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“ABSTRACT

Sixty-two male Wistar rats were divided into five Broups:
sedentary controi (CON), exercised aerébic (EAE), exercised anéerobic
(EAN), trained aerobic (TAE), and trained anaerdbic (TAN). Following
a two-week progressive pre—-training session, the.éefobic animals (EAE
and TAE and the anaerobic animals (EAN and TAN) were able to run con-
tinuously for 5 min ;t 40”m/min—152\incline, and intermittently for
10 bouts (15 sec work and 30 sec rest; 80 m/min-15% incline respec-—
tively. The exercised animals ran only once a week énd the trained
animals were run pwice a day, four dayé a week thereafter for eleven
weeks. The runging scﬁeéule aliowed a gréduallttaining overload.

Equivalent physical work output was assigned between exercise (EAE

and.EAN),and trained (TAE and TAN) groups 'during all running essions.

Muscle and liver glycogen concentration was measyred as wgll as mus-
cle fiﬁéf*gtycogen depletion pattern immediately followi g‘an acute;
test (acute situation) aﬂd two days following a perfo;ma’ce test t
exhauStioﬁ (chronic situation). Muscle enzymes (phosphoryla d

hexokinase) were assayed in the latter condition. In spfte of equiv*f

. : . . s

alent physical work output, training caused a slightly higﬁervin—_’
creas; in the anaerobically .trained animals for hexokinasé actiGity'
in vastus lateralis white (VW), vastus lateraiié,red (Vﬁ>nand soiéﬁé
' (SOL) muscles (57% (p<.05), 75% (p<.05) and 40% respectively) as

‘compared to aerobically trained animals (20%, 34% and 2§z for Vw, VR

and SOL réspgctiﬁély) over control values. Muscle glycogen levels were



not significantly réduéed after the acute tést as coﬁpared to the
aée—;atched sédentarylcﬁntfql; Qi&gogen depletion patterns in the

" different muscle fiber:£ypes seemed related to work intensity rafhe;
than durationf ;Training led to a 2.4-and 3.2-fold increase in run-
n;ng ﬁimes‘for TAE a;d TAN'respectively; the_létter group 3.7/Fimes

‘longer than the former one. *
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CHAPTER I
INTRODUCTION

The intricate factors related to muscular fatigue have led
investigators to elucidateothe cau%es leading td a decrement'in work
capacity. Considerable evidence tends to support the hypothesis that;
depletion of carbohydrate Stores can play a sigcificapﬁ role in the
development of muscular fatigue during physical Qork‘(Baldwin et ai.,
1975, Costill et al., 1973, Gollnick et al., 1973).

Depending on work coﬁditions, selective depletion ofAmuscle

‘~fiber glycogen stores may occur (Baldwin et al., 1973, 1973a,

Gollnick et al., 1973a, 1974, He{ nsen et al., 1967, Costill et al.,

1971, Gillespie et al., 1974) Thepefore, glycogen depletion specific

e
to exercise intensity and duration has been shown to be related to

decreased performance times in either interval sprint types of work

{

’ A
or endurance running.

It is the purpose of this study to determine whether chronic
exercise training of & sprint or endurance nat = will differentially
o

affect the total glycogen depletion and pattern 35 skeletal muscle
and liver,

ith regars the metabolic events leading to an activation
,of‘glycolysis, i: is su _gested on one hand that aerobit . 3ininé
might induce a de-r~ase ‘n phosphorylase activity (BaldW;L et al.,
‘1973) as .opposed to Jbstantial increase (Huston et al., 1975)

and on the other hand anaerobic training does not seem to cause any



changes in phosphorylase activity -(Staudte et al., 1973) but the
findings of Sadbert IV et al., 1973, indicated a signifitant in-
crease in soleus muscle. Such a discrepancy may be explained by
the duration of the training period, the muscle analyzed and/or the
method used. However, hexokinase activity seems to increase in both
types of exercise training with changes most marked in the muscle
fibers recruited (Staudte et al., 1973, Baldwin et ai., 1973a,
Hollosz? et al., 1971): Exhaustion, though, is reported to cause
a decrease in hexokinase activity (Huston et al., 1975, Barnard and
Peter, 1969).

| Since adaptations in hexokinase and phosphorylafe with dif-
ferent types of training is still unclear, the chronic adaptation in
these metabolic markers will be determined to help explain changes in
gi§eogen depletion patterns.

In order to clarify whether alterations in the glycogen depletion
pattern 1s intensity-duration specific and not a function of differences
in total work output, the total wor" output in the two training groups
will be kept equivalent.

In view of_the 1imitation§ imposed by the substrates involved
in glucose phosphorylation, the enzymes phosphorylase and hexokinase
are believed to offer some insight in this training Program analysis.
The periodic acid Schiff (PAS) stain Qas used td evaluate the differ-
ential glydbgen?depletion pattern of muscle fiber types which were
classified histochemically (myosin ATPase, NADH diaphorase, a—glyc—
erophosphate dehydrogenase) as fast- twitch glycolytic (FG), fast~-
twitch oxidative glycolytic (FOG) or slow—twitch oxidative (SO)

according to the system of Peter et al., 1972. White vastus lateralis



red vastus lateralis and soleus muscles were sclected to represcn.
primarily FG, FOG and SO fibe}s respectively.

I

Statement of the problem

This study is desis 'd to compare the effect of aeroﬁic and
anaeroblc training on élycogen depletion in liver and in different
types of rat muscle fibers when physical work outpﬁt ié equivalent.
Enzyme activities of hexokinase and phosphofylase were used to é?al— ..
uate'tﬁe metabolic potential of glucose phosphorylation and glyéo—

&

genolysis respectively.

Limitations

Extrapolation of this study to human beings must be made with
reserve since the species differences include factors such as fiber
type distribution, developmental and metabolic ,patterns of the mus-

cles studied.

Subjective evaluation of PAS staining using an arbitrary
scale as well as fiber typing (intemnsity of staining for ATPase,

a~GPDH and NADH-diaphorase activities).

a

Definition of terms

Acute situation: condition in which the animals were sac-

rificed immediately following cessation of the acute test.

Aerobic training: continuous running at 40 m/min and 15%grade

-



3

Anaerobic trainingf running at 80 m/min and 15% grade with

work periods (15 sec) interspersed with rest periods (30 sec).

Chronic situation: condition in which the animals were sac-—

rificed at least two days following the last training session.

Control 1 (CON1): sedentary animals (N = 7) sacrificed one

week after arrival at approximately 5-6 weeks of age.

. Lontrol 2 (CON2): sedentary animals (N = 7) sacrificed at the
y \ {
end of the experiment and handled every day.

Equivalent total work output: total work periods corr%sponding

for the anaerobic group twice ast fast but twice- as short as compared
to the aerobde group e.g. 10 repetitions of 15 sec work bouts alter-
nated with 30 sec rest periods (total work time: 2:30 min) at 80 m/min
1s equivalent to 5 min (continuous work) at 40 m/min.

Exercised aerobic (EAE) :  animals (N = 12) submitted to pro-

gressive training in preparation for aerobic work (40 m/min, 15% grade)
and trained once a week thereafter for ‘eleven weeks. This group was
subdivided in two groups: EAEC (n = 6) chronic situation and EAFA

(N = 6) acute situation. ,

Exercised anaerobic (EAN):  animals (N = 12) submitted to

progressi#e training in preparation for anaerobic work (80 m/min, 15%
grade) and trained once a-week thereafter for eleven weeks. This
group was subdivided in two groups EANC (N = 6)‘chronic situation and
EANA (N 6) acute situation. Each one of these énimals were yoked

P

with an animal in group EAE and performed an equivalent total work

during exercise sessions.

Fast-twitch glyéolytic_gFG): muscle fibers with high glycolytic

<

i



5

capacity, low oxidative capacity, high ATPase activitﬁ and fast-twitch
contractile properties (high a~GPDH, low NADH-D and high ATPase).
This nomenclature is based on the classification of Peter et al., 1972.

Fast-twitch oxidative glycolytic (FOG): muscle fibers with

high glycolytic capacity, high ovidative capacity, high ATPase activ-
ity and fast twitch contractile properties (high o~GPDH, high NADH~

and high ATPase).

Slow-twitch oxidative (S0): muscle fibers witH low glycolytic

capacity, high oxidative capacity, low ATPase’activity and slow-twitch
contractile properties (low aGPDH, high NADH-D and low ATPase).

Trained aerobic (TAE): animals (N = 12) submitted to pro-

gfessive traiging in preparation for' aerobic work (40 m/min, 15% gradej
and tfained twice daily four days a week thereafter for eleven weeks.
This group was SubdiViAed‘in two groups TAEC (N = 6) chronic situation
and TAEA (N = 6) acute situation. |

Trained anaerobic (TAN): animals (N = 6) submitted to pro-~

gréssive tfaining in preparation for anaerqbic.work (80 m/min, 15%
grade) and trained twice daily four days a week thereafter for eleven
weeks. This group was subdivided in two groups TANC (N = 6) chronic
situation and TANA (N = 6) acute situatign. Each one of‘ﬁhe-apimals
were yoked with an animal in group }AE and performed an equivaleﬁf -

total work output during training sessions.

Abbreviations
t

‘\‘

1

a-GPDH:" a-glycerophosphate dehydrogenase (EC 1.1.99.5)



ATP: adenosine tri-phosphate R
ATPase: adenosine tri-phosphatase (EC 3.6.1.3)
°C: degree Celsius

cﬁ:' centimeter

,CON: control

‘CPM: counts per minute

DPM: disintegration per minute
EAEA: Exercised AErobic Acute N

EAEC: Exercised AErobic Chronic

EANA: Exercised ANaerobic Acute

EANC: Exercised ANaerobic Chronic

FFA: free fatty acid t

FG: fast-glycolytic

FOG: fast—oxidative glycolytic

FT: fast-twitch

g: gram

HK: hexokinase (EC 2.7.1.1)

m: meter o _ o o
mg: miliigram

M: micron

ymole: micromole’
min: minute
mmole: millimole
NADH-D: kreduced nicotinamide adenine dinucieotide diaphorase
__ PAS: periodic acid Schiff |
P;;é: Phospﬁoryiése‘(EC 2.4.1.1)

sec: second



‘SEM: sfandard error of the means
SOL» soiéus auscig
lST: slow-twitcﬂ

TAEA:' %rained.AErobic Acute - N i
TAEC: Trained AErqbic~Chronic . ' \
" TANA: Trained Aﬁaérobic Acute 0
TANC:  Trained ANa;;:robi_c Chronic .

U: (internatiénal) Uﬁit or umole/min
Voé max: maximal oxygen consﬁmption per minute
"VR: vastus lateralis red muscle |

VW: vastué lateralis white muscle



CHAPTER II

——

. ‘ -
REVIEW OF LITERATURE ..

l,TQferobic work: glycogen metabolism and muscle glycolytic enzymes
R L
e

.1 Glycogen utilization

* The muscle contractién process 1is known to-be energy dependent,
with the direct eﬁergy source, ATP, being largely supplied by glycol-
&sis and mitochondrial oxidative phosphorylation during a moderate
intensity exercisé. In skeletal muscle, glycogen reserves are acting
asithe main carBon substrate for energy production especially at the
onset of exercise. N |

.Based on -these faéfs, Gollnick et al., 1974, were interested -
in looking at the‘glycogen depletion pattern“in’human skeletal muscle
/fibers following exercise at varying work intensities.. Their results
demonstrgted that for work loads reqﬁiring less thaﬁ 100%Z of maximum
oxygen c;nsumption (602 max) , slow-twitch (Sd) fibers were the first
to lose glycogeﬁ. Even during light exercise (30% VOZ max) the raté&
of oxidation of substances éther than glycogeq like blood glucose,
plasma free fatty acids (FFA)’and‘intramﬁscular lipids was insuffi-

4

clent to §atisf§ exercise energy needs and glycogen loss in ST fibers
was obsefved at a rather eafly stage after the onset of exercise. As
exercise proceeded, subsequent ST fibers became glycogen depleted

suggesting'additional recrultment of motor unité. Even though ST



fibers were the first to be depleted of their.glycogen stores at
high workloads (83% 602 max), fast-twitch (FT) fibers played an iﬁ—
portant role in handling higher tension developed by muscle as well
as higher energy demands. This is in total agreement with a previous
sfudy of Gollnick et al., 1973. .
A similar finding was noticed ié a study done by Costill et al.,
1973, wﬁere_ﬁrolonged running led to selectiye‘and marked glycogen .
depletion of ST fibers with only a minor reduction. in FT fibers. The
average oxygen uptake was 83% of 902 max Jincluding down- and uphill
conditions. Hohever; of some intergsF was the.observation that the
situation is more complex than simply a direct relationship between
total muscle glycogen and ability to perform long distance running.
Even with some glycogen left in their muscle fibers, the runners could
not keep up with the pace near the end_éf-the 30 kilometer race. One
must be careful in its generalization from bilopsy samples that even a
selective giycogen depletion in some fiberﬁ;has occurred, it is not
‘necessarily-a reflection of the total glycogen consumption or the

metabolic reserves of the working fibers. Their data indicate that a

3 |

very large portion of man's muscles mass is engaged .in running but a
detailed information on the felative rate of glycogep depletion in
different muséle éroups is lacking.

