urea,

creatinine and uric acid are also metabolic products of
either exogenous (dietary) or endogenous (tissue)
proteins.

A general picture of mammalian protein

metabolism is shown in Figure 7 (adapted from Munro and
Crim, 1980).
High concentrations of ammonia are known to cause
toxicity in living cells (Katunuma et al., 1965).

Under

normal conditions, humans and other higher animals
maintain the intracellular ammonia level by synthesis of
glutamine from ammonia and by formation of urea from
ammonia. This mechanism maintains ammonia concentration
in the cells within certain limits.

When this mechanism

is disturbed, ammonia accumulates in the cells causing
toxicity.

High ammonia concentration is detrimental to

the central nervous system (CNS) function.
Most of the knowledge of ammonia metabolism has
been gained by measuring blood concentrations.

The SI

reference interval for blood ammonia in normal
populations is 5-50 umol/L (Young, 1987).

Ammonia is a

(*) Throughout this paper the term ammonia is used to
represent the sum of the ammonium ion and ammonia gas
that are contained in blood.
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weak base, which at physiological pH exists primarily as
the ammonium ion (NH4+).

In tissues, the pH gradient

determines ammonia concentration which is relative to
the movement of ammonia into and out of the vascular
compartment.

When the blood is more acidic relative to

tissues, more ammonia will remain in the circulation
(Onstad and Zieve, 1979).
Several studies of ammonia metabolism have been
done in dogs, rats, and rana:
Rector et al. (1959);

Van Slyke et al. (1943);

Pollak et al. (1965); and Gougoux

et al. (1985) studied ammonia metabolism in dogs. Barnes
et al. (1964);

Goodman et al. (1966); Pitts (1971);

Preuss et al. (1973); Welbourne and Francoeur (1977);
Goodman and Lowenstein (1977); Meyer and Terjung (1979) ;
Meyer et al. (1980); Hortelano et al. (1983); Gougoux
et al. (1985); Dudley and Terjung (1985a,b); Flanagan et
al. (1986); and Good and DuBose (1987) studied ammonia
metabolism in rats. Heald (1975) studied the influence
of ammonium ions on the muscle of rana pipiens.

Human

ammonia metabolism has been studied in normal subjects
(Owen and Robinson, 1963;
Tannen, 1978;

Lockwood et al., 1979;

Wrong et al., 1985).

Several mechanisms exist for significant ammonia
production in the presence or absence of food.
is produced in the following tissues:

Ammonia

in the

gastrointestinal tract (GI tract), in liver, in muscle,
in brain & nerve tissue, in kidneys, and red blood cells
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(Lowenstein, 1972):

(Figure 8, adapted from Lockwood et

al., 1979, shows a review of human ammonia metabolism).
GASTROINTESTINAL TRACT;
Under normal conditions, dietary protein is the
source for most of the blood ammonia.

The major source

of the circulating ammonia comes from the GI tract.

It

has been proved that plasma ammonia concentration is
typically five to ten-fold higher in the portal vein
than in the general circulation (Lockwood et al., 1979).
Normal digestive processes generate ammonia from
ingested protein, but bacterial proteases, ureases, and
amine oxidases of the colon, as well as hydrolysis of
glutamine in both the small and large intestines also
generate ammonia (Onstad and Zieve, 1979; Mutch and
Banister, 1983; Wrong et al., 1985; Balistreri and Shaw,
1986).

Lockwood and co-workers (1979) found that normal

subjects detoxify ammonia from the GI tract by
conversion to urea.
LIVER;
In a healthy individual most of the portal vein
ammonia load is metabolized to urea in liver cells via
the Krebs-Henseleit urea cycle (most commonly known as
the urea cycle).

This process includes cytosolic and

mitochondrial enzyme-catalyzed steps (Balistreri and
Shaw, 1986). The major metabolic pathways for the
utilization of ammonia by the liver cells (hepatocytes)
are shown in Figure 9.
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The conversion of aspartate to glutamate or to
urea, and of pyruvic acid to alanine (transamination
reaction) are important ammonia detoxyfying mechanisms
occurring in the liver (Katunuma et al., 1966). Ammonia
is also utilized in the liver and other tissues in the
conversion of alpha-ketoglutarate to glutamate and
glutamate to glutamine.

Both sequence reactions

resulting in the formation of urea, or of glutamine, are
important in ammonia utilization (Onstad and Zieve,
1979).

Overall, the principal role of the liver is

detoxification and removal of ammonia from the
circulation, and site for urea synthesis.

The liver,

then, maintains physiological blood ammonia levels in
normal humans.
SKELETAL MUSCLE;
The skeletal muscle plays an important role in the
intermediary metabolism of ammonia.

Ammonia homeostasis

is maintained due to the large mass of skeletal muscle
which in normal humans is over 40% of the body weight
(Guyton, 1981).

The rate of ammonia clearance from the

blood is a linear function of its arterial
concentration, so 50% of ammonia is taken up by the
skeletal muscle.

Subsequently, the skeletal muscle may

detoxify ammonia by converting it to glutamine.

This

amino acid, in turn, may be carried to the liver to
serve as a urea precursor.

In normal subjects,

approximately 50% of the arterial ammonia is metabolized
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by the skeletal muscle, but the liver is the major organ
for detoxification (Lockwood et al., 1979).
Ammonia is produced by the skeletal muscle and
other organs (especially the kidney) via three different
reactions (Hultman and Sahlin, 1980):
1.

Deamination of glutamine

2.

Transamination of amino acids to alphaketoglutarate and oxidative deamination of
glutamate to alpha-ketoglutarate and ammonia.

3.

The purine nucleotide cycle (PNC).

The first reaction is the deamination of glutamine
in which glutaminase catalyzes the following reaction;
GLUTAMINE + H2O

> GLUTAMATE + NH3

Ammonia is produced by the skeletal muscle via
transamination reactions of amino acids (for example
glutamate) to alpha-ketoglutarate. The transamination
reaction is one method for biological removal of amino
groups.

Transamination requires the vitamin B-6

coenzyme, pyridoxal 5'-phosphate (PLP) and a variety of
specific enzymes known as transaminases.

Another method

for removing amino groups is oxidative deamination.
"Although theoretically all amino acids can be
deaminated by this method, apparently the only such
reaction of physiological importance is that involving
glutamic acid" (Pike and Brown, 1984);
GLUTAMATE + NAD + H2O

> o<-KETOGLUTARATE +
NADH + NH3 + H+
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The third reaction involves the purine nucleotide
cycle (PNC) (Lowenstein, 1972; Goodman and Lowenstein,
1977; Flanagan et al., 1986). The formation of ammonia
in the muscle and other organs such as the kidney,
occurs via the PNC.

The overall reaction is;

ASPARTATE + GTP + H2O

> FUMARATE + NH3 +

GDP + Pi The deamination of glutamate proceeds via a
transamination reaction involving oxaloacetate with the
resultant production of aspartate. Glutamate and
aspartate may act as a source of carbon for energy
production.

The PNC is catalyzed by a) adenylate

deaminase, b) adenyl succinate synthetase, and c)
adenylosuccinate lyase.

The PNC is presented in Figure

10.
Lowenstein (1972) has discussed several functions
of the PNC:

The PNC is a pathway that serves for the

liberation of ammonia from amino acids, and for the
adjustment of the levels of citric acid intermediates.
The PNC makes possible the use of certain amino acids as
a source of carbon for energy production, as well as
regulates the levels of adenine nucleotides AMP, ADP,
and ATP.

Finally, the PNC is a pathway that aids in the

control of phosphofructokinase activity and hence of
glycolysis. Hultman and Sahlin (1980) emphasized the
role of ammonia in acid-base regulation during exercise
as part of the PNC.

The several functions of the PNC

may all occur in contracting muscle (Sabina et al.,
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FIGURE 10. THE PURINE NUCLEOTIDE CYCLE
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1980; Flanagan et al., 1986).

Therefore, some of those

functions will be discussed in more detail in the
section dealing with ammonia metabolism and exercise.
The PNC may be of greatest importance in skeletal
muscle because adenylate deaminase activity is high in
this tissue.

However, this enzyme is also present in

various organs (Lowenstein, 1972).
At rest muscle tissue releases small amounts of
glutamine and takes up glutamate (Marliss et al., 1971).
This is an important mechanism for the transport of
amino groups from muscle to the liver and kidney.
Glutamine is formed in the muscle by the following
reaction;
GLUTAMATE + NH3

> GLUTAMINE.

synthetase catalyzes this reaction.

Glutamine

The brain also

contains this enzyme (Lockwood et al., 1979).
BRAIN;
In the brain, high concentrations of ammonia can
be harmful to the functioning of the CNS.
Investigations by Lockwood and co-workers (1979) have
shown that in normal subjects and in patients with liver
disease arterial ammonia was taken up and utilized by
the brain of all subjects. The rate of ammonia
utilization was increased as a linear function of the
arterial ammonia concentration.

Patients with hepatic

encephalopathy had higher arterial ammonia
concentrations and higher brain ammonia utilization rate
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as compared to normal subjects.

Higher concentrations

of blood ammonia produces higher concentrations of this
metabolite in the brain which can be detrimental to
patients with liver disease and other patients with
impairment of ammonia metabolism.
Ammonia enters the CNS by passive diffusion.

As

discussed above, the rate of entry is dependent on the
plasma ammonia concentration, but it is also dependent
on pH.

As pH increases, the rate of entry of ammonia

into the central nervous tissue increases.

This is

believed to be due to the fact that increases in pH
produce a shift to the right in the equilibrium of the
following reaction;
NH4 + H2O

> NH3 + H30+ which results in

increased ammonia base concentration.

NH3 crosses the

blood-brain barrier membrane more promptly than NH4+
(Balistreri and Shaw, 1986).
Two mechanisms have been discussed independently
for the production of ammonia in the brain;

the purine

nucleotide cycle (Lowenstein, 1972), and the deamination
of brain catecholamines (Banister and Singh, 1980). The
PNC is involved in ion transport, possible through its
role in energy metabolism as well as through the
production of the freely diffusible ammonium ion.

Most

of the ammonia taken up by the brain is immediately
incorporated into the amide nitrogen of glutamine.
Therefore, glutamine participates in the transport of
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ammonia.

The major mechanism of removing ammonia is

through glutamine synthesis (Lowenstein, 1972; Lockwood
et al., 1979).

In the brain, elevated ammonia and

reduction of both glutamate and gamma aminobutyric acid
(GABA) are associated with neural dysfunction (Mutch and
Banister, 1983).

On the other hand, catecholamine

concentration in plasma and brain increases in response
to exercise and other stress situations (Banister and
Griffiths, 1972; Peronnet et al., 1981; Brown et al.,
1979).

Ammonia can be produced in the brain by

deamination of brain catecholamines (Banister and
Singh,1980).
KIDNEY;
In 1943 Van Slyke and co-workers found that the
major source for urinary ammonia in acidotic dogs was
glutamine.

Since then, different potential pathways of

glutamine metabolism have been studied in dogs, rats,
and human kidney in vitro and in vivo:

Rector et al.

(1959); Pollak et al. (1965); and Gougoux et al. (1985)
studied glutamine metabolism in dogs.

Goodman et al.

(1966); Pitts (1971); Preuss et al. (1973); Hortelano et
al. (1984); and Good and DuBose Jr. (1987) studied
glutamine metabolism in rats.

Tannen (1978) reviewed

ammonia and glutamine metabolism in the rat, the dog and
the human kidney.

However, the three different

reactions that have been described for the muscle also
operate in the kidney.

These reactions are the most
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important mechanisms for human ammonia metabolism
(Hultman and Sahlin, 1980).
The renal tubular cells are able to generate
ammonia not only from glutamine but also from other
amino acids derived from muscle and liver cells (Tannen,
1979;

Owen and Robinson, 1963).

Under normal

conditions of acid-base balance, the healthy human
kidney extracts glutamine amide nitrogen up to 63% of
the total amount of ammonia nitrogen that is released
from the kidneys.

Glycine nitrogen provides an

additional 6% of the total release of ammonia from the
kidneys.

The remaining 30% is extracted from glutamic

acid, which arises from either direct deamination to
alpha-ketoglutarate and ammonia or by transamination
reactions that lead to the production of other amino
acids (for example, alanine).

The amino acids are

either released unchanged into renal venous blood, or
deaminated directly to form ammonia and the appropiate
keto-acid (Owen and Robinson, 1963).
The renal tubular cells excrete ammonium ions.
This process in turn also helps to regulate the
acid-base balance of the blood (Tietz et al., 1986;
Guyton, 1981).

This mechanism is shown in Figure 11 and

is explained as follows:

The ammonium ion produced

dissociates into ammonia and hydrogen ions depending on
blood pH.

Ammonia combines with hydrogen ions (H+) to

form ammonium ions (NH4+) which diffuses across the cell
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membrane into the tubular lumen.

The ammonium ions

cannot easily cross the cell membrane and therefore are
trapped in the glomerular filtrate and then excreted
with anions such as chloride, phosphate, or sulfate. The
hydrogen ion that is required for ammonium ion formation
may be present in the glomerular filtrate or may be
generated within the tubular cell through the synthesis
of carbonic acid from CO2 and H2O.
catalyzed by carbonic anhydrase.

This reaction is
The hydrogen ions are

secreted into the tubular lumen through the exchange of
Na+-H+.

H+ secreted by the Na+-H+ exchange into the

tubular lumen may react with HPO4 to form H2PO4.
Other factors that influence ammonia production by
the kidney are aldosterone (Wilbourne and Francoeur,
1977), potassium deficiency (Goodman et al., 1966;
O'Reilly, 1984), and renal gluconeogenesis during
acidosis (Goodman et al., 1966).

The latter mechanism

is more important during exercise of high intensity
because acidosis can result (Hultman and Sahlin, 1980) .
RED BLOOD CELLS:
The ammonia metabolism in red blood cells may be
different from that in other cells because the operation
of the purine nucleotide cycle is not an obligatory
requirement (Lowenstein, 1972).

The enzyme adenylate

deaminase is present in the red cells of animal species
examined, including human red cells.

However, human red

cells lack adenylsuccinate synthetase, but posess
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adenylossuccinate lyase (Lowy and Dorfman, 1970).

See

Figure 10 for a review of the PNC.
In summary, high levels of ammonia are toxic to
the cells and detrimental to the CNS.

The most common

finding of such toxicity is an elevated level of ammonia
in the blood (hyperammonemia).

A brief explanation why

ammonium ions are elevated, is that they shift the
equilibrium of the following reaction toward the
formation of glutamate;
ALPHA-KETOGLUTARATE

> GLUTAMATE.

Glutamate dehydrogenase catalyzes this reaction.

A

higher formation of glutamate due to high ammonia levels
will deplete alpha-ketoglutarate which is a citric acid
intermediate.

This depletion will lead to a decrease in

the rate of formation of ATP.

The CNS is highly

vulnerable to low levels of ATP (Stryer, 1981).
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AMMONIA METABOLISM AND EXERCISE

An increase in blood ammonia concentration
accompanying strenuous exercise has been implicated in
fatigue development and physical exhaustion.

Schwarts

and co-workers (1958) suggested that an elevation of
blood ammonia concentration may be an added respiratory
stimulus contributing to increased ventilation during
and following muscular exercise.

Ammonia may contribute

to exercise hyperpnea either by direct stimulation or by
interfering with other chemical messages being sent to
the respiration centers.

A hyperpnea produced by

ammonia would cause hyperactivity of respiratory
muscles, which could then compound excessive ammonia
production by wasteful ventilatory muscle activity.
Overall, hyperpnea is a discomforting condition that
contributes to central perception of fatigue (Banister,
1979;

Mutch and Banister, 1983).
In resting human skeletal muscle, the

arterio-venous difference for ammonia concentration is
close to zero (Lockwood et al., 1979).

However, during

and after muscular exercise, ammonia production
increases. Therefore, the skeletal muscle is considered
to be the major source for ammonia production
(Lowenstein, 1972).

Under extreme conditions such as

tetani, convulsion, muscular exhaustion, and ischemia,
ammonia formation is large, but under less extreme
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conditions ammonia formation is proportional to the
amount of work done (Lowenstein, 1972).
Wilkerson and co-workers (1977) found a
significant correlation between venous blood ammonia and
the levels of lactate, pyruvate, and glucose when work
levels of seven subjects were above 70% of their maximal
oxygen uptake.

Accumulation of blood ammonia occurs

when exercise intensity increases from moderate to
severe (60-70% VO2 max) (Wilkerson et al., 1975; Meyer
et al., 1980; Hultman and Sahlin, 1980; Dudley et al.,
1983; Babij et al., 1983; Buono et al., 1984; Lo and
Dudley, 1987). Production of blood ammonia has been
reported even at work rates as low as 40-50% of VO2 max
(Banister et al., 1983).

In this study, subjects

exercised on a cycle ergometer until exhaustion.

Blood

samples were taken serially at 30 seconds intervals
during a continuous ramp test (i.e., work loads were
increased each 30 seconds until the pedalling frecuency
could no longer be maintained within a range of plus or
minus 10 seconds). These investigators found that
ammonia concentration was increased early in exercise
and continued to rise throughout the test.

Ammonia was

highest when subjects were exercising at 80% of their
VO2 max, at the time they were exhausted.

During

recovery, ammonia decreased rapidly.
Allen and Conn (1960) have shown that mild
muscular exercise increases blood ammonia concentration
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in cirrhotic patients.

Identical type of exercise did

not increase ammonia levels in normal subjects. However,
an increase in intense muscular exercise caused a
significantly greater increase in blood ammonia
concentrations in both cirrhotic and normal subjects.
Thus, there is an increase in blood ammonia with
increasing exercise intensity in humans.

Table 3

presents a summary of the ammonia levels found in
exercising humans.
Several studies in rats and frogs, utilizing
exercise or muscle stimulation (in situ), have
contribute to our understanding of the role of ammonia
metabolism in active muscle (Barnes et al., 1964; Heald,
1975; Lowenstein, 1972; Goodman and Lowenstein, 1977;
Meyer and Terjung, 1979; Meyer et al., 1980; Dudley and
Terjung, 1985a,b; Flanagan et al., 1986). Meyer et al.
(1980) studied different skeletal muscle fibers of rats
after exercise.

They found that fast-twitch muscle

fibers, particularly the fast-twitch glycolytic fibers,
are a source of ammonia production during strenuous
exercise.

Dudley and Terjung (1985a,b) compared the

response of low-oxidative-fast-twitch white and
high-oxidative-fast-twitch red fibers during intense
contraction conditions in muscle rats.

Their studies

indicate that the increase in lactic acid acumulation
plays an important role in AMP deaminase (adenylate
deaminase) activation, specially in the
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TABLE 3.

BLOOD AMMONIA LEVELS IN EXERCISING HUMANS

Blood levels *
(umol/L)
95 ± 12

Condition

normal subj ects
power hand grip
exercise; 5 min

exhaustive exercise:
pre: 36±2; post 66±7 treadmill (22 min)
pre: 38±4; post 90±8 cycle ergometer
(12 min)

Reference

Allen and
Cohn (1960)
Wilkerson et
al. (1975)

rest
at 30 min exercise:
50% VO2 max
80% VO2 max

Wilkerson et
al. (1977)

40
127

rest
at 30 min exercise:
75% VO2 max

Babij et al.
(1983)

Subject A: 212 ± 57
Subject B: 271 ± 17

exhaustive exercise
exhaustive exercise

Banister et
al. (1983)

32 ± 7
100 ± 16

rest
exhaustive exercise

Buono et al.
(1984)

38 ± 1
56 ± 4
70 ± 9

Change in ammonia concentration due to exercise training:
Untrained Trained
Exercise level:
28.3
7.7
168 Watts
81.2
34.0
235 Watts

Lo and Dudley
(1987)

* In some papers, it is not clear whether it was blood
or
plasma ammonia which was determined.
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low-oxidative-fast-twitch white skeletal muscle.

This

study supports the importance of the purine nucleotide
cycle and hence, of ammonia metabolism in muscular
activity.
Muscle biopsies in humans have shown that the
increase in blood ammonia after exercise is directly
related to the percentage of fast-twitch fibers (Dudley
et al., 1983).

Slow-twitch fibers are mainly recruited

at low work loads.

However, when recruitment of both

type of fibers are increased, ammonia increases with the
amount of work done (Meyer et al, 1980).

Furthermore,

the differences in blood ammonia in exercising humans,
may be due largely to the variability in fiber type
composition among individuals (Dudley et al., 1983;
Mutch and Banister, 1983).
The purine nucleotide cycle during exercise has
several roles (see Figure 10):
a)

Changes in the content of AMP through IMP

formation modify adenine nucleotides levels which are
important cell regulators.

Thus, during strenuous

exercise, the accumulation of AMP enhances glycolysis
and lactic acid will be produced.

Consequently,

acidosis would be produced and the person perceives
fatigue.

The action of the ammonia liberated in the

adenylate deaminase reaction may be twofold:
-

As an activator of phosphofructokinase (PFK)
and overall of glycolysis.

PFK is one of the
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rate limiting enzymes in glycolysis.
-

Paradoxically, ammonia raises the pH and
thereby greatly decreases the ATP inhibition
of PFK.

The inhibition of PFK by

physiological levels of ATP
values below 7.1.

occurs at pH

It is possible that

ammonia produced by deamination helps to
neutralize lactate accumulation.

This

elevation of the pH seems to be the role of
ammonia early in exercise.

(Lowenstein, 1972;

Goodman and Lowenstein, 1977;

Hultman and

Sahlin, 1980; Mutch and Banister, 1983).
b)

The PNC which is responsible for the production of

ammonia in skeletal muscle, may also function to
replenish citric acid cycle (TCA) intermediates (Allen
and Conn, 1960).

When exercise intensity increases,

however, an elevation in ammonia may interfere with at
least two separate steps in the TCA cycle:

The

inhibition of both isocitrate dehydrogenase and pyruvate
dehydrogenase.

The former enzyme catalyzes the

conversion of citrate to alpha-ketoglutarate, and the
latter catalyzes the oxidative decarboxylation of
pyruvate to acetyl CoA for entry into the TCA cycle
(Katunuma et al., 1966; Worcel and Erecinska, 1962;
Stryer, 1981). Pyruvate carboxylase is also inhibited in
the presence of ammonia.

This enzyme catalyzes the

conversion of pyruvate to oxaloacetate in mitochondria.
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Pyruvate carboxylase is important in gluconeogenesis,
but also plays a critical role in maintaining the level
of citric acid cycle intermediates (Stryer, 1981).
Consequently, with the inhibition of these three enzymes
by ammonia, mitochondrial respiration would also be
inhibited.
The PNC is not the only pathway for the production
of TCA cycle intermediates from amino acids.

The

reaction catalyzed by glutamic pyruvic transaminase
(also called glutamate-alanine transaminase) is another
possible pathway (Lowenstein, 1972):
GLUTAMATE + PYRUVATE <

>

ALPHA-KETOGLUTARATE + ALANINE.

Felig and

Wahren (1971) found that during exercise alanine exceeds
all other amino acids in its net release from muscle.
Alanine plays an important role in the transport of
ammonia from the muscle to the liver (Felig and Wahren,
1971).
c)

The PNC plays a role in the production of carbon

skeletons from amino acids which can increase the energy
substrate in the TCA cycle.

In many tissues, the

deamination of glutamate proceeds via a transamination
reaction involving oxaloacetate, with the resultant
production of aspartate.

Both aspartate and glutamate

may act as a source of carbon for energy production
(Lowenstein, 1972).
seen in Figure 12.

A review of this pathway can be
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FIGURE 12. DEAMINATION OF GLUTAMATE
In many tissues, the deamination of glutamate proceeds
via a transamination reaction involving oxaioacetate with
the resultant production of aspartate.
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d)

The release of ammonia during exercise influences

acid-base regulation both in the muscle and in the whole
body homeostasis via hydrogen ion in the kidney.

Both

ammonia and glutamine are transported from muscle to the
kidney.

Ammonia is also produced in the kidney (Hultman

and Sahlin, 1980).

