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ABSTRACT . ,
' Th1s study was de31gned to galn some 1nsr§ht 1nto how

A

‘acute exer01se of dlfferlng 1ntens1t1es, effect proteln"

metabollsm in., the h:?rt The des1gn allowed the chronlc
e
acute and post exerc1se response patterns %o be examlned

Follow1ng the 2% week accllmatlon programs the anlmals were' .
! L 3){ . ‘ 2

requlred to perform thelr persectlve anaeroblb or ‘aerobic SR

performance»protocols f Th1s 1nvolved sprlntlng at 90m/m1n

-;‘ « i

e

,‘“for lé.seCOnds followe by a 20 second rest up a 10”

grade repeated 60 tlmes aneroblc grOUpsi-‘The;"”%

¥ at*30m/m1n

t
(

aeroblc anlmals were requlred to run contlnuous

up- a 10% grade for 30 mlnutes The eifects of the forementlon.39
acclimatlon and performance protocols on proteln metabollsm S

®

was 1nferred by the 1ncorporat10n of the radloacﬁlveby labelled

o / . .
amlno a01d leu01ne, 1nto the myoflbrlllar nuclear m§§ochondr1al,

4,

©and soluble fractlons of heart muscle The 1n v1vq

1ncorporat10n of 1euc1ne 1nto proteln 1nto the dlfferent
: *[ ' b ‘
‘heart fractlons was expressed as speclflc actgv1ty in decays/

mln/mg of proteln Anlmals were sacrlflced and thelr hearts.

% B .t
-

removed for the subsequent blochemlcaf analys1s elther pre—“'

| _ v

exerclse or at 0 12 24 36, 48 60 or 72 hours post exerlcse

l(‘,

. Due to the 11m1ted sample s1ze (3 anlmals per group) and
the heterogenelty in the response patterns the fol&ow1ng

dlscuss1on is. based on the trends that were ev1dentq1n thewdata

—h

Both the anaeroblc and aerobte\accllmajq’n programs resnlted ‘

: ’ CoS TR

a



&
3

3

>3

. E oy . . T Ve
v - EAN Thooc e v . .
o SR Wiy L 1. : i N

: ':%F ...‘ f a’r ‘: P R

in a reductlon\ln the rate’ of amlno a01d 1ncorporat10n N u)
ThlS supports;the hypothesls that exer01se has a greater S \
;*effect -on proteln-degradatlon than on synthe51s. The acute
:effett of . exerilse onjproteln.metabollsm appears dependent
upon the/nature of the exer01se and the muscle fractlon

et

examxned Follow1ng anaeroblc exe&c1se the 1ncorporat10n'

37
rate 1ncreased in the myoflbrkﬁlar nuclear fractlon*whlle it
decreased in. the m1tochondr1al andrsoluble fractlons Follow1ng

l : B ’

aeroblc exer01se the act1v1ty 1ncreased in- all three fractlons

F1na11y anaeroblc and aeroblc exerc1se appear to dlfferentlally

‘e

effect the post exer01se response patternsﬁfor proteln uptake

(1e ~“the response is both more pronounced and delayed

H ;(,,

~follow1ng anaeroblc exeralse as compared to aerobhc exercise’,

,,\‘i ‘{
'.It 1s suggested that the var1ab111ty 1n the amlno acld uptake

ev1dent W1th1n the exper1menta1 groups may be‘indicative of

dlfferences in the re1a>1ve inten51ty,of;the imposed‘exercise

'stlmull on the 1nd1v1dual anlmals A
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I INTRODUCTION o

Nearly a century ago, exerc1se phys;ologists began’studies
of muscular adaptathns 1nduced by phy51cal acthlty (Keys,
1971) ‘With the advent of modern biochemical procedures,
research has progressed\from descriptive analysis to quanti— \
ftative phySiological and blochemical studies. Results from .
'such 1nvest1gations have been benef1c1al toward qalnlng, ,f.g
a more - complete understanding of the effects of exercise at
the cellular level.  Research dealing with heart muscle is
concerned not only with its role in blood circulation and
the subsequent effect of an athletic performance, buq also
with the influence of exerc1se on the prevention and rehabil-
_1tationxof heart disease.

Env1ronmental factors such as a chronic exerc1se stimulus
are capable of .inducing marked adaptatuons 1n skeletal muscle.

kY

fResulting adaptations whether they are structural or functlonal
are spec1f1c to the nature of the exercise ‘stress 1ncurred
That is, endurance training results‘in‘an enhanced capacity
for energy production via oxidative phosphorylation, (Baldwin
et al., 1972; Jaweed et al.”, 1974; Holloszy, 1975), while
sprint training brings about changes in the capaCity for-
glycolytic metabolism, (Baldwin et al. 1977; Sjodln‘et al.,
'1976) and.the contractile functions, (Gordon et al., 1967;
Jaweedbet al.,‘l§74). The responses of skeletal muscles to

exercise have been demonstrated in both animal and human

subjects (Thorstensson et al., 1975).



2
Research on the response of heart muscle to exerc1se

has not Droduced as luc1d an understandlng as those studles
deallng with skeletal muscle. Due to the 1naccess1b111ty
~of the heart for blochemlcal studles in man the majorlty

of\;esearch has been undertaan u51ng animal models.
h

In rent to these models, there are several ' experlmental o

v

’f-de51gn problems whlch contrlbute to the current ‘contro-

versy over/the adaptablllty of the heart to exercise traln—
lng (Segel, 1977). The major problems can be summariied
‘as follows; age of the animal at the beglnnlng and end of w»
the condltlonlng program, type of exerc1se and the 1nten—
sity o% the tralnlng program, type of anethe51a used
before sacrifice, dlet and the 1nfluence.of the final
exercise bout on»the results. ' Also it is desirable to de-
termlne, 1n addltlon to measuring quantltatlve changes in
. constltuent protelns of heart, whether or hot another
crlterlon of exercise effect such as an 1ncrease in the
oxidative energy'productlon is effected.

| Despite these-confoundiﬁg‘factors,'some generalizations
can be made. Heart muscle has been shown to hypertrophy in
response to an exerc1se program (Baldw1n et al. 1977; |
Dowell et al.; l976;fMedugorac, 1976), The benefits'of this
hypertrophy are demonstrated by the ability of the organ‘to
maintain its function under stress conditions (Schaible et
~al., 1979; Dowell et al., 1976; Carey et al., 1976). It

'appears that at the tissue level, there are .only minimal

changes in the hearts metabolic functlon. The-activity of
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,vresplratory enzymes and mitochondrial'protein concentration'
in response to exerc1se are elevated 1n concert .with thexv
\‘1ncrease in cardlac 51ze (Oscai et'al;, 1971;,Dohm\et al;,}ﬁ

1977; Baldwin et al., 1975). \It~is'apparent when comparing :

trained and untrained hearts  that exercise.does notrcause
vany relative;difference in biochemical parameters. It may
be that the most critical factor‘governing'training adapta-
tions of cardiac tissue is the relative intehsityrof"the
exercise stress imposed on animals (Baldwin et al.; 1977;
Bostrom et al., 1974). The failure to demonstrate relative
changes in the bibchemicai parameters of'the heart, may be
related to.either.insufficient'overload being placed on the
heart by the tralnlng program, or the inability of the |
animals to perform at the 1nten51ty level requlred to pro-.
duce changes. | v

Regardless of the nature of the-physiological adapta-

"tions induced by chronic exercise, they are a consequence
of an aiteration in the protein composition of the muscle.
The majority of studies to6 date have beeh}concerned with
the final result of a training program. This final result
orptrainingvadaptation,;}s the cummulative effect of the
acute exercise bouts. Few studies have focused on how an
acute exercise bout effects the Celluiar components involved
in the reéulation of protein metabolism. ' If in fact the
“intensity of a training*stimulus is considered a key factor
'in.governing the nature df a training adaptation,-it is
’hypothesiéed that the resultant effects of acute anaerobic

and aerobic exercise on leucine incoporation would be

different.



Thls study was de51gned to galn some 1n51ght bnto how
‘acute bouts of dlfferent‘inten51t1es of exerc1se effect
proteln metabollsm in the heart. The study uses five -
treatment programs, a control sprlnt accllmatlon tralnlng,
a sprint exerc1se bout endurance aofllmatlon tralnln? and
an endurance exercise bout. These prcgrams enable the
%Naluatlon of the effects of two dlfferent accllmatlon
programs (sprlnt and endurance), and two different 1nten—
sities of an exercxse stlmull (sprlnt and endurance running)

on protein metabollsm. The effects of the sprint and endur-

ance exerc1se bouts are examlned lmmedlately post exercise

-

and at twelve hour 1ntervals, up to seventy two hours. In
order to measure the effects of the above programs on pro-
teln metabollsm in the heart three dependent varlables are
utlllzed.‘ These varlables are the myoflbrlllar—nuclear
(myo), mitochondrlal (mlto) and soluble (sol) fractions of
heart muscle. Protein metabolism is 1nferred by the incorp-
oration of radloact1v1ty labelled leucine into the different
fractions. These fractlons were selected for they will be
represe;tatlve of changes 1n the hearts contractlle proteln“
(myo), and in the capac1ty pf the heart for aeroblc (mito)
‘and anaerobic (sol) energy production. The'spec1f1c pur-
~ poses of this study are:
I To examlne whether an accllmatlon exerc1se
program of either anaeroblc (sprint or
aeroblc (e urance) training,.differentially
effects pr teln metabolism in separate

fractions of hegrt muscle.



