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ABSTRACT

Tﬁe ;;te of myofibrillar protein degradation was assessed
following two separate exercise tests of diffetenﬁ intensities.
Untrained male subjects (N=13) with a mean meximum oxygen
consump;fOn of 45.30 ml-kg~1.min~! performed two exercise
pfotocels: A) 2 ore hour continuous bicycle ergometer exergise
(E) at a workrate of 60% maximum and, P) = set of 40 hig:“

intensity intervals (HI) at 120% meximum (30 sec work:60 sec

rest)., All subjects meintained & meat-free diet for 3 days prior

. hour urine samples were collected before the diet (pre-diet),
following 3 days of diet (pre-ex) and for each of three days
immediafely.post—exercise (Postl, Pcst2, Post3). Urinary
3—Methy1histidine‘(3ﬁﬁ) was significently depressed (30%)
fcllowing 3 deys of meat-free diet while urinary nitrogen (N)

end creatinine (CR) excretion were not affected by the diet. 3MH
excretion wes slightly elevated following HI execrcise at post?2
and returned to pre-ex levels by post3. Follcwing E e;ercise,

3MH excretion increased 28% and 33.5% postl and post2
respectively and returned to pre-ex valués by post3. HI exerciécﬁ

resulted in 18% and 29% increases in CR excretion at post2 and

post3, respectively., Urinary N was significantly elevated

EPAE T L TR PL R FPVl R pepTE P Mot ol -

P gt 1

following HI exercise compared to E exercise at post3. The ratio

3¥H/CR was only slightly elevated at postl after both exercises.

It was concluded that: 1) A meat-free diet is necessary when

usring 3MH es.-a measure of myofibrillar protein breakdown. 2} G

iii »%I
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- Endurance wcrk‘pfombtes'nyefibrillaf~proteinhcatnbnlisn%ZQﬁ;g,iﬁwﬁ;_WM

.~ — ~hours post-exercise, 3) the 3IMI/CR ratio may not be a valid

measure of the fractional rate of muscle protein catabolism. 4)
longer duration exercise may be needed to show differences in

myofibrillar protein degradation following HI and E exercise.
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I. INTRODUCTION

The effects of exercise on skeletal muscle structuré and
functién have been'known for many years. As early. as 1895,
Morpurgo observed that strenuous exercise could cause the

cross-sectional area of a muscle to increase with no change in

¢ the total number of muscle fibers (Morpurgo, 1895 as cited in

Poortmans, ;976)2 Biochemical‘investigations have established
that muscle hypertfophy results from a large increase in the
myofibrillar content of muscle fibers (Helander, 19615. It has
also been,suggested that myofibrillar growth requires an
increasé/in,breakdown of the muscle protein in order for
remodelling to occur (Neeninjun ana Dubowitz, 1977; Laurent and
Millward, 1986); Several exercise studies have documented
evidence to support this theory (Mole and Johnson: 1971;
Consolazio et al., 1975; Rennie et al., 1980a;1980b;1981).
Skeletal muscle constitutes a major tissue of the body,
contributing more than 20% of body Qeight at birth,whiéh
increases to 45% in the mature adult (Cahill, 1971; Daniel et
al., 1977). By virtue of its large mass, skeletal muscle is the
body's predominant reservoir of amino,écids and protein. The
bulk of this protein is present in the form of actin and myosin
which make up the contractile elements of the muscle -cell. The
turnover of skeletal muscle protein thus plays an important role

in the reguiation of whole body protein metabolism.



The rate of protein turﬁover in tissues may be altered by .
variations in the rates of synthesis, degradation, or a
combination of both. Continudus proteinkturﬁover provides a
means for the redistribution of amino acids into new.proteins as
they are required. Hence, protein turnover represents an
integral part of the continuing!adaption of man to his changing’
environment.

Considerable scientific research has been devoted to both
skeletal muscle synthesis and degradation. It is well recognized
that both processes are responsive to a variepy of .stimuli
including diet, hormones, disease and exercise. Many of these'
investigations have focused on the degradative‘aspect of protein
turnover; however, reports on skeletal muscle myofibrillar
protein catabolism have been equivocal and often confusing
(Swick and Song, 1974; Waterlow et al., 1975; Hegsted et al.,
1975). The results from these studies are difficult to interpret
due to the pronounced reutilization of amino acids in skeletal
muscle and the problems associated with the interpretation of
urea nitrogen data.

The use of protein for. energy metabolism, while controlled
by thé endocrine system, is dependent upon the intensity and
duration of the exercise, the state of training and the diet
(Gontzea et al., 1974, 1975; Astrand, 1977; Lemon and Nagle,
1981). Carbohydrates provide the major energy source for high
intensity short duration work (Lemon‘and Nagle, 1981), whereas
fat becomes the prime fuel in longer bouts of éxercise due to

~
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the depletion of muscle glycogen (Gontzea et al;vyi§i4; Leﬁon
and Nagle, 1981). Muscular activity can also céuse'ihé;;;;édiiri
metabolism and oxidation of proteins (Gontzea, 1974), however '
this change appears to be time dependant. Enhanced protein
utilization has only been observed during one hour or more of
prolonged exercise (Cerﬁey, 1975; Haralambie and Berg, 1976;
Decombaz et al., 1979). One explanation of this may be the
exi§;ence of a glucose~alanine cycle proposed by Felig and
Wahren (1971), where increased amounts of alanine are released
from skeletal muscle during exercise. Circulating alanine is
then taken up by the liver where it's carbon skeleton is
converted to glucose via gluconeogenesis.

During heavy work, plasma epinephrine, norepinephrine;*
glucagon, growth hormone and cortisol have all beeh observed to
increase with a concomitant decrease in insulin levels (Hartley
‘et al., 1972a; Galbo et al., 1977c; 1979; Tomas et al., 1979).
Galbo and co-workers (1979) have suggested that during prolsnged
exercise the secretion of these hormones may be a response to a
glucose privation. These investigators and others have observed
that such a decrease in glucose levels significan enhances
cortisol secretion at workrates greater than 60% of ximal

!
oxygen uptake (Davies and Few, 1973; White et al., 1976; Bloom

et al., 1976; Bonen, 1976; Galbo et al., 1977c). Since cortisol
is known to have a catabolic effect on skeletal muscle, am -~
increase in muscle protein degradation might be expected

following high intensity exercise.
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Protein degradation during exercise may also be relétea to
an accumulation of lactate in the muscle. Increased blood -
lactate inhibits mobilization of fatty acids (Fredholm, 1969)
which would suppress fat metabolism and perhaps cause a larger
demand for gluconecgenesis or protein metabolism. Furthermore,
evidence for myofibrillar necrosis and degradation has been
observed and documented by means of electron microscopy of
muscle biopsies from marathon runners (Apple et al., 1983;
Hagerm;n et al., 1983; Siegal et al., 1983). Fiber abnormalities
have been observed to persist for 7 days post-marathon with the
most prevalent changes occuring at 24 and 48 hours recovery.
Recent observations of elevated lysosomal enzyme activities
following endurance exercise also have implications for muscle

t al., 1978; Vihko et al., 1978;

protein degradation (Pilstrom
Dohm et al., 1980). Lysosomal enzymes, particularly Cathepsin D,
Cathepsin B and Calcium (CA*+) activated protease are capable of
degrading myofibrillar proteins (Echwartz and Bird, 1977). Clark

a1 d Vignos (1981) have suggested cathepsin D as an active

.. mediator of glucocorticoid induced skeletal muscle catabolism,

They found cathepsin D actiwvity to be ptbportional to the amount

- of muscle breakdown measured after administration of

glucocorticoids to rabbits. This hypothesis may have direct
implications for the role of cathepsin D following physical -

s
exercise.

Formerly, methods of examining protein synthesis or

catabolism foliowing exercise in man have been difficult and



qﬁestionable.*ﬂrina&y nitrogen (N) has, in the past, been
generally considered a classic protein catabolism determinant.
However, one must be cautious whenrfelating increased N

metabolism to increased protein degradatioﬁ because: 1).excreteq_

N may be a product of oxidation of amino acids from free pools

and not of muscle proteins, 2) working muscles may produce N by

the deamination of AMP and furthermore, 3) since the sweating
mechanism in man is an important @ode of urea N excretion during
exercise it must be considered along with ﬁrine when determining
muscle protein catabolism (Lemon and Nagle, 1981). Labelled.

amino acids haveralso been used to measure deérédéfiéﬁiof ﬁugﬁlé
protein, however such methods may also be confounded by the
reutilization of these tracer substances.

Urinary 3-Methlyhistidine (3MH) excretion has recently been
recognized as a potentially valuable index of myofibrillar
protein degradation in subjects eating a meat-free diet or on a
fixed meat intake (Haverberg et al., 1974; 1975a; 1975b;
Nishizawa et al., 1977a; 1977b; Long et al., 1975; Young and
Munro, 1978; Rennie et al., 1980; Millward et al., 1980a). 3MH
originates from the degradation of actin and of myosin heavy
chains of white, fast twitch muscle fibers (Young and Monro,

1978). Since it does not charge tRNA it cannot be incorporated

excreted unchanged in the urine (Long et al., 1975; Young et

al., 1970; 1972; 1978).



In contrast to N excretion, 3MH does not appear to be - - -

excreted in the sweat of human subjects (DQbm.l932144A159*43M54444444i;

is not oxidized in man as confirmed by the absence of detectable
14co, in expired air following injection of labelled lic—3nn
(Long et al., 1975).

In order to use 3MH as a index Sf muscle protein
degradation it is necessary to show that skeletal muscle is the
major source of this amino acid. Haverberg et al., (1975a) and
Nishizawa et 2l., (1977a; 1977b) have both determined that | s
skeletal muscle is the primary source of 3MH in the rat.

Millward et El.,(lSBO)'haVe suggested the assumpfibh thét 3MH
originates almost entirely from skeletal muscle is erroneous
since their study indicated that skeletal muscle only accounts
for 74.5% of the urinary 3MH excretion in rats. On the other-
hand, Barris (1981) has criticized Millward's methods and
calculations which chéllenged the idea that skeletal muscle may
not be the primary source of 3MH.

How relevant these results are to the 3MH studies in humans
remains to be determined. The only relevant literature on humans
concerns a single paralyzed gubject with no detectable skeletal
muscle (Afting gﬁ El‘i 1981). It‘is generally agreed that 90% of
3ME in the human body is found in skeletal muscle (Young et al.,

1978; Monro et al., 1978). Therefore, any change in the

excretion rate of 3MH should reflect a change in myofibrillar

protein degradation. Nevertheless, Rennie (1983) suggests that

the key to the interpretation of 3MH excretion rates lies with
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the turnover rates of other non-skeletal sources.

There are a limi ts—of
exercise on 3MH excretion rate. The results of these studies are
inconclusive and contradictory. Some investigators hav; found
decreases in urinary 3MH bothiburing and following long duration
exercise (Refsum et al., 1979; Rennie et al., 1980a; 1980b;
1981; Milkwérd et al., 1982). while others have seen no change
(Decombaz et al., 1979) or an increase (Dohm gg_gl.,71982)é AV
possible explanation for these conflicting results may be?Eﬁe

type of diet used, the timing of urine collections and the state

of training 6f £héﬁéﬁb5ect$.
In order to gquantify the effect of muscle protein
catabolism using urinary 3MB it is importan; to know the total
muscle mass of the individual. Urinary creatinine has beeh used
as an index of total muscle mass since it's only precursor,
creatine, is found principally in skeietal"musclé""* o
(Graystone,1968; Tomas et al., 1978; Uauy et 2l1., 1978; Ballerd
et al., 1979). However, few experimeénts have examined the effect
of exercise on creatinine excré%ion. Muscle biopsy studies have
shown severe depletion of creatine phosphate stores in muscle
-immediately following exhaustive exercise (Bergstrom, 1967).

Decombaz and coworkers (1979) observed a 50% reduction in

creatinine clearance in man during a long duration exhaustive

o e R i it sk i s e

-

run, however pre-run levels were rega;néd within 24 hours.

Creatinine, whose clearance is also used as a measure of renal

-

blood flow, is difficult to assess during ex?:?i??,?%???ﬁf??f%vw;

I ,f‘,":*,,,,
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flow and glomerular filtration may be decreased. It has been-

suggested that except for such changes in renal function,
exercise has no influence on 24 hour urinary creatiniﬁe
excretion (Van Pilsum, 1958; Decombaz et al., 1979). HSwever,
Dohm, et al. (1982), using ma;e subjects,.found significant
increases in creatinine excretion during the 24 hour period
following a 10-12 mile run. They also observed that 1 hour of
weight-lifting did not producé ény measurable changes in urinary
creatinine. These results imply that cnggtinine excretion po;;
exercise isArelated to the type of work performed. However, the
actual mechanisms of suchré'fééﬁoﬁsé remain to be élarified;zr
Since 3ME and éreatinine are related specifically to
myofibrillar protein and general muscle mass, respectively, the
ratio of 3MH/Cr has been used to assess the fractional
degradation rate of myofibrillar protein (Tomas et al., 1979b;
Ballard et al., 1979; Seashore et al., 1981; Dohm et al., 1982).
This method of measurement should make allowances for individual
differences in body composition, particularly muscle content. To
date, only one exercise study has used the 3MH/Cr ratio as a
method of measuring muscle protein breakdown (Dohm et al.,
1982). Their study found that both runniné and weigﬁt-lifting

produced significant increases in the 3MH/Cr ratio.