In a study of glycogen metabolism during exercise in men,
Bergstrom and Hultman (1967) observed that éhe working ‘capacity Qf
. skeletal muscle (vastus lateralis) was dependent in 1its glycogen
stores which fell steadily duxing exercise. In sampiing muscle tissue
with the biopsy technique at different time intervals, they noticed a

semi-logarithmic depletion pattern with a rapid glycogen breakdown

’
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during the first minutes of exercise leading to a rapid increase in
lactate production. However, a slower breakdown of glycogen occurred
only when its muscle content was very low and as a conseouence an
increased glucose output from the liver was recorded. Also, during
glucose infusion, glycogen consumption was significantly lower.
However, muscle glycogen was responsible.for the greater part of
energy production, even when blood sugar level was high They also‘
found a high correlation (r = 0. 91) between the fall in muscle glycogen
and pulse rate suggesting that the rate of glycogen utilization is
related to the relative workload rather than the absolute one.

As suggested by Baldwin et al., 1975, the level of physical
training might be of significance importance. They analyzed carbohy-
drate depletion in liver and in the three different types of skeletal \

muscle of exercise-trained andﬂuntrained rats. They found that the

rate of liver glycogen depletion was lower and that the remaining

-glycogen stores in all three muscle fiber types were significantly

higher in the trained than the untrained animals.. It appears reasor -
able that because of an increased oxidative capacity, the muscle fibers
can derive more energy from fat oxidation leading to a protective
effect of exercise ~training on muscle glycogen stores.

Similarly, Fitts et al.l 19?5, were interested in the relation-
ship between the respiratoryvcapacity of'muscles;and the depletion of
carbohydrate stores during‘Suhmaximal exercise. They observed that
carbohydrate utilization during an aerobic—type exercise was‘inverselyd
correlated with e concentration of mitochondria in the animal's leg

muscles. It seems likely that the animals with. a higher concentratlon

of mitochondria utilized proportionally more fat, and therefore leading

Pl



11
to a sparing-effect of the carbohydrate stores both in liver and in
“exerciasing muacles during submaximal work.

It.is oelieved that the constituents of the diet play | signif—
icant role in muscle metabolism. In an attempt to investigate;glyco; ;
gen storage in the different fiber types of human é&eletal moscle and
its depletion pattern during exercise under different diets Gollnick
working at an average intensity.ofz74Z of tneir aerobic power. With
a mixed and carbohydrate diets, they observed a higner giycogen con-
tent in the FT fibers than in tne ST fioers before exercise ’and a
greater reduction/in muscle glycogen dccurred in the ST fibepé after

exercise. However, of some interest was the finding that when muscle

glycogen was lowered due to a high fat—protein diet, this glycogen

1
)

reduction was greater in the FT fibers, 1In the latter condition, .
when- the glycogen stores of the ST fibers were reduced to a point
where they could not meet the metabolic requirements of these fibers,
the recruitment pattern was shifted toward the FT fibers in order to \
produce the desired contractile force and keep up with the working
‘ intensity . It is rather important to provide the proper diet in order-:
to meet adequately the demanding metabolic rate during prolonged
exercise. \ X ' t

Analogeusly, Costill et al., 1971,4were interested in muscle
glycogen utilization during prolonged exercise on successive days.
They noticed that in muscle biopsies of the vastus lateralils, the
greatest glycogen utilization occurred in the.first ten mile run‘as

compared to the second and third one. One explanation to that obser-

vation could be the insufficient rest period (24 houts) between each

,
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run which did not allow for a full replenishment of the initial gly-
cogen stores. To compensate for the diminution in glycogen utilization
during the second and third run, an increase in 1ipid catabolism®

“'“Wﬁuld“enable—the—sub— energy requirements of prolonged - ‘

running. The dietgky carbohydrate sources as reported by Gollnick et

©

al., l972, played a significant role in.muscle glycogen repletion; the

moderate amount (40—50%) of carbohydrate sources may explain the

““Yeason on incomplete muscle glycogen replenishment in three subJects_m

— R

- - - |
“«

even after five days of rest.

The importance of the initial glycogen content in different
'muscle’fibers has led Gillespie et al., 1970, to queséion the general
consensus that glycogen concentrstion is higher in white than red mus-
cle. Ithnas generally observed that red fibers, with awninimum number

of intermediate fibers, stained more intensely than white fibers using

PAS stain suggesting that the intermediate fibers may be responsible

for the frequently demonstrated higher glycogen content in white muscle.

I

"~ 1.2 Muscle glycolytic enzymes
I —

In order to investigate theamechanisms involved during adapta—

t

tion to endurance training, Baldwin et al., 1973a, compared the levels

7

of glycolytic enzymes in different types of skeletal muscle in exercise-

trained and sedentary rats. Among several enzymes analyzed, phos— . S
phorylase level showed a -small but!consistent 207% decrease (105 and

81 umoles/min/g for sedentary and exercised animals respectively) On

the other hand hexokinase provided the most significant adaptation in
oxidative muscl fibers reflecting a preferential utilization of these

fibers durin prolonged .relatively slow running. The red quadriceps



showed a 1737 increase for the exercising animals as compared to the

sedentary'one (4.1 and 1.5 umoles/mjin/g muscle respectively), soleus

muscle indicated a 50% increase (2.39 and 1.37 pmoles/ min/g respec—

tively) and the white quadriceps showed only a 30% increase (0.75 and

0.58 umole/min/g muscle in the exercising and sedentary groups respec-—
tively). o - CY o
“ //_,

The same trend was nd in the Holloszy et al. 1971, study

where phosphorylase activity was not significantly altered in. gastroc—

nemius muscle after a . low intensity training period, whereas hexokinaseih‘“lwdm ........

activity was reported twice as high in the leg muscles of the treadmill

runners as in those of the sedentary controls }‘. ‘
Similarly, Huston et al., 1975, investigated*the influence of
: diet, training, rested and exhausted states on the. in vitro activity
of muscle glycolytic enzymes. They found a significant 20% increase
in phosphorylase activitysin gastrocnemius muscle of the trained rats

'(3015 and 36.6 umoles/min/g of tissue for untrained-rested and trained—

rested- rats respectively)“““of someminterest was-the- observation. that

)
exhaustion 1ncreased‘phosphorylase—aetima“ trained rats to a

value equivalent to the trained one at rest (36.7 umoles/min/g) ‘On

the other hand hexokinase showed a maximal enzyme activity 73% greater

»

™ _1in the trained-rested as compared to the untrained rats (1.96 -and-1:13 —
T T TS TTET T o T IeER
: . \

umoles/min/g respectively). - However, exhaustion lowered enzyme activ-

ity about 1321/ Unfortunately, the findings of ‘this study/could not

used the whole gastrocnemius muscle. - .

o

Kowalski et al., 1969, looked at phosphorylase activity in rat

quadriceps muscles after a training period of running and weight lifting.
. {

I
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“ .
The former exercise condition induced a.greater increase in:phos-

A

phorylase activity than the latter one, but the tinctorial deter-

mination leading to a qualitative estimation of the phosphorylase

actlvity made it difficult to compare. with other studies. V . ,

Simiiarly, Hickson et al., 1976, ewaluated qualitatively phos-
phoryiase activity»using a phatometer which measured chgxpércentagé
of light passing through the central poréion of a singig‘;USCIe fiber
previously stained for that enzyme. They found'gignificant decrease

7“WU_#3E;éppsghorylase<staining intensities in thevspleus, gaékrocnemius
and pléntarig muscles with sprint training of eight weeks. After the
thirty-seventh day of trai;ing, the animals were completing eighf

. bouts of exerciée consisting of six repetitions of 10 sec of running
at 9§ m/min alternated with 40 sec of rest. UThey>notiéed also gly-

cogen .supercompensation in the white muscle regions which consisted

mainly of fast-twitc¢h fibers, those recruited mainly in sprinting

~
Iad
v

regimen.
Hexokinase has been the key enzyme analyzed by Barnard and -
’ N B )

Peter, 1969 in male and female guinea pigs aftei/gp/herobip training.

The fact that skeletal muscle hexokinase increaséd with training as

’ well as with a singke exhaustive bout of exercise led the inveétigators .

to questLbn ifs éorrelative significagce with runﬁing endurance. They

found that muscle hegokinase activity is dependent upon the muscié type,

the intensi;y_and length of training without being directly related

to the training level. Harri et al.; 1975, reported a 16% increase

(1.0§ and 1.26 tmoles/min/g of muscle tiséue in control and trained
i v L

rats respectively) in hefbginase adtivity'in response to training

Q-

(swimming) in gastrocnemius muscle.
: ’ )

u

-
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2. Anaerobic work: glycogen metabolism and muscle glycolytic enzymes
(i3

2.1 Glycogen utilization

Gollnick et al., 1973 Studled the glycogen depletion pattern in
human ,vastus lateralis after short high-intensity work (lSOZ of sub-
jectg aerobic power)., There was a linear decline in muscle glycogen

as a’ function of the number of sprint bouts. Due to the nature of

.exercise, the fast-twitch (FT) fibers were the first to become depleted

of their glycogen stores whereas the lower glycolytic potential of the

ST fibers may have prevented a rapid race of glycogen utilizatio As

3, consequence, the subjects reached exhaustion after six exercise |
ju't b

bouts even with a 10 min rest period“between each bout. A reducrion

in the numbergof"contracting fibers, due to glycogen loss, was sus-

.pected to have diminished the contractile force necessary to sustain
)

. the heavy exercise condition. j

#

In a prolonged severe exerﬂése toiexhaustion, Hermansen et al.,

~ A
1967, showed the importance of/muscle glycogen as measured by the

muscle %iopsy technique. Théifteeper fail in glycogen level was repor-—
ted to happen during the first exercise period lasting 20 minutes.

They came to the concluSion that the inability to perform exercise

was due to a drastic decrement in muscle glycogen level even though

the combusted carbohydrate, based on respiratory quotient (RQ) and

oxygen uptake, remained fairly constant. A point to keep in mind is

“ that glycogen was determined only in the lateral portion of the quad-

\_)

riceps muscle whereas RQ measurement was determined for the whole

body.: Nevertheless, the initial muscle glycogen content seemed to be
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a determinant factor in prolonged exhaustive wo%#. Similarly, SUltman,
1967, stressed the point that if one is to perform heavy work, éﬁycogen
must be there before he starts. One of the beét ways to augﬁent gly- -
cogen stores 1s to repleniéh them with a high carbohydrate diefffol—
lo&ing heavy‘work.

Different tensions applied during isometric contraction may
deplete glycogen stores to varying degrees. Collpick et al., 1974,
found that a se%ﬁctive glycogen depletion pattern indicagive of a
differential rec?hitment.of muscle fibers occurred in isometric exer-—
cise of varying intensity (% of maximum voluntary contraction, MVC).

At low isometric tensions (less than 20% MVC), only ST fibers were

‘

depleted of their glycogen whereas FT fibers retained their PAS stain-
ing even after nearly 30 minutes of sustained exercisé (isor’ -ic ten-
éion). However, at intensity higher than 20% MVC, it was interesting
to note that FT fibers wegé‘fhe only fibers to becéme PAS negati;e
and ST fibers retaiﬁéd~PAS";taining similar to the values found at
rest suggesting tha; fiber recruitment is dependent on thg tension
developed by contrécting muscle.‘ Thus, during early stage of multiple
contractions at relative high tensions a large number of fast motor
units ‘are recruited. X

A 327 hiéher glycogen ééntent of the trained leg over the un-
trgined one at-rest was reported by Piehl et ai§;'1974. This rather
iﬁ%ortant increasé is attribgtable to a concomitant i8Z increase in
hexokinase aetivity and a-362"increase in glycogen synpheta zctivity
in the exercising leg as compared to the other one. They explained

that hexokinase would enhance glycogen synthesis by augmenting the

glucose—6—phosphéte pool in muscle.
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2.2 Muscle glycolytic enzymes

The importance of glucose entry into the glycolytic.pathway
interested Saubert. IV et al., 1973, who studied the activity of the
rate—;imiﬁiﬁg enzymes in the regulation of ‘the glycolytic flux during
anaefebic work. The rats were able to run eighteen 30 sec sprints
(80.5 m/min) interposed with 30 sec rest periods at the end of a
11 week training program. Phosphorylase gzgivity was analyzed in
geeerocnemius (red and white pertion), red vastus lateralis and soleus

muscles. A sigmificant increase with tralnlng appeared only in soleus

S ~ . N A e

.muscle in)splte of "its lowest phosphorylase actlvity In ‘the muscles

'i-studied. S
. ) <
In.a training program which stressed the 'maerobic, capacity of

-~

laboratory rats, §taudte'et al.,” 1973, studied the @ain enzymes in-—

N 5

PRNIeS ’;:‘
volved in the energy—supplying metabolism both in slow and fast mus-

‘cless Phosphorylase level did not cﬁange significantly in rectus
femores after a 21 day trainlng perlod whereas increases were induced
in hexokinase activity (1.0 aﬁd 1.47.U/g or umOleS/min/g for the con-
trol and‘trained.anlmals respectively). The same trend was reported

7

. in-soleus muscle.