1T, o o determlne the 1mmed1ate effects of an -

’

'acute sprlnt or endurance exerc1se stimulus

gon proteln metabollsm 1n dlfferent fractlons

.of heart muscle°

! . a
W

ITI. To examine the ré%ponse in proteinrmetaboiism
in dlfferent heart fractlons durlng the time

\ 'perlod from 12 to 72 hours following exposure

\i

to elther a sprlnt or endurance exercise

stlmulus. .

Due to the exploratory ‘nature g% -the study, (the
effects of exercise on proteln metabollsm‘belng examined
over‘seven separate time periods), and the tlme and cost
w;nuolved in tlssue analy51s, only three anlmals per group
were used Due to this’' small number the resﬁlts can only
be considered as teﬁtative and providing'direotions for

further investigation.
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'II METHODOLOGY

-
AR

A ANIMAL CARE .
Seventy male Wistar rats, spec1fic pathogen free, were‘_
obtained from the Charles River farms in Newfield N J..

The rats were appFOXimately five weeks of age ranging in .
'weight from 100 to 125 grams at the onset of the experimental
period. Follow1ng their arrival at the laboratory the
_animals were subjected to a six day laboratory orientation
period All animals were housed in pairs in wire mesh

' cages in a temperature controlled room maintained at 22 °c.
‘Due to the nocturnal‘nature of rats, the day/night cycle

was reversed to facilitate their training,_(twelve'hour
rotation, night cycle from 070041900 hours). The rats were
fed and“matered ad libitum on a diet of Purina Rat Chow;
Ralston Purina Ltd., St. Louis, Missouri (23% crude protein)
The daily routine con51sted of handling of all animals,
"rotation of cages on the rack tO‘reduce any effects of stra—‘
tification of temperature and air supply, changing soiled
papers and replenishment of food and water. The cages and
water bottles were washed and sterilized ' The rats were .
.weighed weekly and weights were recorded in grams, Table VIII.
All env1ronmental factors were controlled within the guide—‘
lines‘as set down by the Canadian Council of Animal Care to
ensure a constant response\to the experimental program.

At the conclusion of the six day orientation period all
animals were assessed to ascertain their treadmill running

ability. ThlS was - done by a subjective evaluation of the

animals w1llingness to’ run. The evaluation was made from
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two separate sessionsron'the treadmill The first exposure
‘'was approx1mately 30 seconds in ‘duration at 10 m/min. and
0% grade, the second exposure was approximately 1 min. 1n
dduratlon at 15 m/mln.,and 0% grade. Flfty four of the
lseventy anlmals obtalned were Judged sultable to perform the;
'runnlng task. These animals were then randomly assigned to'

elther a control sprint or endurance group.

B PERFORMANCE ACCLIMATION PROTOCOL'

All acclimation,exercise sessions were performed on a
, motor driven Quinton rodent treadmill (ModeiéA) which has
ten compartments-(9.5om x 48om). Each compartment contains
an electrical grid, a device initially used to provide'an
electric shock to motivate.the animals to run. At the
~ start of the acclimation program the acclimated and perforr'g
' mance animals were conditioned to associate the,electric |
shoch with a squirt of water. This Pavlov1an response was
_suff1c1ently developed by the end of the flrst week of
acclimation, that when necessary, only the»water was required
to teestablish an animals running pattern. Exercxse se531ons
were conducted twice daily (at approximately 0900 hours and
1400 hours) four days per/week (i.e., Mon., Tues., Thurs.,
Fri.). N ,

The respeotive'training programs for the aerobic
:(endurance) and anaerobic (sprint) groups are outlined in
Tables I and II. They were designed to progressively
" increase thebload on the animals so that upon completion of

the prOgram they were able to complete their particular



performance protocols."

C PERFéRMANCE.PkOTOCOL
Followihg the two and one half week ecclimation

proéram the»aerobic ;nd aneerobic animals were given a = -

seventy tﬁo.hour rest period prior to the perforﬁénce‘of

\ - . /_,J
the final exercise tajsk. The performance protocol for the

anaerobio group consigféd of a single bout of‘intermittent
training on the treadmill at a’speed of 90m/min. and 10%. e
grade. During the exercise period, cycles of work (10 sec.)
and Trecovery (20 sec. ) were repeated 60 times. The aeroblc
‘éroup were trained to perform a 51ngle bout of contlnuous‘
training, runnlng on the treadmlll at a speed of 3Om/m1n.

at 10§'grade for a duratlon of 30 mlnutes.' With this format

the total work performed by both groups was equal.



Table I: Details the method of'overloéd utilized in the
pérformance acclimation Program for the anaerobic (sprint)

group in preparation for them to complete the performance

task.
' Day Time ~ Speed ‘Grade . Duration
(No) o (m/min) - (%) | (10:20s)
1 am ' 10 0 3min ,
1 pm 15 o 3min continuous
2 am 20 ‘ﬁSl 3miﬁ'running
2 pm 20 5 3min
3 am 20 5 6 repetitons
3 pm 20 5 6 -
4 am 40 .5 8
4 pm 50 5 8 )
5 am 50 10 10
5 pm 50 10 12
6 am 60 10 12
6 pm 60 10 12
7 am 70 10 16
7 pm .70 10 16
8 am 80 10 16
8 pm 80 10 20
9 am 90 10 20
9 pm 90 10 20
10 am 90 10 24

10 pm 90 10 | 24

—-——'————___—-—_———.—_—-’-_——-——-.—__——_——_——--—__-——_-—_——_—.—_— .
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‘TI.\.BLE II: Details the method of‘overl‘o"‘a;d".:‘u'f;ilized ih the
'p'errformance acclimation program fof the aérobic (en-
: durance) group in preparatlon for them to complete

the performance task.

Day ’ Time . Speed Grade Duration

(No) o ‘(m/min) - (2) - (min)
1 am 10 » ,// 0 "3
1 pm : 1577 0 3
2 am , 20 5 3
2 pi © 20 5 3
3 am 20 5 4
3 . B 20 5 4
4 am 30 5 '5
4 ‘pm | 30 5 5
5 , am 30 - 10 6
5 pm 30 10 6 -
6 am - 30 " 10 7
. 6 pm - 30 10 7
7 am 30 10 8
7 pm .30 10 8
8 am 30 10 9
8 pm 30 10 9
9 am 30 10 10
9 pm 30 10 10
10 am 30 10 12
10 pm 30 10 | 12
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D TISSUE ElANDLING
At deslgnatedrtime intervals (Tahle III) following

,completlon of the Eerformance protocol the follow1ng pro-

cedures were followed  Ten minutes prior to sacrlflce the .

‘animal was restralned and injected via the saphenous vein

with L-(4, 5 H) —Leuc1ne (25 MC1 per 100 gm body weight)

. in a phy51olog1cal saline solutlon. "After the 10 minute

T

1ncubatlon.per10d the anlmal was sacrificed-by decapitation.
‘JA whole blood sample was collected (approx1mately 5 ml)

and used to determlne c1rculat1ng Tevels of radlonuclelde.
The chest cav1ty was opened the.heart 1solated ,removed
and washed in an ice cold phy51olog1cal sallne solution.
‘The heart was. then trlmmed blotted and weighed. A

sample (approx1mately 150 mg) of myocardlum was taken from
the apex of the organ for subsequent blochemlcal analy51s..
From the time of lnjectlon to the time of tlssue proceSSLng
requlred approx1mately flfteen mlnutes. The ratlonal for
.the selection of leu01ne as the marker fof amino ac1d
incorporation was as follows. In the albino‘rat leucine ié
an'essential amino acid, as such it is/not synthesized and

must be 3pta1ned from an exogenous source, Lehnlnger 1970.

Leucine is metabolllcally stable in that it is not readlly

. Z G
-,

converted to another amino ac1d Zamecnlk 1969. Morgan et
al (1971) demonstrated that leuc1ne readily equlllbrates
between the extra and 1ntracellular spaces in heart muscle.
Flnally,.the concentratlon of leucine in the plasma and
muscle has been shown not to be altered by physlcal

-

. training, Dohm51977. : ' ) g 3
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TABLE III:- Anaeroblc or sprint (AN. ) and aeroblc or
endhrance (AE ) exper1menta1 groups and post ‘exercise
.Sacrifice schedule chosen for observatlon (SED,C.—

sedéntary control; ACC.C.-acclimated control)

o~

&,

R - EXPERIMENTAL GROUPS
EXERCISE ‘

i .
1 . ) S X
A : : S Sacrifice Times (HRS.)
TREATMENT : SED.C. ACC.C. 0 12 24 36 - 48 60 72
__________ T'_-——""'_d—.____'——_———'-—_-""""—"'_"“—"‘-'-I-'—-—_/,_-‘-_—"'Q__-—_—_
i :
AN, r 3* 3 3 3 3 3 3 3 3
\“I ' N : :
. t .
' i
AE !
i