It appears, therefore, that exercise does trigger a change

in the degradation of myofibrillar protein in man. It is

conceivable that the intensity and duration of the exercise

plays an important regulatory role in the catabolism of muscle



protein. Hence, the primary purpose of this study was to ——  — . -

determine the effects of endurance and high intensity short

duration_exércise on myofibrillar protein degradation in man. In

order tg solve this problem;'itlwas necessary to ascer;ain:

1. If a meat-free diet changes the urinary excretion rates of
Creatinine, urea Nitrogen or 3-Hethlyhistidine.

2, If exercise alters urinary concentration of cfeatinine,
urea Nitrogen and 3-Methlyhistidine.

3. If the time course of the urinary concentration change in

| these variables is)altered post-exercise,
4, Whethér thé exercise ihféhéit;iihfiueﬂéégifhe fimeicoﬁféé

of any concentration change.




I1I. METHODOLOGY

2.1 Research design

Thirteen untrained male university students (Table 1) were

studied under three exercise conditions in a repeated measure

design as outlined in Table 2. Initially, as a control

procedure, each subject performed a maximum bicycle ergometer

ride to determine his maximum oxygen uptake (902 max), heart

rate (HR) and workrate. After the ﬁoz max was determined, each

.subject completed two experimental exercise protocols:

endurance ergometer test of 1 hour and 2) a
second ergometer sprints. Both experimental
were performed in the Environmental Chamber

where room temperature was held constant at

1) an

set of 40 thirty
exercise protocois

(RKinesiology,SFU)

15°C and humidity at

20%.

TABLEil. SUBJECT CBARACTERISTICS

AGE HEIGHT WEIGHT  RESTING HEART RATE | S
' (yrs) (cm) (kg) (B-Min™ )

24.26 179.79 72.34 73

+1.17 +1.75 +1.83 13

Values are means t+ Standard errors

N=13

10

of the means.



A‘cqntrnlledmdietaryuperio&_preceededgandgcoﬁtinuedgthroughoutgmggf444*

the periods in which the exercise tests were undertaken.
Subjects were randomly assigned to one of two groups: Group 1
performed the endurance work first, followed by the sprint
exercise on a_subseéugnt visit while greup 2 coﬁpleted the tesis
in reverse order. This experimental design was chosen to negate
any confounding factors associated with repeated measures. A
minimum of seven days rest was allowed between each of the
exercise conditions. Subjects collected 24 hour urine samples
prior/tovand follo&ing each diet ahé”éxercisérpeiibdj(Tégie i);
Samples were analyzed for concentrations of 3-Methylhistidine,
Creatinine and Urea Nitrogen. As an incentive, each subject

received thirty dollars upon completion of the study.

TABLE 2. EXPERIMENTAL DESIGN: EXERCISE CONDITIONS
CONDITION I N PROTOOOL MEASURED VARIABLES
1. Maximom Oxygen ' . ]
uptake Ergometer Ride to 'l Heart Rate, VE, VO2,
Test. 13 |Exhaustion| Workrate.
2.Endurance Ergome ter 1 hour at Heart rate, VE, 602}
Test. 13 {60% work- | Pre-Diet, Pre-exercise
rate of and Recovery urinary
VO2 max. 3MH,Cr,N.(*) e
3.Sprint Ergometer 40-30 sec.
1 Test,- S 12 i —Same as condition 2. |
, 120% max. '

*Por details of urine collection seée Table 3.

11



2.2 Exercise protocols

»

All participants were .examined by a physician prior to any
exercise testing. All subjects wefe asked to refraip from any
prolonged physical activity (lasting 30 minutes or more, heart
rate > 130 bpm) for two days before each test as well as f;r the
duration of the urine collection perioq. In order Eo control for
diurnal effecté an attempt was made to ensure individual
subjects perforﬁeé exercise tests at the same time of day. In
addition, subjects kept a recoré of their diet and physical
activity during each testing period. The consumption of alcoh&l'
was prohibited for 24 hours prior to collection of the first
urine sample and throughout‘the testing period until the final,
post-exercise collection was completed. | j

602 max was measured on a biéycle ergometer by the Douglas
bag method described by Astrand and Rodahl (1977) and outlined
in Appendix i. Subjects were given a 6 minute warmup prior to
performing the 602 max test. The test involved riding on the
bicycle ergometer at a pedal frequency of 60 rpm (Astrand and
Rodahl, 1977), with workrate based on the heart rate attained in

-

the final minute of warmup. The workrate was increased by 180

kpm'min"l every minute until the subject reached exhaustion. For

purposes of this study, exhaustion was defined as the point at
which the subject could no longer continue pedalling at 60 rpm.

Heart rates were monitored directly for the last 10 seconds of

12
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each minute of the ride and for three minutes of recovery, from

k4

three electrodes placed on the ridge of the scapula and on the
right and left of the thorax, at the 5th intercostal space.

The endurance protocol consisted of a one hour continuous
bicycle ergometer ride at 60% of the predetermined VO; max.
Heart rate was monitored for 10 seconds and oxygen consumption
for 30 seconds every 5 and 10 minutes respectively as described
in Appendix 2. All thirteen subjects completed this exercise
regime.

The sprlnt exercise protocol included 40 -thirty second-high-—- - -
intensity (HI) ergometer rides at a workrate‘correspondlng to
120% Voz max. Each 'sprint' was followed by a recovery period of
sixty seconds. Only twelve subjects participated in this 7
exercise protocol as one subject withdrew from the study
following the endurance exercise £or personal reasons. All 12
subjects, with the exceptlon of one, completed all 40 efforts at
120%: It was necessary to decrease the workrate for one subject
to 100% of the 902 max.for the final 10 sprints. Heart rate was
monitored for the last 10 seconds of every minute during the
warmup, every eighth minute of the test‘and for three minutes
following cessation of work as described in Appendix 2. As in

the endurance protocol, oxygen uptake was measured during the

sprint exercise, (Appendix 2).

13



2.3 Diet

Each subject ate a meat-free diet during a period of 7 days
encombassing the ge:ipq prgceding and following the enéurance
and sprint tests in order to eliminate anyldietary contribution
to 3MH excretion (Table 3). Initial pilot work indicated that
threg;days on a)heat free diet ceuses a significant depression
of urg;ary éMH excretion (See Review of Literature, Figure 14).

,The imgortance of maintaining a well belance diet through
out the study wes emphasized. Diéts of all subjects were similar ~
prior to this study; no participant was a vegetarian. All
subjects were asked to refrain from alcohol, tea and coffee due
to their antidiuretic effects. Subjects were asked to substitute
fish and édeiry products for muscled meat during the diet period
so that protein intake would not be reduced. Individuals who
felt that this diet would interfere tbo much with their normal
"lifestyle ;ere screened out of the study,

The weight of each partic}pant was recorded during each
phase of the study. Very little fluctuation in individual weight

was cbserved (less than 0.8kg). It was felt that the lack of

weight change confirmed that the diets were well balanced.

14



2.4 Urine Collection

1

For the first exe}cise program, whether énéurance or
sprint, each subject collected five 24 hour urine samples as
explaineé in Table 3. The first collection, labelléd 'pre-diet';
was not included in the second exercise program due to
contraints on the availability of the Amino Acid Analyser used
in this study. Subjects were required to void at fbs time chosen
to begin the first 24 hour collection period, gnd then collected

all urine passed up to and including that voided at the.same

time the next day. .
- ‘ .
TABLE 3. DIET AND URINE COLLECTION
DAY 1 Pre-diet 24 hour urine collection

DAY 2-4 |Meat-free diet begins.

DAY 5 -|Pre-exercise 24 hour urine collection
{diet continues)

DAY 6 Exercise in a.m.;Post 1, 24 hour
2 collection (diet continues)

DAY 7 Post 2, 24 hour urine collection
(diet continues)

DAY 8 Post 3, 24 hour urine collection
(diet continues)

Urine was collected in plastic 4 liter containers (Coast
Plastics, Pitt Meadows, BC) containing 1 ml toluene as a
preservative (Tomas et al., 1979). At the end of each 24 hour

collection, the volume of urine excreted was measured and an 8

15



ml aliquot saved. The sample aliquot was deproteinized with 30%
sulfosalicyclic acid (2:1 urine:acid ratio, Long et al.,1975;
Tomés et al., 1979; Afting et al., 1981), passed through a
double Millipore filter system (mesh size 45p) and stored at -20°
C until the\time of analysis. All analyses were performed with
each ;ample labellgd with a random number which could later be
identified with a particular exercise protocol aﬁd condition.
Due to laboratory constraints, only one analysis of each
collection waéféunducted for concentration of 3MH. However,
double blind duplicate analyses were performed for nitrogen and

creatinine concentrations.

2.5 3-Methylhistidine Determination N

é

3MH was determined in a two column 11 hour physiological

fluid analysis system on a Beckman Amino Acid Analyzer (model
119, Bioscience Dept., SFU.). Stanaard methodology for the
analysis of physiological fluids requires a long column for the
" separation of the acid and neutral amino acids and a short
column for separation of the basic amino acids such as 3MH.
Columns were packed with Beckman custom spherical resins (Palo
Alta, Calif.)‘and sodium citrate (Sigma, St.Louis) was used as a
buffer. Important parameters for this analysis are summarized in
'Appendix 3., Constituents of the urine samples separated in the
columns react with ninhydrin in order to render them visible for

colorimetry at 570 nanometers. Peak elution time and

16



o4

concentration were determined in two ways using 3MH standards
{Sigma, St.Louis): 1. Through analysis of chromatographs takeﬁ
from the amino acid analyzer, and 2. Via computer analysis (Nova
Computer System} SF&}. The concentration of 3MH in each urine

sample was also analysed in this same manner (Appendix 3).

2.6 Determination of Creatinine

Creatinine concentrations were determined using a Beckman
DU-8 Spectrophotometer according to the alkaline creatine
picrate method (Jaffe reaction). Urinafy creatinine reacts with
picric acid under alkaline conditions to form a yellow-orange
complex. This color is developed not only by creatinine but also
by certain non-specific substances present in the sample (Cook,
l§75). Upon the addition of acid, the color specific to
creatinine is removed, while that contributed by non—sbecific
substances remains. Therefore, the difference in the optical
density of the sample when measured at 500nm prior to and
following the addition of acid is directly proportional to the
concentration of creatinine.present. (Refer to Appendix 4 for

reagents and procedures used for determination of creatinine.)

17



2.7 Urea Nitrogen Determination

Urinary nitrogen (N) was aetermined colorimetrically using
_the urease method described by Bauer (19745 on a Beckman DU-8
spectrophotometer. This reaction is specific for urea, however
it also includes any preformed ammonia in the urine. Unlike
blood plasma, urine may contain a substantial amount of
preformed ammonia (NH4"). Therefore it ig essential to measure
the preformed NH4+ in the urine sample being analyzed and
subtract it from the total N measured. Preformed NH4* may be
determined by omitting incubation with urease and substithting
water for the urease solution. The optical density of the blue
color product obtained after incubation of allvsamples'was
measured at 540mm. Reagehts and procedures uged for the

measurement of urea N are described in Appendix 5.

2.8 Determination of Myofibrillar Protein Degradation

Using urine samples and muscle biopsies, Tomas et al
({1979b) were able to determine 3MH content in human muscle to be
3.59 uM per gram myofibrillar protein. The average degradation
rate of muscle pfotein (g/day) may fherefore be obtained by

dividing the 3MH excretion per day by the 3MH content of muscle

protein:

18



Amount of Myofibrillar Protein Degraded pef Da

3MH (pM / 24 hours)

Amount of 3MH found in Myofibrillar protein

Where, h
3.59 uM/g myofibrillar protein is the >

denominator.

2.9 Statistical Analysis

Group means +/- the standard errors of Ehéﬁﬁean (SEM) were
calculated for all variables. 2 two way analysis of variance
(SPSS MANOVA) was performed for‘each variable between conditions
(PreDiet, PreEx, Postl, Post2, Post3) and exercise protocols
(Endurance‘and’ﬁigh Intensity). When the F ratio indicated
significance at the P < 0.05 level, one way analyses of variance
tests (SPSS Anova) were conducted for the specific variable: 1)
condition by protocol and 2) protocol by condition. This
statistical procedure was followed by Post Hoc Student Neuman
Keuls analysis in order to locate the significant differences.
Pearson correlation coeffiéienté were determined between each of
the following variables: weight, urine volume, creatinine,
nitrogen and 3-Methylhistidine. When the r value indicated a
relationship (r > 0.07), analysis of covarianéé'kégéégﬁﬁggwwrﬁ

performed. Thus, total nitrogen and ureaihitigéen were adjusted

for urinary volume using urinary volume as the covariate.

Adjusted means and standard errors were determined through a

19



BMDP covariate statistical package (BMDPlV). Varying subject

numbers in the various conditions arose from missing data due to

methodological as well as subject error.