Jobin (1976);fouﬁd“§iso‘a signifivant . 94% increase in hexokinase
activity (0.42 and 0479Tumole§/min/g for control and trained animals .
respectively)_aftef'afhigh intensity . (80m/min) training program in

gastrocnemius muscle of rats.

b T



CHAPTER III
METHODOLOGY

1. Animal care

Sixty-two male Wistar rats (Woodlyn Farms, Guelph, Ontario)
were randomly assigned to five groups: I sedentary control (N = 14),
II exercised aerobic (N = 12), III exercised anaerobic (N = 12),
)

tLdined—aerobic~4N—=—- nd V trained anaerobic (N = 12). Each

" animal was housed in a separate cage and fed ad llbitum a conventi I

X

diet of laboratory rat chow (see Appendix F for content). Water was

changed regularly, cages and ;ater bottles were washed every week.
All animals were given one week of familiarization with their

new environment: food, experimenters, 12 hour day-night .cycle (dark:

7:00‘AM to 7:00 PM),.temperature'and.cagos which were rotatedlin opdera?

to expose each animal to different cage positions. The experimenters i

progressively tamed the rats by handling them every day. Each animal

was identified by a code system using notches on ears; each notch on

the upper left ear corresponded to thirty units, lower left to three

units, ﬁppef righo to teo units ﬁnd lower right to one unit. o
A sick animal was isolated and treated properly, when it Qas

Atﬁo serious the animal was éneothetized with ether and.sacrificed.

Individual care was given especially after each training session, each

rat being thoroughly checked for injuries, properly treated with dis-

infectant and well dried with a towel before returning to its cage.

|

18
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2. Training program

-,

At the eng of the familiarization week, the animals 'in group IT
and IV were exercised aerobically on a motor-driven treadmill (Quinton

rodent treadﬁill) consisting of a wide endless belt on rollers whereas

<

those in groups III and V were exercised anaerobically. A plexiglass -

LN o

frame was placed over the rolling belt and consisted of ten,compért—
ments (75 %X 10 x 10 cm) with a shock grid embedded at the rear of each

‘compartment. Electrical stimulation (50 volts) was chosen as motiva-
v ‘ ;

tional approach during training.

After'eleven days of running/twiée a day during the last eight

—

— days with week-en

reached the 40 m/min-15% grade criterion and the anaerobic groups

T '
ays with week-ends and Wednesdays off, the aerobic groups- (II and IV)

(III and V) reached the 80 m/min-15% grade criterion. The animals were
brought progressively to. their own criterion as can be seen in Appendix E.

Once the pre-training session was completed, groups II and IV

while groups IZt and V were able to perform an equivalent total woyk .
output 1i.e. ten intervals (15 sec on and 30 sec off) at 80 m/min/and \.
15% grade. Thereafter the exercised groups (II and III'were T .only
on Wednesdays to maintain their funning ability without any significant
training effect.

The animals in groups IV and V were continually frained as to
their respective training regimen for nine more weeks tbtalizing three
months of physical training with an equivaient work output perfofmed

‘in each group. 'Throughout the training period, the running schedule

was adapted in order to overload théir aerobic and anaerobic systems .

D



respectively. 1In order to aésign the equivalent'total work output, '

all the rats'iqagroup IV werejyoked with those in group V on a ran-

dom basis; the same procedure was applied between the ethcLsed~~—”;;* ''''''

-~ S

g r?,g_p i ,‘(H’Gnd—{-ltI )~-'~y—~—~~ S

P
The two daily training sessions were seven to eight hours

apart, the morning‘one.being held between seven and nine o'clock and
the afterhoon one between threESand five o'clock. They were trained
four days a week (MondaY} Tuesday, Thursday and Friday). ‘Howe;er, the
injured runners were properly treated and left in thelr cage fdr the

following training session. A recovery period lasting more than two

days led to the exclusion of the animal from the study.
Q ; o
3. Experimental design

On the day of artival, the animals were assigned te a cage as
to their order of presentation in the delivery box. The next day, the
groups were formed at random from the total nuimber of animals (the
figures appearing in table I correspond to the number of animals at

the end of the study) using a camputer random number list which deter-

\

mined the assignment of an animal to a particular group. One.week
N s '
later each rat was identified with a code using notches on iéf\as
- , P ) ' ~ : '
previously described.

As shown in the experimental design, group CON was divided at
%éhdom into two subgroups CONl and CON2, the former (7 animals) being
sacrificed at thé-énd of the faﬁi&iarlzation week and the latter (7
YN ?

; animals) 13 weeks later. Each of the groups II (EAE: exercised aerobic),

&f’ III (EAN: exercised anaerobic), IV (TAE: trained aerobic), V (TAN:

—



Table I Experimental design

s
Sl

A

GROUPS SUB-GROUPS number of animals sacrificed . TOTAL

at dIYTE?EEEﬁtimes after arrival

10 days 13 weeks + 2 days
I CON CON1 7 ' - . - 7
CON2 - - 7 7
II  EAE EAEA - 6 - 6
EAEC - - 6 6
IITI . EAN EANA : - 6 - 6
EANC - - 6 6
IV TAE  TAEA - 6 - 6
| TAEC - - 6 6
\Y TAN - TANA - 6 - 6
TANC - - 6 6
_ TOTAL 7 24 31 62

[‘\
v
. -
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trained anaegqbic) were divided at the end of the training period on
a random basis, into two subgroups‘consisting firstly o an acute (A)
situation which looked at glycegen depletion in liver and Jifferent
T types 6—a "fcrmancewgegfl_fng secondly of a
. T e—

chronic (C) situation which included,the analysis of enzymaiic adap-

tation at least two days after the last training session which con-

LN
DN

sisted of a performance test to’ exhaustion.

4, Pe?formance tests
In order to evaluate their running performance, a test to ex- ¢
haustion was administered to the chronic groups (EAEC, EANC, TAEC and
TANC) during their last training session (two days before sacrifice)
The aerobic groups (EAEC and TAEC) ran continuously at 40 m/min on the
treadmill at 15% ingiine until exhaustion which was determined when
the rat, placed on his back, could not roll over. The anaerobic groups
(EANC and TANC) ran at 80 m/min and 15% incline, for-intervals of 15
‘sec alte;nated with 30 sec of rest, until exhaustion (same criterion
as the aerobic aninals). The total running time and the sum of work
' mperiods determined the performance level of aerobic and anaerobic groups
reepectively. |
The performance test for the acute groups (EAEA EANA, TAEA,
TANA) consisted of a five minute contianus run at 40 m/min and 157
incline for the aerobic groups (EAEA and TAEA) —and of ten repetitions

of 15 sec of running at 80 m/min and 15% grade alternated with 30 sec

of rest for the anaerobic groups (EANA and TANA). The purpose of that
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-

test was to bring about a significant glycogen depletion in muscle
fibers without including an exhaustive type of performance in either
groups. The rats were sacrificed by decapitation immediatelf after
their run.

5. Environmental conditions

The laboratory room was part of a centrally heated and air
conditioned building. "The room was also welljaerated and temperature
kept constant at 21 °C (* 1°). The rdts were tralned in dark

with a dim light for the.experimenter”and the training ti: s .

kept constant throughout the experiment.

6. Sacrifice procedures and tlssue sampling

The animals were sacrificed by decapitétion (Guillotine), rapid-
ly exsanguinated; livér quickly reﬁoved és‘was the skin of the right
Hiﬁd leg exposing the quadriceps muscles. The vastus lateralis was v
then excised, freed from connective and adipose tissue and separated
in its white and red éortion. Subsequentiy, the soleus*musc1e~waé
excised and fféed from connective tissue. The liver and muscle sam-

ples were blotted, weighed and immediately frozen in isopentane, cooled

in liquid'hitrogen and stored in a deep freezer (460°C) until sub-
. - ©
sequent enzyme analysis. The muscles of the left leg were subsequently

¥
excised frozen and stored as above and used for biochemical and his-

tochemical purposes.



7. Procedures qu_enzyme assays ‘ y

o

7.1 Homogenization procedures

The muscle tissue was ground into a fine powder in a mortar

—~—————-—g@nrnin1n0 1iquid nj;rogen Grlnding procedures were done in a cold

room (5°Q). Once the tissue was ground, more liquid nitrogen was .
added and ‘a measured volume of phosphate buffer was poured on top of
the boiling 1iuuid nitrogen resulting in the formation of ice crystals
which were grqund to a very fine puwder together Vith the tissue pow-
der. The wholé content was transferred to a conically shaped cen—.
trifuge tube which was previously'sittinglon dry dce.

The ground muscle ﬁixed with the phosphate buffer was allowed
to thaw in an ice bath and then was centrifuged at 1500xg for five min
(0°C). The supernatan: was poured into a test tube andf enzyme anal- |
ysis was performed immediatel; The muscle of the left leg.were ana-—
lyzed for pliosphorylase activity and the muscleSEOf;rhe right leg for

1

hexokinase activity; the reason being.that a slightly different buffer

\‘4(

solution was utilized during the grindiné process as can be seen in.

Appendix B. o ,

— T ‘
‘ v -~ E— o R ) v

1 7.2 'Phosphorylase enzyme assay

Muscle phosphorylase enzyme was asséyed following the Russell

et al., 1970, techrnique. Tubes containing 0.1 ml of substrate solu-
‘tion as well as those containing muscle extract were incubated and
shaken for lSymin’at 30°C. 0.1 ml of the muscle extract sample was

added to the substrate tubes which were shaken during the precisely timed.
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_enéyme reaction (5 min). At the end of the five|minute eniyme reac-
‘tion, 1.0 ml of ice-cold sfop solution of trichloroacepic acid was
added directly to the liquid surface and mixed-thoroughly.. The as-
says were performed in triplicate.’ o I
Colo 95% ethanol, 2 ml, wds added and the samples were allowed
to set for .20 minvin order to precipitate glycogen; then centrifuged |
~—~————&e_ggooxg_£an;uLmuxu__1hg;eupez3ééeBE_fEEE9E;EEEE_fEE3éfff_fff_iff:f___;_____;
'carded in a radioactive waste bottle. The precipitates were washed |
~with cold 66% ethanol, 2 ml, and centrifuged at ZOOOXg for 10 min.
The same procedure was repeaWEd three times. The glycogen pellets
were finally resuspended in[6.5 ml cold 66% ethanol ano washed into
counting vials wi;h 1 ml of distilled water. The vials were taken
to dryness in a vacuum oven at appfoximately 40°C for at‘least ZQ.
. i
hours. One ml of NCS (basic sol&?ilizing agent: Amersham/Searle# was
added and the vial well shaken before adding 15 ml of,toluene’con—

. ]

taining 4 g PPO and 50 mg of POPOP per liter. The samples were Foun-

. !
ted in a liquid scintillation counter (Nuclear Chicago Mark IIIﬂ

I
f

equipped with a program designed to give' maxlmum cgﬁnting efficiency
and lowest background. Blank samples were run, the muscle extract
being added after‘the_stop solution of trichloroacetic acid.

The 5ubstrate solufion was composed ofii g of glycogen and
32 mmoles/of G-1-P (dipotassium salt) including the uniformly laheled
G-1-Pl%¢ (7.49 x 107 DPM/mmole) in 50 ml ‘of the buffer solution.used

/

for homogenization, pH 6.1 (sufficient for approximately 500 assays)

0.1 ml of the Substrate soluﬂéon was pipetted in small test tubes and

kep5 frozen until\enzyme assays. _ ;/

b



7.3 Hexoklnase enzyme assay

\

A series of 20 muscle samples selected at random were homog-

enized, according to the technique ‘of Joshi et al., 1966, and analysed

 immediately following centrifugation (see'Appendix B). ATP and NADH

were, always freshly prepared. To eliminate background activity, the

content of the reférence cell was the same as the sample cell eicept

for the specific substrate, then eliminating the non-specific reac-
N ‘ :

tions from the total enzymatic activity of the muscle extract or
homogenate. ;

The enzyme assays began with a 15.min incub;tion pdriod at
37°C before the reaction reached an equilibrium in the spectrophoto—
meter (UNICAM SP 800) cell holder which ;askkept at 37°C by means of
a circulating»bath. Then the henoﬁinase reaction éhs Started by the
addition of the specific substrate ATP end the cuvette. was mixed by
'inversion Direct recording was done over a fifteen minute period

allowingqfor a constant rate of NADPH formation Details\of the)

reaction can be seen in Appendix B. , /W,,”sfl D
. : Co ' Vi

7.4 Glycogen assays -

-

Muscle and liver glycogén was measured -using .-Lo et 'al., 1970,,

.

technique for small ‘tissue samples. The absorbance was read at ~30

. nanometers using a'Gilfbfdh(SOOZNT"Eiéfd:ééﬁﬁlé“épectnophotométer.