T e T o e e e e e e T e e e e e e e e e Rl e ot o - ——

* Number of Animals per Cell
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E BIOCHEMICAL PROCEDURES L f : T l'
The sample of heart tissue was placed in a. chllled

homogen1z1ng solutlon cohtalnlng 0 32 M sucrose 10 O mM

‘W.cold leucine and 5.0 mM EDTA (ph 7.4). ho a volume of~ 3 O

Alml/100 ml wet welght muscle The muscle*was then mlnced i
with chllled sc1ssors and homogenlzed w1th a Polytron -
yhomogfnlzer (Br1nkman Instr D) by a s1ng1e 5 second burst
at a rehostat settlng of 5 . :
5°.TOTAL HOMOGENATE
An allquot (0.5 ml) was taken from‘the above suspens1on
1 To thlS 0.1 ml of 10% SDS was added and left to -dissolve for -
:10 mlnutes at room temperature ‘ The protelns coéialned in
‘the homogenate were pre01p1tated by the’ addltlon of ‘3. 0 ml
20% TCA-.and 1solated by centr1fugat1on (1000 x g, 10 mlnutes)
| The resultlng pellet was washed and re- centrlfuged three
tlmes with 5.0 ml of 10% TCA wash solution contalnlng 10 mM
1eu01ne Follow1ng the‘Elnal centrlfugatlon the pellet ob—
talned was dissolved in 1 0 ml1 0.5 N NaOH at 36 C ' Allquots
were taken 1n dupllcate.for-the determination of prétein‘
content. and the‘radioactiwe.counting.
MXSFIBRILLAR—NUCLEAR‘FRACTION
The remaining suspension:from the initial hbmogenation

0

procedure was centrlfuged at 2500 X g for 10 minutes 2-4 C

l.(Ivan Sorval model model RCZB HB4 rotor). The supernatant

" was decanted collected and utlllzed for the m1tochondr1a1

. and soluble fractlon whlle the pellet was used for the -

yoflbrlllar—nuclear fractlon._ The pellet was_resuspended

b
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-int3£@l'of theeoriginal‘homogeniaationabuffer~and centrifuged
at 2500 x g for 10 minutes. The supernatant was decanted
; and disoarded The remalnlng pellet was then washed and
centrlfuged tw1ce w1th the same volume of homogenlzatlon
solutlon Follow1ng the final centr1fugatlon the remalnlng
pellet was d1ssolved in 1.0 ml of 0.5 N NaOH at 360C ,
Allquots were taken in dupllcate for proteln determlnatlon
and the radioactive counting.
; MITbCHONDﬁIAL FRACTION
- The supernatant from the flrst centrlfugatlon of the
myoflbrlllar nuclear preparatlon was transfered 1nto 15 ml
Corex ‘tubes and centrifuged at 12000 X g for 15 mlnutes
The supernatant from thlS spln -was collected and utlllzed
forllsolatlon of “the soluble<fract10n. The‘remalnlng pel—'
let was washed and re— centrlfuged ?hree tlmes with 5 O ml
of a 10% TCA wash solution contalnlng 10.0 mM leucxne
Following the flnal centrlfugatlon the rema1n1ng pellet
was dissolved in O 4 ml 0.5 N NaOH at 360C Aliquots were
ntaken 1n,duplicate;for protein determination and radioactive
.counting. h
. SOLUBLE. FRACTION
Ten percent SDS.was added to the supernatant collected
from the initial centr1fugat10n process of the m1tochondr1al
preparation to.a final concentratlon of 0. 5% - This was then
left to stand:at room temperature for 10 minutes. Following
this, 100% (x/v) TCA was added to the solution to a final

concentration of 20% and left to stand on ice for‘ls minutes.



15
The resultihg acid precipitated proteins were isolated by
centrifugatipn at 1000 X g for 10 mindtes (clinical'cehtrifuge).
The pellet obtalned was washed and re— centrlfuged three tlmes
with 5.0 ml of 10% TCA wash conta1n1ng 10 mM. leu01ne
Following the final centrifugation the remaining pelliet was,:
diesplved in"' 0.4 ml 0.5 N NaOH at 36OC. Aliquots\were:taken .
-in duplicate for protein determination and radieactive‘

counting.

F RADIONUCLIDE COUNTTﬁé)PﬁOCEDURE AND PROTEIN DETERMINATION.
| The tritiu activity.of circulating blood was assessed
: by countlng 20ml ¢f serum in 10.0 ml of llquld s01nt115a—
N_tlon cocktall (Aquasol II) and O 75 ml of dlstllled ‘water.
The results were expressed as total disintegration per
minute (dpm/20 ml)-. |

In order to - determlne the 3H leuc1ne uptake into the:
Varlous prote1n fractions of the heart 'the folloW1ng pro—
cedures were carried out. To aavolume of 0.8 ml of dissolved
proteins from the total and myofibrillar-nuclear fractions,
‘and a volume of 0.1 ml of the mitochondrial and soluable

fractlons respectively, -10 ml of Aquasol 11 apd 0.75 ml of

V"dlstllled water were added.

The samples for the measurement of L-(4, 5 H) leucine

-~

spe01f1c actlvlty were placed in 22.0 ml boros1llcate dis-
posable scintillation vials and counted in a Beckman LS 200

llquid scintillation counter. All determinations were

L)

.o
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completed in dupliCate The results expressed as spe01flc
.act1v1ty (S A ) in dpm/mg of proteln of each sample o

Proteln content of the varlous heart muscle fractions
were measured in duplicate utilizing a modified Biuret
technique (Aphendix D) with bovine'serum albumin (Sigma

Chemical Corp.) as a standard.

G EXPERIMENTAL PROTOCOL ANb DATA ANALYSIS

The seventeen‘groups of experimental animals and their
treatments'utilized in thrshstudy,are»described in Table III.

Animals deSignated‘as.sedentary control (SED.C.)
‘recelved normal handling but no formal exercise training.
They prov1ded data on control heart muscle protein metabollsm.

~Animals a351gned to aeroblc (AE. ACC.) and anaerobic .
(AN. ACC.) acclimiated’groups underwent their respective
performance aCclimation program but were not subjected to
the performance task prior to sacrifice. They provided data
on%the effectslof the performance acclimation program on
heart muscle metabolism.

Animals in the aerobic an%_anaerobic groups (AE. and
AN. O, 12,'24, 36, 48, 60, and 72 hours) were sacrificed at
the conclusion, and at 12 hour intervals following“com— |
Rletion of either“the aerobic or anerobic performance pro-
tocol. Data from these”groups were used.to assess the
effects of an acute bout of sprint or endurance exerc1se on

protein metabollsm 1n heart muscle.



Protein metabolism of heart muscle was examlned by
_measurlng the uptake of the radloactlvely labelled leu01ne

by the dlfferent muscle fractions (Total Homogenete, Myofib-
rillar nucled&, MitoChondrial'and Soluble)' The data on-
proteln labelling was first examined by Bartlett's Chi

Square (Winter 1962) test for homogenelty of variance. Where
no difference was found a Two—Way Analysis of Variance (ANOVA)
-Fixed Effect quel (D.E.R.S. ANOY 25 Program) was uséd.
Group.means were COmpared to give main effects for exeréiSe
treatment (Aérobic, Anaerobic) refefred to as’Factor 4, Timé
(houfs) (SED.C., ACC.C;, and O, 12, 24, 36, 48, 60 and 72
‘hours after completing the performance protocol referred to
as Factor B, and interaction (AB) of the data from each
fraction. Post hocnprocedures involved Scheffe's multiple

'comparisons of main effects (1959).

)

. : : ! /
"Significant differences were accepted if the alpha

level P is less than 0.05, where P is the probability that
no difference exists between means.
To ascertain whether any differenées-existed between
blood 3H—Leucine levels in animals of each group, a TonWay
ANbVA Fixed Effect Model -was appliéd tb sefum radioactivity
data (dmp/20A1. serum), an alpha level‘where P<0.05 was used.
Finally the methodological reiiabiiity of the experimental
technique was checked by applying a T-test (Fergu$on, 1966) to
the duplicate results obtained for protein concentration and
.radloact1V1ty of the same fractlon of musale taken from five

P

‘irandomly selected: anlmals An‘alpha level where P<0.05 was

.t

used.



‘III RESULTS
The descrip'ive.and.statistical analysis'of'the results
are presented unler the following headings: .I) Tritiated
Leucine Incorporation:Into Protein, 'II) MethodOlogical
Reliability and' IIT) Statistical Significanoe

An abridgement of the experimental results is presented
in. graph form The pertinent data for all.experimental
Z»animals.is presented in Tables XI and XII; Appendix C.

I. TRITIATED LEUCINE INCORPORATION INTO PROTEIN.

In figures 1-10 the acute effects of'two forms of
exercise on protein synthesis within the various heart
muscle fractions are plotted against time.

. Figures 1—; demonstrate the amonnt of tritiated leucine
incorporated into the whole muscle homogenate, myofibrillar—
nuclear,hmitochondrial\and soluble'fractions plotted‘against
the time elapsed after completion'of the anaerobic exercise
for the sedentary, control and écclimated animals.. The
tritiated leucine is expressed as relative spec1fic activity
(S.A.)) is dpm/mg of protein.

The effects of -an acute bout of aerobic exercise on
the aforementioned are shown in figures 5-9.

The differential effects of exercise on the Separate
heart fractions following either anianaerobicvor‘aerobic
exercise stimuli are deﬁonstrated‘in figures 9 and 10.

Figures 11-13 allow the comparison of effects of

the areobic and anaerobic exercise stress on the level of

leucine incorporation within the same fraction.