W
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ITII. RESULTS

3.1 Maximal Exercise Response

The total group response to the maximal exercise, as

described by means t SEM for 602, QESTPD, maximum heart rate and

maximum workrate is shown in Table 4. Mean oxygen consumption

was 45.30 (+ 1.41) ml-kg~l-min—1,

TABLE 4. MAXIMAL EXERCISE RESPONSE ~
Vo2 VE(BTPS) MAX. H.R. MAX. WORKRATE
(1-min') (l.min”) (b-min" ) (kpm-min™)
3.25 ®131.24 191.30 1495.30
+0.12 +5.65 +2.65 +47.30

Values are means + Standard errors

N=13

of the means.
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3.2 Submaximal Exercise Response

Table 5 describes thé effects of the two exercise protécols
as a percentage Of the maximal responée.‘iiifage ﬁoz during the
endurance exercise (E; 60% max) was 30.21 ml-kg"l-min"l while
the short, high intensity (éI) work (119% max) resulted in a
mean VO, of 32.31 ml-kg~lemin-1l. Concomittanly, HI work caused
heart rate to remain significantly higher (161.1 b-min~1) than

the E ride (146.0 b-min~l). This relationship is clearly

demonstrated in Figure 1.

TABLE 5. SUEMAXIMAL EXERCISE RESPONSE
PROTOCOL V02 VE (BTPS) H.R.
$ $ $

Endurance 66.6 26.45 76.9 -

(13) a
High .
Intensity | 71.00 ° 28.49 85.5

(12)

Values are presented as percentage of means of groups.: - — — -
Subject numbers are in parenthesis.
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Figure 1.

Heart rate response to endurance and
high intensity exercise. Values are

>

means of groups at 8 and 10 minute
intervals for high intensity and endurance
respectively.
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3.3 Correlations

;Pearson correlatiéh coefficients were determined between
each .of variables measured. No relationship was achieve between
creatinine or 3MH and weight or urine volume, nor between
nitrogen or 3MH and creatinine. In addition nitrogen showed no
relationship to weight. However, both total nitrogen and urea

nitrogen were found to be highly related (r > 0.91) to urine

volume.

14

Table 6. Pearson Correlation Coefficients

(115) |

variable Weight Volume Creatinine
(kg) (ml) (g)
Creatinine 0.0757 0.3834
(g) (115) (117)
Total Nitrogen 0.0486 0.9346*
(mM-kg™) (128) (130)
Urea Nitrogen 0.0028 0.9179* | 0.2915
{mM.kg™") (128) (130) - (117)
3-Methylhistidine| 0.3540 | 0.2246 | 0.1268
(uM-kg™) (115) | (115)

Values are‘Pearson correlation coefficient results.
Numbers in parenthesis are N on which 'r' was computed.

® significantly correlated (p < 0.000).
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3.4 Urinary Volumes o - , S L

Figure 2 demonstrates the considerable intersubjeét
variability in urinary output durihg the experimental periods. A
significant difference in urinary excretion volume was found
between the post3 collections, where HI mean values were 30%
greater than those collected at the same time post E.

3.5 Creatinine

The prescribed diet had no significant effect on creatinine
excretion corrected for body weight (Figure 3). Similarly, the
endurance work did rnot produce any variation in urinary
creatinine levels. However, high intensity exercise was marked
by a 19% and 30.6% increase in the rate of creatinine excretion
at 48 and 72 hours post-HI exercise respectively. At 72 hours | .
post exeréise, a significant difference (p < 0.05) was observed '
between the E creatininé value (36.5 mg-kg~l-day~l) and the HI

value (52.9 mg-kg~l-day-1).

3.6 Urinary Nitrogen

Endurance cycling caused a slight increase in total urinary

N (adjusted for urine volume) for the first two days post

exercise, which returned to pre-exercise levels within 72 hours
. 2 .

- =
R
-~
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4

of recovery. However, this trend was not significant. In

addition, HI exercise cezused no change in total urinary N

excretion.

i\Tﬁe urinary N daeta corrected for preforﬁed NH4+ is shown in
Figure 5. These results are similar to the uncorrected N
excretion are adjusted for urine volume. It appears that the
meat free diet might have ceused 2 small increase in the
excretion of urea N.‘However, no significant alteratidns in urea

N were observed following either one of the exercises.

3.7 3-Methylhisticine

Since the method of 3MH analysis was identicel, the results
of both the current study and a pilot study (N=5) were pooled to
demconstrate the effects of diet on urinary 3MH. The 72 hour
meat-free diet .caused a sigﬁificant (p < 0.01) depression (40%)
of 3MH excretior e&s shown in Figure 6. Endurance exercise
resulted in an 18% and 24% increase one and two days post
exercise, respectively. However, no statisticel significence was
achieved (Figure 7)., The HI exercise protocol resulted in small
insignificant inc:eases in urinary 3MH postl and post2. These
changes were independent of urinary volume and returned to

normal 72 hours post-exercise,

L
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Figure 6.

Effects of a three day meat-free diet on the
excretion of 3-Methylhistidine. Values include
data from pilot work and. are group means T SEM,
N's are given in the bars.
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3.8 3-Methylhistidine/Creatinine Ratio

When the 3MH results are expressed as the ratio of 3MH to
creatinine, the previously observed effect of diet on 3MH
disappears (Figure 8). 3MH/Cr tends to increase in the first 24
hours following both types of work although this increase is not
significant (Figure 9). This transient change is followed by a
gradual return to normal pre-exercise values by the third day of

B

recovery.

3.9 Urea Nitrogen/Creatinine Ratio

Figure 10 shows that no changes in the ratio of Urea N/CR
were observed between exercises or conditions. Pre-diet measures
are slightly varied depending upon the exercise protocol as were

g

"post 3 results, however these results were not significant.
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3.10 Myofibrillar Protein Degradation

Myofibrillar protein catabolism reached a méan peék value
of 104.57 grams of protein per 24 hours following 2 days of
recovery from endurance exercise (Table 7). A similar tre;d was
found during the first 48 hours post-HI work with velues of
96.72 g-day‘1 and 98.73 g-éay‘l, Postl and Post2 respectivelf.
As described earlier, these elevated measyres feturned to normal

pre-ex values within 72 hours of either exercise protocol.

TABLE 7. MYOFIBRILLAR PROTEIN CATABOLISM (g-day*)

PROTOCOL PREEX POST1 PQOST2 POST3
84.47  99.74  104.57  87.45

Endurance +3.47 +2.01 +4.23 +3.22
(11) (13) (12) (12)

High 94.08 96.72 98.73 88.45
Intensity +3.85 +3.02 +3.62 = 45.03
(11) (12) (12) (12)

Values are means t+ Standard errors of the means.
Subject numbers are in parenthesis.

i

37



IV. DISCUSSION

-

4.1 Exercise‘Regponse

4.1.1 Maximal Exercise Response,

The group mean maximal oxygen uptake was 3.é5 1-min—1 }
(45.30 ml’kg‘l-min'l), characterizing the group as untrained,
according to White et al., (1976) and Astrand (1977). These
auth;rs have suggested that subjects with-a VOZ max. of above 50
ml-kg~l.min-1 should@ be considered as relatively trained
individuals. The meaﬁ‘maximal minute ventilation,(VE BTPS ),
(131.24 1-min~1 +5.79) and maximal heart rate (191 bemin-l
+2.65) appeared somewhat low in the present study, however they
are acceptable results for bicycle ergometer exercise. Maximal
exercise response from bicycle ergometer work is 10-15% lower
than work performed on artyeadmill (Astrand and Rodehl, 1977).
The specific muscle groups being used on the bicycle result in
greater local‘muscle fatigue. In addition, tke size othhel
muscle group exeréiseé’whileron a bicycle ergometer issgmaller
than that used when running on a treadmill. Thus the demand for
‘and consumption of oxygen will bé lower during bicycle exercise

than during treadmill running. .
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4.1.2 Submaximal Exercise Response.

Endurance training results in improved efficien&y of the-
cardiorespiratory system as well as of skeletal muscle energy
metabolism (Ivy et al., 1981). Since the purpose of—this
experiment was to study the effects of two different types of
exercise, it was felt that any changes occuring due to exercise
would be more easily observed in untrained subjects.

During submaximal exercise, heart rate varies linéarly with
both workraée and oxygen uptake (Astrand and Rodahl, 1977)). As
expected, mean he;rt rates were significantly higher (p < 0.001)
throughout the high intensity exercise than during the endurance
exercise (Figure 3). During exercise heart rate and cardiac
output increase in order to supply oxygenatéd blood to the -
working muscles (Fox and Mathews; 1981). The rise in heart rate
is a response tovan increased sympathetic drive and elevated
epinephrine levels, which are both related to the severity of
the exercise performed (Terjung, 1979).

Circulating norepinephrine and epinephrine levels increase
with increasing workrates (Hartley et al., 1972a). A reéiprocal
response has been reported to occur as a function of exercise
duration (Hartley et al., 1972b; Rinderman et al., 1982).
Kinderman and co-workers (1992) found that short term:\Q%gh

intensity exercise elicited a greater elevation of catacholamine

levels than did long duration steady state exercise. These
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observations support the indings of the present study where
mean heart rates were higher during HI exercise thaﬁ during
exercise,

Endurance exercisé, calculated to be 60% max., préduced'a
mean VO, which reached 66% of 002 max. during & period of one
hour. While the HI exercise (120% max) resulted in an oxygen
uptake of 71% 902 max. However, it must be realized that the HI
902 results are not representative of true steady state work.
Toward the end of each 30 second work interval, subjects had a
tendancy to perform a valsalva maneouver which resulted in a
lower than expected voz. Furthermore, in high intensity, short
duration exercise, energy production is obtained predominantly
from ATP and CP stores and anaerobic glycglysis. During the high
intensity protocol there was not adequate time for the
cardioreséiratéry system to become equilibrated with the

workrate,

4.2 Dietary Contributions Eé Urinary Metabolites

4,2,1 Dietary Contributions to Urinary Creatinine Excretion.

Creatinine is a waste product of creatine phosphate
metabolism and is closely related to total muscle mass (Rallard,
et al., 1979). Fat free weight, as determined by densitometry

(Greystone, 1968) and by 40g radiotracer studies (Forbes and

Bruining, 1976) has been shown to correlate with 24 hour urinary
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creatinine lévels. Therefore, urinary creatinine excretion (UCE)

body mass. However, this relationship may not always hold true.
It has been suggested that the rate of creatinine excrétion is
affected by diet (Peters, 1973; Wood, éﬁ gi., 1976i. The
meat-free diet ﬁsed in this study did not appear to cause any
appreciable change in UCE. However Crim et al., (1975), observed
a gradual decline in creatinine excretion after subjects cﬂahged
from diets containing meat to creatine-free formula diets. Since
creatine phosphate (CP) stores are found predominatly in the
vmuscle, a diet including meat, could conceivably cause an
elevation in UCE. While some investigators have observed
definité diet-induced elevations in creatinine excretion (Crim
et al., 1975; Forbes and BPruning, 1976), others have reported
only slight changes in urinary creatinine with prolonged intake.
of a meatless diet (Garza et al., 1977). In order for diet to
contribute to creatirine excretion in the urine injested
creatine would have to be absorbed across the gastrointestinal
lining, for subsequent hepatic metabclism of creatine. The .
hepatic formation of creatinine would then increase UCE. Since
it could 2lso be argued that fish muscle contains CP,
elimination of all meat products, regardless of their sourcé,
from the diet may be necessary to demonstrate a change in

creatinine excretion. . B
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4.2.2 Dietary Effects on Urinary Nitrogen Excretion.
. . The meat-free diet did not cause any change in urinary
nitrogen excretion. Any alteration of the excretion of nitrogen
(N) represenﬁs a chanée in nitrogen balance. Although subjects
removed meat from their diets, they did not decrease their !
protein iﬁtake. This lack of change in urinary N following three

days of the diet attests to the well balanced diet the subjects

followed during the period of the experiment.
>

e
-

4.2.3 Dietary Contﬁibutions to Urinary‘B—Hethylhistidine;

ﬁhile the subjecfs_in tgis study were not vegetarian, most
did not consdhe larée amounts of meat in their reguigr diets.
This may ﬁ&fgjélry ex;Iain why the mean values éf urinary 3HH
observed pri;f to tgé meat free - diet were slightly lower than’
previous reports (Toma;, et al., 19§9b). A 40% reduction in
urinary BHR‘bccurred followinglghe diet in this study, which is
similar to éther reports (Tomas, et al., 1979b; Bilmazes, et
al., 1978; Rennie, et al., 1981; Dohm, et al., '1982; Decombaz,