: 1

-
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8." Histochemical technique

Comparative glycogen depletion in different fiber types was

‘evaluated in the vastus lateralis white, red and the soleus muscles

using on oné hand serial 16 p .sections for pefiodic acid Schiff (PAS)

stain (Karlsson et al., 1970) and on the other hand serial 10 u -sec-

__tions-for myosianTPase.(Guth and Samaha, 1969), NADH diaphorase

(Dubowitz and Brooke, 1973) and a—GPﬁH (Wattenberg and\Leong, 1960) .
Frozen serial cross sectiohs were cﬁt at —22°C usiﬁg a microtome in
a'cryéspgt. The sections were mounted on covef glasses and air dried
fog at léast 10 hours.

e

9. Data analfsis . 2

®

9.1 Calculation of phosphorylase activity

R

————Itsactivity 1is reporteg in micromoles of labeled product for-

_med per minute per gram of tissue. (wet weight): umoles/min/g. The

‘where: - ¢ = counté.per min (CPM) in s

following formula was used to calculate Pase activity:

‘ c/t - : o
RATE = . — - in umoles/min/g
C x (W X v/V) . B

éintiiigtion via;‘

t = incubation'time (min) during)eﬂzyme_assay'

'C = counts pef;minute (CPM) /umoles

W = muscle we: 1t in gram ) B ; i

v = volumeﬁ(ml) of muscle extract added duriﬁg enzyme égsay_

V= volumé (ml) of buffer added during homogeniéation



/;m

9.2 Calculation of hexokinase activity 6

Its activity is reported in micromoles of NADPH formed per min -
Per gram of tissue (wet welght): umoles/min/g. ‘Tﬂe following. formula
was used to calculate hexokinaee activity:
40.D. x V x 103 S

RATE = ' in umoles/min/g
6220 x (W x.v,/v;) R

- W . &

LT _ "
where: AO0.D. change in optical density at 340 nm
v

3 .
10 o= transformation factor

total volume (ﬁl) inv-cuvette

6220 = extinction eoefficient'of NADPH'ap 340 om

W = muscle weight ih grams K
Vzﬁ/? volume (ml) of. muscle extract added during

- | enzyme assay~f‘ - T . -
vy = volume (ml?\of bdffer added during hoﬁogeuization

9.3 Statistical analysis

The data of enzyme activity, body weight glycogen values were

analyzed using a one-way analysis of varlance (ANOVA) (Winer, 1971)
Scheffé multiple comparison of means (Winer, 1971) post hoc procedureS'

S

\ .
were used to evaluate the signiflcant differences between groups

(DERS program documentation ANOV15). 1In all statistical analees,

an a = Q.OS or smaller was a requif@hent for significapce.

-

<D
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Since each cell in the auulysis of variance (ANOVA) has an
equal number of animals, Scheffé's multiéle comparison of means is

a legitimate statistical procedure even though homogeneity of /
. ‘ . /

) ) /

variance is not reached (Winer, 1971). ./

3



CHAPTER IV

-

RESULTS

The results are summarized in the form of tables and figures
which represent : :n values and standard errors of the means (SEM)
for each group. Raw data can be foung in Appendix C and analyses of

variance with Scheffé multiple comparison'of means in Appendix D.

N o
T

T

1. Body weight

Body weight followed a regular pattern in all gréups tﬁroughout
the experiment with no difference betweén groups at the beginning of
the training program (Figure l) The trained groups (TAE and TAN)
Showed a significant lower boé; weight at the end of the experiment

(Appendix D-1) as compared to the sedentary group (CON).

2. Performance‘test

The trained groups, TAN and TAE, performed sifnificantly longer
than the exercised groups, EAN and EAE; respectively. Thelr work
times were 67:30 (+ 9:49 min), 21:00 (¢ 2:52 min), 18: l7 (+ 5:27 min)

and 7 47 (+ 0: 47 sec) for groups TAN, TAE, EAN and EAE respectively

(Figure 2).

30
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TIME
(MIN.) | T *seM

8 1

O | 1

5 .

10 -

EAEG TAEC CEANC  TANC
| GROUPS

FIGURE 2 PERFORMANCE TEST TIMES ON A CONTINUOUS TASK (40 M/MIN,
15% GRADE) FOR THE AEROBIC GROUPS (EAEC, TAEC) AND AN )
INTERVAL TASK (80 M/MIN, 15% GRADE, 15/30 SEC WORK/REST
RATIO) FOR THE ANAEROBIC GROUPS (EANC, TANC).



. (%] T N
3. Glycogen values o

3.1 Muscle glycogen'

In the chronic situation, where the rats were sacrifiéed two
days after their last traihing session, there was ;L significant
difference.between the éxercised and “trained groups for glycogen
content (range of means 9.0 to 14;3.mg‘of glycogen/g of tissue) in
vastus lateralis white (VW) muscle (Figure 3), 1in vastus lateralis

red (VR) (range of means 5.8 to 12.6 mg/g) and in soleus (SoL)

(range of means 6.2 to 11.4 mg/g).

»

In ‘the acute situation, where the animals were decapitated

33

immediatel§ after exercise, no significant difference was\ﬂemonstrated

AN
between group means (Appendix D~2, D~3 and D-4). \\\
N\

3.2 Liver glycogen

S
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Liver glycogen followed a uniform pgttern between groups and
approaeged meen control value (20.9 mg/g) after the acute test (25.9,
23.8, 23.8 and 26.8 mg/g for EAEA, EANA, TAEA and TANA respectivel&)
(Figure 3). The analysis of variance (Appendix D-5) failed to show

a significant difference between groups in both chronic and acute .

‘situations.
3.3 . Muscle fiber and glycogen depletion .

The main purpose of fiber typing was to verify fiber type com-
position in each muscle; As represented in Figure 4, vastus lateralis
white muscie was predominantly composed of fast glycolytic (FG) fibers
(86%, 97%, 87Z, 79%, 73% and 71% of total fibers for groups CON1, CON2,
EAE, EAN, TAE and TAN respectively) with few fast oxidative glycolytic
(FOG) fibers (the remaining percentage). The stainiqg'procedures,
detailed previously, failed to show slow oxidative (SO) fibers in that
muscle. The PAS stain revealed a lo§ percentage of FG fibers depleted
of their glycogen stores after the acute test (Table IT) (10%, 4%, 6%
and 27 of FG fibers depleted of their glycogen stores for greepstAEA,
EANA, TAEA and TANA respectively). The FOG fibers were more exten-—
sively utilized as judged by a 47%, 65%; 457 and 36% depletion of
glyeogen stores in groups EAEA, EANA, TAFA and TANA respectively
*(Table'II). | h

In vastus lateralis red muscle, a some&hat more heterogeneous
fiber type distribution was observed;Thevertheless most of them were

of a fast-twitch nature (Figure 4) (13%,}312, 417, 31%, 26% and 472

of FG fibers and 73%, 61%, 55%; 66%, 66% and 49% of FOG fibers in

‘
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GROUPS

TAN

TAE

N\
\_EAE
AN

. FIGURE 4 - PERCENTAGES OF MUSCLE FIBER TYPES

CONZ
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‘Table II Percentages of muscle fiber types and percentages of fibers
completely depleted of glycogen (using PAS staining) '(in
parentheses) following a submaximal acute exercise.

GROUPS  SKELETAL FIBER TYPES “FIBERS
MUSCLES COUNTED
FG FOG so '
W 86 14 - 1745
'~ CoN1 VR 13 73 . 14 1021
. SOL - 32 68 1193
VW 97 3 - 1112
CON2 VR | 31 61 8 - 1206
SOL —- 20 80 1065
W 87 (10 ) 13 (47 ) —= o 325F
EAE VR 41 (100)-—-55(I00Y & (100) 1514
soL—— - 21 (97 ) .79 (100) 1715 -
W 79 (4 ) 21 (65 ) - 1318
EAN VR 31 (98 ) 66 (100) 3 (100) 1672
o SOL . 21 (95 ) 79 (87 )
W 73 (6 ) 27 (45 ) - :
TAE VR 26 (99 ) 66 (100) 8 (100) 1796
SOL — 18 (97 ) 82 (100) 2035
VW 712 ) 29 (36 ) - 1504
TAN VR 47 (100) 49 (100) 4 (100) 1871
—- 76 (88 ) . 1606

24 (91 )

v

\\:
3
.
/
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groups CON1l, CON2, EAE, EAN, TAE and TAN respectively). The remaining
percentages represented low values of SO fibers 14%, 8%, 4%, 3%, 8%
and 4% respectively. The PAS staining showed a uniforﬁ depletion of
glycogen stores in all fibers. ‘

The SOL muscles demonstrated predominantly slow-twitch char-

Ve

. acteristics (Figure 4 and Table II) (.68%, 8b%, 79%, 792,‘822;f76z

and the remaining ﬁefcentage being‘FOG fibers for group CON1l, CON2, .
EAE, EAN, TAE and TAN respectively). Practically all fiber'showed
little staining intensity, indicating a severe glycogen depletion

after the acute test.

— e e

4. Phosphorylase enzyme activity

Phosphorylase enzyme activity was measured in the chronic

gréups (which were sacrificed at least 48 hours after the performance

'test) and values are reported -in micromoles per minute per gram of

wet muscle tissue (umoles/min/g).

The fast-twitch vastus lateralis/ muscles demonstrated higher
enéyme activity than the slo#—twitch soleus muscles (figure 5).-A |
one-way ANOVA showed a significant overall F-ratio in soleus muscle
(Appendix D-6, c); However, only the initial éonﬁrol group mean
showed a sigpificant lower value (Appendix D-6, d) whereas age-matched

control group (CON2) had similar values than trained groups indicating

that training did not produce significant alterations.

5. Hexokinase enzyme activity <f<‘

£l

The enzymatic activity was measured a- 1=t (chron“c group

’
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'sacriflced at Jeast two days after the performance test)i The

values are expressed as micromoles of substrate transformed per
minute per. gram of wet muscle‘tiSSue (umoles/min/g).

| Hexokinase activity showed a considerable (p<.05) 57% 1ncrease
1n the VW muscle of group TANC as compared to its age—matched control
" (CON2) (0.77 and 0.49 umoles/min/g respectively) (Figure 6). AlthOugh
‘not significant the other groups showed a’ 16/ 20%, 20% increase
(0.57, 0.59 and 0 59 umoles/min/g) in groups EAEC,. EANC and TAEC
respectiwely\as compared to’ group CON2 (Appendix ,D-7, a and b).
Values of hexokinase activity for CON1 and CON2 are very similar
‘\O 46 and 0. 49 umoles/min/g respectively)

- Hexokinase enzyme activity in vastuS'lateralis red can_be seen
in Figure 6 (0 73, 0.80, 0. 99 0.95, 1.07 apd 1, 40 umoles/min/g for
groups CONl CON2 EAEC EANC ‘Ti. .. and TANC respectively). A one-~
way ANOVA summarized’ in Appendix D-7, b showed a significant differ?
ence between groups. A’ Scheffe test (Appendix D 7, d) was then ’
applied to look at- the difference between means. The results showed
a signlficant difference between group TANC and CONl CON2 and EANC
revealing\a 757 1ncrease in hexokinase activity after the anaerobic
training period for TANC as. compared to CON2 and a 47/ (p<. 05) as
compafed to EANC. / . - T |
Of the three‘skeletal muscles assayed, the hexokinase vaIues
registered for soleus ‘muscle were the highest as reflected in group
means (0. 88 1.20, l 38, l 36, 1 56 and 1.66 umoles/min/g for groups
CONl .CON2, EAEC, EANC TAEC and TANC respectively) (Figure 6). ND

SIgnificant difference was found between the group heans.
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CHAPTER V
DISCUSSION

1. Body weight

The steady body weight increase throughout the training
period 1s shown in Figure 1. At the end of the experiment trained
rats'weighed significantly less than‘the free—eating sedentary con-
trols. fhis has been observed with guinea pigs trained %y treadmill

running (Barnard et al., 1970) and with rats trained for endurance

(Huston et al., 1975, Muller, 1975, Baldwin et al., 1975), sprint

training (Staudte et al., 1973, Houston and Green, 1975) or sub--

 jected to isometric training (Zika et al., 1973, Exner et al., 1973a

end b) . ‘ : Lr: 3

Increased energy expenditure for the trained groups does not

-

seem to be the only factor responsible for the body weight diminution
in the present study. It has been suggested (Houston and Green, 1975)

that an appetite—suppressing effect associated with vigorous exercise

- ~

Pprograms may[combine with~the,increased energy expenditure of the
5
training program resulting in lower body weights in these animals

Discgepancies in weight differences between differert studies may
result in various factors including age, sex, intensity, duration and
L

.type of training regimens * The bgdy weights of the exercised groups

4

(once a week) were thween those of ‘the trained and sedentary groups

u

but not different (p>.05) than either. This would Suggest that re-

|

. gardless of whether the decreased body weights are due to depressed
. < .

©

t .- _ C . ’ o
. 42 . .

v . B
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appetite or increased energy expenditure, the amount of exercise is
a major determinant of body weight. Also, the use of exercised con-
trols may be a more realistic comparison for body weight changes due
to trai;ing.

No attempt was made in the present study to correlate muscle

weights to body welghts due to the subjective nature of the vastus

lateralis muscles separation in their white and red portions.

2. Performance time

A 3.2-£01d increaae in anaerobic work time was observed in
group TANC over EANC and a 2.4-fold increase in aerobic work time was
seen in group TAEC over EAEC suggesting that the training regimen le~
the animals in groups TAEC. and TANC to a substantial improvement in
working times to exhaustion at their respective ingensities as com-—

-

pared to their exercised counterparts in groups EAEC and EANC res-

4pectively.