This mechanism has already been

described (Ammonia metabolism-kidney).
Ammonia production has also been studied during
and after exercise by the use of stable isotopes
(Millward et al., 1982;

Rennie et al., 1981).

After

four healthy men exercised for 3 hours and 45 minutes on
a motor-driven treadmill, at 50% VO2 max, their urinary
ammonia production remained high by 10-20% for several
hours (Rennie et al., 1981).
In summary, the increased production of ammonia
during physical activity interfere with a number of
metabolic reactions.

These are, stimulation of

glycolysis, inhibition of both TCA cycle and
mitochondrial oxidation, inhibition of gluconeogenesis
from pyruvate, and regulation of acid-base balance.
Ammonia is the initiator of many physiological events
associated with the development of fatigue.
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UREA METABOLISM

After ammonia has been released during
deamination, it is then removed from the blood and
converted into urea.

This metabolite is the major

nonprotein nitrogen compound (NPN.

i.e., a nitrogenous

constituent of blood that is not a protein),
compromising over 75% of its eventually excretion
(Guyton, 1981; Rock et al, 1986).
In most terrestrial vertebrates, urea is
synthesized in the liver by the urea cycle (Figure 13).
One of the nitrogen atoms of urea comes from ammonia,
and the other nitrogen comes from aspartate.
atom of urea comes from CO2.

The carbon

Ornithine is the carrier

of nitrogen and carbon atoms in the urea cycle (Stryer,
1981).

Arginine is the immediate precursor of urea.

Arginase hydrolysis arginine to urea and ornithine.
Urea, then, diffuses from the liver cells into the
systemic circulation and is excreted by the kidneys
(Guyton, 1981).
The presence of urea in plasma and hence in the
tubular filtrate is directly related to the amount of
protein that is consumed and to the rate of protein
catabolism (Pike and Brown, 1984).

Jackson and

co-workers (1984) reported that adults consuming 60 to
100 g protein/day produced 139 mg N/kg/day as urea, 71%
of which was excreted in the urine. Most of the urea not

74

FUMARATE

ARGININE

H20

0
H2N-C-NH2

ARGINOSUCCINATE

ORNITHINE
CARS AMD YL PO4
R-C-NH2
II

0
CITRULLINE
ASPARTATE
R-NH2

CO 2

FIGURE 13. THE UREA CYCLE
Adapted from Stryer (1981).
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accounted for in urine is metabolized in the body by
hydrolysis in the GI tract.

In normal subjects,

approximately 15 to 30% of synthesized urea is
continually being hydrolyzed by intestinal bacteria
(Jackson et al., 1984; Walser and Bodenlos, 1959).
There is also urea excretion in sweat, which could be
degraded to ammonia in the skin.

The rate of sweating,

along with urea concentration in plasma determine the
amount of urea excretion in sweat (Jackson et al.,
1984). The rate of urea excretion and the glomerular
filtration rate determine the concentration of this
metabolite in plasma.

Plasma urea concentration rises

to a proportionally higher levels when the glomerular
filtration rate falls too low.

This is not desirable to

happen in patients with renal insufficiency (Guyton,
1981; Zeman, 1983).

See reference ranges of urea

nitrogen in urine in Table 4.

Several renal diseases

can cause an increase in plasma urea concentration
(uremia) (Rock et al., 1986).

As will be discussed

later, uremia has also been observed in exercise. Uremia
during and following exercise is transitory, whereas in
clinical conditions, uremia is a chronic condition.

The

SI reference for urea nitrogen in serum is 3.0-6.5
mmol/L (Young, 1987).

Stone et al. (1975) and

Dobbelstein et al. (1974) have discussed a number of
comparable biochemical alterations and clinical symptoms
that occur with both uremia and vitamin B-6 deficiency.

76
TABLE 4.

REFERENCE VALUES OF UREA N IN URINE

mmol UREA N/24 hours

Comments

Reference

214-607
(6-17 g UREA N/24 h)

Males and females
20-49 years old
Henry (1974)

428-714
(12-20 g UREA N/24 h)

Adults

357-535
(10-15 g UREA N/24 h)

Adults

450-700
(12-20 g UREA N/24 h)

SI ref. interval

Tietz (1986)

Oser (1965)

Young (1987)

406 ± 106: pre-exercise Runners (10 males)
654 ± 54: pre-exercise Weight lifters
(4 males)
730 ± 202: post-exercise Runners
(10 males)
Dohm et al
864 ± 124: post-exercise Weight lifters
(1982)
(4 males)

77
In normal individuals the quantity of urea that
passes from the glomerulus into the tubules is
approximately 60% of the urea load that enters the
proximal tubules.

In the tubule, the urea is either

reabsorbed into the bloodstream or is passed into the
urine.

The amount of urea that is reabsorbed is

dependent on the direction in which water is moving
accross the tubule (Guyton, 1981).

The urea

recirculation mechanism through the loop of Henle, the
distal tvibule, and the collecting duct provides a means
for concentrating urea.

Figure 14 shows the urea

recirculation mechanism.
Investigations by Sands and Knepper (1987) in rats
and rabbits have shown that the outer third of the inner
medula collecting duct has a low permeability to urea,
whereas the permeability of urea of the inner two thirds
of the inner medulla collecting duct is very high.

This

finding suggests the presence of a facilitated urea
transport mechanism.

The extent to which this occurs in

humans is not known.
The urea cycle and the citric acid cycle (TCA) are
linked together by fumarate.

See Figure 15.

The

synthesis of fumarate by the urea cycle is important
because it links the urea cycle and the citric acid
cycle (Katunuma et al., 1965).

Fumarate is finally

oxidized to oxaloacetate which in turn can be
transaminated to aspartate, or converted into glucose
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FIGURE 14. RE-CIRCULATION OF UREA.

Urea is absorbed from the collecting duct,
passes into the Loop of Henle, and then to
the distal tubule. Urea finally returns to
the collecting duct.
Adapted from Guyton (1981).
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through the gluconeogenic pathway, or it can be
condensed with acetyl CoA to form citrate (Stryer,
1981).
Milner (1985) has reviewed the dynamic
interrelationship of the urea cycle with pyrimidine and
purine synthesis, and the TCA cycle.

This investigator

used arginine deficient rats as a model.

This

interrelationship also has been confirmed in human
studies (Fico et al., 1986).
Ornithine keto acid transaminase (OKT) is thought
to regulate urea synthesis.

This enzyme, which is

localized in mitochondria, reacts readily with
alpha-ketoglutarate.

OKT is inhibited by branched chain

amino acids (BCAA) (Katunuma et al., 1965).

Alanine

flux (and the rate of gluconeogenesis from alanine) is
also considered to be an important determinant in the
regulation of urea synthesis (Felig and Wahren, 1971;
Geiseler et al., 1985; Wolfe et al., 1986).

Since

gluconeogenesis is an important mechanism during
physical activity, the role of alanine, glucose, and
urea metabolism will be discussed in the next section.
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UREA METABOLISM AND EXERCISE

Strenuous exercise has been consistently shown to
increase the production of urea. Observations of an
increase in plasma urea concentration (uremia) have been
reported during and after exercise (Creff, 1963;
Haralambie and Berg, 1976; Decombaz et al., 1979; Rennie
et al., 1981; Plante and Houston, 1984; Millward et al.,
1982; Refsum and Stromme, 1974, 1975; Lemon and Mullin,
1980).
A rise in urea excretion in urine has been
reported in the period following exercise (Refsum and
Stromme, 1974;
1982;

Haralambie and Berg, 1976; Dohm et al.,

Calles-Escandon et al., 1984) and during

exercise. This is followed by a decreased excretion
below that observed at rest (Hickson et al., 1987).
However, other investigators have shown that urinary
urea excretion is reduced or unchanged after exercise
(Lemon and Mullin, 1980; Gorski et al., 1985).

Plante

and Houston (1984) reported that urea excretion did not
change during exercise when their subjects were on
meat-free diets.

However, Calles-Escandon and

co-workers (1984) found that with meat-free diets, total
urea excretion (urine + sweat losses) increased 100%
above pre- and post exercise values during the exercise
period.

The intensity and duration of exercise were

different for these studies (to be discussed later).
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During exercise kidney blood flow and the urine
flow fall (Freeman et al., 1955;

Castenfors, 1967).

This causes alterations in clearance such that the
excretion of urea (and creatinine) are delayed during
exercise (Refsum and Stromme, 1974,1975).

However, the

urine flow and urinary urea excretion increases rapidly
after exercise (Refsum and Stromme, 1974,1975).
The above studies related to the urea excretion in
urine are contradictory.

However, it is suggested that

the skin (sweat) is an important organ for urea
excretion during exercise.

Loss of urea in sweat has

been reported to increase during exercise (Gorski et
al., 1985; Lemon and Mullin, 1980; Dohm et al., 1982;
Calles-Escandon et al., 1984; Haralambie and Berg,
1976).

Approximately 30% of the total urea excretion

during exercise, is in the form of sweat losses
(Calles-Escandon et al., 1984).
Wolfe and co-workers (1982) found no change in
both plasma urea concentration and urinary excretion
despite the increase in leucine oxidation during
exercise.

In this study, the exercise test was mildly

intense (30% VO2 max for 105 min).

Similarly,

Calles-Escandon et al. (1984) found that during exercise
plasma urea concentration did not change. Their subjects
exercised for 90 min at approximately 45% VO2 max.
Based on results from endurance exercise and
strength/power exercise, it appears that urea metabolism
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increases with both intensity and duration of exercise.
Creff (1963) reported that a tennis match lasting for 1
hour increases the levels of urea and ammonia in plasma.
He indicated that without supplemental vitamin B-6 or
special diets, plasma urea and ammonia concentrations
remain elevated for 12 to 15 hours.

Refsum and Stromme

(1974, 1975) demostrated an enhanced output of urinary
urea and increased plasma urea concentration in subjects
participating in a 90-km or 70-km ski race.

Haralambie

and Berg (1976) observed that with different types of
exercise (skiing, running, and 50-km walking) the output
of urea in plasma, urine, and sweat was increased.
These researchers also found a decrease in serum alpha
amino-N concentration, indicating an increased breakdown
of nitrogen-containing compounds during exercise lasting
longer than 70 min.
Decombaz and co-workers (1979) observed a 44%
increase in urea production (urine) in their subjects
after a 100-km race.

They also observed that plasma

urea did not return to resting values even 18-25 hours
after the race.

Refsum and Stromme (1974) found

something similar in their older subjects.

Four days

after a 70-km race plasma urea concentrations were 10%
higher than the pre-race level.
(1963) observed similar results.

Recall that Creff
Therefore, these

studies indicate that plasma urea concentration does not
return to the resting value after several hours of
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recovery from a strenuous exercise.
Lemon and Mullin (1980) conducted an experiment in
which muscle glycogen levels were different.

The

results indicated a relationship between protein
catabolism and muscle glycogen during exercise.

They

found that glycogen depleted (almost zero CHO diet)
subjects produced more urea in plasma and sweat than the
subjects who had a CHO load diet. Although, this second
group also had high levels of urea in plasma and sweat.
These researchers suggested that prolonged exercise
(above 61% VO2 max for 1 hour in their experiment) may
be analogous to starvation, a situation where protein
catabolism is known to occur.
Rennie and co-workers (1981) investigated the
effect of exercise (50% VO2 max for 3 hours and 45 min)
on protein turnover.

They studied several parameters

including plasma and urinary amino acids, urinary
»

ammonia, creatinine, urea, and 3-methylhistidine.

They

found that after exercise plasma urea remained high for
at least 5 hours.

The levels were 30-40% above

pre-exercise values.
Dohm et al. (1982) studied both humans and rats.
In one study, 14 human subjects were divided in two
groups; one group (n=10) ran for 10-12 miles while the
second group, who were weight lifters, performed a power
lift routine for 1 hour.

All subjects had increased

excretion of urea and 3-methylhistidine due to the
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strenuous exercise.

However, the weight lifters

excreted significantly more urea than the runners.
These investigators also determined urea in sweat of the
running subjects, and found a level of 896 mg urea
N/hour.

This level is in good agreement with the level

reported by Lemon and Mullin (1980).
Millward et al. (1982) examined the effect of 3.75
hours of treadmill exercise at 50% VO2 max on whole-body
protein turnover and nitrogen excretion.

They found

that during exercise plasma urea concentration increased
but decreased slowly after exercise.

In their paper,

these authors discuss the role of BCAA metabolism in
exercise, suggesting the importance of the purine
nucleotide cycle.
Plante and Houston (1984) found that concentric
exercise (i.e., the active muscles develop force while
shortening) (70% VO2 max for 1 hour) increases serum
urea concentration by 18% immediately after exercise.
After 1 hour of exercise,

urea remained elevated (21%).

Gorski and co-workers (1985) investigated
competitive athletes (skaters, judo competitors, and
paddlers) to see the effect of exercise on urea
excretion.

All athletes performed short-term efforts of

high intensity on a cycle ergometer.

Each group of

competitors was subjected to three different exercise
tests (each one of different levels of high intensity).
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They found elevated concentrations of urea in sweat in
all subjects, with increasing concentrations as
intensity increased.

The excretion of urea in urine was

reduced in the highest levels of exercise intensity, and
unchanged in the lowest level. These investigators
concluded that the possible immediate source of ammonia
for urea formation was the purine nucleotide cycle.
They based this conclusion on the finding of the
increased urea excreted in sweat by their subjects.
In summary, strenuous exercise affects the
production of urea. Plasma urea concentration increases
during exercise and remains high during the recovery
period (after exercise) for several hours.

Urea

excretion in sweat also increases during strenuous
exercise.

However the studies in which urinary urea was

examined are contradictory.

The PNC seems to play an

indirect role in the increased urea catabolism which
occurs during exercise of high intensity.
The formation of glucose from gluconeogenic
precursors (i.e., pyruvate, lactate, alanine, and
glycerol) increases during exercise.

It is now well

recognized that during exercise gluconeogenesis is
increased (Dohm et al., 1985).

The metabolism of

alanine, glucose, and urea are closely interrelated
(Wolfe et al., 1986).

As a consequence of protein

breakdown and by de novo synthesis, alanine is released
from the muscle. This occurs once the carbons from de
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novo synthesis have been incorporated into alanine and
recycled into the circulation in the carbons of glucose
(Figure 16).

Felig and Wahren (1971) found that during

exercise alanine exceeds all other amino acids in its
net release from the muscle.

Alanine is quantitatively

the most important gluconeogenic amino acid (Felig et
al., 1970).

The elevated alanine synthesis during

exercise may be explained through the glucose-alanine
cycle (Felig, 1973) (see Figure 16):
The carbons of pyruvate which are derived either
from glucose (glycolysis) or from other amino acids, are
transaminated to form alanine.

The BCAA donate the

nitrogen to an original alpha-ketoacid while they are
transaminated to form a new alpha-ketoacid.

Eventually,

the alanine nitrogen (as NH2) is transferred to the urea
cycle in the liver where it is excreted as urea (Felig
and Wahren, 1971; Evans et al., 1983).
Studies by Babij et al. (1983) of exercising men
(75% VO2 max) indicated that the increase in alanine
formation would reflect competition for the glutamate
pool used in transamination of pyruvate or for glutamine
formation.

There is strong evidence that BCAA are

oxidized during exercise in man and that the extent of
oxidation is related to the energy cost of exercise.
However, it is unclear whether the glutamate amino group
transferred during transamination of BCAA is
incorporated into alanine or glutamine, or used for
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FIGURE 16. THE GLUCOSE-ALANINE CYCLE,
THE CORY CYCLE, AND INVOLVEMENT OF
PYRIDOXAL S'-PHOSPHATE.
Adapted from Leklem (1985).
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aspartate synthesis, as part of the purine nucleotide
cycle (Millward et al., 1982; Babij et al., 1983).
All these studies mentioned suggest that prolonged
exercise is associated with increased protein catabolism
(Lemon et al., 1984; Dohm et al., 1985) and that the
gluconeogenic process contributes to the supply of
glucose to prevent hypoglycemia during strenuous
physical activities (Dohm et al., 1985).
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III.

MATERIALS AND METHODS
SUBJECTS

Five bicycle racers and one competitive racketball
player were recruited.

The six male subjects were

adults (20-35 year old), healthy, non-smokers, and
competitive athletes.
the following: 1.
Appendix Table 1).

Screening criteria consisted of
A normal blood chemistry (see

Tests included serum glucose,

creatinine, urea, uric acid, albumin, cholesterol, triglycerides, HDL-cholesterol, VLDL-cholesterol, LDL-cholesterol, sodium, potassium, chloride, calcium, phosphorus, lactic dehydrogenase, aspartic transaminase,
alkaline phosphatase, total bilirrubin, and total
protein.

In addition, normal hematocrit and hemoglobin

were required. 2.

Normal physical exam.

done by medical doctors.

This was

All subjects completed a

confidential health and diet history questionnaire (see
Appendix Form 1).

A consent form approved by the O.S.U.

Human Subjects Committee was signed by each subject
before the study began (see Appendix Form 2).
Subject descriptions are presented in Table 5.
Body weights were recorded during the days the subjects
had the meals prepared at the metabolic kitchen.
was done before breakfast.

This

In addition, body weights

were also recorded before and after the exercise tests.
The VO2 max tests were determined one week before the
experiment began (Table 6).
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TABLE 5.

SUBJECT

*

SUBJECTS' DESCRIPTION *

AGE
years

HEIGHT
cm

WEIGHT
kg

A
B
C
D
E
F

26
27
21
35
24
24

153.0
182.5
183.0
173.8
174.2
180.0

54.5
78.0
72.8
85.0
72.4
77.8

Mean
SD

26
5

174.4
11.2

73.4
10.3

All measures were obtained the day of the
V02 max test.
TABLE 6.

SUBJECTS' PERFORMANCE *
AT THE V02 MAX TEST

SUBJECT V02 max ]RER **
ml/kg/min
A
B
C
D
E
F
Mean
SD

HR *** WORKLOAD
bpm
kpm

59.8
71.2
72.9
57.4
72.5
64.5

1.05
0.97
1.02
0.94
1.03
1.10

192
170
161
173
180
180

1400
2400
2400
1800
2400
2400

66.4
6.8

1.02
0.06

176
11

2133
432

* All measures correspond to the day of the
V02 max test.
** Maximal respiratory efficiency ratio during
the V02 max test.
** Maximal heart rate is given in beats per
minute.
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The percentage of body fat was determined in five
subjects by three different equations (see Table 7).
This was done after the exercise phase of the experiment
was completed.

A Lange skinfold caliper (Cambridge

Scientific Industries, MD) was used for the
determination of skinfolds thickness.
sites were measured;

The following

triceps, subscapular, abdominal,

chest, thigh, axila, suprailiac, and calf.

Each site

was measured three times and an average determined.
EXPERIMENTAL DESIGN
OVERALL APPROACH:
This was a 17 day study.

Subjects exercised at

two points during the experiment.

During the first half

of the study (days 1-8) subjects received a placebo
solution.

They were given pyridoxine hydrochloride

daily during the last half of the study (days 9-17).
However, the subjects did not know if they received
either placebo or pyridoxine (blind test).
served as his own control.
in Tables 8 & 9.
groups.

Each subject

The protocol is summarized

The six subjects were divided in three

The experimental design and samples collected

in this study were shared with another graduate student
who was examining blood lactate and glucose levels.
EXERCISE TEST:
A pilot test was conducted the week before the
experiment began. Subjects practiced riding the cycle
ergometer for 15-30 minutes to familiarize them with all
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TABLE 7.

BODY COMPOSITION *

SUBJ. WEIGHT
% BODY FAT
LEAN BODY
(n=5)
kg
EQ.l** EQ.2** EQ.3** MEAN***SD*** MASS(KG)
A
B
C
D
E

*
**

54.9
75.5
73.9
85.3
73.9

7.0
6.0
6.8
9.3
7.0

6.7
4.5
4.7
31.6
5.6

9.7
8.0
8.8
14.7
8.3

7.8
6.1
6.8
18.5
7.0

1.6
1.8
2.0
11.6
1.4

50.6
70.9
68.9
69.5
68.8

Body composition was determined one week after
the experiment.
Equation 1: Lohman (1981):
Density (D)= 1.0982 - 0.000815 X + 0.0000084 X
X= triceps + subscapular + abdominal skinfolds.
Equation 2: Jackson and Pollock (1978).
D= 1.10938 - 0.0008267 (X) + 0.0000016 (X)
- 0.0002574 (Age in yr)
X= chest + abdomen + thigh skinfolds.
Equation 3: Pascale (1956).
D= 1.088468 - 0.0007123 (axila)
- 0.0004834 (chest) - 0.0005513 (triceps).
% body fat was determined by Brozek et al.
(1963) formula.
% body fat= (4.570/D - 4.142) X 100.

***

Mean and SD of
Lean body mass
Lean body mass
equation: Lean
- (body weight

% body fat from the three equations.
was determined from this mean.
was calculated using the following
body mass= Body weight in kg
in kg X % body fat divided by 100).
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TABLE 8.

INVESTIGATORS PROTOCOL

DAY 1 - DAY 4:
Placebo *.
DAY 5:
Placebo, 24-hour urine collection, diet record.
DAY 6:
Placebo, 24-hour urine collection, metabolic
diet.
DAY 7:
Placebo, 24-hour urine collection, blood
samples drawn, metabolic diet, exercise test.
DAY 8:
Placebo, 24-hour urine collection, fasting
blood sample drawn, metabolic diet.
DAY 9 - DAY 12:
Vitamin B-6**.
DAY 11:
Fasting blood sample drawn.
DAY 13:
Vitamin B-6.
DAY 14:
Vitamin B-6, 24-hour urine collection, diet
record.
DAY 15:
Vitamin B-6, 24-hour urine collection,
metabolic diet.
DAY 16:
Placebo, 24-hour urine collection, blood
samples drawn, metabolic diet, exercise test,
vitamin B-6 ***.
DAY 17:
Vitamin B-6, 24-hour urine collection, fasting
blood sample drawn, metabolic diet.
♦Placebo: 10 ml of 1% acetic acid without vitamin B-6
(pyridoxine hydrochloride).
**Vitamin B-6: 10 ml of 1% acetic acid with 20 mg of
vitamin B-6 (pyridoxine hydrochloride).
***Vitamin B-6 to be given after completion of final
blood draw (ie, 6 hours post exercise).

95
TABLE 9.

SAMPLE AND DATA COLLECTION
OCTOBER 1986

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
2

3

PILOT

PILOT

9

10

Day 1 A Day 1 B
-sol A -sol AB

11
-SOl ABC
-24 A
Day 1 C •-SOl ABC-dr A
-sol ABC

14

16

17

1

5

12

6
7
V02itiax V02inax

13

8

15

-SOlABC ET A ET B
ET C
-24AB -solABC-sol ABC-sol ABC
-dr B -24ABC -24 ABC -24 BC
-md A -dr C -md ABC -md BC
-ru A -md AB -bd B
-bd C

4

18

-sol ABC -SOlABC -SOlABC
-24 C
-ru C
-md C
-fbd C
-ru BC

-bd A -fbd A -fbd B
-ru AB -ru ABC -ru ABC
19

20

22

23

24

-SOlABC-SolABC-SOlABC
-24 A -24 AB
-dr A -dr B
-md A
-ru A

ET A
-SOl ABC
-24 ABC
-dr C
-md AB
-bd A
-ru AB

ET B
-SOl AB'
-24 ABC
-md ABC
-bd B
-fbd A
-ru ABC

ET C
-sol C
-solBC -24 C
-24 BC -md C
-md BC -fbd C
-bd C -ru BC
-fbd B
-ru ABC

26

29

30

31

27

21

28

25

SYMBOLS:
sol= solution; 24= 24-hour urine
record; md= metabolic diet; bd=
fbd= fasting blood sample drawn;
return urine; A= 2 subjects; B=
subj ects.

collection; dr= diet
blood samples drawn;
ET=exercise test; ru=
2 subjects; C= 2
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aspects of the gas exchange procedure (Table 9).

They

had the gas collection mask on during this time.

The

purpose of this ride was to accustom subjects to riding
the cycle ergometer, having gas samples collected, and
having the electrodes on.
An initial exercise test was conducted prior to
the experiment to determine maximal oxygen uptake (VO2
max) (Table 9).