~

et al., 1979). Any substantial intake of this particular amino
acid in the normal diet in which meat is a common component
presents a problem to the use of 3MB as an index of myofibrillar
protein catabolism, Exogenous sources of 3MH (ie. dietj will

result in an increase in 3MH excretion and a subsequent

overestimation of myofibrillar protein degradation. Haverberg et
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al., (1975), determined that there was virtually no 3MH in foods

other than meat. Tomas and co-workers (1979b) observed that by —  — -

replacing meat with other sources of protein such as fish and
dairy products, 3MB excretion decreased to a substanti;lly lower
level yithin 3 days in human subjects. Similar results were
observed during piiot work preceding this study (See Review of
Literature, Fig.14). Thus, 3MH excfeted following a meat free

diet is considered here to be from an endogenous skeletal muscle

source,

4.3 Effects of Exercicse

4.3.1 Urinary Volumes Following Exercise

- During exercise;, sympathetic vasoconstriction results in

<

reduced renal blood flow with a concomittant réduction in urine
production {(Castenfors, 1967; Peart, 1978). This reduction in
renal function will vary with the intensity and duration of the
work being performed (Kachadorian and Johnson, 1970; Epstein and
Zambraski, 1979). No significant changes in urine volumes were
observed following either the HI and E exercise compared to
pre-exercise volumes in this study. The lack of a significant
alteration in urine préduction post-exercise was likely ﬂue, at'
least in part, to large inter- and intra subject variation.
Exercise elicits an endocrine response which reduces water

and sodium loss; thereb§ conserving extracellular fluid. Renin
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is secreted from the kidney in respdﬂﬁé to s&mpatheticw e

vasoconstriction and decreased renal blood flow as well as o

sodium depletion and reduced plasma volume. Renin activates
angiotensin which in turn stimulates the release of aldosterone
from the adrenal cortex. The maintenance of body sodium content
is controlled by aldosterore which increases sodium reabsorbtion
from the kidney. The renin—angiotensin—aldoéggrone system
provides for the regulation éhd meintenance of plasma volume as
well as blood osmolarity, both of which are compromised during |
exercise. Furthermore, elevated plasma antidiuretic hormone
(ADH) has been reported even after short term exercise (Baroga
and Ciplea, 1978) which would result in loweréd urine
prodpction. In this study,'all exercise protocols were performed
in 2 controlled environmental chamber set at 15°C in orderto
minimize the effects of temperature on perfcrmance. Even so, it
was observed that in some subjecés sweat loss was gquite heavy.
One would suspect that, gn suck cases, there would be a response
by aldosterone and ADH in order to maintain homeostatic control.
Elevated renin and ADH during exercise'hag-been found to
persist through recovery (Francis and MacGreggor, 1978). In
addition, the return to no;mal levels can take up to 6 hours
(Costill, et al., 1976). Any reduction in urine flow will result
in alterations in metabolic clearance such tbaf‘excretion of
certain metabolites may be delayed until after termination of

endocrine response post-exercise (Refsum et al., 1974). Such a

possibility must be considered when taking urine samples

—— -
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immediately post-exercise. A continuation of renal hormonal

response following exercise may account for the trend towards
the lowered urine vo}umes obsefved postl HI. However, the )
endocrine response may not be an appropriate explanatién for the
significantly greater volume excreted at post3 following
endurance as opposed to HI exercise., This difference may simply
reflect a change inrfluid infake during day 3 of recovery’—sinég
any re-~hydration response to exercise would be expected to have
taked place within 24 hours post-exercise. Theré is no reason to
suspect that the increased urinary volume post3 HI and the

return to normal post3 E were in response to the exercise

_ protocols.

4.3.2 Changes in Urinary Creatinine Following Exércise.

High intensity work produced a delayed, but significant
30.6% rise in the urinary creatinine excretion (UCE) 72 hours
post~exercise. There was no change in UCE following the
endurance exercise protocol. There have been few investigations
of exercise effects on UCE. Decombaz et al., {1979) ana Refsum
et al., (1975), observed a 40% increase in UCE immediately

follbving‘extreme long duration exercise, decreasing again

towards normaliwithin 24 hours ofhtbe féée.iThié aéﬁte elevation

in creatinine post-exercise is in agreement with Pohm et al.,
{1982) who found UCE elevated 24 hours after a 1.5 hour run.

However these same investigators also observed that creatinine
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excretion was not significantly altered by I hour of
weightliftin’g. The results of thi*g*ﬁu?ﬁmﬁmW
the above reports as no change occurred post E exercise whéreas

HI work caused a gradual rise in UCE. A possible explaéation for
this discrepancy may be the trained state of the subjects used

in these studies cited. Untfained subjects, such as the ones

used in this thesis work, will not adapt to the workrape as
éuickiy or as efficiently as a trained subject. Another majér
difference between the present study and these former
investigations is that both Refsum and Stromme (1975)'§nd
Decombaz et él., (1979), collected urine immediatly
post-exercise (8-10 minutes). Thus the:discrepancy'between their
results and those of this study are almost inevitably due to the
timing of urine collections. It is passible that a 24 hour

b

collection could dilute and thereby mask any immediate, yet

short-lived, elevation in creatinine fdllbwiﬁg’eXérCiééI'This fs’ B
an effect which the studies of Refsum et al.,(1975) and Decombaz
and co-workers (19795 appeargd to favour. Nonetheless, the lack

of change in UCE 24 hou;s post-exercise reported by Dohm et al.,

- (1982), may in fact be an actual delay in creatinine excretion,
comparable to. that observed post HI. Had these investigators |

extended their urine collection periods to 48 or 72 hours they

may have discovered a latent increase in urinary creatinine. _

In addition, the intensity of the exercise being .performed

may play an important role in the rate of UCE. None of the

described exercise studies where UCE wes measured actually
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quantified’the work“being*performed:*ThUSVthémihterprgtﬁtioﬁ¥o£—~%—vééér
rthexr'resuits~becomes—df%fieu}t——FuzthermereT—asgthegduraf1nn of

work performed in the studies of Refsum et al., (1975) and

Decombaz et al., (1979) was much greater (5-8 hours) than that
of the HI or E protocols of this study, extension of their

’

results to interpretation of the results of this study may not
be appropriate.' ‘ |

There is‘evidence'of elevatedicreetininereicfefioorduriog o H
fever and injury (Wannamacher, et El-' 1975; Long et al., 1977).

These reports may have 1mportant 1mplicat10ns for exercise since :
S o S o

very intense or prolonged work may cause some minor tlssue
damage (Tomas et al., 1979; Hagerman et al., 1983).

In a recent study, Armstrong and workers (1983) observed a
large increase in serum cfeatine‘i?nase (CK) activity immediatly
post-exercise in rats. The concentration of CK returned to Y,
normal levels within'12”hours*of"exerc&seFterm%ﬂetionT~€Kwe~—rfrm~~m~, —
catalizes the reaction whereby CP donates its phophate group to
ADP to form ATP and free creatinine. Armstrong et al., (1983),
also demonstrated a secondary elevation,in serum CK activity
36-48 hours post-exercise. Although ohe exercise was downhill
running . (eccentric contraotion)bfhe timing of events may be
useful in discussioé the UCE results in the current study. Any

increase in blood CK activity could indirectly result in similar

elevations in creatinine excretion. Thus the increased UCE at

post2 HI exercise may will be representative of a rise in CK

activity.
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Wrih'{thééééd”Qéruh”éiwéglf;fiy folld@iﬁg exercise has been

- shown to be directly reiated to necrosis of muscle fibers
following physical activity. It has been suggested that
contractile activity induces alterations in muscle membrane
permeability (Armstrong et al., 1983) which may result in
increased enzyme leakage acrOss'the muscle membrane.

An increase in CK leakage ,;nay,,bg accompanied by an increase

in creatine leakage from the muscle as well. There is some

evidence for an elevated serum creatine following acute

short-term exercise (Bohmer, 1973). This elevation supports the
suggestion fhat CK leakage from the muscle couldrbe accompanied
by an increased flow ofrcreatine across the muscle membrane. If
this hypothesis is correct, theh urinary creatini;e levels would

overestimate muscle mass. Since Armstrong et a2l., (1983), did

report that serum CK activity returned to control levels 72

hours‘foliowinérexéféiééiit”iéy not be appropfiate towff} and
explain the continued elevation of UCE post2 HI aé a residual
effect of elevated CK activity. ’
-The elevation in UCE post3 HI remain8‘£6 be explained.
Initially, it may appear that UCE is proportional to urined
volume, as volume post3 HI is also elevated. However,
correlation -analysis does not support this observation.
Therefore some other unidentified factor must be involved with—
the use of creatinine as an index of whole body muscle mass may

not be valid, as previously suggested: : - o
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4.3.3 Urinaqy ﬁitrogen Alterations Follqwing Exercise.

In the current study, urea N excretion did not change
foilowing endurance exerciée or high intensity exercise. Leﬁon
and Mullin (1980) observed decreased urinary N léQels 1l and 4
hours after 1 hour of cycling at 60% of 602 mai. However, other
studies have shown urinary N to iﬁcteaée witﬂih’Z]’thtSt@fl -
prolonged endurance exercise with' a trend to continue increasing

Y
after one day of recovery (Refsum and Stromme, 1974; Dohm et

al., 1982). The effects of reduced urine production and
excretion post-exercise may prevent urinary N alterations from
being ébserved immediately following exercise. Indeed, the
results of other reséarch suggest that urinary N increases
following endurance type exercise of one hour or more. (Refsum
et al., 1974; Dohm et al., 1982). Thus, these latter
investigators may npt have demonstrated any changes in urinary N
simply because of the timing of urine collections. A common

me thodological problem in all studies cited is the small subject
populations tested. Statistical differences are difficult to
achieve with small subject'numbérs. Perhaps significant changes
would h;ve been observed had the number of subjects used been

greater.

Wwhen the urea N results in the present study’were expressed

simply in tefﬁgwéghbody weight, there appeared to be a gradual
increase in excretion rate for 48 hours post endurance exercise.

In addition, HI exercise produced an initial dép?éééidh’éi hours
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- following termination of work, followéd by a gradual increase —

i}

correlation analysis demohstrated a-highly significant"
=relationship'bet§een urine volume and urinary urea N e;cretion.
By using volume as a covariate in the statistlcal analysis of
urinary urea N, all changes initially observed following
exerc1se d1sappear. These f1nd1ngs would suggest that prlor to
interpretation of urea N- results, an adjustmemtgfor urine volume

must be made. It is possible, therefore, that the exercise

1nduced changes in urea N reported by Refsum and Stromme (1974)

i
Lowplsber 4t Homais e 4 maene o

and others, may not have been d1rectly related to the exerc1se

-

performed but of the production and excretion of urine following

the work.

In the past, it was commonly acknowledged that protein was

‘not used as a source of fuel to any appreciable extent during

exercise (Astrand and Rodahl, 1977)). Recently however; reports -

of several experiments have shown elevated urea N levels
post-exercise, implyihg that protein catabolism ahd amino acid
oxidation ls increased as a result of muscular work (Gontzea et
al., 1974; 1975; Refsum and Stromme, 1974; Dohm et al., 1977;
Askew, 1979; Decombaz et al., 1979). '
Evidence has been oocumented demonstrating exercise induced

gluconeogenesis (Felig and Wahren, 1971; Huston et al., 1975;

S

b il e e d 5 e sk,

T e b bt e bl ok

Dohm et al., 1982). Nitrogen and gluconeogenic carbon'skeletons‘

from the muscle are conveyed to the liver via alanine where the

C skeletons from alanine are sqbsequently reconverted to glucose
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(Felig ana Wahren, 1971).Amino groups for elanine synthe515‘ar6’*‘4ﬁw**
'pfévidéd“by‘UXIdat1ve4ﬂeamInatton\and—transaminatieﬂ\ef—braneheé——\————
chain amino acid. Additional sources of amino groups may also be
derived by utilization of ammonia liberated from the pdrine |
nucleotidé cycle.

There is strong evidence for increased glucocbrticoid (GC)
levels and iptprn gluconeogenesis, during and immediatly
following éxérciée (Davies and Few, 1973; White et El-; 1576)1
However, GC levels will not remain elevated much beyond 6 hours
of recovery. If GC are respggglble for the 1nduct10n of proteln
catabolism in muscle severeal days post-exercise, the effects | L
appear to be delayed by some intermediate mechanism,

The results of the current study demonstrate that the
exercise auration of both protocols did not warrant substantial
amino acid oxidation. Urea N content in the sweat of the
exercising subjects was not measured in this study. Lemon and -~~~ -
Mullin (1980), found that sweat urea N levels dramatically‘
_increase with exercise. In order to obtain an accurate |
description of amino acid oxidation through nitrogen excretion
it would be necessary to include sweat N results with urinary N
excretion.

Although nitrogen excretion is regarded as a classical

determinant of muscle protein catabolism, this assumption is not -

totally valid. The contribution of N from the body's N pools and

/‘ . .
liyer protein catabolism cannot be ruled out as potential

sources of urinary N. Furthermore, an elevation in the
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production and/or excretion of N may be a result of the —

, . . , . ) .
deamination of AMP (Lowenstein,; 1972)- These metabolic

occurances, could lead to an overestimate of the actual quentity
of muscle proteln degraded. .

Of the three types of muscle fibeks, fast glycolytlc (FG),
fast oxidative glycolytic (FOG) and slow oxidative (S0O), fast
twitch fibers are predominant;y oyerloaded during\fhort, high
intensity exercise, such as that performed duting thewhi o
exercise protocol. During long-term endurance ectivity, SO

T

f1bers are the flrst to be recru1ted (Gollnlck et al:, l973a,

1973b). This, coupled with greater AMP deamlnatlon 1n‘FG f1bers K
than in SO fibers (Msyer and Terjung, 1979), might exqggetate
the rise in N excretion. Such a hypothesis may be extended to

explain the rise in urinafy N levels following HI work.

4.3.4 Effects of Exercise on Urinery 3-Methylhistidine

Excretion.