However, a 3.7 times longer duration in performance ‘time was
depicted in Figure 2 between the anaerobicall¥y trained group (TANC)
and the aerobically trained one (TAEC), even though their total

physical work output was equivalent throughout their training ses-

sions.~ Thispdifference can be explained with the interpretation of

response in rats -is elicited at a speed of 49.5 m/min. This indi-

'catee that the rats in_group TAEC were trained continuously (40

m/min) at 9OZ"of the“&orkload eliciting maximal oxygen consnmption

wherea$ the rats in group TANC were trained intermittently (15 sec

work 30 seq rest) at 80 m/mxn for,a total period of working time

.,,\

N
-0

,/,‘i»f

a - . N
. ~

ha NN

~
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Shepherd et al., 1976, which mentioned that the maximal oxygen uptake
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two times less than group TAEC but at twice the velocity. The
relatively high energy output required to run continuously at 40

m/min might have led the rats in group TAEC to alcessation of their

run during the performance test due to the build up of acid metabolites
(Wenger and Reed, 1976). Moreover, the anaerobic training program might

. have induced a greater potential to replenish the ATP and CP stores

(Baldwin et al., 1975) during rest periods for group TANC or the in-
.termittent nature of the work permitted replenishment of the phos-
phagens during recovery intervals and did not permit the build up

of metabolites.
Although the physical work bet&éen the groups was equivalent
(definition of Eérms, P. 4) no attemﬁf-was made to equate the meta-
bolic work. iinwever, the study of Essen et al., 1977, on humahs,
i " reported that subétrate metabolism during equivaleﬁt continuous (SSZ

VOzmax) and intermittent (100% VOZ max, 15 sec work and 15 sec rest)
exeréise was similar even though work intensity was éwice as high in
intermittent as in continuous exercise. ' .

O

In light of Coheﬁ and Gans (1973) study on movement anaiysis,
the gait of a white rat at 40 m/min is op'the boraerline between trot
and§ganter/gallop suggesting that this transitional gait pattern
might ﬂgt have been an economical way of running-as compared to a
constant gait pattern seen at 80 m/min. ﬁhité'rats might be more
suited to run at high speed fof short period .of time rather than
cgggghuously for longer period at relatively high speed (40 m/min)
SR :

explaining their higher performance in the former condition.” Ur

... '~ly, no oxygen consumption tests were made in Cohen and Gans -
[a]

¢ -9 cudy.
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3. Glycogen content . Co
3.1 Muscle and liver glycogen

As judged by glycogen values in Figure 3, glygogen depletion
from muscles involved in aerobic and anaerobic training appeared to
be well represented by sampling vastus lateralis‘white, red and
soleus musclge: The trained groups (TAEC or TAEA, TANC or TANA)

did not demonstrate (p>.05) higner glycogen values as compared to
the exercised groups (EAEC or EAEA EANC or EANA) (11.0, 10. 0, 14.3,
9.0 mg/g in VW; 9. 3 9.3, 12. 6 5.8 mg/g in VR; 12.0, 8.4, 11. 4, 6.2
. mg/g in SOL respectively) in the chronic situation and (l 9, 1. 9 2.6,
8 mg/g in VW; 2.0, 1.3, 2.4, 1.5 mg/g in VR; 2.3, 1.5, 1.7, 2.3 in
SOL ;espectively) in the acute situation. This 1is somenhat comparable
to the Baldwin et al., 1975, study on skeletal muscle glycogen deple—
tion for trained (swimming and running) versus untrained (10. 1,9.8
mg/g in VW 8. 2 8.1 mg/g in VR 5. 1 4 7 mg/g in SOL respectively)
in the resting condition and (5. 6 2. 8 mg/g in VW; 5. 1, 2. 3 mg/g in
VR; 2.8, 1.7 mg/g in SOL respectively) after a 45 minute running per-
formance test at 24 m/min. ' I '_3

The findings in the present sgudy on muscle glycogen depletion

did not corroborate the conclusions of ﬁaldwin et al., 1975, concerning

B
the protective effect of training on muscle glycogen stores after a
performance test since no difference in glycogen levels were found
between trained and exercised groups after the acute test. Higher
glycogen values in the trained animals as compared to the untrained

animals were reported (Baldwin et al., 1975) after a 45 min of tread-

mill exercise (24 m/min) whereas in the present, a five minute acute
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test brought the glycogen levels to relatively low values (Figure 3)
in both the exercised and trained groups. The higher work intensity
(40 m/min) performed in the present study during the acute test
would necessitate a higher rate of energy production relying more
on glycogen; the primary substrate for glycolysis (Wengef and Reed,
'1976). Whereas, the lower work intensity in the Baldwin et al., 1975,
study would favor lipid utilization, aerobic energy release and hence
sparing of glycogen stores.

The glycogén levels in the chronic groups (Figuré 3) may not be
a reflection of the basal values for the acute groups because of the
nature of the performance test administered to the‘chronic groups two

days before sacrificing. The glycogen levels of the chromic groups

in all fibers analyzed were expected‘EBnBEhfaleiywdepleteg\gfger the

acufe test to exhaustion. Two days may not have been sufficient to
increase glycogen levels to significantly higher values in the exer-
cised and trained groups over CON2 espeéially with an ordinary diet
3
(Appendix F) based on protein rather than cérbohydrate. K@
Although, when comparing trained groupg (T10> T30, TGO;NT12Q)
with sedentary controls, Fitts et al., 1975, reported a supercompen-—
sation effect in gastrocnemius muscle (10.4, 9.8, 10.4, 10.0 and 8.0
mg/g respegtively) in all trained groups after a running. Baldwin
et al., 1975 saw little or no glycogen supercompensation in the
trained muscles as compared to sedentary control U ‘9.8 mg/g in
VW; 8.2, 8&1 mg/g in VR; 5.1, 4.7 mg/g in SOL r=2spe- ivzly). However,
(Baldwin et al., 1975) the animals were sacrificcd oy eighteen hours

after the last bout of exercise and not necessarily allowing for

substantial glycogen repletion. ' :
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In the present study, the absence of different glycogen levels

in the chronic situation between exercised and trained animals may

be due to similar repletion rates but fhe trained ‘animals may have

shown higher glycogenilevels if the sacrifice had been extended.

Liver glycogen did not show any apﬁreciable depletion in the
acute situation for the'exerciséd and trained groups as compared to
the sedentary control (CON2) indicating that the acute test ﬁight
not have been long enough to bring about a significant decrease in
liver glycogen stores (Figure 3). A substantial amount of time wou%@;{

L,
be requireq to'bring about hormonal changes which would initiate glu- .
cogenesis in the liver. Ahlborg et al., 1976 feported no changeiin
gluéagon after 40 min of exercise performed at 30% of VOZ max whereas

B8ttger et al., 1972, reported a significant rise in glucagon over the

basal value only 10 min after the subjects reached the exhaustion point.

3.2 Glycogén depletion in muscle fibers
\ ’

Comparative serial sections are shown in Plates Ia, Ib and Ic
demonstrating glycogen depletion in different fiber types using ATPase,
NADH diaphorase and PAS stains respectively. Fibers negatively stained
in Plate Ic‘were considered glycogenzdepleted and were compared to
Plates Ia and ib in order to determine ﬁuscle fiber type quletion »
(FG, FOG or SO); j )

The subjective .evaluation of PAS staining using an arbitrary
scale limited soqewhat the interpretatién of the data and no quan—‘

titative estimation could be performed due to the staining saturation

for carbohydrate concentra‘ion above 90 mM/Kg (Saltin, 1973). Hence



Plate I Micrographs showing. serial sections of vastus lateralis red

- muscle stained for fiber types and glycogsg/C§gtent.
- 3—‘

Plate 1Ia Myosin ATPase’
Plate Tb NADH diaphorase
&
Plate Ic Periodic acid Schiff (PAS)

<
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it is only speculative when implying recruitmeot from glycogen depletion
petterns. e

In vastus lateralis red and soieus muscles, practically all
fibers«were glycogen depleted in all acote test groups (Tabie Ii);
the few remaining glycogen stores were found mainly ié;fest twitch
fibers suggesting that the acute test performed by_the rats was

sufficiently strenuous to result in recruitment of most FG, FOG and

SO fibers in these muscle.

’The white vastus Lateralis muscle shoﬁed a somewhat diffetent
glycogen depletion patteéL as a result of the acute test (Table II).
The more intense PAS staining in FG fibers suggests that these fibers
did not particlpate in the exercise performed by each group to the
Same extent.as the FOG fibers assumlné the same inltial levels .
existedin all fiber types For an equivalent physical work output,
groups TANA and TAEA" demonstrated 36% and 45% depletion‘of glycogeg
stores in FOG fibers respectively. This small variation might be\\
attributed to a greater use of cerbohydrate in continuous work at
epproximetely 90% 002 max than in intermittent work at twice the
intensity when relief periods permit-oxidative replenishment of ATP
and CP for the next work interval. However, in the non-trained
groups (EAEA and EANA) the depletion pattern was the opposite.

3
Greater depletion (65/) observed 1u the FOG fibers of the EANA group
and only 47% in EAEA. This would imply that the exercised group EANA
does not have the same capability as the TANA group to replenish the *
ATP and CP stores; it wouid have to rely more on carbohydrate stores

in order to keep up with the energy demand. On the other hand, little

information can be drawn from FG fiber recruitment as reflected by
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. equivalent percent glycogen depletion in all groups (Table lI);
Glycogen concentration in FG'fibers might have been more elevated than
FOG or SO fibers, therefore catabolizing similar amounts of glycogen
at that speed and dufatlon but'the carbohydrate depletion was’not
detected because of the low saturation level of the PAS stain.

This trend can be related to studies done on relatively
ptolonged or intense‘work in humans (Gollnick et al., 1973, 1973a,
1974a, Costill et al-, 1971, 1973) and in racs (Baldwin et al., 1973,
l973a, 1975 Armstrong et al., 1974) where the FG fibers, capable of
. handllng higher tension, have been. glycogen depleted when the work
load exceeded the capacity of the FOG and SO fibers Although not
conclusive in the pPresent inveutlgatlon fiber utllization and
glycogen depletion patterns are more rclated to work intensity than
duration when total physical work output is equivalent. The FG fibers
appear to contribute to a greater extent to -the exerclse when the
1nten31ty ot\the work increases or when the oxidative fibers (FOG
and S0) .become glycogen depleted (Gollnick et al.,il973 Costill et
al.; 1973).. Con51der1ng the larger oxidatlve capac1ty and blood
supply of the FOG and SO fibers, it seems reasonable to. have them
the most easily actlvated resultlng in a more economical use of the
energy reserves of the muscle Finally, the higher hexokinase ac—
tivity in FOG and S0 flbers/as compared to FG flbers (Flgure 6) ‘would
compensate for the preferentlal glycogen utillzation especlally bet-
ween tralnlng sessions by augmenting the G—6&P pool in muecle (Piehl
et al., 1974, Newsholme and Start, 1973). \* »

The importance of carbohydrate sources at the onset of hlgh

v

1ntonsity exercise has been emphasized extensively (Gollnick et al
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N

1973, 1974a, Hermansen et al., 1967, Bergstrom and it . 1967).
As‘the exercise proceeds, moré energy is derived fromlsourcés othgr than
ﬁuscle.carbohydratés such as blood glucose, liver glycogen, lactate

and free fatty acidVOXidétion (Gollnick et al., 1974, Essen et al.,
1977). It has peen reportéd@(Essen et‘al.,\L977) that the éontri—