18
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"A.  Effects owaxercise»Acciimatiou

Comparison'of'the sedentary'controi (sc) and the
écclimateuuccntrol (acj,vreueals the effects of the acclima-
tion program onlieucine:iucorporation; This comparison in
figures 2 3 and 4 demonstrate the effects of the anaerobic
'accllmatlon program on the myoflbrlllar nuclear, mitochbn—‘
drial and soluble fractions. The “level of leucine 1ncorpora—
tion was lowered in all fractions as a result of the anaeroblc
acclimation program The effects-of the aerobic acclimation
‘program on leucine incorporation into the three heart-
fractions are foun® in figuree 6, 7 and 8. The aeroblc urogram
-appears to produce the same effect as the anaerobic program h
that is, 1euc1ne incorporation was reduced in all fractions
in the acclimated animals as coupared to the sedentary control
levels.. The differences cetween the acclimation programs and
the mégnitude of reductrou in leucine uptake in the three
heart»fractions, are found in figures 11-13. .Figures 11 and
13 demonstrate that the aerobic acciimation program results
in a greater Teduction in leucine uptake in the myofibrillar-
nuclear end soluble fractions.: Figure 12 demonstrates that
there was no uiffereuce in the level of reduction in leucine
uptake in the mitochondrial fraction as a result of the
different acclimation programs.
B. Immediaté Effects of Exercise

The iumediate effects of either an auaerobic or aerobic
exercise stimuli on the level of 1eucine ihcorporatiou are

*

found in comparing the acclimated control (ac) and the 0



P

'”ﬂhour values; ThisycompariSOn’in figures-z,WB a

@he lmmedlate efi@cts of anaeroblc exerc1se on proteln uptake .

= G i Z::
1n,the—myflbrlllar_nuclear, m1tochondr1a1 and soluble frac-

tions of the heart. The response in the mitochondrial and -

'soluble»fractions was a'Slight decrease in protein labelling.

.

,'The 1n1tLal response was not cons1stent in all fractlons as

t»

ev1denced by the sllght 1ncrease in proteln labelllng in the

myoflbrrllarlnuciear fractlon ) In flgures 6 7 and 8 the
immediate effects of aeroblc exerc1se on leucine 1ncorporatlon
are demonstrated Aeroblc:exerclsevresults ln‘anilncreased
leucine incorpOration in all threerhearthfractions. rFigures
11—13Jdemonstrate'differences”betWeen the anaerobic and

aerobic: exer01se stlmull and thelr 1mmed1ate effect on proteln"r
uptake patterns in -the three heart fractlons.r The variable
response patterns between fractlons produced by anaeroblc
exercise’ contrasts the cons;stency in the response patterns )
produced by aeroblc exercise. /

C. Post Exer01se Effects

" ‘,? PE N s R S R T I R e TS

The post ‘exer.cise - response patterns for leu01ne incorp—l“’”
'oratlon are demonstrated by the 12 72 hour values. __;1;;_255-»»'
i i Myoflbrlllar—nuclear—Fractlon . |
The time course foiiowing anaerobic exercise for the ..
myofibrillar-nuclear fraction is found in figure 2. The
group average or mean data indicates that following thel
immediate increase in leucine incorporation in this fraction,

the activity steadily decreases to 36 hours post exercise.

’
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Examlnation of the 1nd1v1dual results at the 12 hour 1nterval
v;reveals that the leuclne uptake 1n two of the three animals
was‘higher than ‘the 'méan 0 hour‘lz;el .‘The mean decrease 1n
leu01ne 1ncorporat10n demonstrated at the 12 hour 1nterval was'l
likely produced by an atypical response in.one animal’ It

is probable then, that the leucine uptake is either-further‘ B
»elevated or plateaus 12 hours post exericsedkrather-than the.
decline in activity observed when the results from all three
animals are considered. The protein lahellihg reached its

lowest level 36 hours post exercise. At that time there was N
'a sharp increase in proteln labelllng peaklng at 48 hours
_The act1v1ty then returned to below basellne levels at 60

hours. The mean data 1ndicates that there was a sllght
-increase in leu01ne incorporation 72 hours post exerc1se

‘Th1s response was similar to what occurred at the 12 hour
interval. That is,'the mean data is biased by an atypical
response in one animal; The leucine incorporation was lower
than the mean 60 hours level in two of the three anlmals |
;;Thus' It is glkely that there was’ a further decrease in: act1V1ty
'tfz2ﬂhours post exercise. - B
ﬂ.ww'lhévtlme course follow1ng aerobic exercise for the myo—;
fibrillar nuclear fractlon is found in figure 6 The inter- .
group variability 1n‘the leucine uptake observed in the anae-
robic animals was also seen in thevaerobic.animals. At the

time intervals 12 36'and 60 hours poSt exercise, the mean

data plot is being influenced by aberrant responses ia one of

-~

the three animals The mean data response pattern demonstrates
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a sllght 1ncrease 1n act1v1ty>12 hours.post exer01se vahis

was followed by a steady" decllne in act1v1ty to 36 hours From
that point leu01ne uptake increased to 48 hours and then

decreasedAsteadily to 72 hours'post exercise. The curve pro-

duced when the aberrant responses -are taken into consideration

is substantially different. ‘Rather\than the increase:in‘proteio
uptake at. 12 hours there'is a plateau Slightly decreasing‘to
24 hours post exercise. At this time, iﬁ‘sharpﬁcontraSt to the
mean data, the activity increases peaking at 36 hours. From
this point the activity fallsﬁto'48»hours.‘fAt'the 60 hour
markvthe ptotein lebelling plateaus or slightly iﬁcreasesiénd
then decreased to 72 hours post exercise. |

N Flgure 11 allows the time course pattern? between the
anaeroblc and aeroblc groups to be compared.: The levels of.
33H~lepclne 1ncorporatlon into the myofibrillar-nuclear fraction
following aeute'é#ercise, suggest'thdt'anaerobieiénd.aetooic:

exercise,diiferentially affect protein incorpofatioh It

ep

~ . T
S S ~ amn .

PO S

appears that the post exerC1se response was of greater magni-
~ tude. followlng anaeroblc exerc1se : Also the reSponse—occurs
" at a later time’ follow1ng anaeroblc exer01se (48 hours) asi-'
_compared to aerobic exer01se (36 hours).
ii}>> Mltochondrlal Fractlon
- The tlme course pattern for leuc1ne 1ncorporat10n

following anaerobic exercise [in the mitoohondrial fraction
iS»found4in figure 3. The mean data'demohstrates a decrease

in the leucine uptake at,the 12 hour interval. This was

-~

Yo -

followed by d‘slight'increase'in‘the activity 24 hoursvpostfexeiéise;
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~hours post exer01se T T N
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This increase 1s produced by an atyplcal response in a 81ngle
anmmal, In all 11ke11hood the protein labelling steadily
drops reachrng its Iowest leve1.36 hours post exercise ‘there-

after act1v1ty sharply 1ncreased peaking at 48 hours . From this

point proteln labelllng rapldly falls to the 60 hour mark follow1ng

. Which there was an increase 72 hours post exer01se

The effects of .an.aerobic exercise Stlmull on the tlme
course response hn the mltochondrlal fractlon is found in
f1gure 7 The act1v1ty steadlly decreased to 24 hour post

exercise:) At thls tlme there. is an increase, in proteln labelllng

© which was followed by a sllght decrease. at-the 48 hour mark

Con81der1ng the fact that 1n two of the three anlmals proteln'
labelling is 1ncreas1ng aa thlS tlme v1t is reasonable to

expect the . act1v1ty was e1ther plateaued or further 1ncreased

48 hours post exer01se From this point the act1v1ty fell to

-~

the 60 hour mark follow1ng which there was an increase 72

)

. v e
.,-- an -
) -

Flgure 12 allows the time course patterns between the

-anaerobic and ae;mbac groups to be compared... The comparlson

¥ -
<" - -

“1n this fractlon (mltochondrlal) is s1m11ar to that found in

the myoflbrlllar—nuclear fractlon The increase 1n leu01ne
uptake was more pronounced and delayed follow1ng exposure to
the anaeroblc exercise as compared to aerobic exercise.

iii Soluble Fraction

The time course pattern for leucine incorporation

-follow1ng anaeroblc exercise 1nto the soluble fractlon is

» o

found in flgure 4 ‘,The 1ncreaseJ1n protein labelling at 12



hours was followed by a steady
its lowest level 36 hours post

sharply.increased reaching its

"From this point leucine uptake

hour mark
The effects of an aeroblc

jcourse response in the soluble

24

decrease 1n/act1V1ty reachlng-

exercise. The act1v1ty then

highest level at 48 hours.

dropped continually to the 72"

exercise stimuli on the time

fraction is found in figure 8.

5

The activity steadily dropped to 24 hours post exercise, = At

thls time there was a sharp 1ncrease in proteln labelling

reaching- 1ts hlghest peak at 36 hours

From thls p01nt the

o

“act1v1ty decreased to the- 48 hour mark There was a sllght

1ncrease in- act1v1ty 60 hours post exerc1se whlch was followed

o

Flgure 13 allows the time course” patterns betWeen the,

anaeroblc .and aeroblc groups to be compared The dlfference

' between exerc1se effects in the soluble fractlons was s1m11ar

;to that demonstrated in the prev10us two fractlons That is,

the response was more promlnent and postponed in the anaerobic.