This test was conducted using standard

procedures (Fox and Mathews, 1976).

An open circuit

respiratory gas exchange protocol was followed to
determine carbon dioxide and oxygen.

An applied

electrochemistry SA-1 oxygen analyzer, a Beckman LB-2
carbon dioxide gas analyzer (Beckman Instruments, Inc,
Fullerton, CA) and a Rayfield RAM-9200 dry gas meter
(Rayfield Equipment, Chicago. IL) were used.

Data were

entered into an Apple 11+ computer for on-line
determinations of VO2 using a Rayfield Computational
Software Program.
The subjects exercised on a cycle ergometer for 1
hour on days 7 and 16.

There was a five minute warm up

and a five minute cool down for each exercise test.

The

exercise session began 3 hours after finishing
breakfast.

This meal contained 117 grams of CHO.

The 1

hour exercise test was at approximately 72% of each
subject's maximal oxygen uptake. ECG recordings (Quinton
Instruments, Seattle, WA, Model CM-5, lead II) were
monitored at five minute intervals.

The ECG paper ran
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at a speed of 150 cm/min and at least three QRS
complexes or beats were recorded. Eventually, heart
rates were determined using a table (see Appendix Form
3.) .

Perceived exertion (using the Borg scale; Borg and

Linderholm, 1967) was recorded every 10 minutes.

During

the exercise test, the subjects were not allowed to eat
or drink anything.

All exercise tests and the VO2 max

tests were performed on an electronically braked cycle
ergometer (Quinton Instruments, Uniwork Ergometer Model
845).

A VO2 max test worksheet, a exercise test

worksheet and the subject's schedule are shown in the
Appendix Forms 4, 5, and 6.
All exercise tests were performed at the Human
Performance Laboratory, at the Department of Physical
Education at O.S.U.

Room temperature, pressure, and

humidity during the test were

21-22 degrees C, 755-759

mm Hg, and 58-62 % humidity, respectively.
DIET;
A nutritionally adequate diet (Table 10) was
administered to the subjects on days 6-8 and 15-17 of
the study.

A slight variation of the basal diet was

done for two subjects: a) One subject reported in the
diet/health history to do not tolerate milk products,
with the exception of cheese.

Therefore the milk and

cereal served at breakfast were substituted for bread
(139 g total) and orange juice (250 g total).

In

addition, the milk and the ice cream served at dinner
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TABLE 10.

BASAL MENU

BREAKFAST
- Orange Juice, frozen
Shredded Wheat Cereal
-

Milk, 2%
Whole Wheat Bread
Margarine
Jelly

LUNCH
- Tuna Sandwich:
Whole Wheat Bread
Canned Tuna in Water
Lettuce
Dill Pickle
- Mayonnaise
Carrot, raw
- Pineapple Juice, canned
- Vanilla Wafers
- Pears, canned (fruit lOOg, juice 60g)
Decaff. Soda Pop

(grams)
170
40
200
50
15
45

50
60
10
30
40
70
250
32
160
360

DINNER
- Turkey Breast
110
- Salad:
Lettuce
50
Red Cabbage
15
Carrot (grated)
10
French Dressing
25
Rice:
White Rice, uncooked
60
Margarine
20
Green Beans (drained) , canned
165
- Milk, 2%
250
Ice Cream
80
Canned Peaches, canned (fruit lOOg, juice 50g)— 150
SNACK
Whole Wheat Bread
Cheese, Cheddar
- Margarine
Popcorn, unpopped
Decaff. Soda Pop
- Vanilla Wafers

50
60
10
12
3 60
16

NOTE: On days with no exercise, the following items
were taken from the lunch menu and given to the subjects
as a morning snack: 1 can soda pop and 32 grams vanilla
wafers (16 grams for A) Decaffeinated coffee was optional,
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were substituted for Cheddar cheese (60 g total) and
turkey breast (123 g total).

b) Based on diet records

and activity records prior to the study to determine
calories for setting the diet, one subject had both
lower dietary intake and lower energy activity based on
body weight. Therefore, for this subject the amounts of
jelly, margarine, mayonnaise, soda pop, and vanilla
wafers were reduced from the diet (but not totally
eliminated).
All the food was purchased on one lot, except for
milk. However, the same brand of milk was used
throughout the study.

The preparation of meals and

administration were conducted at the metabolic kitchen,
at the Department of Foods and Nutrition, at O.S.U.
Table 11 presents the calories (kcal), protein, fat,
carbohydrate, and vitamin B-6 content of the basal diet.
The diet supplied approximately 3700 kcal of which 14%
was protein, 33% fat, and 53% carbohydrate.
B-6 content of the diet was 2.23 mg.

The vitamin

The vitamin B-6

supply for the two subjects receiving separate diets was
2.31 mg (milk intolerance), and 2.21 mg. All diet
analysis (and diet records) were done using the U.S.
Agriculture Handbook #8 (Watt et al., 1975), Home
Economics Research Report #36 (Orr, 1969), and from a
computerized nutrient program data base (Schaum et al.,
1973; 1984 version).
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TABLE 11.

BASAL DIET

FOOD ITEM/MEAL GRAMS CALORIE PROTEIN FAT
kcal
grams grams
BREAKFAST:
Fr. Orange J.
Shr. W. Cereal
Milk, 2%
W.W. Bread
Margarine
Jelly
LUNCH:
W.W. Bread
Tuna in water
Mayonnaise
Lettuce
Pickle
Raw Carrot
Pineappl. Juice
Vanilla Wafer
Canned Pears
Soda, non-caff
DINNER:
Breast Turkey
Lettuce
Red Cabbage
Raw Carrot
French Dressg
White Rice Raw
Margarine
Grean Beans
Milk, 2%
Vanilla Ice Cr
Canned Peaches
SNACK:
W.W. Bread
Cheddar Cheese
Margarine
Popcorn, unpop
Soda, non-caff
Vanilla Wafers

CHO VIT.B-6
grams
mg

76.5
141.6
118.0
121.5
108.0
122.9
688.5

1.2
4.0
8.4
5.3
0.1
0.1
18.9

0.2
0.8
4.0
1.5
12.2
0.1
18.7

18.2
32.0
12.0
23.9
0.1
31.8
117.8

0.048
0.098
0.084
0.090
0.000
0.007
0.327

121.5
50
60
76.2
40
287.2
1.3
10
3.3
30
29.4
70
250
137.5
159.8
32
160
97.6
360
140.4
TOTAL 1054.2

5.3
16.8
0.4
0.1
0.2
0.8
1.0
1.7
0.3
0.0
26.6

1.5
0.5
32.0
0.0
0.1
0.1
0.3
5.1
0.3
0.0
39.9

23.9
0.0
0.9
0.3
0.7
6.8
33.8
23.8
25.0
36.0
151.0

0.090
0.255

110
194.0
50
6.5
15
4.6
10
4.2
25
102.5
60
217.8
144.0
20
165
39.6
250
147.5
80
154.4
150
117.0
TOTAL 1132.1

36.2
0.5
0.3
0.1
0.2
4.0
0.1
2.3
10.5
3.6
0.6
58.4

4.3
0.1
0.0
0.0
9.7
0.2
16.2
0.3
5.0
8.5
0.2
44.5

0.0
1.5
1.0
1.0
4.4
48.2
0.1
8.6
15.0
16.4
30.2
126.3

0.598
0.028
0.030
0.015

5.3
15.0
0.1
1.4
0.0
0.9
22.6
127
14%

1.5
19.3
8.1
0.6
0.0
2.6
32.1
135
33%

23.9
1.3
0.0
8.7
36.0
11.9
81.7
477
53%

0.090
0.048
0.000
0.024
0.000
0.005
0.167
2.229

170
40
200
50
15
45
TOTAL

50
60
10
12
360
16
TOTAL
GRAND TOTAL

121.5
238.8
72.0
43.4
140.4
79.9
696.0
3755

Vitamin B-6/protein ratio = 0.018

0.006
0.002
0.105
0.240
0.010
0.022
0.000
0.730

0.102
0.000
0.066
0.105
0.032
0.029
1.005
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DIET AND ENERGY EXPENDITURE RECORDS t
On days 5 and 14, the subjects recorded their food
intake and their energy expenditure (see Appendix Forms
7 and 8).

Their diet records were reviewed the

following day to aid in obtaining a more accurate
indication of their nutrient intake.

All diet records

were analyzed using the same procedure used for the
metabolic diet (see above).
The subjects were also asked to record their food
intake before the study began.

The purpose of this was

to help the investigators to set up the adequate
calories and nutrients for each athlete.

Unfortunally,

only three of the subjects returned their records on
time.

An evaluation of each subject's energy

expenditure was also done before the study began The
purpose of this energy expenditure record was to help
the investigators to determine adequate calories for the
metabolic diet.
ACTIVITY RECORD;
Subjects recorded their activities during the days
they had the meals at the metabolic kitchen (days 6-8
and 15-17) (see Appendix Form 9).

The activity form was

filled out while they were having breakfast.
URINE COLLECTION:
Twenty-four hour urine collections were made by
each subject on days 5-8 (placebo treatment) and 14-17
(pyridoxine treatment).

The subjects were instructed on
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how, and when to collect the urine.

The intruction

sheet is found in the Appendix Form 10.

The urine was

collected by the subjects in 1 liter plastic bottles
containing 5-10 ml of toluene as a preservative.

Three

to five clean bottles were provided for each subject
every morning.

On days 7 and 16, after the exercise

test was done, each subject collected his urine in a
different bottle named EXERCISE.

The urine was

collected from immediately finishing the exercise test
until just prior to the time the 6-hour blood sample was
drawn.

Urine was then collected in a different bottle

for the remainder of the 24 hour period.

The subjects

were encouraged to drink the same amount of fluids if
possible.

The following abreviations will be used

throughout the text to indicate the day and condition of
urine collected:
Dl

day 1 of urine collection (24 hour),

D2

day 2 of urine collection (24 hour),

EX-6h ...urine collected from immediately finishing the
exercise test until just prior to the time the 6
hour blood sample drawn,
R-18h ...the remainder of the urine collected during the
day of. the exercise test, which equals 18
hours, D3

EX-6h + R-18h = 24 hour of urine

collection on the day of the exercise test, and
D4

day 4 of urine collection (24 hour).
A portion of the urine collection was saved for
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creatinine determination, urea N determination, and
total nitrogen.

Urine was stored frozen at -20 degrees

C. until analyzed.
Sample Analysis:
An autoanalyzer procedure was used for creatinine
determination (Pino et al., 1965) as well as for Urea N
(Henry, 1974).
Creatinine;
Creatinine forms a red color on reaction with
alkaline picric acid (Jaffe reaction).

This color may

be due to the formation of picramic acid or an enolized
form of picric acid itself.

Using an autoanalyzer,

urine creatinine is determined by measuring the amount
of color that is developed in a colorimeter and
comparing these values with a creatinine standard values
(Pino et al., 1965).

The reagents used were picric acid

(1.083 grams/L of water) and 0.1667 N NaOH.

The

standard solutions used ranged from 0.25 to 3.00 mg
creatinine/mL of 0.01 N HC1.
in duplicate.

All samples were analyzed

The equation of the line obtained from

the standard values was:

Creatinine (mg/mL) = (0.217

mg/mL x concentration) + 0.012; with an r2 value of
0.99964.

All creatinine values were converted to SI

units (mmol/period; conversion factor 8.840
(mmol/period)/(g/period) (Young, 1987).
Urea Nitrogen:
Urea standards of 5,10,20,30,40 mg Urea N/100 mL
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were used (Henry, 1974).

For these standards the

regression equation was: Y = 52.417 (X) - 0.040; with a
r2 value of 1.000.

The mean ± SD of a control sample

was 0.1705 ± 0.0019 OD units.

All urine samples were

assayed in duplicate.
Total Nitrogen;
A Kjeldahl method for total nitrogen (Oser, 1965)
was determined by a graduate research assistant and by a
research assistant working at this laboratory.
BLOOD SAMPLES:
Blood was obtained at intervals throughout the
study.

Each time, 15 ml of venous blood was drawn from

the antecubital vein of the subjects by a registered
medical technologist.

On Days 2 k 16 (Table 8) the

following blood samples were collected:

before

breakfast (fasting; Fl), 5 minutes before exercise test
began (pre exercise; PE), at 30 min after the exercise
test began (during exercise; DE), 1 min post exercise
(I'P), and 6 hour after finishing the exercise test (6
hour post exercise; 6hP). On Days 8 & 17 (Table 8) only
a fasting blood sample (F2) was collected.

Thus a total

of 75 ml of blood was drawn on days 7 and 16. The total
amount of blood drawn for all 4 days was 180 ml.
Sample Analysis:
The blood samples were collected in tubes with
EDTA as an anticoagulant.

Immediately after the blood

was collected, it was centrifuged at 1630 g for 15
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minutes at 4 degrees C.

The plasma was collected in

vials and the following assays done on each sample:
Plasma pyridoxal 5'-phosphate was done by the method of
Chabner and Livingston (1970) using modifications
described by Rose (1974).

Plasma ammonia was determined

by an enzymatic method (Da Fonseca-Wollheim, 1973; Gau,
1984).

Plasma urea was done using an autoanalyzer

procedure (Henry, 1974).

Hemoglobin (Hgb) and

hematocrit (Hct) were determined by a registered medical
technologist using standard procedures.

Plasma albumin

was determined by a research assistant using the method
of Doumas and Biggs (1972).
The ammonia was analyzed within the next 2 hours
after each plasma collection.

The plasma samples for

PLP, urea, and albumin were frozen at -20 degrees C.
until ready for analysis.
Plasma Ammonia:
The principle of this assay is based on the
reaction of ammonia with alpha-ketoglutarate and NADPH
to form glutamate and NADP+.
(GLDH) catalyzes the reaction.

Glutamate dehydrogenase
The amount of NADPH

oxidized during the reaction is equivalent to the amount
of ammonia in the plasma sample (Gau, 1984).

This

reaction was measured photometrically at 340 nm (Gilford
252/Beckman 2677 DU Quartz Spectrophotometer) by
determining the resulting decrease in absorbance.

ADP

was added to accelerate the rate of the reaction and to
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stabilize the GLDH.

All the reagents were weighed ahead

of time and kept either frozen or refrigerated,
according to the laboratory specifications, in plastic
and well sealed vials.

The reagent mixture was prepared

daily and kept at 4 degrees C. until ready for analysis
(less than 2 hours).
included:

The components of the reagents

0.24 umoles NADPH (Sigma, lot 115F-7216), 152

mM triethanolamine buffer, pH 8.6 (Sigma, lot 25F-0458),
15.2 mM alpha-ketoglutarate (Sigma, lot 115F-5005), 1.52
mM ADP (Sigma, lot 103F-7120), and 750 U/mL GLDH in
glycerol.

All the reagents were prepared based on Da

Fonseca-Wollheim's (1973) method. Ammonia-free water was
used for the preparation of the solvents and for
cleaning and rinsing of cuvets.

Since a control plasma

was not obtained because of the nature of the
experiment, the standards (Gau, 1984) as well as the
reagent blank were the control for each assay (n=8).
The mean ± SD of the reagent blank was 0.0691 ± 0.0117
OD units (n=8).

The plasma ammonia concentrations

(ug/dL) were converted to SI units (umol/L; conversion
factor = 0.5872 (umol/L)/(ug/dL) (Young, 1987).
Plasma Urea;
The same reagents and equipment used for urinary
urea N were also used for analysis of the plasma
samples.

Both assays were done the same day, so the

same standard curve applied for both.
were assayed undiluted.

Plasma samples

The mean ± SD for the control
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plasma was 13.29 ± 0.54 mg urea N/100 mL (n=6).

All

results were converted to SI units (mmol/L; conversion
factor = 0.3570 (mmol/L)/(mg/100 mL) (Young, 1987).
Plasma PLP;
An enzymatic method (Chabner and Livingston, 1970;
Rose, 1974) based on tyrosine decarboxylase and the
liberation of carbon dioxide was used:

The apo form of

the enzyme is incubated with PLP to form the holoenzyme.
The amount of tyrosine converted to carbon dioxide and
tyramine is directly proportional to the amount of PLP
present in the specimen.
this reaction.

PLP is the limiting factor in

Purification of the apoenzyme is needed

before the assay of PLP.
Samples were analyzed individually for each
subject.
(n=ll).

The mean ± SD for recoveries was 91.4 ± 4.3 %
The mean ± SD inter-assay coefficient of

variation for the control sample was 2.07 ± 1.23% (n=6)
(sum of coefficients of variation/6).

The mean ± SD for

the slope of the standard curve was 4.42 x 10~5 ± 0.23 x
10"5

with an r2 value of 0.99989 ± 0.00012.

All plasma

PLP results are given as nmol/L.
TEST SOLUTION:
All test solutions (i.e., placebo and pyridoxine)
were prepared in one batch, aliquoted into plastic
vials, labeled, protected from light with aluminum foil,
and frozen at -20 degrees C. until used.

Appendix Form

11 presents the schedule distribution for both placebo
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and pyridoxine, for the three groups of subjects.
Placebo;
Ten ml of 1% acetic acid was given to the subjects
on days 1-8, and 16 in the morning.
Pyridoxine;
Approximately 20 mg of pyridoxine hydrochloride
(PN HCl) per 10 ml of 1% acetic acid, was given orally
to the subjects on days 9-17.

The pyridoxine (PN)

supplement was given to the subjects in the mornings
except on day 16 in which case the PN was given after
completion of the final blood draw (i.e., 6 hours post
exercise test) of that day.
DATA REDUCTION;
Plasma Volume;
Two methods were selected for the determination of
% changes in plasma volume (PV).

The Dill and Costill

method (1974), and the van Beaumont method (1972).

Both

methods require either Hgb, Hct, or both blood
parameters.

The raw Hct readings were multiplied by the

factor (0.96 x 0.91) to correct for trapped plasma and
to convert venous Hct to whole body Hct, respectively
(Guyton, 1981; van Beaumont et al., 1973). The Dill and
Costill equation is as follows: % change PV = [Hgb1/Hgb2
x (100 - Hct2/100 - Hcti) - 1] x 100. The van Beaumont
equation is as follows: % change PV = 100/(100 - Hct]^) x
100 (nct1 - Hct2)/(Hct2). For both equations, the
subscript 1 refers to the values for Hct and Hgb
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determined before a change in plasma volume occurs.

The

subscript 2 refers to the subsequent test values for Hct
and Hgb.
Metabolic Rate;
Determination of the metabolic rate used during
exercise was calculated by the method of Selkurt (1971)
(the equations used are in the Appendix Form 12) .
Information required for calculation were urinary total
nitrogen (grams/hour), VO2 (L/hour), and VCO2 (L/hour).
Urea Clearance:
Plasma urea clearance express the ability of the
kidneys to clear the plasma of urea (Guyton, 1981).
Determination of urea clearance was determined using the
following formula (Guyton, 1981): Urea clearance
(ml/min) = urea concentration in urine x urine excretion
rate (ml/min)/ urea concentration in plasma.

For normal

adult individuals 70 ml/min is considered the average
urea clearance (Guyton, 1981).
STATISTICAL METHODS:
The data was analyzed by standard statistical
techniques of analysis of variance (ANOVA) followed by a
Scheffe test (Sokal and Rohlf, 1981), by Student's t
tests, and product-moment correlation coefficients (r)
based on linear regression best fit equations.

Null

hypotheses were rejected at the 0.05 level of
significance.

An Apple IIe+ and a HP-9810A were used

for the statistical analysis of ANOVA and paired t test.
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A HP 15C calculator was used for product-moment
correlation equations.

Statistical tables (Rohlf and

Sokal, 1981) were used for determining critical values
for Student's t test and for correlation coefficients.

Ill
IV.

RESULTS

This chapter presents the results of the exercise
tests, blood and urine determinations, and diet and
activity records.

All individual data are presented in

the Appendix Tables 1-16.
EXERCISE TEST
OXYGEN UPTAKE:
Table 12 presents the mean ± SD VO2 at rest, and
every 10 minutes during the exercise test.

Mean VO2

(ml/kg/min) response across time (10-60 min) during
exercise was not statistically significant different (p
= 0.3039) among treatments (i.e., placebo and pyridoxine
dose).

The mean ± SD VO2 response across the exercise

test (10-60 min) was 48.0 ± 6.0 ml/kg/min for the
placebo, and 47.4 ± 5.8 ml/kg/min for the pyridoxine
(PN) treatment.

The minimum mean VO2 was 37.9 ml/kg/min

for the placebo and 37.8 ml/kg/min for PN treatment.
The maximum mean VO2 was 61.4 and 58.8 ml/kg/min for the
placebo and PN treatment, respectively.

Subjects

exercised at 72 ± 6 % of their maximal oxygen uptake
when they had the placebo, and at 71 ± 4 % of their
maximal oxygen uptake when they had the PN dose.
RESPIRATORY EFFICIENCY RATIO:
Respiratory efficiency ratio (RER) (or more
commonly known as RQ) during exercise was not
statistically significant different (p = 0.126) among
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TABLE 12.

MEAN OXYGEN UPTAKE AT REST AND DURING
THE EXERCISE TEST
V02 (ml/kg/min)

TIME
(minutes)

PLACEBO (n=6)

PYRIDOXINE (n=6)

REST
minimum
maximum

5.6 ± 1.0
4.8
6.2

5.4 + 0.8
4.7
6.2

48.7
49.2
47.6
48.7
46.9
46.9

47.2
47.4
47.3
47.0
47.2
48.3

10
20
30
40
50
60

±
±
±
±
±
+

6.3 *
6.8
6.5
7.8
4.9
4.8

±
±
±
±
±
±

6.7
5.0
6.1
6.6
6.7
6.3

Mean ± SD 10-60 min
minimum
maximum

48.0 + 6.0
37.9
61.4

47.4 ± 5.8
37.8
58.8

% V02 max

72 ± 6

71 ± 4

* Mean of the 6 subjects' values at each 10 minutes
of the exercise test.
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treatments.

The mean RER (10-60 minutes of exercise)

was 0.84 and 0.86 for placebo and PN treatment,
respectively.

Table 13 presents the mean, SD, minimum,

and maximum RER at rest and every 10 min during the
exercise test.

At rest, the mean RER was 0.803 and

0.856 for placebo and PN treatment, respectively.
Although they were not statistically significant, the
latter value indicates more consumption of CHO as the
major fuel since this value is closer to 1.00 than the
former RER.
HEART RATE:
HR results were not statistically significant
different among treatments at rest nor during the
exercise test.

The mean ± SD at rest was, respectively,

69 ± 15 beats per min and 64 ± 13 beats per min for the
placebo and PN dose.

The mean ± SD results throughout

the exercise test was 164 ± 13 and 161 ± 14 beats per
minute for the placebo and PN treatment, respectively.
Table 14 presents the HR response with treatments during
the exercise test.

Heart rate and VO2 were significant

correlated (p < 0.05).

The product-moment correlation

equation was HR = -3.613 (VO2) - 339.0 (r = 0.85712;
n=36).
CHANGE IN BODY WEIGHT:
Each subject lost weight due to perspiration during
the exercise test.
loss of body weight.

Table 15 presents the individual
1.6 ± 0.4 kg were lost with the
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TABLE 13.

TIME

RESPIRATORY EFFICIENCY RATIO AT REST AND
DURING EXERCISE
MEAN (n=6)

SD

MINIMUM

MAXIMUM

(minutes)
PLACEBO (n=6)

REST

0.803

0.063

0.738

0.920

10
20
30
40
50
60

0.852
0.852
0.832
0.830
0.830
0.820

0.020
0.029
0.030
0.040
0.063
0.063

0.830
0.820
0.810
0.790
0.770
0.760

0.880
0.890
0.870
0.890
0.940
0.930

PYRIDOXINE (n=6)
REST

0.856

0.063

0.784

0.953

10
20
30
40
50
60

0.883
0.883
0.860
0.855
0.838
0.835

0.023
0.031
0.023
0.029
0.022
0.028

0.850
0.850
0.830
0.820
0.820
0.810

0.910
0.930
0.880
0.890
0.870
0.880
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TABLE 14..