While the endurance exercise protocol resulted in a slight

increase in urinary 3MB concentration during the first 48 hours
following the cessation of work, no changes occured post HI

exercise. Dohm et al.,(1982) made similar observations following
N )

1.5 hours of fﬁhh{hglVUnfdrtunately, urine collections in their

study were only taken immediately post-exeércise and 24 hours
later. In contrast, Decombaz et al., (1979), reported no change

in 3MH output during heavy work, while Rennie gﬁ al., (1981) and
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'Millward EE,E;" (1982j”féﬁ6fféd'aééféé§€§l”HéﬁéVéfiﬁdﬁé”ﬁﬁgtwbéff’ -

cautiousAwhen cOmparing*thESEWresuitSWWithgth94presentgstudy

since 1) urinary volumes were not reported, 2) the state of

dehydration of the subjects is unknown, 3) the timing of:
post-exeréise urine collection veried, and finally, 4) thea
intensiyy of exerciee per formed were not quantified and varied
from study to study.

Unlike nitrogen, 3ME is not found in any measurable
quantity in the sweat (Dohm et al., 1982). Since the 3MH§
excreted in the urineipreSumably comes from skeletal mqscle,
then the amount of protein degraded may be calculated. There wae
a 33% increfse in protein degraded over.pfe-exercise levels 48
hours following endurance exercise, which represents 104.5 grams
of muscle protein per day. A similar, yet smaller increase (16§) ;
was noted following HI exercise as well. However, this increaee
in the amount of’myofiﬁrillar"prbfeiﬁ'btéékéOWﬁ”ddéS”hdt"
necessarily represent a net increase in the degradation_of
muscle protein. While the rate of degradation has been elevated,
vit is quite possible that a similar response has been elicited
from profein synthesis resultiﬁé in a rise in total protein

‘turnover.

f%uel homeostasis and metabolism varies with the intensity

/
and duration of the exercise being performed. As previously o

discussed, urine flux is depressed during exercise and may not

return to normal immediately post-exercise. 5eﬁce, the timing of

N

urine sample collection may be crucial. It is conceivable that
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the 24 hour urine collections made in the presgent study - -

disquised any actual increases that may have occured. Shorter

collection periods may in fact give a better indication of»what
is actually happening in the muséle following exercise.

Several proteinases which can degrade myofibrillar proteins
h;ve been éescribedain muscle. Lysosomal enzymes, wifh their
acid pH optima no doubt participate in the autolysis of muscle
p;otein énd, thus, have definite implications for exercise
(Schwartz and Bird, 1977; Pilstrom, et al., 1978; Clark and
Vignos, 1981). Work by Vihko et El, (1978) andbothers (Pilstrom,
et al., 1978; Dohm, et al., 1982) using animal models, have
brought forth interesting eyidence of increased lysosomal
activity with exercise, A siﬁgle bout of exhaustive exercise has
been observed to increase the activity of Ca;hepsin D, Cathepsin
B and several other 1yéosonal enzymes in mouse muscle (Pilstrom, -
et al., 1978; Vihko, et E&;,,i&?&;WClarkiﬁ,L,g;.LNLSBllg

VKEZZZEStingly, Vihko, et al. (197¢) fcund that lysosomal enzyme

activity peaked 3 to 4 days following one single exhaustive bout
of'exercise;;

| The timing of these proteolytié evénts may help to explain
reports of myofibrillar necrosis and selective degradation in
human muscle following marathon running (Bagerman, et al., 1983;

Seigal, et al., 1983; Apple,-et al., 1983). According to

Hagerman and co-workers (1983), the most prominent muscle fiber

alteration occurs between day 1 and day 3 post-exercise. This

observation is similar to the present study where myofibrillar
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degradation, calculated from urinary 3MH, reached a peak 48 =~

hours post endurance exercise. In view of these reports, one may’

speculate that had the duration of the exercise protocols in the

present study been prolonged, more dramatic changeé in

myofibrillar protein degradation might have taken place.

4,3,.5 Rate of Muscle catabolism

Expressing 3ME in térms of body weiéht may not be very
accurate due to changes in;Eody,weigb; and‘stéte,gi hydration of
subjects, particularly in exercise studies; Furthermore, since
3MH is derived from the catabolism of myofibrillar protein,
calculations per unit muscle mass are more approgriate Fhan body
weight corrections. The 3MH/CP ratio has been used as a method
of expressing the rate of skeletal muscle being degraded per day
since CR excretion is usedrfb7eétiﬁéte'£6£51'Bbéymﬁagcié'ﬁééé”

(Tomas, et al., 1979; Ballard, et al., 1979). The amount of

whole body muscle mass degraded following‘both exercise

protocols was calculated and expressed as the ratio

3MH/Créatinine (3MH/CR). The 3MB/CP ratio is elevated, although

not significantly, 24 hours following the termination of both
endurance and HI exercise protocols. These results are

comparable tO'thOSE”dﬁcuEEHted*bY*ﬁOhm”EE“EéjT*fi982%741HR}44”4—*~————7
Millward et al., (1982), Similar observations were also made

using the ratio of Urea N/Cr: no significant alterations in

protein degradation were demonstrated following either exercise.
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’These obsefvatioﬁs are supported by the results of Dohm et al.,
’(1982), who found urea N/CR ratio to remain unchanged fciiéwihg,'%:t
both'running and weiéhtlifting exercise bouts. The calculétion*v

of the 3MH/CR and urea N/CR ratios';ake the assumption that
creatinihe is an accurate measure of lean body mass and |
therefore is at stable lgvels in the urine. Furthermore, they

~also assume that both urinafy 3MH and urea N are from endogenous
skeletal muscle sources. In the present study, the excretion

rate of creatinine was altered significantly following exercise.
Therefore the ratios of 3MH/CR and urea N/CR do npé appear to be

an accurate method of expressing the rate of skeletal muscle

protein breakdown, following exercise.
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LIMITATIONS OF THIS STUDY

2) The rate of myofibrillar protein degradation was determined
by measuring urinary 3ME excretion using the assumption
that skeletal muscle is the major source of 3MH. There is a
possibility that a portion of urinary 3MH was derived from
%%e turnover of other body tissues, namely the
gastrointestinal tract (GI). While at rest the GI tract
contribution to urinary 3¥H }s small; an exercise induced

increase in the turnover of non-skeletal muscle protein

would increase 3MB excretion.

-

" B) There are a number of problems associated with the use of
human subjects in an experimental design such as the one

~

used in this study:

i, It was the respensibility of each subject to remain on
the meat free diet tkroughout the experiment. It is
pessible that some meat was consumed and not reported.
In addition, while alcohol consumption was limited

during the tests, fluids were not restricted or

measured.

ii. It was necessary for subjects to collect all urine
excreted during the testing period. Any urine

excretion missed and not reported would cause great
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alterations in the results.

iii. Large biological variations were demonstrated in urine
production 2s well as urez N and creatinine. This
'L."_/' * i

coupled with a small subject population may have

contributed to the lack of statisticelly significant

observations.

C) As all participants were untreined males, ceaution is advised
when releting the results of tlris study to female subjects

or trained 8ndividuals.

D) In this study, only tre degradative phase of myofibrillar
protein turnover was measured. In order to appreciate the
effects of exercise on muscle metabeclism, protein synthesis
must also be essessed. An increase in skeletal muscle
protein breakdown mey not actually define a net loss of
protein, but may in fact reflect an increase in

myofibrillar turnover.
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CONCLUSIONS

within the limitations of this study, the following conclusion

were drawn:

1. High intensity (1208 max)} intervel exercise produces a
greater elevation in heart rate than endurance exercise

(60% max) in men.

2. Three deys of a well balanced meat free cdiet results in a
significant depression in the excretion rate of 3MH,
however nc alteretions in creatinine or urea nitrogen

occur.

3. No significant changes in daily urine production occur
following one hour of either high intensity or endurence

exercise,

4, No statistical differences in the urinary excretion of 3MH
are observed between ore hour of high intensity interval

work or one hour of steady state endurance exercise.
5. Urinary urea nitrogen excretion is effected by urine volume.

6. High intensity exercise causes an elevation in urinary
creatinine while no changes in UCE are observed following

prolonged steady state work.
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7. The ratic of 3MH/CR may not be &n accurate index of e -

fractional myofibriller ptﬂteinmdegradation;postgexe:ciseﬁﬂ;**muﬁ

due to the chkanges in creatinine excretion following work. ’
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APPENDIX 1. EXERCISE PROTOCOL

All exercise tests were performed on a manually braked
Monarche bicycle ergometer. All exercises were conducted at a
pedel frequenéy of 60 rpm, with the exception of the high
intensityrtest where a pgéal rate of 90 rpﬁ wae used. Pedel
frequency was monitcred by an electric metronome and a
revelution counter attached to the front wheel of the ergometer.
Fachk test was preceeded by 2 € minute warmup. 211 subjects began
the warmup at 360 kmemin'l (l¥p), with workrete increasing by 1
kp at minute 3 and 2gain at minute 5. The final increase in
workrate was dictated by the individual's heart rate at the end
of minute 4. Warrup wes followed by a2 five minute rest while - 7

subjects were eguainted with the procedures of the test to be

performed.

Max imum Oxygen Uptake Test.

The starting workrate for the maximum test was set upon the
basis of heart rete {(Saltin and Astrand, 1967). The initial
workrate was performed for 2 minutes followed by an increase of
180 kpm/min (0.5 kp) at the end of every minute until the
subject could no longer continue pedalling at the prescribed
frequency. -

Heart rates were monitored on a Nikon Kohden

electrocardiograph {cardiofax ECG 2101) using 3 Meditrace
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silver-silver cﬁloriab'aisposablé'ECG”éigctrodés*fGraphic*m”h“**”“ﬂ4”*
Controls Ltd, Queﬁec#”set*in'a~eﬂ5—p6s%tionf\ﬁearf—rates—wefe——————~——f
taken for the lastvlﬂ seconds of every minute during warmup, .
exercise test and for 3 minutes post exercise. R |

Head gear was placed on each exercising subject to hold o
twe-way, low resistance respiratgry valve in their mouth. All
expired eir passed from this valve, through 70cm of Collins
uncorrugated tubing, past a two-way stop-cock éontrolied valve

and into meteological balloons. Eech bag contained one full

minute of expired air. Expired gas was collected during minutes

2,4 2nd 6 of the warmup and for every minute or pert of minute
cf the test until the subject stopped. All meteological belloons
were tested for leakage prior to use. |

Samples of gas were drawn from each balloon into a Beckman
LB-ZiCerbon dioxide analyzer and an Applied electrochemistry
Cxygen analyzer in order toc determine the fraction of expired -
cxygen (fgoz) and CO2 (?gCOz). The volume of expired gas (VE)
was obtained by evacuaging the conteﬁts of eachrballoon thtough
a Parkinson-Cowan ventilation meter by means of a small .25hp
vacuur pump attached to the exhaust side of the meter. Gas
temperature was recorded as the air traveled through the meter.

Barometric pressure was also recorded in the morning and

afternoon of each day of testing., R

Cxygen qongqgggiggfﬁygzl wags determined by the equation:

VO2 = V102 - Vg02

where §EOZ, being the volume of 62 expired
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= VE(STPD) x FgOy /100
and,ﬁfog, the uolum340£462”inspired

s

= (Vy. x Fy05)/100

when ‘
Uy = VE(STPD) x (100-(FgOp + FgCOp ))/79.04%
Enown gases, analyzed by the micro-scholander technicgue (1945),
were used to calibrate the gas analyzers prior to each
ventilation‘analysis-
It was the intention-of this study to use untreined

subjects. Final choice of subjects was made on the basis of

their QOgmax. test. Any subject with a Qozmax of greater than 50

‘ml-Kg~l-min~l (White et 21.,1976; Astrand and Rodahl, 1977) was

not accepted into the study.
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APPENDIX 2. EXERCISE PROTOCOL

Endurance Exercise

Subjects exercised on the.bicycle ergomeﬁer at a2 pedal
frequency of 60 rpm for one hour at 60% of their predetermined -
max imum de. A six minute warmup (as described in Appendix 1) .
was .conducted prior to the test, Heart rate was monitored, as
previously éeser%beévﬁagﬁeﬁdixri#vidﬂfiﬂgfthe:iesi:££$p££e9545;CTTTWﬁf
of each minute of warmup, every fifth minﬁte of the exercise
test and for a three minute recovery period. A thirty second
collection of expired gas was made every 10 minutes of the

endurance test for determination of oxygen consumption,

»

High Intensity Exercise
‘Subjecis rodg the bicycle ergometer at a pedalvrate of 90
rpm for a set of 40 thirty second sptinés at 120% of their
predetermined maximum 902. Each effort w#s followed by a
recovery period of 60 seconds. Participants were regquested to
remain seated at all times throughout the sprint work, but were

allowed to stand during the intervals between sprints. Heart

rates were monitored for the last 10 secomds of every minute of

warmup, for every eighth sprint and for”thé“tﬁféé‘minutéé of
recovery. Using separate meteéological balloons, oxygen

consumption was measured during every eighth sprint {30 sec) and
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for the subsequent 30 sec of recovery. Methods for measurement

of heart rate and 902 have been described in detaii in Appendix

1.
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APPENDIX 3. 3-METHYLHISTIDINE DETERMINATION =

REAGENTS

-

Sodium Citrate: at concentrations of 0.2N, 0.35N and 0.38N.