- . animals.

iv Differences Between Fractions

Figure 9 allows for comparison in the protein uptake
patterns to be made between the'myofibrillar—nuclear- mito-
chondrial and soluble fractlons of the anaerobic anlmals

The- responses are qulte cons1stent between the’ dlfferent .

A

.fract1ons " That.is, the time 1ntervals where the lowest (36

hours) and hlghest (48 hours) levels of act1v1ty were attalned

(are the same for. all fractlons measured

leferences in the-

| B
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response patterns occurred at 12 and 72 hours post exerc1se.
The act1v1ty 12 hours post exer01se was | 1ncreas1ng in the
myofibrillar—nuclear.and soluble fractions. This contrasts
; , S s ,

‘the decrease in'protein labelling found in theimftdchondriaf '
iraction at this timeﬂ- Protein 1abei1ing.72 hours post exer-—
.cise was decreasing in the myofibrillar nuclear and soluble
fractlons and was increa31ng 1n the mitochondrial fraction.

‘ The dlfferences in the patterns of,protein uptake for
thz heart fract&ons follow1ng aerobic exer01se are found in
‘figure 10. The response patterns in the aerobic animals dob
“hnot demonstrate the same degree of harmony that was ev1dent in
the anaerobic anlmals The highest leyel of activity occurred
immediateiyhfoiiowing eXercise in the mitochondrial fraction.
While peak levels of protein uptake did nof occur until 36 hours

";post exercise -dn . ‘thie" myofibrillar~nuclear and” soiuable fractions

The lowest levels of activity for the myofibrillar nuclear

post exerciset Differences between the response patterns were
evidenced at the 48 and 60 hour 'intervals. The activity 48
hours post exercise decreased in the hyofibrillar~nuclear and
soluble fraCtions, and increased in the mitochondrial fraction.
- At 60 houTs.post exercise proteinlabelling dééreassd in the - -
myofibrillar-nuclear andﬂmitOChondrial fractions. The soluble
fractﬁon demonstrated an increase in act1v1ty at this time.

“;IIZ; METHODOLIGICAL RELIABILITY

The reliability coeffICIents for the duplicate measures of

protein concentration‘and_radionuc;ide_copnting on the. different, - -

AN

mitochondrial and solUble fractions occurred 72, 60 and 24 hours

»
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heart fractions'are presented in'TabIe iV’} The correlatlons
expressed in thls table 1ndlcate a high degree of con51stency
in the results produced by the exper;mental teehnlqueS'ut}llzed
.for protein and radioactivity determinations. |
III. STATISTICAD‘SIGNIFiCANCE
Homogeneity'of Variauce in the data is'eritical for

.meanlngful appllcatlon of the Analysis of Variance test ResuLt87
from the Chi Square test for Homogenelty of Varlance applled '
to the 3H leucine 1ncorporatlon results revealed that this
data does not comply with homogenelty of variance restrlctlons
'Because of this heterogenelty the Analygls of Variance tests
was Judged not sultable and hence will not be presented. _Fou
dlscu351on purposes the trends ev1dent in the graphs (Flgures
1-13) will be utilized.

h. Analysis of Variaucet Ln blood serum radiocactivity data
(Table V) show that no diffexence existed among blood.sH—leUCine

. pools in all animals of the different experimental groups.
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Table v Reliability coefficients between duplicate aliquots

vfor, protein determlnatlon and radionuclide’ counting, 1n the

myoflbrlllar—nucleam7~m1tochondr1a1 and soluble fractlons

-from all anlmals.

Experimental ,‘Myofibrillaanuclear Mitoc rial Soluble
Procedﬁ;ef' Fraction Fraction Fraction
: ) . -

Protein —

Concentration .95 .98 .99

Radionuclide

Counting .99 . .98 .99

<>
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“ . Table V Analysis~of‘Variance taﬂle fbr blood serum 3H—leUcine

pools in all animals.

. ANALYSIS OF VARIANCE TABLE

'SOURCE SUM OF SQUARES D.Ffw4MEAN SQUARES F RATIO , PROBABILITY

A*  0.852E+07 1  0.852E+07  3.286  0.076247
‘B 0.357E+08 8 .0.446E+07 1.721 0.118332 -
“AB . 0.173E+08 - 8  0.217E+07 0.809 0.599242
E  0.105E+09 . 39  0.268E+07
TOTAL . o 56

*A - Treatment Effect
B - Time Effect -, .

AB,f Interaction”

. HOMOGENEITY OF VARIANCE TEST CHISQ=0.154E+02

PROBABILITY=0.57045



. , DISCUSSION. . -,
The follow1ng dlscu551on is: an attempt to explafh and
’ b
1ntegrate the changes observed in- leuc1ne 1ncorporatlon Ln

g
RN . A

response to anaeroblg ﬁnd aer?p_vlc e_xerc1se. The dlscuss1on ’

is presented under the major eadings: l)‘Methodoioglcal

Rellablllty, 2) Tr;tiated Leucine Incorporatlon 1nto Pro—‘
voae g

‘teln, 3) Pract1ca1 Iﬁpllcatlons and 4) Recommenﬂatlons for

Future Study.<' . . B Qﬁ?*

I. METHODOLOGICAL REALIABILITY
An examlnatlon of the leuc1ne'1ncorpora¢10n data

1llustrated in flgures 1- lG reveals tﬂat l) ,an exercise
accllmatlon program alters the rate of.leuc1ne incorporation,
2) there is a dlstlnct dlfference in ‘the response patterns
folIOW1ng an anaeroblc as compared to an aerobic exerc1se
sess1on, 3) there is a reasonably large amount of 1nter
group variability in leucrpe 1ncorporat10n. Prldr toﬁthet

[

dlscu531on 1t is 1mportant to descrlbe the experlmental
'jprocedures utlllzed to ensuré -that the observed dlfferences
in the data were in fact dug to varrable blologlcal |
responges, and not due to error in methodologlcal techniques.
' Realiability coeff1c1ents between the 1ndependently
.processed dupllcate sampies for protein detergﬁnation and'
" radio nucllde act1V1ty were calculated for the separate )
heart fractlons (Table IV) The valves 1nd1cate that these
analytlcal technlques were ref?able and were not the cause
for the dlfferences in the data."

The Analy51s of Varlance carrled out on the serum

radloact1v1ty data (Table V) showed that there was no

42 ' -
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51gn1f1cant dlfference in the serum‘3H leu01ne levela.between
the dlfferent groups. ThlS would suggest that varlablllty
in the circulating 3H -leucine precursor pool was not . respon—
sible for the dlfferenpes seen in the protein labelling data.

The sacrifice schedule used (Table XIII{ was?designed‘to‘
ensure that the time of sacrifice” for each animal w1th1n an
experlmental group occurred at different times of the day,
i;eJ rats were not sacrificed at any particular time of
their dlurnal cycle. There was no apparent rélationship

Abetween the animals time of sacrifice ana the 3H—leucine
incorporation:into the different heart fractions. Thus
it is unllkely that any dlurnal variation in proteln
metabollsm was responsible for the differences in the
protein labelling datga. IS B _ -

Finally, since the trends.ev1dent in leucane 1ncorp—

oration were obtalned utlllzlng a random sacrifice schedule,

~
(it is unllkely that the order of sacrifice was the cause

(y i
i

of the differences in protein labelling.
Considering the procedaree taken to guard against
methodological error,'it becomes apparent'that the trends
evident in the protein labelling data were not caused by
methodological error. It is therefore reasonable to
conclude that the differences in leucine incorporation
dembnstrated in the heart were the result of a differential
responses in protein metabolism. And that the differential
responses are berng produced by the exposure to either an

EA

acute anaerobic or aerobic exercise session.
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The folloulng dlscusslon rs based upon the trends
- ev1dent in the leuc1ne incorporation data. Clearly the
| .1nterpetat10n of these trends 1s limited by the experlmentali
group size, and the degree of lntergroup varlablllty 1n “the
measured response of the dependent varlables.. Included in
the discussion are p0581b1e explanations for this intergroup
varlablllty and suggestions for methodology to. reduce it.
IT. TRITIATED LEUCINE INCORPORATION INTO PROTEIN
- A. Effects of Exercise Acclimation
The most common methods used for endurance’tralnlng

anlmals are via either a swimming or treadmlll runnlng )

-

program. Both of these modes of exercise have been shown
to lncrease cardiac size relative to body weight (Osca1 et
al.; 1971; Dowell et al.; 1976) . This hypertrophy is not
associated with increased protein synthetic activity. |
Rather, 1t ig due to a malntenance of heart size in spite
of an exercise induced decrease in body weight (Dowell et al.
1976) 'It has been reported that proteln synthesis.
act1v1ty in cardlac tissue is suppressed by both a chronic
endurance exercise program (pohm et al., 1977), and an acute
endurance exercise bout kzimmer et al., 1971) . This suppressed
rate of protein:synthesis in response to a chronic exercise
streéss is in aéreement with.the present study. Although |
the aerobic animals were not formally trained and only
subjected to an acclimation program, it‘did result in a
suppression of protein synthesis activity in all fractions.
This decrease in protein synthe51s in the dlffere t heart
—

fractions was also demonstrated in the animals subjected to

LY
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an anaerobic acclimation program. The‘difference‘in the
intensity of the acclimation programs ddes.hof appear to

have a differential effect on protein syntheSis. This

) B

finding islin oppositionvto the origiﬁal experiﬁentel
hypofhesis'that.different‘exereise:intensfties_wbulﬁ have .
'a‘differential effect on leucine iﬁcbfporatieﬁ; The pre-
viouslyVmentioned exercise induced cardiec hyperffophy
appears tQ occur in spite of redpced protein syhfhesis-
activity in fhe organ. This'fndicates that;chfonic
exerciee has a greater effecton,proteinvdeéradatiep(‘
(i;e., elfeduced degradation)lratﬁer than on_proteih syntheésis
(Dohm et al., 1977). The resuitanf greater ratio of heart‘to'
body weight in exereised animals is associated with an =
increased capacity to deliver blood to thsgworking muscles
(Oscai et'al., 1971).