. . , , ) ,
- bution from fat to the energy requirement was similar in intermittent

and continuous exercise when Lhe total amount of work.wés aihost iden-
tical. ‘A very high rété of glycolysis wou&@ havé occurred in the
- present- S;ud; for the anaerobic groups 1if the same work load was per- l
formed contlnuously, but the rest perlods might have permitted a more
complete ellmlnatlon'of anaerobic by- products as those described byawh
Wenger and Reed, 1976, ér’metabollc utilization of lactat:JEBelcastro
and Bonen, 1975). This probably permitted half of group TANc to pers
form over 340 exer01se bouts (over 85 min of work time) before
‘reaching exhaustion. Also, their muscle cells probably derived mofe"

eneﬁgy from carbon sources other than cérbohydrates such as lactate
and FFA,.oxidizing them by the citric acid cycle during the relief
pefiods in order to replenish the high-energy phosphagens (Baldwin

et al., 1975).
4. Enzyme activity

iA brief summary (fable'III) compares enzyme levels between dif—
fegent studies for sedentary control values. No further attempt willx
be made to discgss in great detail their differences. It is worthf
while tﬁohgh, to meﬁtion that a gré;t deal of Vafiability is found

between authors because of specific factors including: species, ' \§&
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Table II1l Comparative enzyme .activities in skeletal muscles of
sedentary control animals g
/\
ENZYMES 'SPECIES " MUSCLES ENZYME AUTHORS
: ACTIVITIES! 2
(umoles/min/g) = * . ~
rabbit - EDL 29.5 Bass et.al., 1969
rabbit 2.67 - Bass et al., 1969
. man- - - 8.5 Bass et al., 1969 ‘//
“‘man 12.6 ; Russell et.al., 1970
rdt ., 215 *#15 Baldwin et al., 1973
rat™ 105 8.0 * Baldwin et al., 1973
~rat,, ;o 27 +2.0. Baldwin et al., 1973
~ man g 15 +2.0 , Harris et al., 1976
_rat # 30.%,:0.9 Huston et al., 1975
o rat . 11.5 #1.5 Exner et al., 1973
Pase rat SOL -~ 2.1 0.2 Exner et al., 1973
rat RF 24.0 #3.0 Exner et al., 1973a
rat RF 30.2 +£2.8 Staudte et al., 1973
rat SOL - 2.0 #0.9 Staudte et al., 1973
rat . GAR 71.8 +3.1 Saubert IV et al., 1973
rat GAW 126.8 7.7 - Saubert IV et al., 1973
" rat VR. - 125.3 #5.1 Saubert IV et al., 1973
rat SOL 12.2 #0.1 Saubert IV et al., 1973
rat VW 7.6 1.5 Present study .
rat VR 7.2 0.6 ~ ! Present study
rat SOL -~ 1.9 +0.3 ' Present study
rabbit EDL . 0.37 Bass et al., 1969
rabbit SOL 1.58 - Bass et al., 1969
rat V- 0.58 +0.04 ™ Baldwin et al., 1973
rat VR 1.50 +0.05 - Baldwin et al., 1973
rat -SOL 1.57 #0.13 =~ —J Baldwin et al., 1973
g.p. : GA 0.49 +0.02 / Barnard and Peter, 1969
~ man, .RF 2.30 #0.30 Bass et al., 1975
HK rat "GA 1.13 +0.05 Huston et al., 1975
rat RF 0.81 +0.10 . . Exner et al., 1973
rat SOL; 1.22 +0.30 Exner et al., 1973
rat RF 1.00- £0.09 Staudte et al., 1973
rat SOL 1.64 +0.77 . Staudte et al., 1973
rat . ' VW 0.49 +0.03 Present study .
rat’ - ; VR -0.80 *0.09 Present study
rat .’ SOL 1.20 *+0.09 Present study

" 1) Mean +SEM . :
’ : . N e

\‘EDL: extensof digitorum longus, VW: vastus lateralis white, VR: vastus
lateralis red, SOL: soleus, GA: gastrocnemius R(red) W(white), ET: erec-
tor trunci, RF: rectus femoris. g.p.: gulnea pig. ,

-~
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!sex, age, muscle and method used. However, further discussions will
mention ratelof ;hange in enzyme activipies folloying experimental
conditioﬁs:

Phosphorylase enzyme activity seemed to follow a regular

growth pattern throughoui this investigation, however, only SOL mus-

cle.showed a significant higher (p<.05) phosphorylase activity in

CON2 over CON1. The different exercise regimens tended to keep phos-

/ -
i
i

phorylase activity at the same level as the age-matched control

values aslcan be seen by a‘ndn—significant difference (Appendik D-6)
between group means ip\exercised and trainéd animals as compared to
CON2. Although some studies (Huston et al., 1975, Exner et al., 1973,
Saubert IV et al., 1973, Baldwin ét al., 1533, 1973a, Staud;e ét al.,
1973) reported small increases in phéspﬁorylase in certatin muscles,
small decreases or no change have been found in the same study in

N

other muscles. after a training session. These discrepancles may be

I —

due to different relative cogtrigggigglgf;theﬂvarieUS*mustles in

/'work performance. No significant increase in phosphorylase activity
was observed in this investigation for the muscles analyzed indicating
that the normal levels of phosphorylase was adequate td meet the

|
metabolic demands of the workloads without adaptation to higher levels

of activity.

bHerkinase"enzyme activity showed a more consistent pattern_in
‘all muscles studied. The 57% and 75% increases (p<.05) for group
_TANC over CON?}i; HK.activity in VW and VR respecﬁively, are in agree-
meﬁf with Staudte et al., 1973, who reported a 472 increase in rectus
féﬁoris of rats after a three week sprint training program and also
with Baldwin et al., 1973;.where a twelﬁe‘weék endurance program led y

to a 170% and 30% increase in the level of hexokinase in VR.and VW



respectivelyl TAEC group demonstrated slightly lower (p>. 05) hexo- ¢
kinase activity as compared to TANC in all muscles" studied which may

suggest that the increase in hexokinase activity is more intengity-

\

Arelated rather than duration-related.

5. Genelral Eiscussion | o L e

e e e e s o -

Although the.capability for increased glucose phosphorylation
as indicated by hexokinase act1v1ty was increased with anaerobic train-

ing in selected muscles (VW and VR) this was not demonstrated by in-

"

creased glycogen sparlng 1n the acute exercise test. Yince the gly-.
cogen levels 48 hours following the chronic test to exhaustion were

used as 1nit1al glycogen levels prlor to the acu;e test, the levels

after the 48 hour interval may not have beenia;realisfic estimate of

- - —the-pre=acute test levels. This may have resulted in +4n underestimate

of the glycogen utilizatlon durlng the acute test.  Also, the shortness ‘
of the acute. test 1tself (5 min) due to the relatively hlgh 1ntensity
in the aeroblc group may not have been sufflclent to reflect a gly- "

cogen sparing effect. 1In addition, the relatlvely high protein diet-

may have prevented glycogen stores trom being fully replenished in

“only 48 hours. ‘

When equivalent work loads were calculated,‘the'work perfor-G
med by the aerobic group.was assigned as the training load for the

anaerobic animals. Since the aerobic animals tnained at 40 m/min
~continuously, this total work was not substantial because of the- early - -

!

onset of iatigue. The anaerobic group averaged 20 bouts per se551on

when assigned the equivalent. amount of work. This was only minimal

4
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in terms of their capacity since the final performanco test resulted
in some animals completing over 340 bouts If the running speed of

~ the aerobic group had been lower (e. g 30 m/min or less) both groups

Q

would have been overloaded to a greater extent and hence greater

differences might have resulted between the trained and exerciseda

, groups Also, the exarcised groups may have received enough overload

o
to achieve some training effect and hence result in the lack of

differences. o

When comparing the trained animals to sedentary controls, the"

5

TANC group alone showed significant changes and only in hexokinase. in

VW and VR muscles ‘ However, when compared to eXercised controls (EANC)‘”

only hexokinase in VR was. elevated (p< 05). The exercised controls

<

l were not. different (p> 05) from CON2 values on any dependent variable.
However, the exercised animals were slightly higher than sedentary
animals and hence resulted in a non- significant dlfference in hexo—,
'kinase activ1tv between anaerobically trained and exercised grouns in
VW muscle, Thls would sugzest that exercised controls are a more |
realistic model for comparing training effects than the traditional
_sedentary age-matched animals whose enzyme, fuel and metabolite levels

may be abnormally depressed due to confinement : 3

?

0



‘ ' SUMMAT

.Sixty;two male Wistar~rats (110 g) were divided in five groups'
sedentary control (CON), exercised aerobic (EAE), exercised anaerohic
(EAN) , trained aerobic (TAE) and trained 1naerobic (TAN) . \

V | Following a- two—week pgogresfive pre training sess1on, the
aeroéically trained animals (EAE and TAE) and the anaerobically
trained animals (EAN and TAN) were able to run continudusly for
5 min at 40 m/min 157 grade and 1nterm1ttently for 10 bouts (15

d 30 sec’ rest) at 80 m/min 15% grade,‘respectively

* The exercised animals ran only once a week and the tralned rats
. R £ . .
. were run. twice a. day, four days a .week thereaftrer for eleven weeks

The running schedule allowed for- a gradual training overload Equiv-
r"

alent physical work output was assigned between exercised (LAE and
X <

. EAN): and trained (TAE and TAN) groupc dur“-; all running sessions

_1n»order-to assess the relatfve contr-bution of intensity and duration

.

min glycogen utilization -and enzyme ad ntatior over a\3 montiutraining,'

J C . o . s

program- N

Hexokinase activity increased 57/ (p< 05) 1n vastus lateralls Y
{

‘hite muscle for TANC over CON2 75/ (p< 05) and 47/ (p< 05) in vas—
tus lateralis red muScle for TANC over VONZ and»EANC respectively
o

"In an equivalent physical work output performed aeroblcally (40 m/mln

continuOusly), group TAEC demonstrated’a sllght increase in hexokinase

vactiv1ty (207 34/ and 27/ in VW VR and SOL muscles respect1Vely)

L3

'but without reaching signiflcance (p> 05) suggesting that hexokinase

i 'gﬁdaptatrun 1s 1ntensity—related ‘ Adaptation‘in total physical work

i J T Cos r,— : . . ar
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time was evaluated in a performance test to exhaustion which revealed.

a sgnificantly higher running time for group TANC than group 'AY byt
both groups reached a significant 3.2- and 2.4-fold increase in wor-
king times over EANC and EAEC respectively. Glycogen content in

skéletal muscle and liver did not reveul a significant difference

between groups in both chronic and acute situations.

/



CONCLUSTONS

Although there was no difference (p>.05) in body weight between
the trained groups or between the trained and exercised animals, the

sedentary controls were heavier (p<.05) than the trained groups at

fifteen weeks of age.

Training led to bic ‘hemi~- adaptations in glucose phos- R gﬁi

ynorylatibn following high .. ity (anaerobic), short duration;,h,ﬁx

training as a result of an increase (p<. 05) i; hexokinase activity

in selecéed skeletal muqcles as compared to exercised and sedentary

controls. |
No differences (p?LOS) in'hexokinase or phosphorylase activity

existed between the two diffcrent types of training regimens.

Work time to exhaustion was specific to the different trainiﬁg

£ _aats. ﬂg

Skeletal muscle glycogen stores did not seem to be spared i?

any groups during a short acute test at 40 and 80 m/min.

EOR
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LIST AND SOURCE OF CHEMICALS
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LIST OF CHEMICALS USED
CHEMICAL

ATP (Na,-salt) from ‘equine muscle
EDTA ‘

L~GLUCOSE '

G-1-P (K, salt) (Grade V)

G-1-P14C (K, salt)

G-6-PDH (Type XI) ,
GLYCOGEN (Type ITII) from rabbit liver
LITHIUM BROMIDE

MERCAPTOETHANOL

MgCl,—6H,0

B-NADH (Na, salt)

‘NADP (Na salt)' ‘

SODIUM GLYCEROPHOSPHATE

SODIUM FLUORIDE |
TRICHLOROACETIC ACID

TRIZMA-HC1

66

SOURCE

SIGMA  A-3127
FISHER S-311
SIGMA  G-5500
SIGMA  G-6750
NEC 390"
SIGMA  G-8898
SIGMA  G-8876

. MCB LX-320
“FISHER 4196
SIGMA ~ M-0250
SIGMA = N-8129
SIGMA  N-0505
FISHER S-314
FISHER 'S-299
FISHER A-322
STGMA

T-3253
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Appendix B-~1

“a~-glucan phosphorylasé (Pase) (EC 2.4.1.1)

(a-1,4-glucan: orthophosphate glucosyltransferase)

Reference: Russell J.C., Tougab D., Taylor A.W. Rapid assay for
W glycogen-cycle enzymes in small samples of
muscle. Clinical Chemistry 16:900- 902, 1970.

Principle: G-1-Plic 4+ glycogen -+ PO glycogen

Glucose-1- -phosphatel®g incubated with vlycce
in the presence of phosphorylase will rerate rradily
in the reverse reaction if sufficien. -'ucose-] ~hos=prhate
is present, ylelding glycogen. Radiow .« ivity in ipcor—
porated into the glycogen primer and the rate of the

enzymatic reaction is reported in “~rms of pmoles/min/g.

Reagents: _ .

1. Sodium g8lycerophosphate
. 2. EDTA ‘

3. Sodium fluoride
4. Mercaptoethanol

. Glycogen

. Liéhium Bromide

A

Trichloroacetic acid

G-1-P .

G-1-pPl4c (50 upci, uniformly labeled)

O -3 o wun

68
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| Procedure: * 4 o .
;, ’ ' l: Buffer solution: prepare desired volume eontaining:
=~ Sodium glycerophosphate '20 mmoles ’
. . ~ EDTA 1 mmole
= Sodium fluoride 100 mr L
- Mercaptoethanol ' 20 mmole~ pH: 6.1
2. Substrate solution!: using buffer lutfon as solvent,{j?
’ add: .
- Glycogen 20 g/liter
- G-‘-l-P‘ + G-1-P% ' 32 mmoles .
3. Step solution: each mliconta;nsi*\
- Trichloroacetic acid éQ mg
L , = Lithium bromide ’ ffmg
’ - Glycogen S 1 mg
o - ’ i
e s 4. Incubate tubes containing 0.1 ml of substrate solution :
2é§«' ) _Jpgether with the muscle extract samples for 15 v
min at 30°C

5. . 0.1 ml of the muscle extract sample was added to the
substrate tube (12 x 75 mm) and shaken. Reaction

was allowed to proceed 5 minutes. (30°C)

6. 1.0 ml of ice cold stop solution was added at the end

of the reaction

1) 0.1 ml of substrate solution was pipetted in smal%_tgggw______.~__Ki—————

'; . tubes (12—x—75mm)and kept frozen.
I —
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'Appendix B-2 -

Hex.kinase (HK) (EC 2.7.1.1)

- (ATP:D-Hekose 6—phosphotransferase)

¢

Modified from: Joshi M.D., Jagannathan V. in Methods in Enzymology,"
~Ed. s.P. Colowick, N.O. Kaplan, Vol IX,
P. 371, 196. S

‘ B LN - | ¢ : :
Principle: Glucose + ATP 49933 G-6-P + ADP
Mgtt
NADP*
G-6-P Dehydrogenase

b

6-phosphogluconic acid-6-lactone
+ : L
'NADPH + gt ‘ ‘ S

The formation oleADPH can ﬂe readily monitored at

340 nm Providing an excess ATP and NA5f+ bécause ‘the
lequilibfiumﬁconstant values of the hexdkinaseyreactiqn
4, and ghe glucose-6-phosphate dehydrogenase reaction lie

very far to the right.