TIME
minutes
10
20
30
40
50
60
Mean + SD

HEART RATE DUI*ING THE
EXERCISE TEST

HEART RATE,
PLACEBO
beats per minute
n=6
158
163
164
167
170
171

±
±
±
±
±
±

15
14
11
12
13
11

164 ± 13

HEART RATE,
PYRIDOXINE
beats per minute
n=6
154
162
163
166
163
171

±
±
±
±
±
±

12
13
10
6
10
13

161 ± 14
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TABLE 15.

INDIVIDUAL BODY WEIGHT LOSS DURING 1 HOUR
EXERCISE TEST

SUBJECT

PLACEBO
(kg)

PYRIDOXINE
(kg)

A
B
C
D
E
F

0.8
1.9
1.7
1.7
1.8
1.6

1.0
2.0
1.7
1.7
1.6
2.0

Mean +SD

1.6+0.4

1.7+0.4
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placebo exercise test and 1.7 ± 0.4 kg were lost with
the PN dose exercise test.
difference among treatments.

There was no significant
However, a slightly

increased loss in body weight with the PN dose may have
been due to the conditions of the room (i.e.,
temperature and humidity), instead of the PN dose per
se.

Temperature and humidity were slightly higher

during the week of the PN dose (22.0 ± 0 degrees C.
versus 21.3 + 0.8 with placebo, and 62.0 ± 1.5 % versus
58.3 ± 2.0 % humidity with placebo).
DIET RECORDS
Subjects were asked to record their diets before
the experiment began and on two ocassions during the
experiment.

Because only two subjects returned their

diet records before the experiment, these data are not
presented here.

During the experiment, subject C did

not return his diet records.

Therefore, results

presented here are from the records of 5 subjects.
Paired t test showed no significant differences for
kcal, protein, fat, carbohydrate (CHO), and vitamin B-6
intake between the two points during the experiment.
Table 16 presents the nutrient intake calculated from
the diet records.

The mean ± SD and percent (both

treatments) for calories, proteins, fats, CHO, and
vitamin B-6 intake was: 2482 ± 986 total kcal, 85.1 ±
38.7 grams of protein (14.7 ± 3.7 %), 94.1 ± 43.2 grams
of fat (34.8 ± 9.1 %), 304.2 ± 136.6 grams of CHO (50.4
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TABLE 16. NUTRIENT INTAKE CALCULATED FROM DIET RECORDS*
NUTRIENT

FIRST RECORD
PROTEIN
grams
kilocalories
%

PYRIDOXINE

PLACEBO

SECOND RECORD

84.0 ± 43.1
361 ± 185
15.3 ± 5.1

86.2 ± 47.1
370 + 167
14.2 + 2.2

94.1 ± 45.4
876 ± 422
36.3 ± 10.0

94.0 + 46.2
862 ± 438
33.3 ± 8.9

275.6 + 111.7
1130 + 458
48.4 + 6.5

332.9 ± 165.6
1365 ± 679
52.4 + 11.0

FAT
grains
kilocalories
%

CHO
grains
kilocalories
%

TOTAL KILOCALORIES
VITAMIN B-6 (mg)
VITAMIN B-6/PR0TEIN

2367 ±

2597 ± 1096

968

1.590 ± 1.214

2.012 ± 0.337

0.018 ± 0.006

0.028 ± 0.0014

AVERAGE BOTH RECORDS
PROTEIN
grams
kilocalories
%

FAT
grams
kilocalories
%

CHO
grams
kilocalories
%

TOTAL KILOCALORIES

85.1 ± 38.7
366 ± 166
14.7 ± 3.7
94.1 ± 43.2
869 ± 406
34.8 ± 9.1
304.2 ± 136.6
1247 ± 560
50.4 ± 8.8
2482 ±

986

VITAMIN B-6

1.801 + 0.869

VITAMIN B-6/PROTEIN

0.023 ± 0.012

*

n=5.

Subject C did not provide diet records.
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± 8.8 %), and 1.80 ± 0.87 mg of vitamin B-6.

The mean

vitamin B-6/protein ratio was 0.023 ± 0.012.
ENERGY EXPENDITURE
A form for estimating the energy expenditure was
filled out by each subject before the experiment began
as well as during the experiment on two ocassions (same
days as for diet records).

The records during September

(before the experiment) helped in the estimation of the
adequate amount of kcal required for the subjects during
the metabolic diet.

This was based on the response of

three subjects who returned their energy expenditure
records on time, and the activity record from one of the
subjects who had done this assignment during summer
school. The mean ± SD of these records was 3663 ± 723
kcal/day.

During the study, only 5 subjects returned

their energy expenditure records.
energy expenditure results.

Table 17 presents the

The mean ± SD energy

expenditure during the experiment (both treatments) was
3623 ± 1096 kcal/day.
Product-moment correlation was performed for the
energy intake (from diet records) versus the energy
expenditure (energy expenditure records).

This was done

for the records from both treatments (n=10). These two
variables were significantly correlated (p < 0.01).
equation was:

The

Energy intake = 0.703 (energy

expenditure) - 66.714 with a correlation coefficient of
0.884.
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TABLE 17.

SUBJECT *

ENERGY EXPENDITURE RECORDS

PLACEBO

PYRIDOXINE
kcalories

A
B
D
E
F
MEAN + SD **
*
**

1931
4823
5038
4025
3420

2809
3116
2307
3876
4886
3623 ± 1096

Subj. C did not provide energy expenditure records,
Mean and SD of both treatments.
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METABOLIC RATE
The metabolic rate-energy expenditure was
determined from the VO2 and CO2 exercise test data and
from the urinary nitrogen data.

Table 18 presents the

mean metabolic rate and energy expenditure during the 1
hour exercise test with placebo and PN supplementation.
Paired t test for energy associated with CHO and fat
showed no significant difference between treatments.
The mean total N excreted during 1 hour of exercise was
almost identical between treatments:

0.69 ± 0.16

grams/hour (49.3 ± 11.4 mmol/hour) for placebo, and 0.69
± 0.08 grams/hour (49.3 ± 5.7 mmol/hour) for PN
supplementation.

The mean non-protein RQ for the

placebo and PN treatment was 0.85 ± 0.04 and 0.87 ±
0.02, respectively. The total calories expenditure for
the placebo and PN treatment was 168 ± 27 and 167 ± 28
kcal, respectively.

The contribution of protein as a

energy source during 1 hour exercise was 11.2 ± 2.7 %
for the placebo and 11.2 ± 1.4 % for PN treatment.
Although CHO and fat were not statistically significant
between treatments, there seemed to be a shift in the
metabolic utilization of the substrates:

the

contribution of CHO as a energy source increased from
43.5 ± 13.7 %, with the placebo, to 52.0 ± 6.7 % with
the PN treatment.

Meanwhile, fat contribution as an

energy source decreased from placebo to the PN
treatment; 45.3 ± 12.5 % to 36.8 ± 6.6 %.

Four out of
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TABLE 18.

MEAN METABOLIC RATE AND ENERGY EXPENDITURE
DURING THE 1-HOUR EXERCISE TEST***

VARIABLE

PLACEBO
(n=6)

TOTAL NITROGEN (g/hour)

0.69 ± 0.16 !

0.69 + 0.08

NON PROTEIN RQ

0.85 + 0.04

0.87 + 0.02

PROTEIN (kcal/hour)

18.5 +

18.4 +

CHO (kcal/hour)

73.8 + 28.8

87.2 + 21.4

FAT (kcal/hour)

74.4 + 25.4

61.2 + 13.4

TOTAL KCAL

168 +

3.9

27

PYRIDOXINE
(n=6)

167 +

2.3

28

PROTEIN (%) **

11.2 ±

2.7

11.2 +

1.4

CHO (%) **

43.5 + 13.7

52.0 +

6.6

FAT (%) **

45.3 + 12.5

36.8 +

6.6

***
**
*

Based on Selkurt (1971) equations.
% of total kcalorles.
Total nitrogen excretion (g/hour) was calculated
from the 6 hour period of urine collected the
day of the exercise test.
!

Mean + SD

123
six subjects (A, B, C, and D), had an increased CHO
utilization with the PN treatment as compared to the
placebo.

On the other hand, subjects E and F had a

decreased CHO utilization with the PN treatment, but not
as dramatic change as seen with the other four subjects.
And viceversa, with the PN treatment, subjects A, B, C,
and D had a decreased fat utilization, while subjects E
and F had an increased fat utilization.
HEMOGLOBIN AND HEMATOCRIT
Table 19 presents the hemoglobin results.

ANOVA

showed that there was no significant difference in
hemoglobin levels between treatments (p = 0.059).
However, ANOVA showed that there was a significant
difference across time in each treatment (p < 0.001).
These differences were significant for the placebo
between PE & DE, PE & I'P, and I'P & 6hP, and for PN
treatment between PE & DE, and PE & I'P.
presents the changes found across time.

Table 20
When compared

to Fl values, hemoglobin concentrations decreased at PE
with both treatments in all the subjects. When compared
to the PE values, hemoglobin concentrations increased at
DE and I'P with both treatments in all the subjects.
When compared to I'P values, hemoglobin concentrations
decreased at 6hP with both treatments in all the
subjects, except subject C with the PN treatment, whose
hemoglobin concentration increased.

When comparing Fl

to F2 values, hemoglobin concentrations decreased in 5
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TABLE 19.

MEAN WHOLE BLOOD HEMOGLOBIN CONCENTRATION
Fl *

PE *

DE *

1'P *

6hP *

F2 *

__

PLACEBO
(n=6)
Mean
SD

166
9.2

156
11.1

169
12.6

171
13.0

158
10.0

161
9.6

PYRIDOXINE
(n=6)
Mean
158
SD
9.4

151
9.8

165
11.0

165
9.4

161
10.7

156
6.2

Fl= Fasting
PE= Pre-exercise Test
DE= During Exercise Test

1'?= 1 minute Post Exercise
6hP= 6 hour Post Exercise
F2= Fasting, next day
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TABLE 20.

Fl-PE

MEAN PERCENT CHANGE IN HEMOGLOBIN

PE-DE

DE-1'P

I'P-ShP

6hP-F2

PLACEBO
-6.1

7.6

1.2

-7.6

2.1

-2.6

-3.1

PYRIDOXINE
-4.1

Fl-PE:

9.1

0.2

% change in hemoglobin (Hgb) from fasting
to pre-exercise.
PE-DE: % change in Hgb from pre exercise to during
exercise.
DE-1'P: % change in Hgb from during exercise to 1 min
post exercise.
I'P-ehP: % change in Hgb from 1 min post to 6 h
post exercise.
6hP-F2: % change in Hgb from 6 h post exercise to
fasting.
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out of 6 subjects with the placebo (values for subject E
remained the same), and decreased in four out of the six
subjects with the PN treatment (values for subject E
remained the same, while values for subject F
increased).
Hematocrit results are shown in Table 21.

ANOVA

showed no significant differences among treatments nor
across time.

The mean hematocrit was 0.46 for the

placebo treatment and 0.45 for the PN treatment.

When

comparing PE to DE and I'P, hematocrit values increased
slightly in all the subjects.
PLASMA VOLUME
Table 22 presents the results for plasma volume
changes.

Both the Dill and Costill (1974) and the van

Beaumont (1972) equations were used. When either
equation was used, paired t tests showed no significant
differences between treatments.

Plasma volume changes

due to hemoconcentration were negative during the
exercise test (from PE to I'P). This was observed
regardless of the equations used and for both treatments
(-3.5%, placebo, Dill and Costill; -7.0%, placebo, van
Beaumont; -4.4%, PN, Dill and Costill; and -10.7%, PN,
van Beaumont).

Results showed that the % changes in

plasma volumes were greater (both equations and
treatments) from PE to DE than from DE to I'P.
Hemodilution was observed from Fl to PE and from I'P to
6hP, since the % changes in plasma volume were positive
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TABLE 21.

Fl
PLACEBO
Mean
0.46
0.00
SD
(n=6)
PYRIDOXINE
Mean
0.44
SD
0.02
(n=6)

HEMATOCRIT

PE

DE

1'P

6hP

F2

0.45
0.03

0.47
0.03

0.47
0.03

0.44
0.03

0.45
0.02

0.43
0.03

0.46
0.03

0.46
0.02

0.44
0.02

0.44
0.02

Abbreviations are the same as in Table 19.
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TABLE 22. MEAN PERCENT CHANGE IN PLASMA VOLUME

EQUATION/TREATMENT
Fl-PE

% CHANGE
PLASMA VOLUME
PE-DE DE-1'P PE-1'P I'P-ehP 6hP-F2

(n=6)
van Beaumont/Placebo
Mean
4.5
SD
8.0

-5.9
4.5

-1.1
1.7

-7.0
3.9

11.7
2.4

-3.7
5.0

van Beaumont/Pyridoxine
Mean
3.0
-9.3
SD
2.4
1.8

-1.6
3.9

-10.7
4.6

10.4
4.3

0.1
6.6

Dill & Costill/Placebo
Mean
2.3
-2.9
SD
4.1
2.2

-0.5
1.0

-3.5
1.8

6.2
1.4

-1.7
2.4

Dill & Costill/Pyridoxine
Mean
1.4
-4.3
SD
1.2
0.6

-0.1
0.8

-4.4
0.9

4.5
2.7

0.1
3.4

Fl-PE:

% change in plasma volume from fasting to
pre exercise
PE-DE: % change in plasma volume from pre exercise
to during exercise
DE-1'P: % change in plasma volume from during exercise
to 1 minute post
I'P-ehP: % change in plasma volume from 1 min post to
6 hour post exercise
6hP-F2: % change in plasma volume from 6 hour post
exercise to fasting
PE-1'P: % change in plasma volume from pre to post
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for both treatments and was seen with the use of both
equations.

It is important to note, that the van

Beaumont equation gave higher values than the Dill and
Costill equation.

The latter includes Hgb in the

calculations while the former includes only Hct.
Researchers assumed that all changes in Hct and Hgb are
attributed to loss or gain of plasma or red cell water
by the intravascular space (Dill and Costill equation).
However, this is only valid if the total number of red
cells within the intravascular space remains constant
(van Beaumont equation which includes only Hct).
Therefore, since both equations are in general use, both
were chosen for the determination of % change of plasma
volume. This topic will be discussed further in chapter
V.
Percentage change in plasma volume and change in
plasma PLP (nmol/L) were negatively correlated (p <
0.01) with both treatments and with both equations used
for the determination of plasma volume.

The correlation

coefficient was -0.685 (n=30) for the placebo and -0.795
(n=29) for the PN treatment using the Dill and Costill
equation.

Percentage changes in plasma volume were also

negatively correlated (p < 0.01) with both changes in
plasma ammonia and albumin concentrations, with both
equations used for the determination of plasma volume.
Percentage change in plasma volume and change in plasma
urea concentrations were also correlated (p <
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0.01/placebo and p < 0.05/PN) with both equations used
for the determination of plasma volume.
PLASMA AMMONIA
Table 23 presents the results for plasma ammonia
levels.

ANOVA showed no significant difference among

treatments, except for the PE value (p < 0.01).
However, for the PN treatment, at 6hP the ammonia
concentration was lower for all subjects, with the
exception of subject C.

When the subjects were

administered only a placebo there was a higher increase
of ammonia concentration for all subjects during the
second 30 minutes of the exercise test (I'P), compared
to the first 30 minutes (DE). In contrast to results
with the placebo, with the oral administration of PN all
of the subjects, with the exception of subject F,
experienced increased ammonia levels during the first 30
minutes of the exercise test (DE), while during the last
30 minutes of the exercise (I'P) four of the six
subjects (C and D were the exceptions) had lower plasma
levels.

With the PN treatment, there was a significant

correlation (p < 0.05; r= 0.872; n=6) at I'P between
plasma PLP and plasma ammonia concentrations.
ANOVA also showed that there was a significant
difference across time for the plasma ammonia with the
placebo treatment (p < 0.001), but not for the PN
treatment.

The significant differences for the placebo

treatment were between Fl & I'P, PE & I'P, I'P & 6hP,
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and I'P & F2. Ammonia concentration increased 3-4 fold
with exercise (both treatments) as compared with the
fasting value (Fl):

from 26 ± 9 umol/L to 103 ± 54

umol/L with placebo, and from 25 ± 10 umol/L to 78 ± 25
umol/L with the PN dose.

The mean fasting values (Fl

and F2) were aproximately the same between treatments.
However, fasting ammonia levels ranged from 7 to 44
umol/L with both treatments.

The mean ± SD variability

between subjects for fasting ammonia concentration for
both treatments was 39 ± 5%.

The PE plasma ammonia

values for the two treatments were statistically
significant different (p < 0.01); the mean ± SD for
placebo and PN treatment were 18 ± 8 umol/L and 42 ± 11
umol/L, respectively.

At PE all the subjects had an

increased in ammonia concentrations with the PN
treatment as compared to the placebo.

The mean ± SD

variability for plasma ammonia levels for both
treatments DE and I'P was 39 ± 9%.

With both

treatments, subject E had the highest plasma ammonia
concentrations DE and at I'P.
Product-moment correlations equations between
plasma ammonia production and VO2 in ml/kg/min indicated
that these two variables were highly correlated.

To

correlate these variables, three data points were used.
The three data points were at rest (PE), at 30 minutes
of the exercise test (DE), and at the end of the
exercise test (I'P).

For placebo the following equation
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resulted:

Ammonia = 1.524 (VO2) + 11.065 (n=18;

r=0.809; p < 0.01).

For PN treatment the equation was:

Ammonia = 0.912 (VO2) + 35.474 (n=18; r= 0.833; p <
0.01).
PLASMA UREA
Plasma urea concentrations increased slightly
during exercise and remained elevated the day after.
Table 24 presents the mean plasma urea concentrations.
When comparing Fl to F2, for both the placebo and PN
treatment, plasma urea remained elevated by
approximately 13% and 16%, respectively.

ANOVA showed

no significant difference between treatments but showed
a significant difference across time (p < 0.001).

With

the placebo, these significant differences were observed
between Fl & 6hP; Fl & F2; PE & 6hP; PE & F2; DE & 6hP;
and DE & F2.

The significant differences across time

for the PN treatment were the same as for the placebo,
but were also significant between I'P & F2.

The mean ±

SD plasma urea concentration at Fl for placebo and PN
treatment was 4.7 ± 1.3 mmol/L (range 3.6-6.8) and 4.7 ±
0.8 mmol/L (range 3.5-5.8), respectively.

For both

treatments, subject D had the lowest value and subject A
had the highest value.

Similarly, for F2 the lowest &

the highest values corresponded to these same two
subjects.

For F2 the mean ± SD for the placebo and PN

treatment were respectively, 5.3 ± 1.3 mmol/L (range
4.0-7.2) and 5.5 ± 1.3 mmol/L (range 3.9-7.4).
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TABLE 23.

MEAN PLASMA AMMONIA CONCENTRATIONS PRIOR TO,
DURING, AND AFTER THE EXERCISE TEST WITH AND
WITHOUT A PYRIDOXINE DOSE
Fl

PE

DE

1'P

6Hp

F2

103
54

29
11

22
10

78
25

25
11

27
10

(umol/L)
PLACEBO
Mean
SD
(n=6)

26
9

18
8

65
24
PYRIDOXINE

Mean
SD
(n=6)

25
10

42
11

79
27

Abbreviations are the same as in Table 19,

TABLE 24.

Fl

MEAN PLASMA UREA CONCENTRATION
PE

DE

1'P

6hP

F2

5.0
1.0

5.3
1.3

5.3
1.3

5.0
0.8

5.2
0.7

5.5
1.3

(mmol/L)
PLACEBO
Mean
SD
(n=6)

4.7
1.3

4.8
1.1

4.8
1.0
PYRIDOXINE

Mean
SD
(n=6)

4.7
0.8

4.7
0.8

4.8
0.8

Abbreviations are the same as in Table 19.
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Although the values were not significantly
different between treatments, a slight decrease in
plasma urea concentration was observed with the PN dose
at PE, DE, I'P, and 6hP.

However, fasting plasma urea

values were higher with the PN treatment than with the
placebo.

In fact, the mean plasma urea concentration

for F2 with PN dose was the highest value of all the
plasma urea concentrations.
URINARY UREA N
Urinary urea N results are presented in Table 25.
ANOVA showed no significant differences between
treatments nor across time (i.e. from D1-D4; see chapter
III).

The mean ± SD excretion for the 6 hour urine

collection during the day of the exercise test (EX-6h)
was 106 ± 26.1 mmol/6h (n=5) and 110 ± 17.1 mmol/6h
(n=6) for the placebo and PN treatment, respectively.
Unfortunally, in the process of measuring the urine
volume for subject B, the EX-6h sample was mixed with
the R-18h sample.

This occurred only for the placebo

treatment (therefore, n=5). The mean ± SD for the total
urea N excreted during the day of the exercise test (D3)
was 416 ±74.2 mmol/24h for the placebo, and 429 ±62.4
inmol/24h for the PN treatment.
UREA CLEARANCE
Paired t test showed no significant differences
among treatments for urea clearance.

The urea

clearances for the day before the exercise test were
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TABLE 25.

Dl

MEAN URINARY UREA NITROGEN EXCRETION

D2

EX-6h

R-18h

D3

D4

416.0
74.2

397.1
43.5

429.1
62.4

421.0
56.4

(mmol/period)
PLACEBO
Mean
SD
(n=6)**

396.1
104.2

417.0
109.2

106.4*
26.1*

312.2*
58.2*

PYRIDOXINE
Mean
SD
(n=6)

471.5
178.0

446.9
139.3

110.0
17.1

319.5
55.7

** n=6 except where *.
* n=5
Dl: Day 1 of urine collection; 24 hour collection.
D2: Day 2 of urine collection; 24 hour collection.
Ex-6h: Urine collection from immediately after the
exercise test until the 6 hour blood draw;
6 hours collection
R-18h: remaining 18 hour urine collection the day of
the exercise test.
D3: Ex-6h + R-18h; 24 hour urine collection the day
of the exercise test
D4: Day 4 of urine collection; 24 hour collection.
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65.5 ± 27.1 ml/min and 66.4 ± 17.5 ml/min for the
placebo and PN treatment, respectively.

The mean urea

clearances for the day of the exercise test were 57.0 ±
15.2 ml/min for the placebo, and 57.5 ± 11.8 ml/min for
the PN treatment.

The urea clearances for the EX-6h/6hP

were 57.1 ± 16.3 ml/min and 59.1 ± 11.3 ml/min for the
placebo and PN treatment, respectively.
TOTAL NITROGEN
Table 26 presents the results for total N
(mmol/period).

ANOVA showed no significant differences

between treatments nor across time.

The mean ± SD for

D3 (day of the exercise test) was 1121 ± 226.2 mmol/24
hours and 1150 ± 152.4 for the placebo and PN treatment,
respectively.

The total N excreted during the 6 hour

urine collection (EX-6h) was 294.1 ± 70.0 mmol/6 hours
for the placebo, and 293.4 ± 35.7 mmol/6 hours for the
PN treatment.

With exception of Dl during the placebo

treatment, urea excretion accounted for approximately
75% of the nitrogen excreted.
URINARY CREATININE
ANOVA showed no significant differences between
treatments nor across time.
Table 27.

Results are presented in

Although no significant differences were

found with both treatments, a slight increase of urinary
creatinine was observed the day of the exercise test
when compared to the urine collected on D2.

The urinary

creatinine excretion for D3 was 16.4 ± 2.2 mmol/24 hours
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TABLE 26.
Dl

MEAN TOTAL NITROGEN EXCRETION

D2

EX-6h

R-18h

D3

D4

1120.7
226.2

1098.1
93.5

1150.3
152.4

1131.4
187.5

(mmol/period)
PLACEBO
Mean
SD
(n=6)**

1182.5
369.5

1115.0
263.4

294.1*
70.0*

813.6*
182.1*

PYRIDOXINE
Mean
SD
(n=6)

1207.9
439.8

1170.4
333.1

293.4
35.7

859.4
136.3

** n=6, except where *
* n=5
Abbreviations are the same as in Table 25.

TABLE 27.
Dl

MEAN URINARY CREATININE EXCRETION
D2

EX-6h

R-18h

D3

D4

16.4
2.2

15.3
2.4

16.4
3.0

15.9
2.7

(mmol/period)
PLACEBO
Mean
SD
(n=6)**

15.4
2.0

15.3
2.8

5.1*
0.9*

11.0*
1.6*

PYRIDOXINE
Mean
SD
(n=6)

14.8
2.9

16.3
2.0

5.2
0.8

11.2
3.2

.