B. _gmmediate Effects of Exercise

It has geen éemonstrated that an acute exposure to an
exhausffve bout of swimming suppfessed protein synthesis
activity in the total heart homogenate (Zimmer_et al.,1971)
.and in the intra and extra’mitochoﬁdrial fraetions (Cook et
al., 1981). Results from the present sfudy‘do not support
this finding. The activity in ali three heart fractions
measured increased immediately follewing the aerobic exer-
cise bout. Probable explanations for this difference are;
the inherent differences between swimming and treadmill

running, and the lack of either an acclimation or training

program in the studies by Zimmer and Cook. Another possible
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ekplanation for the dissimilarity ‘in the initial response
between SWmelng and treadmill runnlng may be related to the
difference in 1nten51ty between the two exerc1se stlmull.
'The results from this study give support to thls hypothesis.
That is, the two 1nten31t1es of exercise examlned produced
different effects on proteln uptake. The act1v1ty in the.
mltochondrlal and soluble fractions decreased follow1ng N
exposure to the higher 1ntens1ty anaerobic exerc1se bout.
Thls is the opposite effect to that produced by aerobic .
exercise. | , '

C.. Post Exerc1se Effects

The prev1ously mentioned cardlac hypertrophy resulting
from endurance tralnlng has been attrlbuted to” a'reduction
in proteln degradatlon (Dohm et al., 1977). The results
from the acclimated animals, (lower‘levels\of legcine
1ncorporatlon as compared to sedentary control animals),
in the present study support thlS hypothe51s.. However, an
examination of the response in protein metabollsm over an‘
extended time perlod following acute exercise yields some
additional information. The results from Bostron\et al.,
(1974), infer that Protein synthesis increases in the total
heart fraction 24 hours follow1ng an exhaustive swim. fhe
péesent results demonstrate that the amlno ac1d uptake in-
creases above control levels in the different heart frac-
tions at various times following exercise. The'results
from-both Bostron’'s and the .current study suggest that an °

increase. in protein synthesis during the recovery period,

may also be a factor in the production of cardiac hypertrophy.
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The differential effectsAdue to the intensity of
exercise on protein synthesis found immediately fdllow1ng
exerc1se, are also eVident in the ‘pPost exercise time course
results. As evidenced by the fluctuations in the time pat~-
ternsbof'leueine'uptake, anaerobic exeroise has a more
pronounced effect on.elevating protein synthesis. Also,
the.peak response in the different heart fractions are

delayed in the anaerobic animals (48 hours) as compared to

" the aerobic animals (0 and'36;hours). Fluctuations in

the time course results also occur in the opposite direction,
that is’leucine uptake is lower than control levels. It

1s proposed that these reductions in protein incorboration
following exercise are reflective of a true decrement in
protein synthesis (Cook et al.,'1981).. Bostron et al.

(1974) speculate.that'this decrement is due to\an increased .
catabolic effect. The nagnitude of the decrement in protein

syntheSis follow1ng exerc1se is also greater in the anaerobic

")'

animals. The hypotheSis that protein metabolism is effected

Qﬁy exercise intenslty, is supported ‘by. the differences in

~ response patterns for leuc1ne 1ncorporation both immediately

. following and post exercise, between the anaerobjic and aerobic
groups.
The 1eu01ne uptake patterns found in this study suggest
that neither exerc1$e Stimuli has a selective effect on a
occurred in all fractions. These findings are supportive

for the theory that exercise does not alter the relative

 biochemical make up of the heart.
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An 1nterest1ng flndlng inthis study is that the
patterns of 3H 1euc1ne 1ncorporatlon into the various
myocardial fractions within the same exercise group do not
foilow identical patterns. This indicates that protein |
synthesis in the heart muscle to some extent may be selec;
‘tive and not regulated in concert. fheSe independent
response patterns between different muscle fractlons has
been shown to occur in skeletal muscle from chronlcally
endurance trained animals (Dohm et al., ;977), ‘and 1n///
skeletal muscle from animals exposed to an acute sprint or.
endurance exercise bout (Wenger et al., 1980).

D. General Discuééion ‘\\

Upon close examination of the data, it is apparent
there is considerable intra-group variatron in the response
to the imposed exercise. It is speculated that a large
portion ef this variability is.due to differences in the
relative intensity of both the acclimation training and-
performance exercise bn the animals. The absolute intensity
or power output necessary to perform the exercise imposed -
on the animals in thlS study can be readily calculated.
Because of -the dlfflculty 1nvolved in quantifying the relatlve
intensity of effort for an exercising rodent, it is not
known what relative stress is incurred by individual animals;
‘That is, what proportion of an individual animal's maximal
capacity to‘perform'work is being utilized to carry out thg
acclimation training and the performance task? From
intuitive evaluation oﬁ;the animal's performance during the

course of this .experiment it was evident that some animals
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were able to completelthe daily exercise routine with less

dlfflculty than others. Thus-within any group of animals

B T

fperformlng the same exercise reglme, large dlfferences in
the relatlve-stress may exist. Seeing that "intensity" isg
considered a key féctor’in producing a training adaptatfon,
the dlfferences in relatlve intensity or stress may be an
explanation for the 1ntra group varlablllty in the patterns
of 3H—leuc1ne incorporation found 1n this study. The lmpor—
tance of the 1ntens1ty of exercise, and its effect on pro-
tein metabollsm is cleerly_demonstrated by the dlfferences
in the‘patterns of protein uotake following anaerobio and
aerobic exercise found in this study. An alternative expléna—
tion for the intra-group variabiiity is putﬂforthaﬁy Weﬁger‘
et al., (1980) . They speculate that the proteln uptake pat—v
terns follow1ng exercise are similar between anlmals but
the‘time course Qver which they appear may vary. That is,
the(time when the exercise induced alteration in the muscles
biochemical state tas reflected by leucine incorporation)
occurs, may not be synchronous in all animals. It is
apparent that due to individnalrphysiological differences
between animals it is unrealistic to expect an absolute.
‘exercise stimuli to- have the same effect on protein meta-
bolisn'in all animals. |

=4

Compensatory hypertrophy of the heart is anwf

response to0 stress. The characteristics of this hypertrophy,
whether it is physiological or pathological are dépendent
upon the nature of the stress incurred (Dowell et al.{

1976). The increased energy demands of performing”exerciSe,‘
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place a volume overload.on‘the neart. .This has beenlfound
to produce‘a physiologica;_nypertrophy, that is, the heart
weignt relative to body weight hae been ehownito:increase.
(Oscai et al., 1971; Gusti et al., 1978). As well, the |
heart from an exercise‘trained animal has been shown to

have acquired an improved ability to withstand myocardial

A
-

pressure overload (Dowell et al., 1976). When considering
the effects of.phy;ical training on the "heart, the mgde of
exXercise, e.g. swimming or runnlng, becomes an important
factor. Both modes of exercise are known to hzye beneflclal

but different effects on the contractlle performance of the

heart {(Dowell e aly) 1976, Schaible et al., 1979). Studies

.
"\\‘

. .. _ )
en effects of swimming~ have attrlbuted the increase in con-

tractilitylto be a result of enhanced myoflbrlllar ATPase -

activity (Wllkerson et al l97l° .Bhan et al., 1975), and an
*“N% T SN

increased capacity of'thg sagapplasmlc retlculum for calf U

R AR

uptake (Penpargkul et al. &@77) ~ Similar adaptatiéns“

& o & g

have not been demonstrated by endurance running (Baldwln gﬂ*g

al., 1977; Penpargkul et alw., 1980). It appears that the
biocnemical adaptaticns underlying improved-ggart function
resulting ftom swimming and running differ,' This contrast
may be duévto inherent differences in relative,intensity
between the two forms of exe:cise. Myofibriilar AfPase
changes have been observed during the early“stagesvof a

running program. A study of time course of adaptation

(Baldwin et al., 1977) showed significant increase in heart

¥
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ATPase activity after four weeks of eﬁdﬁrance run;ing.
jTh?se.chéngés were ngt“evident qfﬁer six and nine weeks of
running. Tﬁéy e%plained that ﬁge initial increase in con-
tractility is due to a greater stress on the cardiovasqular
system, and that these changes were transitory in nature,
regressing as the oxidative capacity of skeletal muscle
becomes.elevated. Another possible explanatioﬁ could be
that at the onset of training the relative intensity or
overload was great enough to produce an adaptation.
However, through'the remainder of the endurance running
program, ' the intensity may not have been increased suf-

ficiently to produce the degree of overload required

either to'maintain, or -to further elevate the initial

* 4
increases in contractility. Utilizing a more intense
interval training program Baldwin et al., (1977), found

that the myofibrillar ATPase activity of the heart re-
mained significantly elevated after nine weeks of training.
'Most.previous-stuéies examining the effects of én
endurance training program on fhe capacity of cardiac
tissue for oxidative eﬁergy production, found little
evidence of significant changeg (Baldwin et al., 1975;
Oscai et al., 1971). Baldwin et al. (1977) in their time
course study found similar results with endurarice training.
'Howeﬁér, their higher intensity sprint%%raining program;did
produce increaées in the é?art'é oxidative cagacity after