Buffer solution pH adjustecd with 0% NaOsH or concentrated
HCl. ‘

Resin: Régin slurry was prepared at a 2:1 resin td distilled
water solution (Resins:PA~28, PA-35, Beckman Co., Palo

Alta, Calif.) o

Sodium Acetate Buffer: (used for ninhydrin solution). 4N Na
acetate buffer formed by ,zdding 2730g Na acetate withk 500ml N
concentrated acetic ecid in‘S5 liters digtilled HoO.

Ninhydrin: 80g ninhydrin disolved in 1 liter of 4N Sodium

acetate buffer and 3 liters Methyl Cellosolve (Beckman Co.,

Palo Alta, Calif.). Add 1.6g Stannous Chloride (SnCl4R30).

»

Regeneration Reagent: 0.2N NaOH. — ' L
¥ =

Protein Precipitation: 30g suvlfosalicylic acid diluted into

100ml distilled Hp0 = 30% SSA.

Urine constituents were separated by the analytical columns .

and then reacted with ninhydrin in order to become visible for
ca@érmetry‘ As the colored compound passed through a cuvette in

the analyzer, light from a tungsten light source also passes

-

®
through and falls on a photoelectric cell which generates a

voltage proportional to the transmittance of the material in the
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cuvette., The record of the optiéal density forms a,géusSiah
curve. 3&H‘wiil react with ﬁinhydrin'at 570 ﬂéndﬁété;étmﬁéaiﬂ
areas are determined iﬁ terms of absorbance multiplied gy units
of time, or héight x width. The area of the’peak repre;ents the
guantity of the original constituent. Calculation of this area
and compar ison with peak areas from celibration standards are a
gquantitation of 3MH (Figure 11).

In addition, a Nova Digital Computer was connected to the
. Beckman Amino Acid Anelyzer. This integrator éutomatically added
the absogﬁ%ﬁée values at small time increments and printed out

the total when the proper baseline return was achieved (Figure

11).

67



3420.
4428.

515. 4740, S346.
46324,

20

Figure 11.

Chromatograph and Nova Computer printout from
one 24 hour urine sample. Peaks represent
concentration. Printout values represent area

under each peak.
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APPENDIX 4. CREATININE DETERMINATION

Reagents

1. Sodium Hydroxide: 1.0 N

2. Creatinine Color Reagent: Contains Picric Acid, Approx.0.6%;

Sodium Borate and Surfactant. (Sigma, St.Louis, #555-1).

3, Alkaline Picrate Solution: Prepare by adding 150 ml

creatinine color reagent with 30 ml sodium hydroxide
solution {(retio 5:1), Mixture is stable for 1 week in dark
at room temperature.

’

4. Acid Reagent: Contains a mixture fo sulfuric Acid and Acetic

Acid (sigme, St.Louis, $#555-2).

5. Creetinine Standards: Contain creatinine 3.0 mg/100 ml (0.26

mmol/1) and 15 mg/100 ml (1.32 mmol/l) respectively in 0.02

N HCL scolution (Sigma, St.Lovis, #925-3,925-15).

Procedure

1. Dilute 1 ml cf each urine sample by 10 fold using deionized

BE,C (dB,0).

2. Set up directly in cuvets:

Reagent Blank: 3.0 ml dB,O
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Standard 1: 3.0 ml (STD 1)
Standard 2: 3.0 ml (STD 2)

Unknown: 2.0 ml Diluted urine,

3. To 211 cuvets add 3.C ml Alkaline Picrate Solution, Mix wei}
and let stand for 10 minutes +/- 2 minutes at room
tem?eratﬁre.

4., PRead initial 2bsorbance of all cuvets, using blank as
reference, at 500 nm. -

5. To 2ll cuvets, add €.1 ml Acid Peagent. Mix immediately &and
zllcow to stand 5 minutes at room éemperature.

6. Pead final abscrbance of all cuvets égaiqgt the blank at 500

nm,

-
Each stanggrd was analysed fqr every batch Qﬁ/ﬁ;ine samples
run (8 unknown samples). Calculatéon of the Conféhtration of
creatinine in egchrsample was determined usingfthe slope of the

standerd curve proéuced per batch of samples;analysed.
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APPENDIX 5. URINARY NITROGEN DETERMINATION

Reagents S -5

[y

l1.Buffered G?easé Cisclve 5gm disodium salt of EDT2Z in 200ml

glycerin“aﬁa 250ml dE,0. Adjust'to pH. 6.5 with 4% NaOH
fapprox 10 m2Y reguired). Dilute fo 500ml. Then disolve 30mg
crease (type III, Sigme St.vLohis) in 100m]l of this buffer.
‘Stzble in refrigerator for 1 month.

2.Phencl Reagent Disoclve 5gm phenol and 25gm Na Nitroprusside in

dH,C to meke 100ml. Stable for several months in ember
bottle in refrigerator.

2.2lkaline Hypochlcrite Disclve 12.5gm NaOH in 400ml HoO. Cool,

add 20ml Ne Hypochlcrite (Jevex, Proctor and Gamtle: 9.25%
chlorine) and dilute tc 500ml. Store in glass container in

refrigerator.

4.Benzoic Acid (0.016M) Disolve 2gm benzoic Acid in 1 liter Hp0."

-

Add 0.8ml woncentreted sulfuric Acid and mix.

L

.Crea Standard 1 Disolve 0.644gm urea in benzoic Acid solution

(WA

and dilute to 500ml. Contains 60mg/l100ml urea (46.42%
Nitrogen).

6.Crea Standard 2 Contains 30 mg/l100 ml Urea Nitrogen (Sigme,

St.Louis).
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Procedure
1.bilute urine 1:1¢(

2.S8et up in test tubes:
| Rlank: 0.5ml buffered urease
_ Stardaerd: 0.5ml Buffered urea;e + 0.02ml urea
standerd.
Urkrown: 0.5ml Puffered urease + 0.02ml diluted
urine,
rmmonia: 0.5ml Water + 0.02ml of same sample as

unknown.

. Ircubtete in water bath at 37°C for 15 minutes (excluding

Armcrnila sample;.,

4. Tc 2ali samples:
add 1lml phencl to each tube, mix.

2dd 1ml alkaline hypochlorite. and mix immediaiely.

MUST be mixed in this order.

5, Incubate in water bath at 37°C for 15 minutes.

-

6. 2dd 5 ml dH,0, mix, place into cuvets and read samples and

standards against blenk at 540 mm.
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Each standard was analysed with every batch of urine
samples run (10 unknown samples). Calculation of the
concentration of urea nitrogen in each sample was determined

using the slope of the standard curve produced per batéh of

samples analysed.

Principle:

S
ureaz + H0 éﬁ:?f——ﬁ 2NH + C02 )
JNH +2NaClo ——————3 2NH Cl + 2NaOH

icnencl + 2NH C1 + 2NaCH ——— 2-p-2minophenol
+ 2NaCl + 2H-0

2~p-Aminophencl -———— 2indophencl + 2H3C
. +2phenol + C»o -

‘Bergmever, Vol 4., 1974)

\/uv,
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) APPENDIX 6. REVIEW OF THE LITERATURE
The theory that protein was the essential fuel for exercise
began as early as 1850 with the work of Von Leibig. This
hypothesis was dispelled in the early 1900's by'Zuntz,‘Von (5}
Petterkofer and Voil who showed that protein was not metabolizeé
in_significant quéntities during musculear e;ercise of well
ufished men (as cited in Consolazio et al., 1975). It is now

understood that cerbohydrate and fatty acids are the major

*
4

energy sources for muscular work in the isocaloric state
(Astrand 1967; Essen Eﬁugi.,‘l977; Lemon and Naigle, 1981).

In recenf years, there has been an accumulaetion of evidence
in support of active brotein utilization particularly during
lorng curation exercise (Cerney, 1975; Gontzea et al., 1975;
Refsum and Stromme, 1974; Haralembie and Rerg, 1976; Decombez et
al., 1579; Dogh t al., 1977; l§78; 1980; Lemon &nd Mullin,

1980). Furthermore, it would appear that a human regquirement for
prote}n is to provide nitrogen end essential amino 2cids for the
syrntkesis of body protein necéssary fof growth and repair
(Neerunjen and Dubowitz, 1977).

The rete of prctein turnover is altered by variations in
synthesis, degradation or a combination of both. By virtue of
its large mess, skeletal muscle is the body's predominant
resevoir of amino acids and protein; the bulk of this protein
teing in the form of the contractile elements, actin and myosin.

The turnover of muscle proteins is not as rapid as some of_ the

otrher body tissues. However, due to the enormous mass of this
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tissue, making up above 45% of body weight, it may be assumed
that the turnover of skeletal muscle protein plays a mejor role
in the regulation of whole body protein metabolism { Poortmans,
1976). As demonstrated in Figure 12, changes in the dynamic
state of muscle protein a2nd amino a2cid metabolism will be
brought about by a number of ;timuli including diet, hormones
and exercise (Young et al., 1981).

It is well undestood that exercise results in adaptations
of muscle metabeclism and function. The processes involved
include changes in both protein synthesis and breakdown as the
muscle composition and size are altered. Thils review attempts to

relate intensity and duration of exercise with alterations in

the degredaetion of myofibrillar protein.

1. Amino Acid Metabolism

In order for proteins to contribute to energy supply they
must first be degraded into their corponent amino acids. Should,
these amino amino acids be subsequently deaminated, energy will
be produced by the oxidation of the resulting‘carbon skeletons.
This oxidation is normally measured in one of kwo ways: 1) COj
production from protein is quantified throuqh the use of
radicactive label tracers and/or, 2) by the measurement of
products from the degradation of protein.. This latter method

has, in the past been commonly used in human studies, by

quantifying urea nitrogen excretion.
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HORMONES

SUBSTRATE{-----—---- -<
EN‘EHGY AN

p PROTEIN \
SYNTHESIS DEGRADATION

AMINO ACIDS AMINO ACIDS
i
f
| REMOVAL AND
OXIDATION
5
i :
AMINO ACIDS FROM DIET
AND OTHER ORGANS
, 4
Figure 12. Muscle protein content 1is determined , N

by the rates of protein synthesis and
degradation and the balance between
_them. (Fram V.R. Young, 1981)

>

It has be:é;xglearly documented that strenuous exercise
particularl); of prolonged duration is accompanied by enhanced
protein catabolism (Refsum and Stromme, 1974; Cerny, 1975;
Haralambie and Berrtj, 1976)." Studies of éxercise metabolism on

activity durations of less than one hour strongly indicate that

the energy requirement can easily be met by glycogen and fatty
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acid breakdown. More recently, reports have indicated'a small,
but significant role of amineraeiérmetabelisﬁ—during~shert~teﬁm -
work (Felig and Wahren, 1971; Johnson, 1971) with increasing
involvement as the duration4of work increases (Keuls gg_gl.,
1972; Mole, Baldwin,, Terjung and Hollozy, 1973).

| Several reports have demonstrated ;levated ureé N levels

following exercise. An increase in the excretion of N in the

form of urea would imply-that protein utilization and therefore

-

amino acid oxidatiqﬂ;ié indeed elevated with physical activity
(Gontzea et al., 1974; 1975; Refsum and Stromme, 1974; 1975;

Dokrm et al., 1977; Decombaz et al., 1979).

v

The megnitude of protein involvement during exercise may be
determined by the duration of the activity being performed.
Cerny (1975) demonstreted a 20% elevation in serum urez during
exercige, but not until after one hour of bicycle exercise at
60-65¢% ?OZ max, while urinary urea excretion was depressed 1.5
hours post exercise. This decrease probably is a reflection of
an exercise induced depression of kidney function and urine
production., Haralambie and Berg (1976), in a study of 6 groups
of subjects exercising at varigus intensities and durastions,
observed th§tf%erum urea increased quite linearly with exercise
duration beginning after 70 minutes of work. Of interest, ig the
simultaneous fall in serum amino N. As the authors explain,
these observations occur at a time when liver glycogen is
considerebly decreased (Hultman and Nilsson, 1973) and muscle

glycogen severely depleted (Bergstrom et al., 1967; Costill et

77



al., 1971). : , R

1.5 hours of running significantly increases urinary urea
excretion during the 24 hours post exercise. In the same study,
these researchers found no significant elevation in excreted
urea following approximately one hour of a weightlifting
routine,
Resﬁlté of increased uree N production following severe

long duration exercise rhave been éocumented. Decombaz and
co-workers (1979) observed thaet a 100 km running race produced
en immediate elevation in plasma urea levels though an increase
in urinary urea was observed only a2fter 24 hours of recovery
from the exercise. These results support the observations of
FRefsum end Stromme (1974; 1975) who observed a 60% elevation in
plasma urea immediately following 70 and 90 km cross count;y ski
racing. These investigators also found elevatgdﬂurinary urea
levels although no significance was achieved until the day

, following the events. The reason for immediate elevations in
plasma uree levels and delayed changes in urinary ureavmay be
explained as a result of kidney function during exercise. It is
generally accepted thet urinary urea elimination rate is