** n=6f except where *
* n=5
Abbreviations are the same as in Table 25.
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with the placebo and 16.4 ± 3.0 inmol/24 hours with the
PN treatment.

Creatinine excretion for EX-6h was 5.1 ±

0.9 mmol/6 hours and 5.2 ± 0.8 mmol/6 hours with the
placebo and PN treatment, respectively.

The mean

urinary creatinine for both tests for the day after the
exercise test (D4) decreased when compared with the day
of exercise (D3) results (6.7 % with the placebo and 3.0
% with the PN dose).

In addition, mean urinary

creatinine D4 results (i.e., 15.3±2.4 mmol/24 h with the
placebo and 15.9±2.7 mmol/24 h with the PN dose) almost
returned to D2 values (i.e., 15.3±2.8 mmol/24 h with the
placebo and 16.3±2.0 mmol/24 h with the PN dose).
Creatinine excretion was used to determine
completeness of the urine collections as well as to
evaluate the effect of exercise on creatinine excretion.
Collection of urine for 4 consecutive days (4 days each
with placebo and PN treatment), permited calculation of
individual fluctuations in creatinine excretion.

The

coefficient of variation was 13.4 ± 5.8% (range 8.8% 23.0%) for the placebo, and 10.9 ± 7.7 % (range 3.0% 24.9%) for the PN treatment.

However, this variation

also includes the day of the exercise test results,
which contributed to increased variability.

Compared to

creatinine excretion for D2 excretion was higher the day
of the exercise test (D3) for both treatments.
To determine more adequately the completeness of
urine collection of the subjects, the urea N/creatinine
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ratio (mmol/mmol) and the total N/creatinine ratio
(nunol/mmol) were calculated.

These ratios were used

(and not creatinine per se) to indicate the adaptation
of recent protein intake to the basal diet, as well as
the effect of diuresis in the subjects (Simmons, 1972).
Urea/creatinine ratio (mmol/mmol) and total N/creatinine
ratio (mmol/mmol) were not significantly different
between treatments nor time (paired t test).

Table 28

presents the mean urea/creatinine and total N/creatinine
ratios.

For both treatments subject C had the highest

ratios at Dl, compared to data from the other days of
urine collected from all the subjects.

Several factors

could have contributed to this, such as an incomplete
urine collection, a higher protein intake, or lower
liquid intake (which can't be demonstrated since the
subject did not return his diet records).

Subject E had

both a high ratio on Dl and the highest ratio on D3 with
the PN dose when compared to data from the other
subjects.

Unfortunately, accurate records of liquid

intake were not kept, but his diet record indicated an
intake of 138 grams of protein.

This was 8% higher than

the protein supplied in the basal diet.

Subject E also

failed to urinate prior to the exercise test, and
started his urine collection only after the exercise
test.
Urinary creatinine excretion is related to an
individual's muscle mass and its production varies with
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TABLE 28.

Dl

MEAN UREA N/CREATININE (U/C) AND
TOTAL N/CREATININE (TN/C) RATIOS

D2

EX-6h

D3

D4

25.4
3.5

26.5
3.9

26.8
5.1

26.8
3.3

68.0
8.2

72.9
7.0

71.6
12.2

71.6
8.4

PLACEBO

U/C
Mean
SD
(n=6)**

R-18h

25.8
6.6

27.1
3.2

20.8*
3.5*

28.4*
3.7*

PYRIDOXINE
Mean
SD
(n=6)

32.0
10.4

27.2
5.7

21.2
2.6

TN/C
Mean
SD
(n=6)**

30.6
10.1

PLACEBO
77.0
23.4

73.0
13.5

57.5*
8.9*

73.5*
9.1*

PYRIDOXINE
Mean
SD
(n=6)

82.0
25.3

71.2
12.7

57.0
7.8

82.0
25.5

** n=6, except where *.
* n=5
Abbreviations are the same as in Table 25.
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age and sex (Rock et al., 1986).

In the present study,

creatinine ratios (mg creatinine/kg body weight) were
calculated from data from the two days of the exercise
test (D3). Creatinine ratios were 25.7 ± 4.2 and 25.5 ±
4.6 for the placebo and PN treatment, respectively.
These values are in the normal range (i.e., 18 to 32)
(White et al., 1978).

However, with the PN treatment,

subject E had a ratio which was lower than normal.

This

may have been due to the unusual urine collection noted
above.
Product-moment correlation equations were performed
for protein intake (diet records) versus creatinine,
urea, and total N excretion for each treatment.
Contrary to what was expected, none of these variables
were significantly correlated.

For example, the

correlation coefficient between total nitrogen (Y axis)
and protein intake (X axis) for placebo and PN
treatments were 0.866 (n=5), and 0.542 (n=5),
respectively.
PLASMA PLP
As expected, ANOVA showed a significant difference
between treatments (p = 0.004).

ANOVA also showed a

significant difference across time (p < 0.001).

For the

placebo treatment, a paired t test revealed there were
significant differences between the following time
points (see Table 29);

PE & DE; PE & I'P; and PE & 6hP.

For the PN treatment the significant differences were
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TABLE 29.

Fl

MEAN PLASMA PYRIDOXAL 5'-PHOSPHATE

***PE

DE

1'P

***6hP

F2

( nmol/L)

PLACEBO
Mean
SD
(n=6)

55.6
14.0

50.1
10.9

60.8
13.9

63.8
13.9

58.3
13.4

56.3
13.8

Mean
SD
(n=5)

59.4
11.5

53.7
7.1

65.4
9.2

68.2
10.0

62.6
9.0

60.3
10.8

PYRIDOXINE
Mean
SD
(n=6)**

275
80.9

236
71.3

290
91.1

310
86.5

241
75.4

319*
96.1*

Mean
SD
(n=5)

290
80.8

249
70.0

307
89.9

328
82.8

254
76.2

319
96.1

** n=6, except where *.
* n=5.
Abbreviations are the same as in Table 19.
***:

Dietary vitamin B-6 intake was 0.33 mg and 0.73
mg at breakfast and lunch, respectively.
Dietary carbohydrate intake was 118 g and 151
g at breakfast and lunch, respectively.
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between the following time points:

Fl & PE; PE & DE, PE

& I'P; PE & F2; DE & 6hP; I'P & 6hP; and 6hP & F2.
Statistical analysis was done with only 5 subjects,
since subject F failed to take the last PN supplement.
Therefore, his F2 value was not suitable for comparison.
Table 29 presents the mean plasma PLP data, while
Table 30 presents the mean change in plasma PLP as
nmol/L and %.

The mean plasma PLP concentration

increased 4 to 5 fold with the PN supplement as compared
to the placebo.
subject A.

The highest increase was observed with

With both treatments, plasma PLP

concentration decreased from Fl to PE and from I'P to
6hP.

With the placebo, the mean decrease in plasma PLP

concentration was -9.0 ± 7.4 % from Fl to PE and -8.8 ±
6.2 % from I'P to 6hP.

With the PN treatment, the mean

decrease in plasma PLP concentration was -14.5 ± 7.17 %
from Fl to PE and -22.5 ± 5.4 % from I'P to 6hP.
With exercise plasma PLP concentration increased
with both treatments.

For the placebo and PN

treatments, the percent increases from PE to I'P were
27.9 ± 13.8 % and 32.3 ± 8.9 %, respectively.

From 6hP

to F2 the plasma PLP concentration decreased -3.2 ± 8.3%
with the placebo treatment, but increased 27.7 ± 21 %
with the PN treatment.

This increase in PLP

concentration with the PN treatment was probably due to
the PN dose being given to the subjects in the evening
after the last blood draw (6hP).
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TABLE 30.

Fl-PE

MEAN CHANGE IN PLASMA PYRIDOXAL
5'-PHOSPHATE CONCENTRATION

PE-DE DE-1'F» PE-1'P 1/P-6hP PE-6hP 6hP-F2

(nmol/L)
PLACEBO
Mean
SD
(n=6)

-5.5
4.5

10.7
3.7

3.0
5.5

13.7
7.1

-5.6
4.2

7.1
5.3

-2.0
5.6

-8.8
6.2

16.0
7.2

-3.2
8.3

-68.4
19.4

5.7
10.8

65.0*
49.5*

-22.5
5.4

3.0
6.2

27.8*
21.0*

% ***

Mean
SD
(n=6)

-9.0
7.4

21.1
5.1

5.5
8.8

27.9
13.8

PYRIDOXINE
Mean
-39.5
SD
22.5
(n=6)**

54.1
24.3

20.0
15.1

74.0
24.0
% ***

Mean
-14.5
SD
7.2
(n=6)**

22.8
5.8

7.7
5.4

32.3
8.9

** n=6f except where *.
* n=5.
*** Mean percentage change in plasma pyridoxal
5'-phosphate.
Abbreviations are the same as in Table 22.
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The product-moment correlation between changes in
plasma PLP (nmol/L) (Table 30) and changes in plasma
albumin (g/L) (Table 31) showed that these two variables
were significantly correlated with both treatments (p <
0.01).
derived:

For the placebo, the following equation was
change in PLP = 1.878 (change in albumin) +

0.313; correlation coefficient = 0.858, n=29.
PN treatment the equation was:

For the

change in PLP = 6.381

(change in albumin) + 4.864; correlation coefficient =
0.630, n=28.
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TABLE 31.

Fl-PE

MEAN CHANGE IN PLASMA ALBUMIN ***

PE-DE

DE-1'P

I'P-GhP

6hP-F2

g/L
PLACEBO
Mean
SD
(n=6)**

-0.8*
1.2*

3.9
1.5

1.7
1.5

-3.2
1.6

-1.9
1.9

-2.6
1.8

-2.9
2.0

PYRIDOXINE
Mean
SD
(n=6)

0.0
1.0

5.9
1.8

0.3
1.1

** n=6, except where *.
* n=5.
Abbreviations are the same as in Table 22.
*** These assays were done by Dr. Jim
Ridlington.
Albumin determination was not part of the
thesis hypothesis per se.
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V. DISCUSSION

Discussion of the results of this investigation is
presented in three sections, each of which corresponds
to one of the three objectives stated in Chapter I.
Conclusions drawn from the evaluation of the hypothesis
established for this investigation, that the oral
administration of vitamin B-6 (pyridoxine) will more
rapidly restore plasma urea and ammonia to basal level
following strenuous exercise, will be presented with
respect to the results of this investigation at the end
of this chapter.
The first objective of this study was to determine
if pyridoxine supplementation (PN) increases the rate at
which plasma urea and ammonia return to basal levels
following strenuous exercise.

Plasma ammonia results

indicated no significant differences between treatments,
with exception of the pre-exercise (PE) value.

It is

not known which specific influence caused the
significant difference found in the PE results. However,
it is important to note that all six subjects had an
increased plasma ammonia concentration with the PN dose
when compared to the placebo.
While there was a significant increase (p < 0.001)
in plasma ammonia levels over time with the placebo,
with PN supplementation the increase over time was not
significant.

However, when the subjects were
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administered only a placebo there was a higher increase
of ammonia levels for all subjects during the second 30
minutes of exercise (I'P), compared to the first 30
minutes (DE).

The opposite occurred with the

administration of PN.

All of the subjects, with the

exception of subject F, experienced increased ammonia
levels during the first 30 (DE) minutes of the exercise
test.

However, during the last 30 minutes (I'P) of the

exercise test, 4 of the 6 subjects (C and D were the
exceptions) had lower ammonia levels with the PN dose.
Since ammonia is an end product of protein metabolism
and PLP is an important coenzyme for many enzymatic
reactions in protein metabolism (Stryer, 1981), a
supplementation of vitamin B-6 might serve as an
analeptic nutrient (Creff, 1963) and hence reduce
elevated concentrations of ammonia in plasma.

A

possible explanation of the findings of the present
study is that stored PLP was released from muscle
glycogen phosphorylase to the circulation during the
last 30 minutes of the exercise test with the PN dose.
Indeed, there was a correlation between plasma (PLP) and
plasma ammonia at I'P with PN treatment (p < 0.05;
r=0.872; n=6).

From this finding is then concluded that

PN supplementation may reduce plasma ammonia levels seen
with strenuous exercise.
Differences in plasma ammonia concentrations in
exercising humans may be largely due to variability of
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muscle fiber-type composition among different
individuals (Dudley et al., 1983; Mutch and Banister,
1983). Muscle biopsies were not performed for the
present study, and it was assvuned that the subjects had
different percentage distributions of muscle fibers
which would be maintained either when exercising or at
rest:

the mean ± SD coefficient of variation for plasma

ammonia levels for both treatments DE and I'P was 39 ±
9%, while at Fl and F2 it was 39 ± 5%. Since the
coefficients of variation are about the same at rest and
during exercise, this variability may be in part due to
differences in muscle fiber-type composition among the
subjects.

The mean ± SD for all fasting ammonia values

was 25 ± 9 umol/L, a value which is similar to those
which have been reported by Babij et al. (1983),
Wilkerson et al. (1975, 1977), and Buono et al. (1984).
At 30-min (DE) and at the end of the exercise period
(I'P), the placebo values (65±25 umol/L/DE and 103 ± 54
umol/L/l'P) and the PN values (79±27 umol/L/DE and 78±25
umol/L/l'P) were similar to those reported in the
literature (Babij et al., 1983; Buono et al., 1984;
Wilkerson et al., 1975,1977).
Ammonia production is proportional to the amount of
work performed (Lowenstein, 1972).

In the present

study, ammonia concentration (i.e., PE, DE, and I'P
values) was highly correlated with the VO2 (i.e., at
rest, at 30 rain of the exercise test, and at the end of
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the exercise test). This finding is in agreement with
prior studies in that the ammonia accumulation occurred
when exercise was increased to intensities above 60% of
VO2 max (Wilkerson et al., 1975,1977; Meyer et al.,
1980; Hultman and Sahlin, 1980; Dudley et al., 1983;
Babij et al., 1983; Buono et al., 1984; Lo and Dudley,
1987).

Moreover, following exercise, plasma ammonia

concentration has been found to decrease rapidly
(Banister et al., 1983). In the present study, it may be
assumed that plasma ammonia concentration decreased
shortly after exercise.

The ammonia values decreased

72% with the placebo, and 68% with PN dose at 6hP when
compared with measurements at I'P.

The effect of PN

treatment seen at 6hP were lower than the placebo in
plasma ammonia concentrations for five out the six
subjects (C was the exception).

It is concluded that PN

supplementation may reduce adverse consequences of
plasma ammonia levels seen with strenuous exercise of
moderate duration.
It should be noted that subject E had the highest
concentration of ammonia following periods of exercise
(I'P and 6hP) with both treatments and that he also had
one of the highest oxygen uptake during the VO2 exercise
test trial.

Subject E, though one of the most

well-trained subjects in the group, reported a strong
headache within one hour following the exercise test
with the placebo treatment.

The results of his tests
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are contradictory to the findings of Lo and Dudley
(1987) that endurance training reduces the levels of
ammonia in both males and females.

It may be speculated

that subject E had a greater percentage of
fast-twitch-muscle-fibers than the other subjects,
leading to the production of the additional ammonia, or
that he experienced increased ammonia levels in his
brain.

This may have been mediated by an increased

concentration of plasma and brain catecholamines, and
the headache may have been due to the increased ammonia
levels.

The level of catecholamines have been reported

by Banister and Griffiths (1972), Brown el al. (1979),
and Peronnet et al. (1981) to increase in plasma during
exercise or other stress situations.

In addition,

Banister and Singh (1980) have reported that brain
catecholamines produce elevated ammonia concentrations
during a stress situation.
Plasma urea N results indicated no significant
differences between treatments.

However, plasma urea

results indicated a significant difference across time.
The mean plasma urea N concentration at Fl (4.7 ±1.3
mmol/L/placebo & 4.7 ± 0.8 mmol/L/PN dose), was similar
to values reported in the literature (Millward et al,
1982; Plante and Houston, 1981; Wolfe et al., 1982;
Calles-Escandon et al., 1984; Rennie et al., 1981).
However, in these latter reports, different values were
observed during and after exercise, which was probably
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due to the different variables applied during the
exercise test (i.e., the intensity and duration of the
test, the degree of training and age of subjects, and
the methods of urea determination).

In the present

study, the plasma urea values during and post-exercise,
were similar to those reported by Rennie et al. (1981).
The results of this study were in agreement with prior
studies with regard to high plasma urea concentration
several hours following the exercise test (Creff, 1963;
Decombaz et al., 1979; Refsum and Stromme, 1974; Plante
and Houston, 1984; Rennie et al., 1981).

In the present

study, plasma urea remained high the day after the
exercise test (F2).

With the placebo and PN dose,

respectively, there was an increase of 13% and 16% at
F2, when compared to Fl.

On the other hand, a slight

decrease in plasma urea concentration was observed with
the PN treatment at PE, DE, I'P, and 6hP.
Differences in urinary urea excretion were not
significant across time (D1-D4) or between treatments.
However, the mean values (D1-D4) were approximately 9%
higher with PN than with the placebo treatment.
Although not statistically significant, urea excretion
was lower the day following exercise than the day of the
exercise test, with both treatments.

This observation

is similar to those reported in the literature (Lemon
and Mullin, 1980; Gorski et al., 1985).

Urinary urea

excretion the day before exercise for both treatments
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was slightly higher than the day of the exercise test.
This finding is similar to those reported for a group of
runners by Dohm et al.

(1982).

Urea clearances the day before and day of the
exercise test are considered normal since their values
were close to 70 ml/min (Guyton, 1981).

However, with

both treatments, during the day of the exercise test
urea clearances were lower than the day before by
approximately 13-15%. It is possible that the remainder
of the urea excretion during the day of exercise was
accounted for by perspiration.

It is important to note

that all the subjects lost weight (0.8-2.0 kg) due
primarily to perspiration during the exercise tests.
Although the urea in sweat was not determined in this
study, it has generally been agreed that loss of urea in
sweat increases during and following exercise (Gorski et
al., 1985; Lemon and Mullin, 1980; Dohm et al., 1982;
Calles-Escandon et al., 1984; Haralambie and Berg,
1976).

Decreased urea clearance during the day of the

exercise test also suggests a fall in renal plasma flow
(Rennie et al., 1981).
In conclusion, PN supplementation may serve as an
analeptic nutrient and reduce the adverse consequences
of plasma urea and ammonia concentrations seen with
exercise of moderate duration.

Oral administration of

vitamin B-6 (PN) before strenuous exercise might
increase the rate of transamination reactions and hence
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served as a detoxifying nutrient (i.e., a decrease in
the usual rise in plasma concentrations of urea and
ammonia).
In addition to urea and ammonia, nitrogen is also
excreted in urine in the form of creatinine.

In this

study creatinine excretion was used to determine
completeness of urine collections as well to evaluate
the effect of exercise on creatinine excretion.

The

constancy of daily creatinine excretion has been a
matter of debate among investigators.

The mean

coefficient of variation for urinary creatinine has been
shown to range from 4 to 14%, indicating suitable
completeness of urine collection from the individual
(Forbes and Bruining, 1976; Waterlow, 1986; Cho and Yi,
1986).

On the other hand, other investigators have

concluded that creatinine excretion is not a reliable
indicator of the completeness of urine collection
(Knuiman et al., 1986a, 1986b; Webster and Garrow,
1985). However, it has been determined that the
intra-individual coefficient of variation can be as low
as 1.6% (Cho and Yi, 1986; Waterlow, 1986).

It would

seem with the exception of subjects C and E who had
marked fluctuations in creatinine excretion, the
subjects of the present study were motivated since the
mean coefficient of variation was within the 4-14%
reported for both treatments.

The following

observations refer to the effect of exercise on
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creatinine excretion.

A slight increase of urinary

creatinine was observed the day of the exercise test
(D3) (16.4±2.2 mmol/24 h/placebo and 16.4±3.0 mmol/24
h/PN) when compared to the urine collected on D2
(15.3±2.8 mmol/24 h/placebo and 16.3±2.0 mmol/24 h/PN).
The increase of urinary creatinine the day of the
exercise test is in agreement with prior results
(Decombaz et al., 1979; Calles-Escandon et al., 1984;
Refsum and Strome, 1974, 1975; Dohm et al., 1982).

The

mean urinary creatinine for the day after the exercise
test (D4) decreased when compared to the day of the
exercise test (D3) results (6.7%/placebo and 3.0%/PN).
In addition, urinary creatinine on D4 almost returned to
D2 values.

These findings are similar to those reported

in the literature (Decombaz et al., 1979;
Calles-Escandon et al., 1984).
The second objective of this study was to further
understand vitamin B-6 metabolism during and following
strenuous physical activity, especially when
supplemental vitamin B-6 (PN) was administered.

To

accomplish this objective, the role of plasma PLP will
be emphasized throughout the discussion because plasma
PLP was the only B-6 vitamer measured in this study.
Plasma PLP concentration increased during and
immediately after exercise with both treatments.

This

finding is in agreement with results reported in males
by Munoz (1982), Hatcher (1983), Leklem and Shultz
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(1983), and Seitz (1986).

On the other hand, fasting

values (Fl, F2) without PN supplementation were
considered normal since the mean PLP concentration
(i.e., 55.6±14.0 nmol/L/Fl and 56.3±13.8/F2 nmol/L) was
within the range reported by Leklem (1985).
As expected, with the PN treatment the plasma PLP
values were approximately four to five times higher
compared with values for the placebo treatment
(significant different between treatments; p=0.004).
Plasma PLP levels for this study were nearly twice as
high as those reported by Hatcher (1983).

This finding

is not surprising since the dosage used in this study
was 20 mg PN in comparison to Hatcher's 8 mg PN dosage.
An interesting observation is that with the PN
supplement subject A had the highest increase in plasma
PLP.

Subject A was the only subject, however, who was

ethnically distinct, of Middle Eastern origin.

It has

been recently reported (Kamlesh et al., 1987) that
differences in the absorption and/or metabolism of
vitamins B-6, E, and riboflavin might in part be
attributed to ethnic differences among subjects.

The

report has suggested that this matter be studied
further.
In the present study there was a decrease in plasma
PLP concentration from Fl to PE (-9±7 %/placebo; -15±7
%/PN dose) and from I'P to 6hP (-9±6 %/placebo; -23±5
%/PN dose) with both treatments.

These decrease in

157
plasma PLP concentrations indicate a carbohydratevitamin B-6 relationship.

Between Fl and PE subjects

had breakfast (117.8 grams of carbohydrate and 0.33 mg
of vitamin B-6) and between I'P and 6hP subjects had
lunch (150.9 grams of carbohydrate and 0.73 mg of
vitamin B-6) indicating that relative high carbohydrate
(CHO) dose absorbed from food consumption can be
compared to an intake of a glucose load.

In this sense

the results of this study are comparable to those of
Leklem et al. (1982), in which decreased plasma PLP
levels of 17.6% was found within two hours after a
glucose load.

It may be concluded that dietary CHO,

which has an effect on the tissue distribution of B-6
vitamers (Hatcher, 1983), affects the uptake or release
of plasma PLP.
The greatest changes in plasma PLP levels, between
measurements at I'P and 6hP, expressed as percentages,
were associated with PN supplementation.

The greatest

decrease of PLP concentration, dropping to levels below
the Fl value, occurred with the PN dose by 6hP (241 ± 75
nmol/L).

This change in PLP concentration is similar to

the findings of Hatcher (1983), in which plasma PLP
levels dropped below fasting levels at 60 min
post-exercise with a PN dose.

However, in the present

study there were no measurements taken between I'P and
6hP.