'six weeks of exercise. These changes in the hearts

oxidative cépacity appear to parallel Baldwin's previously



&

52
mentioned findings regarding théfaltqration of contractility

produced by endurance training. That is, the resultant

change in oxidative capacity found after six weeks were no

longer ev1dent after nine weeks of sprlnt tralnlng

Baldw1n et al's. results (1977) underscore the impor-
tance of intensity of the exercise stress in eliciting a
training adaptation. This principle is clearly evident in
the present study by the more pronounced effect on protein
labelling exhibited in the animals that performed the higher
intensity anaerobic exercise. This finding is consistent

for all heart fractions measured. A similar response, that

is higher@leve;s of protein synthesis in animals subjected ,

Y

_to anaerobic exercise as compared to aerobic exercise, has.

been observed in skeletal muscle (Dallaire‘l980).
In response to the purposes of.this study as outlined
in the intrdduction it can be concluded that:
- The effect of a chronic anaerobic or aerobic exergise
(the exercise acclimation programs) stimulus 1s to

)

‘suppress proteln metabolism in the separate heartwk
fractions.

- The effect of acute exercise on protein metabolism in
the heart appears dependent upbn the heart fraction éx—
amined, and the nature of the exercise stimuli.

~ Anaerobic and aerobic engcise appear to differentially
effect the post exercise response pafterns for protein
uptake. The higher intensity anaerobic exercise seems

to have a more pronounced effect on the fluctuations

in protein metabolism produced by exercise. As well it

K
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is epparentxthat the peak elevations;for protein iabel—‘
ligg in the %epa}ate heart fredtions are postponed
following aneerbbic as compared to aerobic exercise.

- The variability in levels of protein uptake evident’
within the experimental groups, may be indicativedofd
differences in“the relative intensity of the imposed
exercise stimuli on the . 1nd1vadual animals.” ’

III. PRACTICAL IMPLICATIONS E a e

. we

There are several 1mpllcatlons that arlse)from the
present’ study One is foundjln the dlfferent protein
synthesis response patterns between animals within the same
group. This indicates.that within a group, the same
absolute exercise sttess illicits a wide range of metabolic
response patterns. It is probable that this is, in part,
due to differences in the relative stress incirred by the
iﬁdibiduel‘animals. This fiﬁding underscores the necessjitv
of performénne evaluation and irdividualized exercise
persgr{;t;on. That is,‘the most effective means of attaip-
iﬁ;/a training edaptation is to design a prgaram in
7£cordance with an individual's work capacities. This

Qnsures that the proper degree of overload or relative

stress is;being achieved.

A 'second 1mp11catlon is demonstrated by the dlfferent
response patterns between the anaeroblc and aerobic animals.

Because of the.dlfferences between species, the finding of

this study in terms of time course and magnitude of response

would not immediately apply to humans. However, the data

7
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does show that the intengity of the exercise stress is an
,important factor in governlng the metabollc response

pattern. The dramatlc rise in act1v1ty 48 hours post

_exerc1se found in the animals exposed to the arnaerobic

-

exerc1se, may - 1nfer that longer rest perlods are requlred

follow1ng this type of exercise than following aerobic

4 v

exerc1se. It appears the longer rest 1nterval is necessary

—r

to allow the exercise induced alteratlons in proteln meta-

., bolism to occur.

Flnally, the data 1nd1cates that the post exerc1se.

response patterns for leucine uptake are'hot 1dbnt1cal for

"

//the separate heart fractions. . Thls‘suggests that the

\
-/

biochemical properties of the heart fepresented by‘the

different fractlons, to some extent rbkspond independently.
IV. RECOMMENDATIONS P@% FURTHER STUDY
_ &7
The discussion in the present study deals with trends

evident in the data. ~ To ascertain whether these trends are
genuine requires that the intra group Variability be reduced.
One means of accomplishing this would be to increase the "
sample size of .the experimental groups. The hinimum number
suggested would be six ahimals per group. If in fact the
amount of biological Qariability_in leucine incorporation
does exist, it may be meaningful to examine exercise
performance measures and to determlne if there are any

~relat10nsh1ps betwien these performance meadsures and leucine

incorporation. Tf. such relatlonshlps are found then thelr

e

effects on the results could be reduced by using blooi:ng

procedures in . the statistical analysis. Finally, it 31 ﬁ
'% b

‘ *ﬁé& &



recommehded that in future'animai research where there is
considerable variability in the measured response, that the
‘investigator consider utilizing an.inbred“strainﬂoéﬁanimals.
A further.cousideratiOn in this regard is to ensureithat l
the animals are'capable of performing tha e#perimentai protocol.
It was hypothe51zed that the 1ntra ‘group varlablllty
in -the protein’ uptake, may to some extent result from dlf—
ferences in the relative 1ntensity of the exercise
. stimuli between animals. ledetermine if this is a realrs—
~~/-'tlc hypothe51s requires further research directed at egtab-
llshlng procedures whlch w111 enable the relatlve 1nten51ty
of effort to Re quantlfled in the exer0151ng rodent.
'_Thls 1nformatlon would allow the effects of a relative

exercise stimulus on proteln metabollsm to be explored

The tlmesoselected for examlng the response in leucine
1ncorporat10n in the present. study were at twelve hour 1nter—'
vals. With thlS format .there were dlStlnCt peaks and valleys
eVident,ln thevmeasured response. Further dellneatlon to

-y

determlne where the hlghest and lowest 1eve1s of leu01ne
1ncorporat10n ‘occur foilow1ng exerc1se requlres that the\
time interval between experlmental groups be reducedz It
rs'sugbested thatnfollowing anaerobic4exercise the level of
- leucine 1ncorporatlon be examlned at 4 hour intervals be-
_tween 24 and 60 hours post exercise. And that following
:aeroblc exercise this rate of sampllng should occur |
hetween 12 and 48 hours post exérd&se,: .

The results in the present study are from animals

subﬁeoted.tO'a brief acclimation program followed by a
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'A?PENDIX A
C. REVIEW OF‘LfTERATURE | | .
~P;otéiﬁs'piay'éruciai roles in virtualiy.all bio-
1ogical processes (%tryer,\lQ?S); Because of this importahée,
the'mechanismsAcomprising protein synthesis havé'been the"

N

focus of an abundance 'of research. 'Tﬁe results of which is
. ,
our current understanding of the complex processes involved
in protein metabolism. These processes include transéription
of the required genetic information contained in DNA into
mRNA. This'rgaction requires the enzyme RNA polymerase.
The information contéined in the mRNA template is translated
for the syﬂthesis of proteins. This translation process
requires the interplay of tRNA and rRNA. .The end result
being the sequeﬁtial~addition and binding of amino acids
in a specified'order to form a new protein molecule (Stryer,
1975). Proteins in a living organism are in a constant
-sfate of turnover. The types and amounts of proteins con-
tained in an organ aré governed by the balance between the
processes of.degradation and synthesis.

. A muscle's capacity to'perform work to a certain extent

is debendentvon its ability to generate tension. This in

turn is dependent upon the quality and quantity of structural
or contractile proteins in muscles. Also e§sentiél in the
capacity of muscles tojwork is the abjility to'supply energy
to contractile machinefy. Tﬁe energy supply processes are
largely contingent on the enzymatic protein levels contained
in the muscle. Regula%.exeréise enhances the capacity,of the

muscle to perform work.
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In skeletal muscle, chronic exercise induced adapta-
tionsﬁ underlying this enhance3¥Work capacity, are dependent
on the nature of the exercise stress incurred. Endurance
training has been shown to enhance the oxidative energy pro-
ducing capabilities of muscles (Holloszy, 1975). Sprint
training has been shown to enhance the glycolytic energy
producing capabilities (Sjodin, et al., 1976). Elevations
in structural protein content have been shown to result
from resistance loading (Goldberg, 1975). These exercise
induced adaptations result from an- alteration in the pro-
tein composition of muscle. Such alterations involve a
change in the relationship between protein degradation and

synthesis. Exactly how exercise affects protein metabolism

is not clearly understood at this time. McManus et al.