\\\\/inpaired, to -some extent,gby exercise (Haralambié and Berg,

1976). In fact, a depression in urea clearance has been reported
during a2 70 km ski race (Refsum and Stromme, lg]?). However,irrwm
this lower elimination by the kidney m;y be compensateéifof b§

the excretion of urea through the process of sweating (Lemon and
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Mullin, 1980). Lemon and Mullin (1980) determined that by
combining both methods of urea N excretion (urine and sweat),
the observed exercise depression in kidney excretion was
completely compensated for by sweat urea N. They propoéed that
the increased serum urea N levels found with exercise do. in fact

reflect an increased protein catabolism. ‘

Inc;eases in nitrogen production reflect an increase in
amino acid catabolism. This may occur due to an increese in
gluconeogenesis during exercise as amino acids may be used as
gluconecgenic precursors. Alanine is quantitatively the most
importqng gluccneogenic emino acid as it represents a means of ~
conveying nitrogen groupé from muscle to liver (Felig, Owen and
Wahrenf“1969). Because of the predominance of alanine in the
aminc ecid output from muscle and in view of the fact that
alanine is largely derived from pyruvate, Felig (1973) has
described a glucose-alanine cycle involving both muscle and
liver. The carbon skeletons of alanine may originéte from other
amino acids, thus posing the possibility that alanine trensf?h\
between muscle and liver may not cnly repreéent the recycling of
carbon skeletons but also 'de novo' synthesis of glucose
(Goldstein and Newsholm, 1976). While amino acids could be
utilized in this fashion as a scurce of carbon for energy
production, their role would most likely be minimel. An /
elevation in protein metabolism probably occurs to provié@yan
amino acid source for pyruvate removal kMole and Johnson, 1971}_

wabtren et al., 1973) via the glucose alanine cycle as well as

-
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for controlling levels of tricarboxilic acid cycle (TCA)
intermediates (Lowenstein, 1972). A variety of conditions result
in alterations in TCA cycle intermediates, including exercise.
The suggestion that exercise inducés an increased leakége of
intermediates from the mitochondria (Cerny, 1975) would imply
the need for increased participatin of amino acids for the
replacement of the intérmediates during exercise metabolism.
Nitrogen excretion has been traditionally used as a measure
cf muscle protein catabolism. Eowever, caution is advised when
using this method of determining myofibrillar degradation.
Interpretation of results from studies using amino acid tfacers
are mede difficult since most amino acids released during
int;aqellular protein catabolism can be extensively reutilized
fcr protein synthesis within the cell (intrecellular recycling)
or mey be transported to other organs where'tbey nay enter ¢1
pathways of protein anabolism (intercellular recycling} (Young
and Monro, 1978). While an increacse in skeletal muscle
degradation will result in a subsequent increase in N production
and excretion, an elevetion in N levg}s may not necessarily
reflect a proportional rise in musclé protein breakdown. The
contribution of N frbm the body's\g pools and from the |
degradation of protein in liver (Gontzea et 2l., 1975) must not
be ignored as sources of urinary N. ﬁofeover; it has long been
recognized that exercising muscles have the ability to produce N

~

by the deamination of AMP (Lowenstein, 1972).
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Of the three types of_mugcle fibers, fast glycolytic (FG),
fast oxidative glycolytic (FOG), and slow oxidetive {S0), AMP
deamination is greater in PG fibers than in slow twitch fibers
{Meyer and Terjung, 1979). In view of these facts and éhe
evidence of greeter recruitment of fast twitch motor units as
exercise intengity increases (Gollnick et &l., 1973(a);
1873(b)), there is a definate pessibility that N ex%getion
values may overestimate the actuzl quantity of myofibriller

protein being degraded with high intensity exercise.

1.1.1 Encdocrine Response to Exer&ise

The role pleved by individuel hormone repsonses of muscle
protein metabolism is difficult to eveluate, Exercisé in human
subjects causes many changes in theicirtulating levels of
hormones. The degree of change depends upon the the nutritional
state of the subject (Ahlborg -and Feliq, 1977}, the extent of
training (Hartley et al., 1972 b; Sutton et al., 1978) and the
intensity of the exercise (Hartley et al., 1972 a; White et al.,
1976; Davies ané Few, 1973). Furthermore, evidence of endocrine
respcnse to exercise demonstrate that these hofmonal changes are
temporary and occur during, as opposed to following work
(Bartely et al., 1972 b; Keul et al., 1981). ‘ ' .

Mild exercise enhances blood glucose uptake into skeletal

muscle (Wahren et al., 1971). Mezintenance of blood glucose

homeostasis is made possible via endocrine changes which
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preserve blood glucose for use by the CNS and brain {(Pruett,
1971). Bormonal responses to hypoglycemia include increases in
‘epinephrine, growth hormone, glucogon and cortisol as well as a
depression of insulin levels, all -of which are liiely Qediated
by blooé glucose levels as well as from sympathetic discharge
from the autonomic nervous system. The elevation of
glucocorticoids, are of perticuler interest in this review. The
principle functions of glucocorticoids are concerned with the
metabelism of carbochydrates, fatty acids and protein, These
ii;;;;;; stimulate gluccneogenesis resuiting in an increase in
tte hepatic conversion of amino acids into glucose. Cortisol
stimulates protein cetagbolism in muscle and subsequent reléase
cf aminc acids into the circulation (Terjung, 1975).

The responsé of glucccorticoid release with exercise
appears to be dependent upon the intensity of work inveolved in
relation to the subject’'s maximel work output rather than the
absclute amourit of work being performed (Hartely et al.,, 1972 a;
Davies and Few, 1973; White, Ismail and Bottoms, 1976). Davies

and Few (1973) tave suvggested that a workload of greater than

6C% of VOymax. is necessary to elicit a rise in cortisol levels,

1.2 Urinary 3-Methylhistidine Excretion

There is, accordingly, a need for a non-invasive method of
measuring the absolute rate of skeletal muscle protein

catabolism. Urinary 3-Methylhistidine (3MH) hLas recently been
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exploited as a quantitative index of myofibrillar protein
turnover in humans. 3MH was first identified as a component of
urine by Talen (1954). It was later indentified as a constituent-
of both actin and myosin. (2ssatoor and Armstrong, 1967; Johnson
et al., 1967). 3MH is present in the globular head of the myosin
heavy chain (MHC) and constitutes the 73rd residue of the actin
polypeptide chain (El%inga et al., 1973). This derived amino
acid is produced by methylation of a histidine residue and is
present in actin of all cells and myosin of FG fiber types

N .
(Young et al., 1970; Johnson et al., 1967). It has been
demonstrated that there is 1 mole of 3MH per mole MHC in FG
myosin howe%er, it is absent in the myosin of fetal muscle,

—

cardiac muscle and both oxidative fiber types (Keuhl, 1970). 3MH

Pl

does not charge tRNA, therefore does not undergo metabolism or
reutilization for protein synthesis and éonsequently is
guantitatively excreted in an identifiable fqrﬁ in the urﬁne“
(Figure 13). It is released et the same tim® 2s other amino
acids dqring myofibrillar protein catabolism (Méngd and Young,

1978). Studies have demonstrated that 3MH is exyreted as the

unchanged amino acid in man (Young et al., 1972; Haverberg et

al., 1977) rather than as it's N-acetyl derivative in rat
(Haverberg et al., 1875(a); 1975(b): Long?gg al., 1975). In f
addition, Long et al., (1975), confirmed the gquantitative
Qxcretién of 3MH by mén by demonstrating the aksence of
detectable 14C02 in the expired air following administration of

(14c)3mMH,
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-yofibrillar protein degraded in human subject it ts necessary

to know the concentration of protein bound 3MH in skeletal

-

muscle. Tonas, Ballard and Pope (1979(b)) have determined the

3MH content of human muscle to average 3.59 +0.06 umol-g'1 for

subjects between 4 and 65 yrs (Table 8).

TABLE 8. 3-METHYLEISTIDINE CCN%EQT IN HUMAN MUSCLE
&
I B S .
subject wet muscle protein
(mg-g™) " (umol-g™)
2 days’ 169 \fl49
21 days 195 2.61
$ 4.0 yrs - 172 3.41
5.6 yrs 199 3.62
9.2 yrs 198 - 3.54
9.5 yrs 198 3.89
e 1332 yrs o 188 341
13.3 yrs 247 3.68
19.0 yrs 213 3.84
65.0 yrs 220 - 3.64

Values are for left vastus lateralls muscle except

-for the subjects aged 19.0 and 65.0 yrs, from whom
samples were obtained at autopsy. {From Tomas et al,

1979(b))

The use of 3MH as a measure of the rate of muscle protein

degradation assumes that the majority of urinary 3Hﬁ is’releasé

from skeletal muscle, with only snallfsiouqts coming f;om;other

organs and tissues. The analysis of the major tissue of the rat

by Eaverberg and co-workers (1975) suggests that more than 90%
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of protein hound 3MH in the body is located in the actin and | E

- -yosxn of skeletal -uscle. A report by Nishi:awa et al., (1977)

demonstrated skin hnd gastrointestinal tract (GI) saooth‘nuscle

to be additggﬁal sources of endogenous 3MH. Although the kf.i: .

content of these tissues is low, their contribution to total 3MH

excrétion was estimated to be approximately 16%. However, in

4

segments of skeletal muscle that remained on the bones of their

animals, their assessment of skeletal muscle contribution of 3MH 3

estiuated that the actuzl contribution should 53;50!, a value | 1
similar to that shown by others (Haverberg et al., 1975); | '
Millwafd, Bates, Grimble and Brown, (198b(c)), ﬁsiné afsingle
injection of (methly-l‘C)nethionine, to deterni;e’that up to 75%
of urxnary 3HB was derived ftOl non—skeletal muscle sources.

wh11e in a more recent study, using a procedure incorporating

" labelled histidine in rats, Bates andﬁnilluard,119al1+Wprdvide,WHWW”,,,,“
evidence that approximately half of the 3MH excreted is derived |
from skeletal ﬁuscle. Harris (1981) has questioned the validity

“of both studies, critisizing the fact that the 3MH pool size was
taken from the Nishizawa study (1977) which miscalculated the

turnover rates of skeletal muscle. On the other hand, tHe

results of Wassner and Li, (1982), would appear to support those

of Bates an a . It p r

and Li, 1982), they report that skeletal muscle contains
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tract and skin contain 3.8 and 6.4% respectively. These antﬁerg;;;

‘ocbserved that GI tract acta-yosin turns over 17 tinea faster
than skeletal muscle actomyosin. The large fractional catabolic - 7;
rate of GI muscle resulted in the production of 41% of SHB . | |
produced. | 7 |

Each of these experiments raises doubts about’ the

L 4

’”*”"assunption'that’skeietxi nmncie is*the~soureeﬁof*3nﬂ4in4the ng

RO - S UV

urine of the rodents. How relevant these studies are to the

human bgdy remains to be deternined The only evidence in the

degradation ané no detectable skeletal ﬁuscle (Afting et al.,
1981). It was found that skeletal muscle tissue is the major
contributor of 3MH in the urineretrman, ferming approximatelyr
75% to that excreted in the urine. One may speculate that in a

healthy human body, the skeletal muscle contribution to BHH

might be even greater due to the large mass and its high coqtent
relative to other tissues (Elia et al., 1977). I
A major problem in the use of urinery 3MH arises from the
demonstration that ingestion—qf protein containing 3MH ]mea:)
will alter 3MH excretion in a dose-related fashion (Harliss?gﬁ
2l., 1979). Nonetheless, there is strong evidence that three i

days of a meatless diet will dramatically reduce the excretion :

of 3MH, thereby reducing the dietary contribution of the. amino —

, o | et -

al., 1980; Tomas et al., 1979). Results from pilot work in this
 laboratory support these findings (Figure 14).
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other procedures for use in human studies m as it is

non—invasive and since all skeletal muscle contribute to the

output of 3MH, not only a se].ect £ew as observed in othet

methods.

"’f”' ~
o
P ‘d
£ ,
)
£
- & 55+
<
'0 S+ N x
X
- . x ’
5.
s o
F o . __ o o
1
" 4
»
- v’ .\ / .
3 0y Ly '
,0"‘0“ o Tom Zoi AN o
DAYS 7 - '
- .
lhxly excretion of 3-Methylhistidine

Figure 14.

urinary
for five adult male subjects prior to and
during 6 days of a meat free diet. Values
are means of 24 hour collections.
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1.3 3-Methlyhistidine Ezcretioqﬁwiﬁ%ﬂsxercise -

\

With these limitations in mind, 3MH has been used as an in

vivo label of the rate of myofibrillar protein'degradation in

man wlth exercise (Decombaz et al., 1979; Rennie et al., 1981;

Millward et al., 1982 Bohn et. al., 1982). Unfortunatelyr—,
resulés to date have been conflicting, Decombaz et El; 1979, in

a study described preVIously, observed 2 48% depression .in

rrurlnarf 3MH excret1on during the final half of a 100 km run.
This returned to slightly above pre exercise levels during a
post exercise recovery period. Interpretation of these results
are difficult as the timing of the urine collection post
exercise va?ied from 18-25 hours (although discussed as '24
~-hours'). Similar decreases in the excretion rates of 3MH were
observed by Rennie et al. (1981) and Millward et al. (1982).
Rennie and co-workers also observed a return of urinary 3MH to
just above normal pre-exercise values within 5 -hours of recovery
from 3.75 hours of treadmill runningvat 50% 602 max. Contrary to
this, Dobm et al., (1982), using rats observed an elevation in
3MH excretion that continued for 48 hours following 3.5 houro of

treadmill runn1ng to exhaustion., In the same study, but wih |

human subjects, steady state subnaximal running (1.5 hours)

resulted in an increase ingurinary 3MH du?ing the 24 hours

period follow1ng the exercise bout, while one hour of circuit

weight training resulted in a slight, yet insignificant,
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elevation during the same urine collection period.