It is possible that the effect of the CHO consumed

at lunch decreased plasma PLP levels at 6hP. On the
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other hand, it is possible the effect of recovery from
exercise led to a lowered PLP concentration at 6hP.
However, either CHO, or exercise influence, or a
combination of both still do not point out a specific
time at which plasma PLP level increases or returns to
fasting values with PN supplementation.

With the

placebo dose, plasma PLP levels returned nearly to
fasting values at 6hP.
Furthermore, de Vos (1983) found that a CHO
depletion-repletion diet, plus 8 mg of PN alters CHO
levels in plasma,

de Vos indicated that supplementation

may have depleted the glycogen stores of exercising
subjects.

In addition, deVos (1983) also demonstrated

there was a significant difference in plasma glucose
concentration between the high CHO diet plus
supplementation and a control group, indicating that PN
supplementation affects CHO metabolism.

Further

clarification of CHO utilization in this study is
presented in the discussion of objective three.
As reflected by changes in plasma PLP levels, an
increase in PLP concentration was observed during
exercise (DE) and immediately following exercise (I'P)
with both treatments.

Leklem (1985) has postulated

several possible explanations for plasma PLP changes
during and immediately after exercise, which may be
compared to the findings of this study.

Levels of

plasma PLP changes in the subjects of this study were
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highly negatively correlated with plasma volume changes
(p < 0.01), which was not true of prior studies by
Hatcher (1982) and Leklem (1985), each of whom found
poor or no correlation between these two parameters.
However, in the present study, a negative correlation (p
< 0.01) between plasma volume changes and levels in
plasma ammonia changes, as well as plasma albumin
changes, was also found with both treatments.

In

addition a positive correlation (p < 0.01/placebo; p <
0.05/PN) between changes in plasma volvime and changes in
plasma urea levels was also found with both treatments.
A decrease in plasma volume due to exercise may be
attributed to plasma lost from the vascular space to the
interstitial fluid (Ekelund, 1967; Guyton, 1981), but
when work intensities are increased, a threshold is
reached at which the rate of fluid exceeds the rate of
solute efflux. This produces a net hypotonic plasma loss
and increases solute concentration and osmolarity
(Convertino et al., 1981).

Thus, when plasma volume

changes proportionate to the amount of energy expended
(Convertino et al., 1981), the PLP, being the solute,
would increase as the plasma volume decreases.
Plasma volume has been reported to decrease after
strenuous exercise or dehydration (Ekelund, 1967; Dill
and Costill, 1974; Costill and Fink, 1974; van Beaumont
et al., 1973; Convertino et al., 1981; Kraemer and
Brown, 1986) .

However, which equation should be used to
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determine plasma volume is still subject to debate
(Costill and Fink; 1974; van Beaumont et al., 1973;
Kraemer and Brown, 1986).

It has been postulated that

hematocrit (Hct) decreases with exercise due to the
shrinkage of red blood cells (Costill and Fink, 1974).
On the other hand, Kraemer and Brown (1986) found an
increased in Hct during physical activity, which may be
accounted for by a decreased in plasma volume due to
sweating,

van Beaumont et al. (1973) have proposed that

red cell volume shows no change due to increased
osmolarity during exercise.

Results from the present

study showed that Hct increases slightly during physical
exercise, a finding in agreement with the results of
Kraemer and Brown (1986).

Plasma volume changes were

similar to those reported in investigations which used
the van Beaumont et al. equation (van Beaumont et al.,
1973; Convertino et al, 1981).

However, when results

measured with the van Beaumont et al. equation (1973)
and compared to the Dill and Costill equation (1974),
plasma volume results were lower with the latter
equation.

Dill and Costill (1974) and Costill and Fink

(1974) used extreme dehydration techniques (i.e.,
exercise and thermal exposure), causing their subjects
lose 4% of their body weight.

In any case, both

equations were employed in the presente study and both
showed a negatively significant correlation (p < 0.01)
between PLP changes and plasma volume changes for both
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treatments.
A highly significant correlation (p < 0.01) was
also found between changes in plasma PLP and changes in
plasma albumin levels (both treatments).

PLP exists in

circulation almost exclusively attached to albumin.
Therefore, it was expected that changes in plasma
albumin would cause changes in plasma PLP.

Albumin is

the most abundant protein in human plasma accounting for
40-60% of total plasma protein.

Albumin contributes

significantly to water regulation between the intra- and
extravascular compartments (Silverman et al., 1986),
while further establishing reason for the expected (and
observed) relationship between changes in plasma volume
and changes in plasma albumin.
An interesting observation of this study was that
of hemoglobin results:

For both treatments, hemoglobin

(Hgb) increased during exercise. Although a significant
difference was not found between treatments, Hgb tended
to be lower with the PN dose than with the placebo.

It

is not known which specific influence caused a lower Hgb
concentration with the PN treatment.

Therefore, to

clarify the findings of this study, future research in
this matter is suggested.
It has been reported that PLP binds to Hgb in the
erythrocytes (Benesh et al., 1972) and that with excess
vitamin B-6 doses there is an accumulation of PLP in the
erythrocytes (Bhagavan et al., 1975).

With exercise,
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PLP could be released from the erythrocytes to plasma,
and contributed to an increased PLP concentration during
and immediately after exercise.

However, the primary

site for PLP storage in rats and other mammals would
appear to be the skeletal muscle (Black et al., 1977,
1978; Butler et al., 1985; Russell et al., 1985), and is
highly probable this is also true of humans, who store
vitamin B-6 (in the form of PLP) in muscle glycogen
phosphorylase.

In 1977, Black and co-workers observed

that when rats were fed high doses of vitamin B-6 it
lead to an increase in glycogen phosphorylase, as well
as in vitamin B-6 in muscle.

In rabbits and mice a drop

in pH in muscle has been shown to release PLP from
glycogen phosphorylase to the solvent (Munoz et al.,
1984; Butler et al., 1985). With strenuous exercises
humans may develop acidosis (Hultman and Sahlin, 1980).
The development of acidosis is counteracted partly by pH
inhibition of phosphofructokinase and partly by
decreased AMP accumulation via deamination of AMP to IMP
(as part of the PNC) (Hultman and Sahlin, 1980).
Because of acidosis during strenuous exercise, PLP may
be released from the muscle glycogen phosphorylase to
the systemic circulation.
present in plasma.

More PLP would thereby be

The normal pH of venous blood at

rest is about 7.35 (Guyton, 1981).

PLP stability in the

muscle has been found to be achieved at pH 7.5 (Munoz et
al., 1984).

In addition, a pH of 7.0 has been measured
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for resting mammalian muscle, but when the hydrogen ion
is increased due to strenuous exercise, the pH may
decrease to 6.0 (Hultman and Sahlin, 1980).

Hence, at a

pH value as low as 6.0, the PLP in muscle won't be as
stable and thus will be released to circulation.

In

plasma (which will also be acidic due to exercise),
perhaps PLP would be dephosphorylated and returned to
muscle in the form of PL.

It would be beneficial to

undertake a further study to measure pH in both the
muscle and blood (the plasma pH has been determined to
be slightly higher, but is not physiologically different
than whole blood pH) (Tietz et al., 1986). This would
help to determine if more PLP would remain in
circulation when the blood is more acidic relative to
muscle tissue.
The present study supports the hypothesis that PLP
is stored in muscle glycogen phosphorylase in humans
(Munoz, 1982).

During the PN treatment the dose was not

given to the subjects the morning of the exercise test.
Yet, the plasma PLP levels during the day of the
exercise test were nearly five times higher than the
levels observed with the placebo.

On the other hand, it

has been demostrated that starvation causes depletion of
muscle glycogen phosphorylase (Black et al., 1978). In
addition, during starvation, phosphorylase (and PLP)
appear to be involved in glucose homeostasis.
Transamination reactions play important roles in
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gluconeogenesis and glycogenolysis pathways and,
therefore, important roles in carbohydrate metabolism.
During exercise of moderate to high intensity,
gluconeogenesis is enhanced (Felig and Wahren, 1971).
Several investigators have compared strenuous exercise
with acute starvation (Lemon and Mullin, 1980; Dohm et
al., 1982; Leklem, 1985).

In a situation in which there

is a need for maintaining adequate glucose homeostasis,
it is very likely that PLP would be released from the
muscle. As a consequence, higher levels of plasma PLP
would be observed (i.e., during and immediately after
strenuous exercise).

Leklem (1985) suggested that "the

availability of PLP from liver sources itself may be
limited because of the PLP being tightly bound to the
various liver enzymes." Therefore, the human organism
may obtain PLP from the skeletal muscle.
Another possible factor that could contribute to
increased levels of plasma PLP during and following
exercise is a decrease in renal plasma flow.

Castenfors

(1967) demostrated that exercise causes a decrease in
renal plasma flow, which may be related to work
intensity.

A decrease in renal plasma flow has been

correlated with a decrease in plasma volume (Convertino
et al., 1981).

Since changes in plasma PLP levels have

been correlated with changes in plasma volume, it is
expected that there is a relationship between plasma PLP
and renal plasma flow.
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In summary, plasma PLP increased during and
immediately after the exercise test, with both
treatments.

Several possible mechanisms were discussed

to explain such a change:

The role of plasma volume

changes which were negatively correlated with changes in
plasma PLP levels, the role of muscle glycogen
phosphorylase, changes in muscle and plasma pH
(acidosis), and the role of renal plasma flow.

In

addition, plasma PLP levels decreased after meals (i.e.,
breakfast and lunch).

The effect of carbohydrate

contained in the meals may lead to a decreased in plasma
PLP levels.
The third objective of this study was to determine
by open circuit calorimetry the utilization of
carbohydrates with or without suplemental vitamin B-6
(PN).

Part of the discussion was already reviewed under

PN supplementation and CHO contained in the meals (see
above).
The metabolic rates resulting from this study
indicate that the exercise test was well-controlled.
With both treatments, the net energy consumption was
approximately 167 ± 27 kcal.

In the same sense, protein

utilization did not change significantly, and accounted
for only approximately 11% of the total caloric cost of
energy, a value which agrees with those reported in the
literature (Dohm et al., 1985; Evans et al., 1983).

In

the present study there was a difference in carbohydrate

166
(CHO) and fat utilization between treatments, although
the differences were not statistically significant.

CHO

utilization increased with PN supplementation; from
43.5±13.7 % to 52.0±6.6 % of the total kcal. Conversely,
fat utilization decreased with the PN dose; from
45.3±13.7 % to 36.8±6.6 % of the total kcal.

In

addition, there was a larger deviation (SD) from the
mean in the results of the placebo treatment than with
the PN treatment, providing an explanation as to why
these variables were not statistically significant
different.
From these observations it may be concluded that PN
supplementation may deplete glycogen stores at a greater
rate than when there is no supplementation.

This would

be a great disadvantage for activities lasting for 90
minutes or more.

Perhaps if our exercise test had

lasted for this period, a more dramatic change in the
utilization of substrates would have been observed.
Muscle glycogen is a limiting factor for work capacity.
When exercise starts, the needed glucose is made
available by the rapid breakdown of glycogen in the
muscle, which is followed by a combination of muscle
glycogenolysis and glucose uptake from the blood.
Glucose uptake from the circulation increases, reaching
a peak about 90 minutes of exercise at about 70% VO2 max
(Horton, 1982).

Therefore, it would be wise for those

who wish to increase their athletic performances of
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medium and long duration to avoid PN supplementation
above RDA levels. On the other hand, for those who
participate in exercise-bouts-type events lasting for
few seconds or minutes (i.e., "explosive" events such
weight lifting, and 100 & 200-meters running and
swimming), PN supplementation may serve as a restorative
nutrient by reducing adverse consequences of plasma
ammonia (Allen and Conn, 1960; Dudley et al., 1983;
Babij et al., 1983; and Banister et al., 1983) and urea
levels seen with exercise (Gorski et al., 1985; and Dohm
et al., 1982).

Future research to test the effect of PN

supplementation on protein catabolism in
exercise-bouts-type events would help to further our
understanding of the role of vitamin B-6 metabolism.
The following studies support the theory that PN
supplementation may deplete glycogen stores at a greater
rate than when a placebo dose is administered to
endurance trained individuals.

Lactate production

indicates, indirectly, muscle glycogen breakdown
(Stryer, 1981).

Lawrence et al. (1977) observed that

subjects who consumed 51 mg of PN had higher lactate
levels than groups consuming vitamin E or a placebo.
This was observed immediately following 15 minutes of
strenuous swimming.

Even with lower doses of PN

supplementation (i.e., 8 mg), it has been observed that
a high carbohydrate group had higher levels of plasma
lactate than a group consuming lower levels of
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carbohydrate (although results were not significant
different) (de Vos, 1983) .

This was observed

immediately following 50 minutes of continuous cycle
ergometer exercise.

Once again, this observation leads

to the conclusion that PN supplementation may affect
fuel utilization of carbohydrates during strenuous
exercise.
One last but no less important observation derived
from this study has to do with diet records.

Despite

the fact that some of the subjects of this study
referred to their diets as being "unusual," the means
(± SD) indicated an acceptable distribution of all
nutrients for all subjects (National Research Council,
1980).

However, it was observed that some of the

subjects followed inconsisting eating patterns.

This

leads to the conclusion that the subjects were either
insufficiently motivated and they required additional
instruction on how to record their diets, or that
indeed, they have poor eating habits.

It is believed

that the dietary records used for this study constitute
support for the theory that athletes interested in
performance improvemement are in need of further
nutritional education.
In conclusion, it was determined, in part, that the
oral administration of vitamin B-6 (pyridoxine) may more
rapidly restore plasma urea and ammonia levels following
strenuous exercise than if no PN had been administered.
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A summary of the results of this investigation indicates
that PN supplementation leads to lower concentrations of
plasma ammonia and urea during one hour of strenuous
exercise of moderate duration.

Hence, an increase in

the rate of transamination reactions due to PN
supplementation, may favor less of an increase in
concentration of plasma urea and ammonia.

On the other

hand, PN supplemetation may produce a shift in the
utilization of substrates of the subjects.

The

contribution of carbohydrate as an energy source
increased with the PN dose.

This observation lead to

the conclusion that oral administration of vitamin B-6
(PN) decreases glycogen stores compared to the glycogen
stores without supplementation.
In this investigation a daily vitamin B-6
supplement of 20 mg of pyridoxine hydrochloride was
administered.

This amount was low enough to avoid

toxicity (Creff and Jouin, 1964; Schaumberg et al.,
1983), but, at 10 times the RDA (i.e. 2.2 mg), high
enough to study vitamin B-6 metabolism during and
following strenuous exercise.
The contradictory findings in this study of
slightly more rapid plasma ammonia and urea restoration
but decreased glycogen stores do not provide evidence
for or against an increased need for vitamin B-6 in
individuals involved in strenuous exercises of medium
duration.

However, this study showed that PN
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supplementation had an effect in both protein catabolism
and carbohydrate metabolism.

Future investigations in

this field are then encouraged.
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VI.

SUMMARY AND CONCLUSIONS

This study was designed to determine if oral
administration of vitamin B-6 (pyridoxine) increases the
rate at which plasma urea and ammonia return to basal
levels following strenuous exercise.

In addition,

another objective of this study was to provide further
understanding of vitamin B-6 metabolism during and
following strenuous physical activity, especially when
supplemental pyridoxine (PN) is administered.

Finally,

this study was designed to determine, by open circuit
calorimetry, the utilization of carbohydrate with or
without supplemental PN.
Six competitive male athletes (age 26±5 years,
height 174.4±11.2 cm, weight 73.4±10.3 kg, and VO2 max
66.4±6.9 ml/kg/min) participated in this study.

The

screening criteria consisted of a normal blood chemistry
as well as a normal physical exam.
This was a 17 day study.

Subjects exercised at two

points during the experiment (days 7 and 16).

During

the first half of the study (days 1-8), subjects
received a placebo solution (10 ml of 1% acetic acid),
while during the second half they received a pyridoxine
dose (20 mg of pyridoxine given as pyridoxine
hydrochloride in 10 ml of 1% acetic acid). Subjects
received the solution in the mornings except on day 16
in which case the pyridoxine (PN) was given after
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completion of the final blood draw (i.e., 6 hours post
exercise test) of that day.
On days 7 and 16 each subject exercised for 1 hour
at approximately 72% of his maximal oxygen uptake (VO2
max).

The exercise test was performed on an

electronically braked cycle ergometer.

There was a five

minute warm up and a five minute cool down for each
exercise test. Electrocardiogram recordings were
monitored at five minute intervals and heart rates were
determined.

An open circuit respiratory gas exchange

protocol was followed through the exercise test to
determine carbon dioxide and oxygen uptake every 10
minutes.

During the exercise test, the subjects were

not allowed to eat or drink anything.

Each subject

performed the exercise test 3 hours following breakfast.
A nutritionally adequate diet was administered to
the subjects on days 6-8 and 15-17 of the study.

The

basal diet supplied approximately 3700 kcal of which 14%
was protein, 33% fat, and 53% carbohydrate.
B-6 content of the basal diet was 2.23 mg.

The vitamin
The

preparation and administration of meals were conducted
in a metabolic kitchen.
During the study 24 hour urine collections were
made by each subject on days 5-8 (D1-D4) and 14-17
(D1-D4).

On days 7 and 16, after the exercise test was

done, each subject collected his urine for 6 hours
immediately after finishing the exercise test until just
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prior to the time the 6 hour post blood sample was
drawn.

A separate urine was then collected for the

remainder 24 hour period (R-18h).

A portion of the

urine collected was saved for urea nitrogen
determination, creatinine, and total nitrogen.
Blood was obtained at intervals throughout the
study.

On days of the exercise test, the following

blood samples were collected:

at fasting (Fl),

pre-exercise (PE), during exercise (DE), 1 minute post
exercise (I'P), and 6 hour post exercise (6hP).

The day

after the exercise test a fasting blood sample was
collected (F2).

Immediately after the blood was

collected, it was centrifuged at 1630 g for 15 minutes
at 40C.

The plasma was assayed for the following:

pyridoxal 5*-phosphate (PLP), ammonia, urea, and
albumin.

Hemoglobin and hematocrit were also

determined.
The data was analyzed by standard statistical
techniques of analysis of variance (ANOVA) followed by a
Scheffe test, by Student's t test, and by product-moment
correlation coefficients (r) based on linear regression
best fit equations.

Null hypothesis were rejected at

the 0.05 level of significance.
ANOVA showed no significant difference between
treatments for either concentrations of plasma ammonia,
plasma urea, hematocrit, hemoglobin, urinary urea N,
total nitrogen, and urinary creatinine.

As expected,
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ANOVA showed a significant difference between treatments
for plasma PLP concentration (p = 0.004).

In addition,

ANOVA showed there was a significant difference (p <
0.001) across time, with both treatments, for the
concentrations of plasma urea, plasma PLP, and
hemoglobin.

For the plasma ammonia concentration, ANOVA

also showed there was a significant difference across
time for the placebo treatment (p < 0.001), but not for
the PN treatment.

ANOVA showed no significant

differences across time for either concentrations of
hematocrit, urinary urea N, total N, and creatinine.
Exercise test results for either VO2, respiratory
efficiency ratio (RER), and heart rate were not
significantly different.

The mean RER at rest was 0.803

for the placebo and 0.856 for the PN treatment.
Although they were not statistically significant, the
latter value indicates more consumption of carbohydrate
(CHO) as the major fuel since this value is closer to
1.00 than the former RER.

Indeed, metabolic rate

results showed that the contribution of CHO as a energy
source increased from 43.5 ± 13.7 %, with the placebo,
to 52 ± 6.7 % with the PN treatment.

This shift in

utilization of substrates occurred in 4 out of the 6
subjects.

Therefore, the PN supplementation may

produced a shift in the utilization of substrates
towards an increase in CHO utilization.

This

observation lead to the conclusion that PN
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supplementation may decreased glycogen stores compared
to the glycogen stores without supplementation.

A

decrease in glycogen stores may be detrimental to the
performance of athletes, or other active people,
involved in the practice of strenuous exercise lasting
more than an hour.
Plasma concentrations for urea, ammonia, PLP, and
albumin increased during (DE) and immediately after the
exercise test (I'P) with both treatments.

However, the

time needed to restore plasma levels to fasting or
resting levels differed in the blood parameters
measured:

The plasma urea concentration the day

following exercise, at F2, remained above Fl
measurements by 13% with the placebo and 16% with the PN
treatment.

When compared with I'P, plasma ammonia

concentration decreased by 72% at 6hP with the placebo
and 68% with the PN dose.

Plasma PLP concentration

decreased from I'P to 6hP with both treatments (it also
decreased from Fl to PE).

The vitamin B-6 and

carbohydrate (CHO) intake at lunch was 0.73 mg and 151
grams, respectively.

A relative high CHO dose from real

foods can be comparable with a glucose load.

The

findings from this study suggest that CHO have an effect
in the uptake or release of plasma PLP. Leklem et al.
(1982) have observed similar results.

The effect of CHO

contained in lunch may decreased plasma PLP levels at
6hP, but also the recovery effect of exercise may
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lowered PLP concentration at 6hP. Therefore, since it is
not clear at what point plasma PLP levels return to
fasting values with PN supplementation, (plasma PLP
levels almost returned to fasting values with the
placebo), further investigation in this area is
suggested.
The effect of PN treatment at the 6hP resulted in
lower plasma ammonia concentrations for five out of six
subjects.

During the second half of the exercise test

(i.e., at I'P), four out of six subjects had lower
ammonia concentrations than during the first half of the
exercise test with the PN dose. In addition, with the PN
supplementation, plasma PLP levels were significantly
correlated (P<0.05) with plasma ammonia levels at I'P
but not at Fl, PE, DE, 6hP, and F2.

On the other hand,

a slight decrease in plasma urea concentration was
observed with the PN treatment at PE, DE, I'P, and 6hP.
These findings lead to the conclusion that PN
supplementation may reduce adverse consequences of
plasma ammonia and urea levels seen with strenuous
exercise of moderate duration.

However, because of the

widespread misuse of vitamin and mineral supplements
among athletes, the amount of PN supplementation must be
limited to be guaranteed harmless.
Since the findings from this study are
contradictory indicating slightly more rapid plasma
ammonia and urea restoration but decreased glycogen
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stores, they do not provide evidence for or against an
increased need for vitamin B-6 in persons that are
involved in strenuous exercise of medium duration.
Future research to test the effect of PN supplementation
on protein catabolism in exercise-bouts-type events
lasting for few seconds or minutes would help to further
our understanding of the role of vitamin B-6 metabolism.
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APPENDIX FORM 1. HEALTH/DIET/HISTORY
CONFIDENTIAL
Dr. Leklem
Foods and Nutrition Dept.
Oregon State University

Project Name
Date of Project

Code #:
Date;
Age:
Birth Date:
State of County of Birth:
Predominant State of Residence:
City:
No of Yrs.
Present Employment:
Race (circle one): a.
b.
c.
g.
d.
h.