- Reagents: -
‘ L. Glucose 0.15>> M
2. MgClo-6H,0 ©0.20 M B
° 3. EDTA - o.0001:M - o -
4. Tris-HCL buffer = 0.20 M ° py 7.0
" 5. NADP 0.0039 ¥ ‘
6. G-6-P pehydfogenase1 2 units/mil a
/ 7. ATP (Nd salt) 0.45 "M  pH 7.0
\4( ‘ %%5
_ U R L
I L ould have negligible amount of G—-6-Phosphatase, NADPase, NADPH ;
oxidase, Hexokinase, GlucosengDP.reductase, and 6-phospho-

~ 7 gluconic dehydrogenase.

cet



“Procedure:

- 1. Stock‘solutiohlz X o Co
Mix together 7. S ml. of‘phe reagents l 2, 3

.. and'10- ml of reagent 4 '

Once ready to stayt enzyme assays, add.

7. 5 ml of rcagent 5

2. . Pipet 1.7 ml nf stock 501ut10n to a 1 cm cuvette
. “with 0. 3 ml of rcagent 6

and 0. 1 ml of~homogenate solution (sample cuvette)
N

-

and 0. l ml of reagent .4 (reference cuvette)

4, "Add'O;l ml of Ter lent 7 to'both cuvettes‘and
' ~ record rate of formation of NADPH at
'340 - agalnst time (cell }older kept at 37 c).

. (é ¢

kN
y

1) prepared for 20 assays andl kept cold ‘ T

3, Incubate boﬁh.éuvettes'er 15 min at 37°C .
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Appendix

C-1- Raw data for BODY WEIGHTS

-

!
/

' Groups

K

‘Body welghts (g)

1

2 3

4

5

CON2

110
128
147
148
135
146
132

155
168
236
209
191
216
175

273
340
297
272
320

242.

266 -

334
352
432
409
383
410
354

371

395
468
455
417
477
384

."V-EAE .

138
132
w112
123

141 -
- 122

15
130
145
144

154

144

263
259
250
285
279
291

181
186 _
152
193
195
139.
219

352
346
355
366
365
- 294

291, 365

ML JHE 349
B Yodug 0. 167

198 275
220 307
©202 297

340
357
399

381
376
396
397
397
390 R
408

364 . .

408
366
393
423

o -

7153
124

144

137
126

145
153

139
132

136"

127

33

133

215 292
183 250
153 252

195 259
200 295

. 174 255

204 288

218 272

203 289

180_.,.2

- 364
338
“7338
360
. 393
343
370
347
.. 371
"5365
7326 .
327

298
357
374
408,

435

361
407 ...
370

1399
402

#

360
357

-

"~ . TAE

-

121

' 156

153

128.

154
146
133
139
149
150
130
147

237
296
214
243
290
261
250
263

266

. 284
258

270

295
338
377
298

321
344 e
415 -
314 ’

360 /393

347
315
347
357
326
- 331
341

386- -
351§
399

374

354

367

372 .

73

Q



Appendix C-1 (cont'd) Raw data for BODY WEIGHTS

Grouﬁé Body weights (g)

1 2 3

4

“ 148 196 265
145 199 284

TAN . 144 2Q0° 79
C 114 153 233
159 154 261

T 13371925 284
' 160 2127 277
142 178 270

145 175 247

339
385
352
310
335
355
315
. 334
381
357
348
318

393
422
381 -
351
384
394
341
350 -~ —
403 ‘
385

385

360

1)  November 30 (week 1 in
2) December 12 (week 3 in
3) January 2 (week 6 in?
4) February 7. (week 11 in

9

» J

lab.)
lab.)
lab.)

I'lab.)’*

5) Sacrificing time G i&g

74
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Appendix (-2

o3

“Raw data for GLYCOGEN VALUES (mg/g)

B
ALY,

Glycogen values (mg/g)

-

A

C: Chrénic, A: Acute, LI: Livei.

Groups
o VWC VWA VRC VRA S0C SOA LIC LIA
10.80 10.80 -2.17 2.17 5.25 5.25 - -
1.56  1.56  6.49 6.49 8.49  8.49 - -
‘ 15.11 15.11 14.19 14.19 11.72 11.72 - -
CON1  10.80 10.80 14.96 14.96 21.12 21.12 - -
16.9- 16.96 13.11.13.11" 18.19 18.19 - -
17.58 17.58 14.80 14.80 11.47 11.47 - -
2.79  2.79  3.10  3.10 4.02 4.02 - |-
©5.25 5.25  5.56  5.56 4.95 %.95 22.13 22.13
»0.41 5,41 7.26 7.26 5.25 5.25 28.73 28.73
$M4.64 464 5.10 5.10 4.02 4.02 18.57 18.57
CON2  8.64 8.64 5.87 5.87 6.49 6.49 11.97 11.97
6.49  6.49  7.41 . 7.41..,7.10 7.10 45.87 45.87
3.90  3.90 3.28 3.28 4.22 4.22 12.80 12.80
3.10  3.10 3.41 3.41 5.10 5.10 6.21  6.21
’ S
14.65 2.89 14.96 2.18 13.73 1.50 31.62 16.37
. 11.57 1.63 12.03 2.25 10.95 0.99 31.31 32.85
"~ DAE 19.27  2.51 17.73  0.7%¥16.34 156, 59.78 36.61
S 8.18 3.79 6.95 2.08 ' 6.18 2.38 29.30 28.64
19.12 2,79 13.427 °%1.12 - 6.18 .2.04  6.95 ' 24.40
‘ 12.96  2.12 10#49 . 6.@% 15,27 1.73 25.25 ,16.29
had B : SN :
S 7.100 3,130 5,10 1.26 4.8 % 1.91 11.97 9.38
© 0 :8.95 4112 9.57  1.24  9.10 2.02° 46.13 24.98
EAN  14.65 2.00 2.94 1.56 1.40° 2.28 ‘11.68 33.32
1 6.64 2,70 4.18 1.65 7.56 2.65 56.41 33.21
 8.33 - 3.19  4.79. 1.89  7.41  2.22 -56.41 22.22
8-33 '1.70 8.33 1.32 7.56, 2.54 20.23 19.61
"17.73. 2.70 11.11  2.81 “14.03 3,97 38.52 7.05
5,79 3.21  4.84 1.05 13.26 1.60 36.65 28.67
JAE  -8.95 1,13%10:03  2.22 9.41 2.0l 41.72 44.86
s 7.72 1.04 7.41 1.94 9.26 -1.99 18.03 13.52
9.57° 1.23 9.87 2.41 15.11 1.74 41.24  7.36
16.19 ,2.03 12.18 1.61 10.64 2.29 21.21 41.40 °
8.80 ~1/09 8.03 1.13 8.80 1.12 22.09 18.23~
10.80° 1.29 12.80. 0.97 ‘ 6.79 1.9% 26.38 26.81
TAN 7.72 ©1.22 " 6.95 1.32 8.64 , 1-36" 56.20 7.79
'19.42 1.%3 16.65 1.32 17.73 1.64 37.27 32.88
7.72 1.36  7.56 1.23. 4.33 1.26 42:50 49.21
5.47  5.42 3790 ,1.71 3.907 1.95 15.33 ,25.94
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Appendix C-3 Raw data for PERFORMANCE TEST

Groups Performance
time (min:sec)

:07 .

$25

:59 , A

: 30 / !
146 ,

:13 v .

—
15

el
;////////is:as _ - ,

_EANC 27:45 y b
— 28:15

e : 16:00

EAEC

OO

6:23 .
-, 657
, TAEC “I1:58 . .« L
. a e ~+220:09 T -
SR ; B .. 42:00
T 22:16

- 27:00.
58:00-
3 ‘85145
i 60 Q% =i
e 8745 ¥
S 87:00 *

b . o

£y

¥



Appendix C-4 Raw data for PHOSPHORYLASE ACTIVITY (umoles/min/g)

Groups Phuwphorylage (umoles/min/g) Cea
A VR . SOL
9.. 1.59 0.25
1.9 9.87 0.80
2.37 6.82 0.33
CON1 1.63" 8.21 70.59
- 2.14 - 4.88 1.02
5.93 ° 3.76 . 0.47
3.46 2.96 . " 0.58
, 2.53. 4.75 . 0.96
. 5.8 8.63 1,15
\ . ©11.48 4.49 7 105407 ¢
CON2 " 8.20 8469, . 3.19
. 6.17 6.05 - 1.26 . .
T 4.65 "8.14 . "2.60 v
: 14224 8.29 2.2% '
L
e v B32 0 5,78 7 215
ook 2367 10075 . 1.90.
« EAEC 4.15 . . 8.14,. 1.34°
S 2,12 9.45 - 2,06
‘ - 1.38 © 7.2 1.26
2 -1.82° ~5.07 © 2,58
9.88 7.67 1.06
. 14050 - 8.81  1.52°
EANC. - 381 7.06 1.74
.. .5.90 9.64 1:30-
- 3.18 7.61 & 2.24
1.56 . 5.88 0.%3
3.81  4.66 o 1.27
g 5.3 ¢ g.01 2.75
.TAEC 3.89 5.58 2.65
5.02 6.45 1.36
5.70 12.45 1.03
1.38 10.78 72.19"
o L 6.4D 6.62 1.46 d
. 10.14 10.87, --2.33
« TANC ° 3.21 8.91 - 1.70°
o 3.39 9.26 2.00
S 2.62. 11.25 1.17
. 6.53 8.66 2.12
t"

4555 -
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Appéndix €-5 Raw data for HEXOKINASE ACTIVITY (umdles/min/g)

AN
vl

G?oups ‘ Hexokinase (vmoles/min/g)

VW VR SOL
0.45 0.69 0.91
0.45 0.57 . 0.65
0.46 1.13 &~ 1.18
CON1 0.47 0.69 0.91
0.45 0.68 0.95
0.46 0.69 0.88
0.47 0.68 0.70"
0.45 1.14 1.38
0.69 0.90 1.12
o 0.46 0.91 0.90
CON2 0.46 0.90 1.61
, 0.46 0.45 1.11
0.46 0.57 1.14
0.46 . 0.68 1.14
P 0.91 1.15
0.68 0.91
N 1.14 1.37
1.13 1.39
0.91 1.83
1.13 1.62
0.68 0.91 0.89
~ 0.45 0.68 1.12 .
EANC -  0.45 - 0.91 1.60 ;
0.57 . 1.14 ©1.13
0.69 1.13 1.82
‘ 0.68 1 0.91 - 1.56
0.68 1,13 1.38 o
. 0.56 17437 1.38
- TAEC . 0.68. 1.14 1.35 L
- 0.46 " - 0.92"" 1.37
0.45 0.76 " 1.37 ~
0.68 1.13 2.32 RN
0.57 1.13 -1.62 -
; 0.69  .1.59 1.63
CTANG . 1.14 1.83 2.01
{ 0.76  1.37 1.61
0.68 1.32 1.71
1.14 1.35
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APPENDIX D
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Appendix D-1, a Summary of the analysis of variance for BODY WEIGHTS
‘ (Feb. 7)' in sedentary, excfcised and trained rats

e _ TR
FERYC S Source of DF SS MS F P
’ variaticu '
GROUPS 4 10217 2554 4.00 .007 .
ERROR 50 31952 639

~— T

Homogeneity of variance x2=3.03 P=.55

o~ -

thppendik D—i, b Scheffé multiple comparison of means

» : Probability matrix

g CON EAE EAN TAE- TAN 5
. CON - .2828 .2460 .0109 .0552

EAE -, 1.00 .524% .9029

EAN Sy o .5&.9322

TAE

— . 9606
TAN .
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Appqndix D-1, ¢ Summary. of the analysls of variance for BODY WEIGHTS
ey ' (sacrifice time) of sedentary, exercised and trained o
e rats ’

Source of DF SS MS F P
variation ’ \
. , GROUPS 4 15892 3973 5.18 .001
N . . ERROR 50 38366 767

Homogeneitxfﬁf{;ariance x?=7.1? P=.13
S

Appendix D-1. d Scheffé multiple comparison of means

Probability matrix - - &
) CON EAE. EAN = TAE 7AN. .
CON = =21%445°.0889 .0022 0316 - .
EAE " T -9891 .28427.8757"
EAN - .56707:9897 ’
TAE _ — L8445,
TAN , -
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Appendix D-2, a Summary of the analysis of variance for GLYCOGEN .level
in VW muscle of sedentary, exercised and trained rats

in the CHRONIC situation .