LY

It must be noted that the experiments in which dep;;ssed
3MH excrefiak\ggs been répotted all vary in post:exerciéé urine
collection timing, none of which are a full 24 hours. in'
addition, the study displaying the greatest depression in 3MH

excretion involved an extremely strenuous prolonged single bout

of exercise (Decombaz et al., 1979). . . .

1.4 Urinary Creatinine Excretion

————free weight. According to Greystone's report (1968), 1 mg of

N creattniné*excrEted‘ig:the‘urine4is—reiated—to—nuscie—and—fat

The expression of 3HH excretion corrected for body weight’
takes no account of the proportion of muscle tissue in the body
and may not be very accurate due to subject variations in body
coﬁposition as well as fluid shifts, especially during exercise.

Creatxnine is considered to be a relatively ‘constant*

;6m§§nent of urine, grossly associated with body composition
(Folin, 1905). Because of the appareptly large p:ecu;sorwsqurce,
creatine, in the muscle tissue (Brosook gg,gi.,71947) and the
direct proportionality of body creatine to UCE demonstrated in a
number of isotopic dilution (Hoberman et gl;, 1976; Forbes and
Bruining, 1976) and body density studies (Greystone, 1968), it
has been genetally\écknowledged that the amount of utinary

L)

creatinine excreted is equivalent to 20 grams of muscle.

I
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liberated during the dephosphorylation of creatine phosphate and
is subsegquently excreted by the kldney (Harper, 1979). Bowever,

(it is recognized that the rate of creatinine excretxon is not

. precisely constant and may be-effected by diet (Peters, .1973;

Crim et al., 1975; ¥Wood et al., 1976; Forbes and Bruining, 1976)
as well as exercise (Refsum and Stromme, 1974; 1975; Decombaz,

1979). .

‘Exogenous dietary creatine and creatinine sources will

 definately influence UCE varizbility (Crim et al., 1975). High

protein foods, such as meat ‘and fish also have high creatine and
creatinine content which when ingested may be excreted unchanged
in the urine (Crim et al., 1975; Forbes and Bruining, 1976).

Muscle biobsy studies have demonstrated severe depletion of

creatine phosphate sfores in skeletal muscle with exhaustive

exercise (Bergstrom, 1967). It thus may be hypothesised that
accelerated cFeatinine production will occur during exercise.
Results of studies on the effects of exercise on UCE are
confounded by exercise induced depression of renal flow and

glomerular filtration since creatinine clearance is a measure of

renal plasma flow.

While creatinine excretion is depressed during exercise

SRR T IR )
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(Refsum and Stromme, 1974- Decombaz et al., 1979) it is

significantly elevated following terminat1on of endurance

exercise of greater than one hour duration (Srivastava et al.,

1967; Refsum and Stromme, 1974; 1975; Decombaz et al., 1979;

“
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(Dohe et al., 1982). While creatjnine excretion was reduced by

50% during a 100 Km road race, it rose significantly above pre
exercise levels within 18-25 hours of recovery (Decomqu et al.,
1979). These observations are in agreement with Refsum and
Stromme (1974) .who found msrked increases in creatinine
production during the 24 hour'period following prolonged
exercise (5~8B hours). Sirilar results were reported after 1.5

hours of submaximal running (Dohm et al., 1982). The only known

study of UCE following short duratior work, Dohm and co-workers
{1982} revealed no significant alteration in creatinine |
excretion after an acute exercise bout by weight lifters. |

In view of the fact that urinary creatinine may be an index
of leaniﬁody mass, many inves}igapors.have begun to express
urinary 3MH ig terms of total muscle mass, or creatinine
excretion (Tomas et al., 1979; Ballard et al., 1979; Seashore et
al., 1981; Dobm et al., 1982) as this method makes an allowance
for differences in muscle content.

The fraction of contractile proteins degraded may be
calculated from the expression:

%
% Protein degraded per day=
pmol of 3MH excreted ber da§'* 100

~ 7 pmol of m’ifmsm’fmﬂdﬁ;"*”" - o -

Where,
the total amount of 3MH in muscle protein

is equivalent to the product of 3MH content
in muscle protein (3.59) and the amount of . . .

muscle protein.
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and,

the amount of muscle protein in the body is
calculated from the UCFE rate (1 mg CR = 20gm
muscle) and the protein content of muscle

(20%).

= 3MH excreted per day * 100

(3.59){(CR * 20)0.2)

(Prom Ballard et al., 1979)

While many have reported 3MH/CR ratio, only one exercise/
studyrip the lite;gturerhas utilized this method'to describe
myofibrillar protein degradation. Déhm_ggtg;., (1982) correctedr
urinery 3MH for UCE and reported that as prolonged running
increased 3MH excretion more dramatically than creatinine
excretion resulting in an elevated 3MH/CR ratio. This would
suggest @ rise in the fractional rate of myofibrillar protein
catabolim,’ﬁdwever caution must be*taken“wheﬁ interpreting this
ratio measufe‘since changes in creatinine would suggest an
alteration in the muscle mass of the subjects. Since this study
utilized only one acute exercise bout, it is doubtful that lean
muscle mass’changed. It may be suggested that while the 3MH/CR

ratio will be an accurate index of the fraction of skeletal

muscle protein degradation during rest, any situation leading to

increases in creatinine would cause an underestimation of

- myofibrillar bregkdown.
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1.5 LyseseuaiAEnzyme~Aetivityﬁw,7m,‘f, [

Recent investigations of lysosomal enzyme actf%ity and
exercise point éoward a possible délayeé response to exercise.
There is direct evidence of increased lysosomal enzyme
activities{ particularly CathepsintB, Cathepsin D (Cat B and Cat

- D, reséectively), and Calcium Activated Protease (CAF), during
periods of physical exertion (Vihko et al., 1978(a); 1978(b)).
' It has been clearly demonstrated that intense exhaustive (Vihko,
\13378)»an57pr016ﬁged submaximalr(Saiminen and Vihko, 1980)
-exercises both induce he;rotic lesions in sieletal muscle.
exhaustive running also stimulates the-lysosomal‘system ;f
surviving fibers, especially of rea oxidative fibers (Vihko,
1978a); 1979; Salminen and Vihko, 1980). The highest activities
of acid hydrolese, partic#lary,éat D, has been demonstrated by

Vihko et 2l., (1978a), to be meastred 3-5 days post exhaustive
exercise. These findings have been substantiated by more recernt
work (Salminen a2nd Vihko, 1980) which demonstrated major
necrotic lesions 5 days following prolonged running in mice .
concomitant with elevated acid protease activity.réchott and

Terjung (1979) in a study using trained animals, .observed no

alterations in any lysosomal activity at 0 hr and 24 hrs of

recovery from a single acute exhautive exercise bout. Thefe are

many possible explanations for the apparent -discrepancy between
these results and those of others: the animals in their study

(Schott and Terjung, 1979f‘performed‘the acuterwofkrimmediatéiyr
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following 2-4 weeks of training. It has recently been reported

that training results in lower activities of lysosomal enzymes
(Salminen and Vihko, 1981). In addition, while no changes were
observed immediatly following the exercise, it is quité
conceivable that there was a delayed effect much like that
described by others (Vihko et 2l., 1978; Salminen and‘vihko,
1980). o

Both Cat D and Cat B are capable of degrading purified
actin and myosin heavy chains (Weinstock and iodice, 1969; Hardy
et al., 1977; Bird, 1978). Inm addition, a Catt=activated factor
{CAF) has been purified from skeletal muscle tissue and found to
cause complete removal of Z-bands (Busch et al., 1978) as well
2s M-lines from‘intact myofibrils (Smith, 1978). Dayton et al.,
1979, and others (Martin et al., 1974; Reddy et al., 1975) have
purifie¢ CAF and determined it to be a very potent proteinese
capable of selective degradation of certain myofibrilar |
proteins. When CAF is incubated with intact myofibrils,
a-aétinin is released from the Z-lines with a resulting
degradation of troponin, tropomyosin C~protein and M-protein
(Bird and'Carter, 1980).

These obseryafions have definate implications fér exercise.

Priden, Sjostrom and Ekbloom (1981) have provided evidence of

- structural changes following eccentric exercise, involving

broadening and occasional disruption of Z-bands in muscle—
fibers. Schwane et al., (1983), determined that running down an

inclinme resulted im greater, but delayed, muscle soreness than
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did level running. The greater soreness gp}lggéng eccentgig

exercise is believed to result from greater stress on connective,
tissue in addition to higher tension per working muscle fiber as
opposed‘to ‘concentric contraction (Wélhsley, 1978)? friden and
workers have put forth the hyopthesis that'disruption of the
Z-band in muscle may ieaé to the degradation of protein, the
release of protein bound ions end thus the ensuing soreness. The
disturbance of myofibrillar protein during exercise may present
the structural components to hydrolysis by the ‘lysosomal acid
proteases. Furthermore, as Armstrong et al. (1982) suggest,
intermyofibrillar acid hydrolases.may conceivably be relezsed or
stimnlated as a result of high tensicns in the fibers.

While it is well documented that these lysosomal acid
hydrolases indeed degrade skeletal’muscle protein and are
activated following prolonged exercise, no direct measurements
of protein degradation have been made in conjunction with
hydrolase studies. Moreover, all present investigations of
lysosomal activity heve been performed using animal models.
Therefore the physiological significance of acid hydrolases in
human skeletal muscle following exercise remains to be
determined.

The mechanisms involved in elevated skelgtal muscle

lysosomal enzyme activities are, as yet, unclear. Protease

activity appears to be inversely related to pH. The pH optima of
Cat D has been estimated at 4.0 (Bird et al., 1978) with that of

Cat B being pH 5.2 {Barrett, 1978; Bird et al., 1978). While it —
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may be suggested that the acid pH required for complete'

activation of these enzymes is unphysiological, both Cat B and D -

have been shown to have sufficienfg activity at higher pH to be
significantly involved in degrada!‘be processeé (Barreéf, 1978).
In additiQn, Dayton et 2l., (1974), has demonstrated that CAF is
éptimally active at pH 7.0.

During maximal exercise of short duration, large changes
occur in the acid-base metabolism, primerily due'to the
production of lactic ac?d which results in a decrease in blood
and muscle pH (Hermanson, 1971). Intermittent work can result in
a blood pH of 6.8 and slightly lower muscle pé‘(Osnes et al.,
1972; Sahlin et al., 1976). This decrease in muscle and blood pH
following high intensity exercise may be an activating mechanism
for lysosomal enzymes and subsequent turnover of myofibrillar
proteinss _

Another possible mechanism for elevated protease activity
post-exercise may be endocrine mediated. Mayer et al., (1976),
reported a two-fold incresse in the activity of an unidentified
- myofibrillar proteinase focllowing a glucocorticoid treatment inr
rats, similar to that of Tomes et al., (1979) and Santidirian
and co-workers (1981). These latter research groups demonstrated
that aéministration of glucocorticoids similar to levels found
with high intensity exercise, resultea in an acceleration of
myofibrillar protein catabolism as indicated by 3MH excretion in

adult rats. These preliminary findings indicate a need for

greater investigation of endocrine controii?f lysosomal
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activity. Indeed, further research of the mechanisms controlling

protease activity is required for a better understanding of the
‘role they play in exercise induced myofibrillar protein

degradation.

1.6 Skeletal Muscle Protein Metabolism

While it has been demonstrated that exercise does elicit an
elevation in the degradation of myofibrillar protein, tge
magnitude of this change is dependent upon the intensity‘and, to
a greater extent, duration of the work performed. As degradation
is only a part of protein turnoﬁer; exercise effects onrprotéin
synthesis must also be considered prior to discussing skeietal
muscle protein turnover. While the rate of protein synthesis

post-exercise was not determined in this thesis, this phase of

turnover must be considered when interpreting an increase 1in

i A

prateip degradation. ‘
Exercise studies have demonstrated that skeletal muscle

protein synthesis is initially dépreésed;bx exercise (Bates et

al., 1980; Rehnie t al., 1980) while others ha§é found an

increase above normal levels 2-24 houfs following terminatioﬁ of
exercise (Goldberg, 1968b;,Rogers et al., 1979; Rennie et al.,
1980; Dohm et al., 1982). '

- Elevated myofibrillar degradation fbllowing”exéfcise‘may in
fact be related to an inezeaéerinrprotein~synthesisf It is

unlikely that exercise results in a net loss of myofibrillar

protein. Indeed, muscle hypertrophy has been observed in trained
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degradation (Consolézio<g£,gi.,“1915). This would, at first,
g _

appear contradictory, however a net protein synthesis

(hypertrophy) could occur %n the muscle even thouéh overall

protein turnover has increased. - -

The physiologicel significance of increased myofibrillar
protein degradation following exercise remains to be clarified.
However several explanations cculd be extended. Post-exercise
protein catabolism may serve: 1) as a method of providing amino
acid precursors for gluconeogenesis and maintenance of blood
glucosé levels, 2) as a mechanism for redistribution of amino
acids for growth andvremodelling of ;keletal muscle tissve, 3)

L

as a trigger mechanism for net protein synthesis.
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