American Indian
e. Chinese
Black
f. Japanese
Caucasian
Other Oriental (specify)
Latin American
Other (specify)

Marital Status (circle one): a. Single b. Married
c. Divorced/Separated
d. Widowed
HEIGHT/WEIGHT; Ht. (ft. & in.)
Present Wt.
Most weighed
What Year
Length of time you have maintained current wt.
MEDICAL HISTORY (Check any conditions for which you
have been diagnosed and give the AGE at diagnosis):
m. angina
a. diabetes
b. hypothyroidism
n. mental depression
c. hyperthyroidism
req. medication
d. goiter
o. insomnia requiring
e. hypoadrenalism
freq. medication
(Addison's dis.)
ulcer
P.
f. osteoporosis
q. pancreatitis
hepatitis
r. ulcer, colitis
Q.
h. cirrhosis
s. spastic colon/
i. kidney stones
diverticulitis
t. recurring gastritis
l- nephritis
k. cystitis
u. allergies
1. high bl.pressure
v. heart problems
(specify)
w. cancer (specify
type)
Have you ever had a glucose tolerance test?
yes
If yes , please explain the reason and the results:

no
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APPENDIX FORM 1. CONTINUATION
Do any of your close relatives have (had) diabetes?
yes
no If yes, please check who of the
relatives listed below have(had) diabetes
a. mother
d. brother
g. uncle
b. father
e. cousin
h. grandmother
c. sister
f. aunt
i. grandfather
MEDICATION HISTORY (Check any which you take on a
regular basis):
a. sleeping tablets
g. oral contraceptives
b. barbiturates
h. estrogens (female
hormones)
c. tranquilizers
i. thyroxin
d. bl. pressure tablets
j. insulin
e. diuretics
k. cortisone
f. antibiotics
1. isoniazid
m. other steroids
(specify)
SURGICAL HISTORY (Please specify any type of surgery
you have had and the date and age when it occurred):
Surgery
Date
Age

DIETARY HISTORY:
Are you a vegetarian?
yes
no
If yes, circle the type of vegetarian diet you follow:
a. ovo-lacto
b. ovo
c. lacto
d. vegan
Do you take vitamins? (circle one):
a. yes, daily
b. yes, frequently
c. never
If yes, what type, amount, and how long have you taken
them?
Type
Amount
How long?
Do you take other nutritional supplements?
Type
Amount
Please list all foods which you refuse to eat, cannot
eat, of prefer not to eat:
Do you drink alcohol? (beer, wine, liquor):
If yes, give frequency and amount consumed:
Frequency (how often?)
How much (ounces per time)

Yes

No
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APPENDIX FORM 1. CONTINUATION
Do you drink coffee or tea?
Yes
If yes give number of cups per day
(Circle one): coffee tea
Do you drink decaffeinated coffee or tea?
No
If yes give number of cups per day
(Circle one): coffee tea
Do you smoke?
Yes
No
If yes circle what you smoke: Cigarettes
How many per day
Packs per day

No
Yes

Cigars

EXERCISE LEVEL: Do you have a daily fitness program?
Yes
No
If yes, describe:
If no, what types of exercise would you get in a
typical week:
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APPENDIX FORM 2.

INFORMED CONSENT

EFFECT OF ORAL ADMINISTRATION OF VITAMIN B-6 BEFORE
STRENUOUS EXERCISE ON RESTORATION OF PLASMA UREA AND
AMMONIA LEVELS
This investigation is designed to determine if
oral administration of vitamin B-6 will more rapidly
restore plasma urea and ammonia to basal levels
following strenuous exercise. There will be six male
subjects. This study will be 17 days long. An outline
of the procedure is attached.
Prior to the study, I understand that 15 ml of
blood will be drawn to determine in part, my health
status. This is determined by a blood chemistry screen
test. I understand each person is to provide a complete
list of all medications, including mineral, vitamin,
and other nutritional supplements taken in the last
month. I understand each person is to complete a
health questionnaire before beginning the study. I
understand that to assure confidentiality code
numbers/letters will be used on all data forms and
questionnaires and that these will kept in a central
location that is accessible only to the researchers
involved in this project.
During the study, I understand each person will
record their dietary intake on days 5 and 14.
I
understand each person will take no mineral, vitamin or
nutritional supplement other than the supplement which
each person receives for 17 days. I understand that a
person can not consume alcoholic beverages during the
study. I understand a person is to inform the
principal investigators if they take any prescribed or
unprescribed drugs. On days 6-8 and 15-17, I
understand each person consumes only the foods and
beverages which are provided by the Department of Foods
and Nutrition at Oregon State University.
As mentioned above, I understand a person is to
take vitamin B-6 supplementation, administered by the
investigators at certain days of the study. I
understand each person is to take 10 ml of a solution
of 1% acetic acid through the 17-day study. I
understand that each person will take this solution
every morning at the metabolic kitchen of the Department
of Foods and Nutrition.
I understand each person will collect 24-hour
urine specimens during days 5-8 and 14-17 of the study.
My understanding of 24-hour urine collections is as
follows: After rising in the morning of the first day
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of the urine collections, a person will completely empty
their bladder. They will discard this urine. After
this, each person collects all of their urine in the
containers provided. Each morning a person completely
empty their bladder at the same time as the day before
and label this urine as belonging to the collection of
the preceding day (24 hour period). The person will
continue collecting their urine in this manner each day
throughout days 5-8 and 14-17 of this study. I
understand each person will bring their urine to the
laboratory each morning. I understand each person is
to report any accidental loss of urine to the
investigators.
On the days of the exercise test-days 7 and 16, I
understand that each person will have 15 ml of blood
drawn, at each of 5 times (before breakfast, 5 minutes
prior to the exercise, 30 minutes after exercise begins,
immediately after finishing the exercise test, and six
hours after finishing the exercise test). Blood will
be drawn from the antecubital vein by a registered
medical technologist. I also understand each person is
to have 15 ml of blood drawn, before breakfast, on days
8, 11, and 17. I understand that there is a minimal
risk of infection when blood is drawn, that sterile
procedures will be followed to minimize this risk, and
that a registered medical technologist will draw the
blood samples.
I understand that prior to any of the experimental
testing or VO2 max testing that each person will
exercise for 15-30 minutes at a moderate intensity
(heart rate of 130-140 bpm). At this time, gas
collection devices will be attached to familiarize each
person with the procedures to be followed in later
testing. I understand that prior to the beginning of
the experimental test, a maximal oxygen uptake test (VO2
max test) will be performed on each participant. This
test involves exercise on a cycle ergometer for about
20 minutes during which time the workload (intensity of
exercise) is increased until maximal uptake of oxygen
is achieved. During this procedure and during the
subsequent exercise sessions (see below) gas
collections will be made. The gas collections will be
made throughout the exercise sessions. This is
accomplished by the wearing of a mouthpiece and nose
clamp that allows for inspired gas to be measured. I
understand that each person is to perform a strenuous
exercise (75-80% of maximal oxygen uptake) for 1 hour on
a bicycle ergometer on days 7 and 16. I understand
that each person is to perform the exercise test 3
hours following breakfast. Electrocardiograms will be
monitored at five minute intervals. I understand the
physical stress the exercise tests will place on me.
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Any symptoms such as chest pain, excessive shortness of
breath, muscular cramps, etc. will be cause for
discontinuing a test procedure. I understand that I
may terminate the test on request at any time.
I recognize that, other than the free food, each
person will receive no direct benefit by participating
in this project. I understand that a person's records
will be kept confidential and their name will not appear
on forms. Only code numbers will be used and records
kept in a central locked file. I understand that each
participant is free to leave this experiment at any
time. The Department of Foods and Nutrition reserves
the right to remove a subject from any study if he or
she is uncooperative in following the protocol of the
investigation.
This investigation has been explained to each
participant and all questions have been answered. I
give my consent to participate in this study.

Subj ect

Witness

Date
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APPENDIX FORM 3.

DISTANCE
(cm)
2.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
3.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
4.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
5.0
.1
.2
.3
.4
.5

HR/min
225
214
201
196
188
180
173
167
161
155
150
145
141
136
132
129
125
122
118
115
113
110
107
105
102
100
98
96
94
92
90
88
87
85
83
82

HEART RATE (HR) TABLE

DISTANCE HR/min
(cm)
.6
.7
.8
.9
6.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
7.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
8.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
9.0
.1

80
79
78
76
75
74
73
71
70
69
68
67
66
65
64
63
63
62
61
60
59
58
58
57
56
56
55
54
54
53
52
52
51
51
50
49

DISTANCE HR/min
(cm)
.2
.3
.4
.5
.6
.7
.8
.9
10.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
11.0
.1
.2
.3
.4
.5
.6
.7
.8
.9
12.0

HR deviation at ECG paper speed of 25 mm/sec or
(25 X 60)/100 = 150 cm/min. Measure distance
between 3 QRS complexes: (150 X 3)/distance in
cm or 450/distance = HR/min.

49
48
48
47
47
46
46
45
45
44
44
44
43
43
42
42
42
41
41
41
40
40
39
39
39
39
38
38
38
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APPENDIX FORM 4
VO2 max TEST WORKSHEET
NAME
WEIGHT

DATE
lbs

_kg SEAT HEIGHT

inches

TIME OF ARRIVAL
Clock Time Workload
VO2
VO,
(kpm)
(liter) (ml/kg/min)

Comments
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APPENDIX FORM 5
EXERCISE TEST WORKSHEET
Date

NAME
WEIGHT

Lb

HEIGHT

inches

Kg

Arrival time
liter

VO2 max

_ml/kg/min

cm

kpm

Resistance
Event

Clock Time

Comments

Prep., ECG electrodes
Resting VO2
Blood drawn
Warm up
mm.
5:

EXERCISE TEST
HR

80% VO? max=
Resistance

10:

V02, HR, PER

15:

HR

20:

VO2, HR, PER

25:

HR

30:

VOj, HR, Blood drawn

35:

HR

40:

VO2, HR, PER

45:

HR

50:

vo2,

55:

HR

60:

VO2, HR, PER

HR, PER

Cool down
Blood drawn at 1 min.
Take off ECG

liter
ml/kq/min
kpm
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APPENDIX FORM 6
SCHEDULE, EXERCISE TEST
OCTOBER 1986
PLACE

FIRST
ATHLETE

SECOND
ATHLETE

TIME

TIME

Fasting blood drawn

Milam 105 6:55 am 8:25 am

Breakfast

Milam 105 7:00 am 8:30 am

Arrival Human
).
Performance Lab.

Women's b 19 9:45 am 11:15 am

10' resting VO2/ blood
drawn, 5' warm up, 1-hour
exercise (at 30' blood
drawn), 5' cool down
Women's b 19 10:00(at 1' blood drawn)
11:20

11:3012:50

Lunch

Milam 105 11:3012:00

1:001:30

6-hour blood drawn

Milam 105

5:205:30

6:507:00

Dinner

Milam 105

5:30 pm 7:00 pm

Snack *

Home

to take to take

GROUP A: Subjects A,B.
GROUP C: Subjects E,F.

GROUP B: Subjects C,D.

DATES:
Group A: Monday 13, Wednesday 22
Group B: Tuesday 14, Thursday 23
Group C: Wednesday 15, Friday 24
SCHEDULE FOR OTHER DAYS OF METABOLIC DIET
Breakfast
7:30 - 8:00 am
Snack
to take
Lunch
11:30 - 12:30 pm
Dinner
5:30 - 6:30 pm
Snack *
to take
NOTE:
* Please eat the night snack at least 10-hours before
the blood is to be drawn the following day.
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APPENDIX FORM 7.
FOOD RECORD
The purpose of the food record is to find out what
is the consvunption of food the day before the exercise
test. We are asking you to keep a record of the food
you eat and drink. This provides information on the
amounts and types of nutrients in your diet. The more
accurate you are in recording your diet, the more
accurate our results will be. Please be as specific as
possible.
PROCEDURE
1. Time and Place: write the time you eat the food and
where (home, cafeteria, restaurant, etc.).
2. Write down everything you eat and drink, INCLUDING
WATER.
3. Eat what you normally would consume. If you can
weigh or measure the food, this would be best. If
that is not possible, estimate as best you can.
Measurements can be as follows:
Liquids: cups, milliliters, ounces.
Meat, fish, cheese: give weigh in ounces, pounds, or
grams (indicate whether raw or cooked weight), or in
cups, or measure in inches or centimeters.
Beans, rice, pasta: cups, indicating whether dry or
cooked.
Potatoes: cups, and size if baked.
Fruits and vegetables: number, size, cups.
Indicate whether raw, canned or frozen.
Butter, margarine, fats, oils, salad dressings:
teaspoons, tablespoons, pats.
4. Tell how food was prepared. Indicate if it was eaten
raw, fried, baked, boiled, steamed, etc. If fried,
tell how much fat was used for frying.
5. For food combinations, give the ingredients. List
each ingredient on a separate line. GIVE BRAND
NAMES. For example:
Meat sandwich:
2 slices white bread, enriched. Brand name: Wonder
bread.
1 slice of 4 ounces of roast beef.
2 teaspoons mayonnaise.
For caseroles do the same. If possible, include the
recipe and indicate how much of the recipe you ate.
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6. List types and brands of foods. For example:
brown rice, white-instant rice, white-enriched rice,
white rice.
If possible, indicate brand: include label if it
is a new or unusual food.
7. Note if milk you use is whole, skim, 2%, or 1%.
8. Do not forget to include the butter or margarine on
bread, sugar or cream in coffee, etc.
9. Record all snacks:
pop-corn, etc.

candies, candy-bars, chips,

10. Record your food and beverages when you eat them or
as soon after as possible. This improves accuracy.
WE APPRECIATE YOUR COOPERATION.

209
APPENDIX FORM 7. CONTINUATION
FOOD RECORD
NAME
DATE

Time/Place

Amt.

Food or beverage
and Preparation

'

Brand

Off. Use
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APPENDIX FORM 8.
EVALUATION OF ENERGY EXPENDITURE

This procedure will help us estimate your 24-hour
energy expenditure and requirements. Complete the
following "DIARY" being sure to account for all the
minutes in the day (1440 minutes =24 hours).
A. Keep the "DIARY" for one 24-hour period beginning and
ending at 6:00 a.m.
B. Record your activities and time (minutes) spent in
each activity.
C. Use the following "ACTIVITY CODE" to rate each
activity based on its level of intensity and
approximate caloric cost.
1. Asleep or sleeping

< 1 met
0.0155 kcal/kg/min

2. Low activity:
Lying, sitting at a desk,
standing, studying, eating,
sewing, playing cards.

1.5-2 mets
0.0278 kcal/kg/min

3. Light activity:
Personal necessities,
domestic work, ironing, typing,
light gardening, walking 2 mph,
billiards, bowling, playing the
piano, horseback riding.

2-3 mets
0.0464 kcal/kg/min

Moderate exercise:
3-5 mets
Cleaning windows, machine
0.0714 kcal/kg/min
assembly, brick laying, walking
at 3.5 mph, cycling 8 mph,
dancing (light aerobic), raking
leaves, hoeing, many calisthenics.
Heavy exercise:
5-7 mets
Digging garden, snow shoveling,
0.1000 kcal/kg/min
walking (walk jog) at 4-5 mph,
cycling 10-11 mph, splitting wood,
ski touring, racketball singles.
6. Very heavy exercise:
jog-run 6 mph, cycling 13 mph,
racketball (competitive).

above 8 mets
0.1571 kcal/kg/min
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APPENDIX FORM 8.
NAME

CONTINUATION
DATE
WEIGHT

CODE NUMBER

/.

Activity Code
Clock Time Activity Time in
Minutes

TOTAL

Calories
1

2

3

4

5

6
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APPENDIX FORM 9.
Dr. Leklem
Foods and Nutrition Dept.
Oregon State University

DAILY ACTIVITY SHEET
Name
Date

1. Record all activity for the previous day and length
spent at each.
ACTIVITY

LENGTH OF TIME (fraction of
hours)

TIME OF DAY *

Sleep
Sitting
Walking
Physical work
Other activities
Other sports or activities
(indicate type)
M= morning; A= afternoon;
night/early morning

E= evening;

L= late

Record all 'free' foods in exact amounts used.
Indicate type also used, decaffeinated, etc.
Coffee (cups)
Tea (cups)
Diet Pop
How do you feel today? Excellent
Fair

Good _
Poor

4. Any medications? (i.e., aspirin, etc.)
5. Other unusual events, exams, injuries, etc.
6. Did you return your urine bottles in and pick up
clean ones?
7. Your weight today
8. Other comments
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APPENDIX FORM 10
COLLECTION OF URINE
OCTOBER 1986
1.
Collect all urine in containers provided (for a
period of 24 hours). You will receive clean urine
containers each morning.
2.
Label all containers carefully and clearly with
your initials and date if they are not already labelled.
Be sure and label with the date that the 24-hour
collection started.
3.
On days
and
:
Urine collections will be made on a 24-hour basis and
run, for example, from 6:45 a.m. one day until the same
time the next day.
Therefore, the collection made on rising in the morning
belongs with the urine collected on the previous day and
should be dated accordingly. It is important that the
collection made on rising is done at the same time each
day.
4.
On the day of the exercise test,
and
,
the collection made on rising in the morning belongs
with the urine collected on the previous day. Then,
from that time to the exercise test you will collect
urine in a new urine bottle.
After the exercise test you will collect urine in a
different urine bottle labeled EXERCISE until the
6-hour blood sample drawn. Please record your fluid
intake during this time period (ie., after the exercise
test until the 6-hour blood sample drawn).
After the 6-hour blood sample drawn you will
collect urine in the bottle used before exercise or in a
new bottle, and continue urine collection as explained
above in 3.
5.
Bring urine samples in the morning at any time
convenient for you to the refrigerator in Rm 106, Milam
Hall.
6.
Store urine in a cool place and protected from
light.
7.
Please be careful not to spill or lose any urine.
If this does happen, however, let us know immediately.
The urine collections are a very critical part of this
study. If, by chance, you do not have the proper
container available try to find another container and
save the urine. (It is a good idea to have extra
bottle(s) available).
8.
Drink approximately the same amount of fluids each
day if possible.
THANK YOU FOR YOUR COOPERATION
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TEST SOLUTION

OCTOBER 1986

SUNDAY

MONDAY

TUESDAY WEDSDAY THRSDAY FRIDAY

SATURDAY

7

11

8

9

10

placebo placebo placebo placebo placebo
A
AB
ABC
ABC
ABC
12

13

14

15

16

17

18

placebo placebo placebo placebo placebo
ABC
ABC
ABC
BC
C
vit.B-6 vit.B-6 vit.B-6 vit.B-6
A
AB
ABC
ABC
19

20

21

22

23

24

25

vit.B-6 vit.B-6 vit.B-6 vit.B-6 vit.B-6 vit.B-6 vit.B-6
ABC
ABC
ABC
BC
AC
B
C

plc/B-6 plc/B-6 plc/B-6
ABC
26

27

28

29

30

31

NOTES:
plc/B-6: placebo to be given in the morning and
vitamin B-6 after the last blood sample drawn (ie., 6
hours post exercise test).
All other solutions will be given in the morning.
Placebo: 10 ml of 1% acetic acid without vitamin B-6.
Vitamin B-6: 10 ml of 1% acetic acid with 20 mg of
vitamin B-6 (pyridoxine hydrochloride).
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APPENDIX FORM 12.
CALCULATION OF ENERGY SUBSTRATES DURING 1 HOUR EXERCISE
Information Required for Calculations:
1.
2.
3.

Urinary nitrogen (grams/h)
VO2 (L/h) {Summation of every 10 minute value X 10
VCO2 (L/h){throughout the 1 hour exercise test.

Calculation Steps:
1.
2.
3.

Calculate VO2 and VCO2 attributable to protein
metabolism:
Urinary N (grams/h) X 6.25 =
grams protein/h
kcal/h from protein:
4.3 kcal/grams protein x #grams protein
= kcal/h
Determine L O2 & CO2 used to metabolize
grams protein/h:
VO2 =
# grams protein/h X 0.97 L 02/gram
protein =
L
VC02=
# grams protein/h X 0.78 L 02/gram
protein =
L

4.

Determine actual volume of O2 and CO2 (L/h)
associated with carbohydrate (CHO) and fat
metabolism:
a. Total VO2 (L/h) - protein VO2 (L/h)
=
L/h
b. Total VCO2 (L/h) - protein VCO2 (L/h)
=
L/h

5.

Determine non protein RQ = VCO2/VO2 =

6.

Partition out CHO & fat: at measured RQ
a. % CHO (from table: See Selkurt page 643) X
L 02/h X
kcal/L O2 =
kcal/h CHO
b. % fat = (100 - % CHO) X
total kcal/L O2
=
kcal/h
Calculate amounts of CHO and Fat oxidized:
a. # kcal CHO/h divided by 4.1 kcal/grams CHO
=
grams CHO/h
b. # kcal fat/h divided by 9.3 kcal/grams fat
=
grams fat/h
Total heat production: protein + CHO + fat.
a. Protein kcal/h = grams protein/h X 4.3 kcal/gram
b.
kcal/h CHO
c.
kcal/h fat
% heat production from:
a. Protein = kcal protein/total kcal X 100
=
% protein
b. CHO = kcal CHO/total kcal X 100 =
% CHO
c. Fat = kcal fat/total kcal X 100 =
% fat

7.

8.

9.

Reference: Selkurt (1971).
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APPENDIX TABLE 1.

BLOOD CHEMISTRY DATA*

SUBJECT
TEST
GLUCOSE
CREATININE
BUN
URIC ACID
TTL PROTEIN
ALBUMIN
CHOLESTEROL
TRIGLYCRIDES
HDL CHOL
VLDL CHOL
LDL CHOL
CHOL/HDL
LDL/HDL
Na+
K+
ClCa++
PHOSPHORUS
TTL BILIRUBN
AST (GOT)
ALT (GPT)
LD
ALK.PHSPHTSE
HEMOGLOBIN
HEMATOCRIT
PLASMA PLP

NORMAL RANGE

B

62-128 mg/dl 87
92
85
0.8-1.6 mg/dl 1.3 1.3 1.2
5.7-26.8mg/dl23.5 20.5 21.8
3.4-7.2 mg/dl 6.0 6.0 6.1
6.2-8.1 g/dl 7.5 7.1 7.3
3.6-5.1 g/dl 4.6 4.4 4.4
146-277 mg/dl 195 172 129
44
35-200 mg/dl 98
53
29-61 mg/dl
36
56
40
7-44 mg/dl
20
9
11
65-175 mg/dl 139 107 78
4.9 male avg. 5.4 3.1 3.2
3.6 male avg. 3.9 1.9 2.0
135-148 mEq/L 138 141 140
3.5-5.3 mEq/L 4.2 4.5 4.1
96-109 mEq/L 100 101 103
8.1-10.7mg/dl 9.7 9.7 9.5
2.6-4.8 mg/dl 4.0 3.7 3.6
0.2-1.2 mg/dl 0.6 0.6 0.6
9-42 U/L
32
34
47
8-34 U/L
20
32
33
112-217 U/L
121 167 156
29-74 U/L
56
50
63
140-180 g/L
158 180
0.39-0.49
.50 .45 .50
32.5-71.Inmol/L - 71.4 64.0

D
96
1.1
24.5
5.8
7.2
4.7
182
98
62
20
100
2.9
1.6
139
4.9
103
9.6
3.5
0.6
41
54
147
53
167
.46
72.6

91
1.0
8.7
6.5
6.6
4.5
133
132
42
26
65
3.2
1.5
140
4.1
107
8.9
4.4
0.2
35
25
152
35
152
.43
54.6

75
1.2
16.9
4.7
6.5
4.6
141
58
54
12
75
2.6
1.4
143
4.2
105
8.9
3.6
0.5
38
21
154
60
145
.42
37.9

Individual blood chemistry tests were performed at
the Good Samaritan Hospital, Corvallis, OR.
Hemoglobin, hematocrit, and plasma PLP were done
at O.S.U. Foods and Nutrition Laboratory,
Corvallis, OR.
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APPENDIX TABLE 2. WEIGHT, V02, RESPIRATORY EFFICIENCY
RATIO (RER), HEART RATE (HR) ASSOCIATED WITH
THE EXERCISE TEST
SUBJECT:
WEIGHT
(kg)

TIME

V02 (ml/kg/min)

(min) placebo

RER

PN**placebo

HR
(beats/rain)
PN** placebo PN**

PLACEBO rest! 6.1±.6 6.±.6 .77±.03 .78±.01 81±7 78±7
before***:
54.7
10
52.0
46.0
0.88
0.92
180
173
184
after*** 20
52.7
48.0
0.85
0.93
188
176
53.9
30
45.4
41.2
0.81
0.84
180
40
44.8
41.4
0.80
0.83
180
173
50
47.0
41.6
0.80
0.82
180
173
PN**
before:
60
45.2
46.9
0.78
0.82
180
180
54.7
44.2
after: Mean * 47.8
0.82
0.86
181
177
53.7
3.6
3.1
0.05
SD *
0.04
3
5
80%VO2 74%V02
SUBJECT:•
PLACEBO rest
before:
76.8
10
after:
20
30
74.9
40
50
PN**
before: 60
76.9

4.8±.6 4.2±1.2 .74±.2 .82±.04 45±2 42±2

after: Mean *

55.9
49.9
3.6
3.6
79%V02 70%VO2

74.9

SD *

54.2
57.6
57.5
61.4
51.8
52.9

51.7
50.3
52.6
53.8
46.1
45.0

0.83
0.82
0.81
0.81
0.77
0.76

0.89
0.88
0.88
0.88
0.82
0.81

150
155
161
161
161
161

141
148
153
161
150
150

0.80
0.03

0.86
0.04

158
5

151
7

SUBJECT:••
PLACEBO rest 6.4±.8 5.9±.9 .79±.03 .82±.01 76±2 72+10
before:
71.7
10
50.6
46.8
0.84
0.91
161
155
20
after:
48.8
47.8
0.84
0.89
167
161
70.0
30
48.5
49.6
0.82
0.88
167
164
40
48.8
49.0
0.82
0.87
173
167
50
PN**
49.9
52.2
0.83
0.86
173
173
before: 60
48.4
51.2
0.82
0.86
173
170
72.3
after: Mean * 49.2
49.4
0.83
0.88
169
165
70.5
SD *
0.9
2.0
0.01
0.02
5
6

67%V02 68%V02
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APPENDIX TABLE 2 CONTINUATION
SUBJECT D:
PLACEBO rest

4.1±0.31

5±.5 .78±.06 .84±.03 57±4 58±4

before:
10
20
30
40
50
60

85.3

after:
83.6
PN**

before:

37.9
38.4
38.7
38.4
38.8
39.6

37.8
39.3
39.4
37.9
39.7
40.2

0.83
0.82
0.81
0.79
0.78
0.78

0.85
0.85
0.83
0.82
0.82
0.82

141
148
150
153
155
161

150
161
155
161
167
170

0.80
0.02

0.83
0.02

151
7

161
7

86.1

after: Mean *
84.4

SD *

38.6
39.0
0.6
1.0
67%V02 68%V02

SUBJECT E
PLACEBO rest

5.3±.5 5.5±.3 1.0+.14 .99±.06 73±6 64+4

before:
73.0

after:
71.2
PN**

before:

10
20
30
40
50
60

53.2
52.9
51.8
52.9
50.0
50.9

57.2
54.1
54.4
54.1
57.6
58.8

0.85
0.89
0.87
0.89
0.94
0.93

0.89
0.90
0.88
0.89
0.87
0.88

167
167
173
180
188
188

161
167
173
173
153
188

0.90
0.03

0.89
0.01

177
10

169
12

71.9

after: Mean *
70.3

SD *

52.0
56.0
1.3
2.1
72%V02 77%V02

SUBJECT F:
PLACEBO rest

6.5±.5 6.3±.4 .82±.06 .91±.03 81+2 72+3

before:
78.6

after:
77.0
PN**

before:

10
20
30
40
50
60

44.6
44.8
43.9
45.7
43.9
44.4

43.7
44.8
46.4
45.6
46.0
47.4

0.86
0.88
0.87
0.87
0.86
0.85

0.86
0.85
0.85
0.84
0.84
0.82

147
155
155
155
161
165

141
148
155
161
163
167

0.87
0.01

0.84
0.01

156
6

156
10

77.2

after: Mean *
75.1

SD *

44.5
45.7
0.7
1.3
69%V02 71%V02

Mean and SD for each 10 minutes of the exercise
test (i.e., 10 min, 20 min, 30 min, etc.)
**
Pyridoxine treatment.
*** Weight before and after the exercise test.
!
Mean + SD during the five minute resting period.
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APPENDIX TABLE 3A.