\

Source of DF SS MS " F P
variation

GROUPS 5 273 55 2.45 .06
ERROR 32 713 22

Homogeneity of variance ¥2=10.5 P=.06

<

Appendix D-2, b Summary of the analysis of variance for GLYCOGEN 1level

in VW muscle of sedentary, exercised and trained rats.
in the ACUTE situation R

Source of DF SS - MS. fﬁﬁ;n C P ’ vg
. variation n .
GROUPS 5 401 80  8.64 <.001 2 |
ERROR = 32 297 9 | . Voo
. - 2 . . \
Homogeneity of variance x?=38.7 P<.01 . ¢
fj; h ‘ B I d' o o '

Appendix D-2, ¢ Scheffé multiple comparison of means

i Proﬁability-matrix

CONl CON2 EAEA FANA TAFA TANA

t CON1 = +.0743 .0027°.0035 .0009 .0010 . - .
o - CON2 = - 7626 .8105 .5366 .5514 ' » T
. EAEA . - 1.00 .9993 ,9995 >
EANA - "~ .9980 .9984
. PAEA . - - 1.00
. 7 TANA - - - S - -
'; ) % .
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Appendix D-3, a Summary of the analy_s_is of variance for GLYCOGEN level
: in VR muscle of sedentary, exercised and trained rats
in the CHRONIC situation

]
Source of DF SS . MS F P
B variation
- ' GROUPS 5 229 46 3.22. .02 .
(bERROR .32 456 14 o
' 'Homogeneity O'ariance x?=9.7 P=.08
W e e ‘

) -.“f'r&fi'pendix D-3, b h Sunnn.';ry of the analysis of variance for GLYCOGEN level
- in VR-muscle of sedentary, exercised and trained rats

1

in the ACUTE,,usitvuation‘ . . /

Ly * 4 -
. .
- Sourceof DF - S5  MS F-' P h
" _variation . o
~.GROUPS 5 373, 75 ¢10.26 <.001
_ ‘& . ERROR 32 289 -~ 7 - -
. . . * ’ e ° -
D-3, c Scheffé multiple compa;isoﬁ of"means \ ,
” ' ) R 4 o .
o B J - g g
. ) . ‘1" R . ) I A .
P - = ~ \" ,‘,“ . .'/ -_
“  Probability matrix .= . S P R
o . y ma Sl o
. . CONL 'CON2 EAEA EANA - TAEA TANA @“ﬂ' :
| © o (CONL - . .1252 :0050-.0004 .0010°.0003 .. = |-
R LCON2 " .- 5630 .2618 .4160%.2121 . . |
. \ EAEA - .9959 .9999 .9897 4 .
"EANA - ‘ T~ v .9998 1.00 ok
"TAEA N ' = .9988 e
, TAKA . , \ o ‘ = .' ' '
- o o IR
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Appendix D-4, a Summary of the'analysis of variance for GLYCOGEN level
‘ ' in-SOL muscle of sedentary, exercised and trained rats

” A in the CHRONIC situation
9 ]
Source of DF . SS ' Ms F P
variation ‘
GROUPS .5 241 48 © 2.47 .05

ERROR 32 624 19

3

'Homogeneity of ‘variance y2=17.7 P=,003

B : ) .
. . W

o .
Appendix D~ 4 bh j”ggxmmary of the analysis of variance for FLYCOGEN level
-in SOL musgls of sedentary, ‘exercised and trained rats

W ¢ , %w in the ACUTE 31tuation , ,
) o h ) \ . :‘:{. . M B o ‘ ) \”T\—-\‘__/‘/—‘
' Source of ?pF 'SS MS . F. R
variation : v ‘ <
!'J B — i - " N -
a ’ e ) i ' - Do,
GROUPS 5 502 100 2.6, <.001- o
ERROR - 32 255 8 K B .
: ’ +Homogeneity dfjvariance;‘xg=69¢4- P<.?Om ‘
) 9 v s N = . ’ ‘ ‘
N ) e, o - S ' 7 -
.Appendix D-4, ¢ -»Scheffé multiple comparisqneof means ' '
2 ) et Tk . ‘,) /’ .
Y + . - J
- ;: ‘Pr6bébility métp{x* - :
) 0 CONL CoN? BAEA EANA- TARA Tana /
' CONL - - ".0155..0001 .0002 .0002 .0001 = - VAR
’ ¢ ~CON2 : ~.  .4040 .5949 ,5938 .3560 /‘q,;; _
EAEA . - .9997 .9997 1. 00 - i
EANA . . - 1.00 .9990 .
TAEA R . . - -9990 ;o
TANA o ‘ _ , W ' -
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Appendix D-5, a

Summary of the analysis of variance for GLYCOGEN fevel
in LIVER of sedentary, exercised and tra\\

ed rats
. in the CHRONIC situation , »
Source of DF SS MS F P
variation
GROUPS. 4 820 205 .90 .48
ERROR 26 5929 228

Homogeneity of variance x%=1.7 P=.79

’ ‘ [
X
{
Appendix D-5, b Summary of the‘analysis of variance for GLYCOGEN level

. in LIVER of sedentary, exercised and traihed rats
in the ACUTE situation

Source of DF SS MS - F P
varlation
P
. | i ‘
GROUPS 4 136 3¢ 0.21 .93
ERROR 26 4226 " 162

Homogeneity of variance x2=3.l P=.54
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Appenéix D—é, a Summary of the analysis of variance for PHOSPHORYLASE

¢ activity in VW muscle of sedentary, exercised and
trained rats )

Source of . DF SS  MS- F P
ariation o
<« ,_ J
GROUPS 5 114 23 2.25 .07
ERROR 3232 10 ‘
N Y
. \ N
Homogeneity.of variance x2=" .3 p-.02

C

Appehdix D-6, 6 ‘~Suﬁmary of the analysis o1 . ..itce for PHOSPHORYLASE

activity in VR muscle of sedentary, exercised and
trained rats

~.
~

.
Source of DF SS MS F P
variation ‘ "
GROUPS 5 52 10 * 2.01 .10
ERROR 32 163 5

Homogeneity of variance x%=5.6" P=.35
£ .

)

g

T
/'
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Appendix‘Df6, c Summary of the analysis of variance for PHOSPHORYLASE
' activity 4n SOL muscle of sedentary, exercised and
. trained rats

Source of DF S§ - MS  F P
variation '
GROUPS 5 9 1.8 5.05 <.0b1
ERROR 32 11 0.4 ‘

fHBmogeneity-of variance *x?=7.8 P.17

§,

Appendix ﬁj6,'d Scheffé multiple comparison of means

RN

¢

¥

T

Probability matrix

CON1 CON2 EAEC EANC TAEC TANC

CON1 - .0200 .0228 .3352 .0235 .0393
CON2 - 1.00 .8601 1.00 1.00 ’
EAEC - .8439 1.00 1.00 .
EANC ' - .8491 .9230, .
TAEC - 1.00

. TANC | ' - dﬂ




Appendix D-7, a - Summary of the analysis of variance for HEXOKINASE
. activity in VW muscle of sedentary, exercised and
trained rats

Source of DF S§ MS _F . P
variation '

GROUPS 5 0.37 0.07 5.37 .001
ERROR ‘ 32 0.44 - 0.01

v

.Homogeneitx of variance x2=29,9 P<.001

Appendix D-7, b  Scheffé mﬁltiple compariso of means

Probability matrix

CONI° CON2 EAEC EANC TAEC . TANC

- CONL - /9988 .7429 .5862 .5892 .0034
CON2 - .9160 .8093 .8117 .0099
EAEC - .9999 .9999 .1502
EANC 7 © - = 1.00 .2405
TAEC : . ©o-,.2386

TANC . -

]
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Appendix D-7, ¢ Summary of the énalysis of variance for HEXOKINASE

activity in VR muscle of sedentary, exercised and

trained rats (‘/

Source of DF SS MS F - p
variation ‘ ‘

GROUPS . 5 1.78 .36 8.06. <.001
ERROR, 32 1.42 .04 '

Appendix D-7, d

Homogeneity of variance .x2¥l.63 P=.90

%

Scheff& multiple comparison of means

Probability matrix

CON1 CON2  EAEC EANC TAEC TANC

CONL -~ .9968 .4645 .6457 .1712 .0003
CON2 .- - .7534 .8908 .3844 .0011
EAEC - .9998 .9926 .0655
EANC . - .9581 .0333
TAEC = | - L2219

TANC o -
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Appendix D—7, e Summary of the analysis of variance for HEXOKINASFE
. activity in SOL muscle of sedentary, exercised and
trained rvats .

N

1 Source of DF SS MS F P A
variation >
= —~
GROUPS 5 2.4 .48 5.81 <.001
ERROR 32 2.7 .08

- Homogeneity of variance x2=5;01 P=.41

+

Appendix D7, f 8cheffs multiple cémparison of means

. . P M
A

Probabilfty matrix

CON1 ' CON2 FAEC EANC TAEC TANG

CON1 - +5222 .1164 .1522 .0177 .0026

CON2 = -9357 .9649 .5366 .1815

EAEC g - 1.00 .9765 .7333 )
. . EANC - . = .9547 .6585
. TAEC - .9864

TANC ‘ } -
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APPENDIX E

TRAINING PROGRESSTION
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Appendix E Training progression

Day Time Group Speed Grade Rep time on time off Intervall Total Total

m/min Z min:sec min:sec on off
1 AM  AE 10 5 4 0:30 0:30 - 2:00  2:00
AN 10 5 4  0:30 0:30 - 2:00  2:00-

2  AM  AE 15 10 3 0:30 0:30 - 1:30° 1:30
AN 15 10 5 0:30 0:30 - 1:30 © 1:30

3 "AM AE 20 15 4  0:30 - 0:30 -~ 2:00  2:00
, AN 20 15 4  0:30 0:30 - 2:00  2:00

6 AM AE 20 15 4 1:00 1:00 - 4:00 " 4:00
AN 30 15 1 . 1:00 1:00 6 2:30  3:00

7 AM  AE 20 . 15 4 1:30 1:00 - 5:00*  4:00
AN 40 15 1 1:00 1:00 6 2:30  3:00

9 AM  AE © 30- 15 3 . 1:30 1:30 - 4:00  4:00
AN 60 15 2 0:30 1:30 6 b:30 5:00

PM AE 30 15 3 1:30 1:30 - 4:00, " 4:00

AN . 60 15 2 0:30 1:30 "6 ,2:30 5:00

10° AM  AFE 30 15 4 1:30 1:00 - 6:00 3:00
, AN 60, 15 3 0:30 1:30 6 3:00 5:00

PM AE 30 . 15 4 1:30 1:00 - 6:00 3:00

AN 60 15 3 0:30 1:30 . 6 3:00 5:00

13 'AM AE 30 15 1 4:30 -— ~ 4:30 —
AN 60 15 - —_ - 9 2:15 - 3:00

PM  AE 30 15 1 4:30 - - 4:30, --

AN 60 15 - - - 9 - 2:15  3:00

14 AM AE 40 15 1 3:00 - - 3:00 -
. AN 70 15 - -- -— 6 1:30  2:00

"PM  AE 40 15 1 3:00 - - 3:00 -

AN - 70 7 15 - - 2m 6 1:30  2:00

16 AM AE 40 15 1  3:00 Lo 3:00 —-
AN 70 15, - - - 9 1:30  3:00

PM  AE 40 15 1 3:00 -— - 3:00 -

. AN 70 15 A — - 9 1:30  3:00

17 AM AE 40 . 15 1 5:00 - -, 5:00  --
- AN ~ 80 15 - — — 10 2:30  4:30

PM AE 40 15 1 5:00 = -- . - 5:00 .--

AN - 2:30  4:30

80 15 - - 10

.
\=2e3

1, intervals of 15%“sec on and 20 sec off. Rep: Repetitions
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LABORATORY CHOW INGREDIENTS
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PURINA !
~ LABORATORY CHOW A

~ N

»‘\ ‘l‘
! - . . ,1. o «'\;,‘- . ’
GUARANTEED ANALYSTS ¥, R
B RN ~y . :
- SN

T Ml

Crude protein\ﬁ@; less théﬁﬁ......ZB.OZ

Crude fatundt less than e 4.5

‘Crude fiber not more than ........ 6.07

Ash not more than ................ 8.02

Added minerals not mbre than ..... 2.5%
INGREDIENTS

Ground extraded corﬁ, soybean meal, ground oat grbats, dried
beet pulp, wheat germ meal, fish meal, dehydrated alfalfa meal, dried
milk products, cane molasses, meat and bone méal, brewers'dried yeast,
wheat middlingé, animal fat préserved &ith BHA, calcium carbonate,
dicalcium phosphate,'salt, calcium iodate, animal 1iver mé;l,‘vitamin
Bio supplement, metﬁionine hydroxy analogue calcium, calcium pantpthenaté,
choline éhlofide, folic acid, thiémin, niacin,'pyridoxine, ferrous
- sulfate, vitamin A supplement! vitamin E supplement, iron sulfate,

iron oxide, manganous oxide;, copper oxide, zinc oxide.