SUBJECT UNITS

PLACEBO

PN

PLACEBO

PN

56.9
245
17.4

81.3
349
17.2

36.1
336
23.9

95.4
887
43.8

201.7
827
58.7

192.3
789
39.0

132.4
569
14.4

54.5
234
11.8

157.7
1467
37.2

66.2
560
28.2

465.1
1907
48.4

291.1
1193
60.0

124.4
535
20.6

45.5
195
13.6

95.2
886
34.1

46.5
432
30.1

287.3
1178
45.3

197.0
808
56.3

32.8
141
7.1

138.0
593
15.7

110.8
1031
51.7

168.3
1563
41.4

200.2
821
41.2

394.2
1616
42.8

%

73.8
317
16.8

111.9
481
12.8

70.7
658
34.8

93.4
869
23.1

223.4
916
48.4

589.7
2418
64.1

g
g

84.0
43.1

86.2
47.1

94.1
45.4

94.0
46.2

275.6
111.7

332.9
165.6

361
185

370
167

876
422

862
438

1130
458

1365
679

15.3
5.1

14.2
2.2

36.3
10.0

33.3
8.9

48.4
6.5

52.4
11.0

g
kcal
g
kcal
%

D

g
kcal
%

E

g
kcal
%

F

Mean
SD
Mean
SD
Mean
SD

CARBOHYDRATE

FAT
PN

%

B

PROTEIN
PLACEBO

(n=5)
A

NUTRIENT INTAKE CALCULATED
FROM DIET RECORDS

g
kcal

kcal
kcal
%
%

Grand
Total
Mean+SD
g
Mean±SD kcal
Mean±SD
%

85.1 ± 38.7
366 ± 166
14.7 ± 3.7

94.1 ± 43.2
869 ± 406
34.8 + 9.1

304.2 ± 136.6
1247 ± 560
50.4 ± 8.8
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APPENDIX TABLE 3B.

SUBJECT
(n=5)

B

Mean
SD
Grand
Total
Mean±SD

NUTRIENT INTAKE CALCULATED
FROM DIET RECORDS

TOTAL
KILOCALORIES

VITAMIN
B-6 (mg)

PLACEBO

PN

PLACEBO

1408

2025

1.236

3943

1987

2599

VIT. B-6
/PROTEIN
PLACEBO

PN

1.732

0.022

0.021

3.596

2.421

0.027

0.044

1435

1.735

1.943

0.014

0.043

1993

3772

0.455

2.300

0.014

0.017

1891

3768

0.927

1.665

0.013

0.015

2367
978

2597
1096

1.590
1.214

2.012
0.337

0.018
0.006

0.028
0.014

2482 ± 986

PN

1.801 ± 0.869

0.023 ± 0.012
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APPENDIX TABLE 4
METABOLIC RATE AND ENERGY EXPENDITURE DURING
THE 1 HOUR EXERCISE TEST
SUBJ TOTAL RQ PROTEIN CHO FAT KCAL PROT. CHO
g/hr non kcal kcal kcal TOTAL %
%
* prot.
**
**

FAT
%
**

PLACEBO
A
B
C
D
E
F

0.60
0.69
0.96
0.69
0.54
0.65

0.83
0.81
0.84
0.80
0.91
0.88

16.1
18.5
25.8
18.5
14.5
17.5

47.2
68.3
67.3
46.1
121
92.4

60.5
117
75.3
91.9
48.0
59.6

Mean 0.69 0.85 18.5 73.8 75.4
SD 0.16 0.04 3.9 28.8 25.4

124
204
168
157
186
169

13.0
9.1
15.3
11.8
7.8
10.3

38.1
33.5
40.0
29.5
65.3
54.5

48.9
57.4
44.7
58.7
26.9
35.2

168 11.2 43.5 45.3
27 2.7 13.7 12.5

PYRIDOXINE
A
B
C
D
E
F

0.57
0.63
0.73
0.64
0.76
0.78

0.88
0.87
0.89
0.84
0.90
0.86

15.3
16.9
19.6
17.2
20.4
21.0

61.4
96.6
98.7
67.9
118
80.3

39.6
71.8
55.0
75.9
57.0
68.1

Mean 0.69 0.87 18.4 87.2 61.2
SD 0.08 0.02 2.3 21.4 13.4

*
**

116
185
173
161
196
169

13.2
9.1
11.3
10.7
10.4
12.4

52.8
52.1
56.9
42.2
60.5
47.4

34.0
38.7
31.8
47.2
29.1
40.2

167 11.2 52.0 36.8
28 1.4 6.7 6.6

Grams of urinary N excreted per hour during
the day of the exercise test.
% of total kilocalories.
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APPENDIX TABLE 5.

SURTECT

Fl*

PE*

PLASMA AMMONIA (umol/L)

DE*

1'P*

6hP*

F2*

PLACEBO
A
B
C
D
E
F

33
11
24
33
33
21

10
9
24
22
15
28

68
48
42
63
111
59

88
83
55
135
197
60

26
22
15
28
45
40

7
31
30
30
25
13

Mean
SD

26
9

18
8

65
25

103
54

29
11

22
10

PYRIDOXINE
A
B
C
D
E
F
Mean
SD

Fl:
PE:
DE:
1'P:
6hP:
F2:

19
16
28
17
39
35

22
38
38
47
52
52

101
84
53
70
118
47

80
70
93
81
110
35

14
9
38
24
35
28

31
20
29
22
44
15

26
10

42
12

79
27

78
25

25
11

27
10

Fasting blood draw, day of exercise test.
Pre exercise blood draw.
During exercise blood draw.
1 minute post exercise blood draw.
6 hour post exercise blood draw.
Fasting blood draw, day after the exercise
test.
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APPENDIX TABLE 6.

SUBJECT

Fl

PE

PLASMA UREA (mmol/L)

DE

1'P

6hP

F2

PLACEBO
A
B
C
D
E
F
Mean
SD

6.8
4.4
5.5
3.6
4.1
3.6

6.5
4.4
5.5
3.6
4.6
4.0

6.4
4.6
5.5
3.8
4.4
4.0

6.8
4.9
5.8
4.0
4.5
4.3

7.5
4.9
6.0
4.1
4.9
4.4

7.2
4.7
6.4
4.0
5.4
4.2

4.7
1.3

4.8
1.1

4.8
1.0

5.0
1.0

5.3
1.3

5.3
1.3

PYRIDOXINE
A
B
C
D
E
F
Mean
SD

5.8
4.6
5.2
3.5
4.8
4.3

5.8
4.1
5.2
3.6
4.8
4.5

5.9
4.2
5.4
3.8
4.9
4.5

6.1
4.5
5.6
3.9
4.9
4.8

6.0
5.1
5.9
4.0
5.4
5.2

7.4
4.6
6.7
3.9
5.2
5.1

4.7
0.8

4.7
0.8

4.8
0.8

5.0
0.8

5.2
0.7

5.5
1.3

Abbreviations are the same as in Appendix Table 5.
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APPENDIX TABLE 7.

SUBJECT

Fl

PE

WHOLE BLOOD HEMOGLOBIN (g/L)

DE

1'P

6hP

F2

PLACEBO
A
B
C
D
E
F
Mean
SD

173
160
175
172
166
151

160
157
170
157
156
136

175
168
184
169
171
146

173
170
188
176
170
148

166
154
169
157
160
141

164
159
170
165
166
143

166
9

156
11

169
13

171
13

158
10

161
10

PYRIDOXINE
A
B
C
D
E
F

159
157
171
164
150
145

158
153
162
153
147
134

176
164
177
164
162
147

173
165
177
164
163
150

162
162
181
155
154
152

155
156
165
161
150
149

Mean
SD

158
9

151
10

165
11

165
9

161
11

156
6

Abbreviations are the same as in Appendix Table 5.
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APPENDIX TABLE 8.

SUBJECT

Fl

PE

HEMATOCRIT

DE

1'P

6hP

F2

PLACEBO
A
B
C
D
E
F

0.47
0.46
0.48
0.46
0.48
0.45

0.48
0.45
0.48
0.46
0.45
0.40

0.48
0.46
0.50
0.48
0.48
0.43

0.49
0.45
0.51
0.48
0.48
0.43

0.46
0.43
0.47
0.45
0.45
0.39

0.45
0.44
0.47
0.46
0.47
0.43

Mean

0.46
0.01

0.45
0.03

0.47
0.03

0.47
0.03

0.44
0.03

0.45
0.02

SD

PYRIDOXINE
A
B
C
D
E
F

Mean
SD

0.46
0.45
0.46
0.46
0.43
0.41

0.46
0.43
0.46
0.45
0.42
0.39

0.49
0.46
0.49
0.47
0.45
0.42

0.48
0.46
0.49
0.48
0.45
0.43

0.44
0.43
0.48
0.44
0.43
0.42

0.45
0.45
0.45
0.46
0.42
0.42

0.44
0.02

0.44
0.03

0.46
0.03

0.46
0.02

0.44
0.02

0.44
0.02

Abbreviations are the same as in Appendix Table 5.
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APPENDIX TABLE 9. PERCENTAGE CHANGE IN PLASMA VOLUME
CALCULATED WITH THE DILL AND COSTILL EQUATION AND THE
VAN BEAUMONT EQUATION
S Fl-PE
PE-DE
U PLCBO PN PLCBO PN
B
J
A*-2.0 -.4
*-3.6 -.8
B

DE-1'
PLCBO PN

0.4 -4.5 -1.9
0.8 -9.0 -3.6

0.9 2.2 -1.2 -3.6
1.7 4.8 -2.5 -7.7

0.6
0.8

C -0.6 0.6 -4.4 -5.0-0.4
-1.2 1.3 -8.2 -10.6-0.8
D

I'P-ehP **6hP-F2 ** PE-1'P **
PLCBO PN PLCBO PN PLCBO PN

1.4 5.7 8.2
2.5 10.9 15.7
0.0
0.0

0.8 -0.9 -1.6 -3.1
1.3 -2.1 -2.8 -6.8

4.3 5.6 -1.2 -4.2 -1.2 -3.6
8.3 11.6 -2.5 -8.1 -1.7 -7.7

0.0 7.2
0.0 12.1

1.9
3.8

0.6
0.8

5.2-4.8-5.0
9.6 -9.0 -10.6

1.0 2.0 -2.9 -3.4 -1.5 -0.6 8.2 6.5 -2.6 -2.1 -4.4 -4.0
1.7 3.8 -6.0 -6.8 -2.8 -1.2 14.7 12.4 -5.3 -4.1 -8.7 -8.0

E

6.1 1.4 -5.8 -4.4 0.0 -0.9 5.5
11.4 3.1 -11.7-10.1 0.0 -1.7 10.0

3.5 -2.1
7.0 -4.1

3.1 -5.8 -5.3
6.2 -11.7-11.6

F

8.4 2.7 -3.4 -4.8 0.0 -0.5 6.4 1.2 -5.7 -0.4 -3.4 -5.3
17.2 5.9 -7.9 -11.5 0.0 -8.9 14.0 11.7 -12.3-0.9 -7.9 -19.4

M.e 2.3 1.4 -2.9 -4.3 -0.5 -0.1 6.2 4.5-1.7
ah 4.5 3.0 -5.9 -9.3 -1.1 -1.6 11.7 10.4 -3.7

0.1-3.5-4.4
0.1 -7.0 -10.7

SD 4.1 1.2
8.0 2.4

3.4
6.6

*

**

2.2
4.5

0.6
1.8

1.0
1.7

0.8
3.9

1.4
2.4

2.7
4.3

2.4
5.0

1.8
3.9

0.9
4.6

Values calculated from the Dill and Costill equation
(1974) are given in the first line for each subject.
The values from the van Beaumont equation (1972) are
given in the second line for each subject.
Fl-PE: % change plasma volume (PV) from fasting to
pre-exercise.
PE-DE: % change PV from pre exercise to during exercise.
DE-1'P: % change PV from during to 1 minute postexercise.
I'P-ehP: % change PV from 1 minute post to 6 hour post
exercise.
6hP-F2: % change PV from 6 hour post-exercise to fasting,
PE-1'P: % change PV from pre to 1 minute post exercise.

SUBJ:

Subject.

PLCBO:

Placebo.

PN:

Pyridoxine.
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APPENDIX TABLE 10.

SUBJECT

Fl

PE

PLASMA PYRIDOXAL 5'-PHOSPHATE
(nmol/L)
DE

1'P

6hP

F2

PLACEBO
A
B
C
D
E
F
Mean
SD

65.9
72.8
63.0
44.2
51.2
36.4

57.1
63.9
53.4
46.3
47.9
32.2

71.1
76.4
65.9
52.5
61.1
38.0

69.9
74.0
77.5
51.6
68.0
42.0

68.5
70.4
67.9
49.8
56.4
36.5

58.0
68.5
74.2
49.2
51.5
36.2

55.6
14.0

50.1
10.9

60.8
13.9

63.8
13.9

58.3
13.4

56.3
13.8

PYRIDOXINE
A
B
C
D
E
F
Mean
SD

422.2
245.1
208.5
287.0
286.1
201.1

351.4
181.4
185.9
270.2
258.3
165.9

442.8
223.2
229.4
304.1
336.0
202.1

439.9
232.9
264.5
330.5
370.9
218.6

361.2
182.5
178.5
268.1
281.2
175.6

489.6
261.8
266.3
284.4
294.2

275.0
80.9

235.5
71.3

289.6
91.1

309.6
86.5

241.2
75.4

319.3
96.1

Abbreviations are the same as in Appendix Table 5.
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APPENDIX TABLE 12.

SUBJ DAYl

URINARY CREATININE EXCRETION

DAY2 EX-6h R-18h DAY 3 DAY 4 %C.V. WT. Cr.R.

******

mmol mmol
/24h /24h

mmol mmol
/6h /18h

mmol
/24h

***

**

**

kg

mmol
/24h

PLACEBO
13.8
18.7
15.8
13.4
14.5
16.2

17.1
15.2
14.3
18.7
10.4
15.9

4.4

10.0

6.3
4.4
4.8
5.7

Mean 15.4
SD
2.0

15.3
2.8

5.1
0.9

A
B
C
D
E
F

13.8
10.8
10.7
10.3

14.0
18.0
20.1
15.2
15.5
16.0

14.3
17.3
11.6
15.1
14.7
18.5

10.5
8.8
23.0
14.4
16.5
7.6

54.7
76.8
71.7
85.3
73.0
78.6

29.0
26.5
31.7
20.1
24.0
22.9

11.0
1.6

16.4
2.2

15.3 13.4 73.3 25.7
2.4
5.8 10.3 4.2

PYRIDOXINE
A
B
C
D
E
F

11.9
16.4
15.7
15.8
10.7
18.5

13.1
17.5
14.8
16.0
17.2
15.0

4.6
5.0
4.4
4.9
5.8
6.6

9.7
13.5
14.2
11.9
5.6
12.3

14.3
18.5
18.5
16.8
11.3
18.9

10.7 12.4 54.7 29.6
18.1 5.3 76.9 27.2
15.7 10.1 72.3 29.0
16.7 3.0 86.1 22.0
16.9 24.9 71.9 17.8
17.4 9.9 77.2 27.1

Mean 14.8
SD
2.9

16.3
2.0

5.2
0.8

11.2
3.2

16.4
3.0

15.9 10.9 73.2 25.5
2.7
7.7 10.4 4.6

Day 1: day 1 of urine collection; 24 hours.
Day 2: day 2 of urine collection; 24 hours.
EX-6h: urine collected after the exercise test
until the 6 h blood collection.
R-18h: 18 hours of urine collection on the day
of the exercise test.
Day 3: EX-6h + R-18h. 24 hours of urine
collection.
Day 4: day 4 of urine collection; 24 hours.
**

***

Weight and creatinine ratio (Cr.R.)
to the day of the exercise test. Cr.R. = mg
creatinine/kg body weight.
Coefficient of variation (Dayl-Day4).
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APPENDIX TABLE 13.

SUBJECT

DAY 1

DAY 2

URINARY UREA N (mmol/period)

EX-6h

R-18h

DAY 3

DAY 4

422.3
436.3
331.7
425.9
413.0
353.4

PLACEBO
A
B
C
D
E
F

Mean
SD

273.1
388.1
561.6
420.9
298.1
434.8

434.1
444.5
418.8
581.2
243.1
380.2

92.8

290.2

150.3
108.5
83.2
96.7

388.4
356.3
247.8
278.1

383.1
403.8
538.4
464.8
330.9
374.9

396.3
104.2

417.0
109.2

106.4
26.1

312.2
58.2

415.9
74.3

397.0
43.6

PYRIDOXINE
A
B
C
D
E
F

Mean
SD

358.1
411.3
812.9
363.1
364.9
518.7

363.8
417.7
707.9
363.1
491.6
337.0

95.0
91.7
112.5
98.9
126.0
133.5

263.8
309.2
421.6
305.9
281.7
335.2

358.4
400.9
534.1
404.8
407.7
468.7

320.9
410.9
490.2
443.4
417.3
443.4

471.6
178.1

447.0
139.2

110.0
17.1

319.5
55.7

429.1
62.5

420.9
56.4

Abbreviations are the same as in Appendix Table 12.
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APPENDIX TABLE 14. TOTAL NITROGEN EXCRETION
(mmol/period)

SUBJECT

DAY 1

DAY2

EX-6h

R-18h

DAY 3

DAY 4

1085.0
1227.0
937.2
1126.4
1100.7
1112.1

PLACEBO
A
B
C
D
E
F

Mean
SD

750.2
1187.0
1745.2
1309.8
798.0
1304.8

1142.1
1230.6
1376.2
1232.0
614.6
1094.3

255.5

751.6

411.1
296.2
229.1
279.1

1101.4
870.8
636.0
708.1

1007.2
1184.9
1512.5
1167.1
865.1
987.2

1182.8
369.7

1115.0
263.4

294.1
70.0

813.6
182.1

1120.7
226.3

1097.8
93.5

PYRIDOXINE
A
B

c
D
E
F

Mean
SD

910.8
1037.2
2027.9
935.1
945.1
1391.2

911.5
1113.5
1805.2
995.8
1240.6
955.8

244.1
268.4
314.1
274.1
327.6
332.6

707.4
930.8
1084.3
863.7
743.1
827.3

937.2
1199.2
1398.3
1137.8
1069.3
1159.9

813.0
1287.7
1351.9
1110.7
1101.4
1123.5

1207.8
439.7

1170.6
333.3

293.4
35.7

859.4
136.3

1150.6
152.8

1131.4
187.7

Abbreviations are the same as in Appendix Table 12.
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APPENDIX TABLE 15.

SUBJECT DAY BEFORE
EXERCISE 6 h

UREA CLEARANCE (ml/min)

DAY OF THE EXERCISE TEST
18 h
24 h
Mean *

SD *

PLACEBO
A
B
C
D
E
F
Mean
SD

44.1
70.2
53.4
113.4
39.2
72.7

34.3

37.5
56.2
83.5
42.4
61.0

37.1
59.4
58.4
81.7
42.5
61.7

36.3
59.4
61.3
79.6
43.9
61.4

69.2
73.5
46.9
61.5

65.5
27.1

57.1
16.3

56.1
18.1

56.8
15.8

57.0
15.2

1.7
0.0
7.0
5.3
2.6
0.3

PYRIDOXINE
A
B
C
D
E
F

43.3
62.9
94.0
72.7
71.4
53.9

44.4
50.1
53.3
69.6
65.3
71.7

33.0
62.4
58.4
73.3
50.3
61.1

33.6
60.7
55.4
72.8
54.6
64.1

37.0
57.7
55.7
71.9
56.7
65.6

Mean

66.4
17.5

59.1
11.3

56.4
13.7

56.9
13.2

57.5
11.8

SD

6.4
6.6
2.5
2.1
7.8
5.5

* Mean and SD are for 6, 24, and 18 hours. These
values correspond to the day of the exercise test.
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APPENDIX TABLE 16.

SUBJEdl

PE

PLASMA ALBUMIN (g/L) *

DE

1'P

6hP

F2

PLACEBO

63

61
60
59
60
62
61

66
62
63
63
68
63

68
63
67
63
69
66

63
61
62
61
67
63

59
58
58
61
67
62

61
1.5

61
1.0

64
2.3

66
2.5

63
2.2

61
3.4

A
B
C
D
E
F

61
60
59
61

Mean
SD

—

PYRIDOXINE
A
B
C
D
E
F

60
56
59
59
63
62

59
58
59
59
62
62

68
61
66
64
68
67

67
62
66
63
69
69

62
60
63
60
68
69

59
59
58
57
62
62

Mean

60
2.5

60
1.7

66
2.7

66
3.0

64
3.9

60
2.1

SD

Abbreviations are the same as in Appendix Table 5,
These assays were done by Dr. Jim Ridlington.
Albumin determination was not part of the thesis
hypothesis per se.