»

(1975) have shown én elevation in the rate of animo acid‘
incorporatipg as-a result of endUranéé training. Conversely
Dohm et al. (1977) démonstrated either no change or depres-
-sed amino acid uptake following an exercise program com-
prised of both continuous andvihﬁerval training. Bostrom
éb al. (1974) éemOnstfated that the activity of various
enzymes involved in energy -production varies at different
times following an exhaustive exercise bout - and that the
response pattern is dependent upon the intensity of exercise.
Wenger et al. (1980)'subst$ntiated Bostrom's results demon-
' 1s£¥éting that the pattern of amino acid uptake foilowing an
acute exercise bout is dependent upon the intensity of

exercise and the time of iwvestigation.
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Heart muscle is also capable of undergoing¢ adaotation.
The adaptation occurs in. response to an 1ncreased physio-
'loalcal demand or work load applled to the organ. There
are a varlety of c1rcumstances by whlch the demands on the,‘
heart muscle are elevated. One such examole of this is
growth. During periods of ~growth the balance between Dro-
tein degradation and synthesis is shifted in such a- fashlon
that cardiac size is 1ncreased In embryonlc developpent
this heart growth is occurring primarily through mitosis
(zak, 1873), resulting in an increased cell numher or hyner-
1plasia. The rodent loses mitotic activity in the cardiac
muscle fibers shortly after birth (zak, 1973). Increases in
muscle mass after this. early developmental period are
brought about prlmarlly by hypertroohy Oor an increase in
myocardlal cell size (Zak, 1973). Excluding the normal
increase in muscle size due to the growth process, cardiac

—

tissue is capable—of/yﬁderg01ng substantlal increases in
size due to 1ncreasqé work load (Laks et al. 1974) . fThe
nature of the 1ncrea}ed work load that the heart is sub-
jected to dictates dhether the resultant hypertrophy will
be either pathological or physiological i.e., whether heart
function is depressed or augmented (Coffelt et al., 1979)
Isotonlc exercise places a volume overload on the heart
This form of stress (increased work load) enhances heart
functlon (Schaible =2t al.,'l979: Dowell et al., 1976: /Earey
et al., 1976).

The results . from studies investigating the biochemical

adaptations in cardiac tissue resulting from an exercise

! ¢
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prcgram are somewhat controversial. Wilkersqn et al.

(1971) demonstrated that an endurance éwimming bfogram'~
resulted in an iﬁcreased contractility of the heart. AThis'v‘
increased contractility is attfibutted to'elevatioﬁiiﬁ
myosin ATPase activity. Similar results have been reported
by Giusti et al. (1978); 'Malhot;a et ai.'(1976 and Bhan et
al. (1972 and 1978). Sﬁudies examining the effects of en-
durance'runniﬁg on myosin ATPase activity have found that
this mode of exercise has little effect on this parameter,
(Baldwin et al., 1975; Watras et ai., 1979). It appears
that there is an inhgrent difference between swimmiﬂg and
runhing with regafd to the nature oflihe stress placéd

upon the heart. Oscai et al. (1971 a & b) have shown that
there is nb change in the re}ative respiratory capacity of

heart tissue in response to either swimming or running

- endurance exercise programs. Both modes of exercise have

been shown to result in an’increased heart to body weight 4y

ratio (Oscai et al., 1971; Baldwin et al., 1977; Dowell et

‘al., 1976). From the éforemehtioned studies, it is apparent

that the heart muscle, unlike skeletal muscle, is capable of
handling_the metabolic and contractile demands of an endur-
ance running program without any relative alggratiqn in the
bio;hemical makeup of the tissue. Also that the most pro-
noun?ed exercisé induced adaptation associated with enhanced
Heart function appears to be the increase in heart to body
weight ratio (Oscai et al., 1971). A possible explanation

as to why endurance running has not produced qualitative

changes in cardiac muscle may be related to the intehsity of

e ‘



'ércise stress. This possibility is indicated@ in the
data of Baldwin et al. (1977). ‘Their work demonstrated

that the.higher stress'pléced upon the heart by interval
vrunning resulted in significant increases.in myosin ATPase
acpivity; Further to this; their endurance running program
~.did eleyate ATPase activity during the early stages of the
‘praé;am (4 weeks) but this change was not evident after 6
ana,lo weeks of traininog. Similar results were foundeith

an oxidative marger enzyme (citrate synthase). That is the -
interval running program proéuced significant increasés iﬂ
the acti?ity of this ehzyme éfter 6 weeks of training.
However, these differenpes wefe.not present after 9 weeks

of trainino. The results from Baldwin‘s group (1977) clearly
demonétrate the importance of intensify in eliciting a train-
ing adéptation. It is possible that in Baldvih's Qork

the intensity of the training program was not sufficient to
maintain or further enhance the changes in oxidative and
contractile activity observed in earlier stages of their
endurance and interval runniné'programs.

Regardless of the_nature of-respdhse to exercise,
whether it is qualitative or quahtitative, changes in the
tissue are the product of alterations in prote’in metabolism.
The training adaptation is the cummulative result of
repeated acute exposure to exercise. Very few studies have
examined how the relationshié betweep protein synthesis and
degradation in heart tissue is effecgéd,by exercise.

The differences in mechanisms respoﬁsible for physio~

logical and pathological hypertrophy in isolated heart
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preparations were examined by Mjalmarson et ai;A(1972).
The§ évaluated the effects of two different workloads, a
volume overload and ; pressure overload, on prétein syﬁ;
thésis activity. The rate of 3H phenylaline incorpbration
was used as.én indicator of érotéin synthesis. The increased
preload or volume load was created by incfeasing’the left
atrial filling.pressﬁre. The increased pressure overload

was created by ihcreasing the resistance of the outflow

from the left ventricle. It was féund thgt protein éynthesis *
was stimulated in the pressure ovefibaded hearts. The hearts
subjected to the increased volume load did not demonstiate

dan increase in protein synthesis activity. They concludgd

that the s£imulus responsible for the increase in proteih
syhtheSis-in the pressure oviiioaded hearts was the éonstant

increase in muscle fiber length. This persistent increase in

~
~

~

fiber length was attributed to the\Tha(S?sed tension reg-

. . ‘ A . T L
uired during systole and/or the increase 1;“¥nd systolic

volume in the pressure overloaded hearts..

Differences betweén physioldgical and pathological

<

hypertrophy on Beért prbfein}metabolism in vivo were inves-
tigated by Dowell et al. (1976). The effects on protéin
metabolism were inferred by bibchemical and. fiber size
measufeﬁents. Physiological hypertrophy wés'produced by
endurance  running. Two kinds of simulated p;tholégical
hyper trophy were usea, moderate pressure overload (DOAC

and ealt lnading). and severe pressu&e overload (aertic

constriction). The animals subjected to the mild

Y
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‘pressure overload denonstrated a 10% increase 1n fiber
tgrowth There was no 1ndication of cell proliferatlon in
“f‘thi group.h ‘The animals:- sunjected to severe pressure over-
load demonstrated a 51gn1f1cant (35%) increase in muscle |
'fiber-51ze;' This group also demonstrated celi prolifera—
~tion. ThlS proliferation was presumed to ocecur in non muscle
'tissg%. “he endurance running program did not increase left
'"ventricle nass.above control levels. However, it did nain¥
tainlheart*sizeyinspite of therexercise induced.reduction
, ' O _ . :
invbody size.. The end result was an incréase in relative
'heart'size.. Because there was no absolute change in heart .
sizey they concluoed that in ph5101001cal hvoertrophy, in
’contrastufo pathological hypertrophy, there is nQ’increase
‘1n‘prote1n synthe51s act1v1ty. "It was' felt that the effect
of}exercise was to maintainfnormalurates of proteln metabo-
'lisﬁ in the heart. \
" The response of various intra and extra;nitochOncrial

enzymes activities and RNA .content was measured immediately
'follow1ng, and'at various time intervals after an acute
.sw1mm1ng b;;t was investigated by Bostrontet al. ll974).

They found that”there:waS~an increase in'engvme‘activities
'-immedigtely'following the exercise. The activities remained

elevated for up to three days post exertise retuyrning to

‘normal after five days.. The increases in enzymatic activi—~ ;

-

’ties were hat linear with time nor ‘qid they all follow th%;
- same response pattern. The RNA content ‘was found to de-

'crease 1mmed1ately follow1ng-exerc1se. 1t recovered rapidly

>
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and the RNA/content was-significanthﬁ greater than central

# g | ‘ o : /"

values one day post exercise, and returned to normaltlevels
after three days of recovery. These‘results illustrate the
‘significance of‘the time.interval'between the final exercise
stress and analysis, in studylng the effects ‘of exerc1se on
‘ enzyme act1v1ty and protein metabollsm
almmer et al. (1973) examlned the effects of acute

exerclse on protein synthe51s in untralned rats. Animals

3

were sac¢rificed 1mmed1ate1y follow1ng and at 1, 2 , and 4

hours after 51xty mlnutes of continuous swimming. The effect
on protein synthe51s was evaluated by the ‘rate of 1euc1ne
1ncorporat10n 1nto the total protein fractlon It Was found -
that there was significamst reductlon in leucine incorpora-

" tion immediatelv following and one hour post eXercise. The
incorporation rates approached.normal 1evels after two and'
four hours‘ofvreCOVery,'.Theybsugéesfed that'the rednced

rate of protein synthesis foliowing exercise may be related
to the exer01se 1nduced energy def1c1ency in the tissue.

| ‘Dohm et al. (1977) conducted a series of experlments
1nvest1gat1ng the effects of various 1nten51t1es of -
endurance tralnlng on heart proteln metabollsm The
demonstrated that endurance tralnlng depresses 1ncorporatlon
of 1euc1ne 1nto both the stromal and otal proteln fractlons
'Relatlve heart mass was found to 1ncrease ;nsplte of the
depressed rate of proteip- synthes1s The authors concluded

}that the rate of protelnpdegradatlon must be depressed to an -

eVen_greaten'extent than synthesis to account for this
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observation. The time ‘elapsed between the'final.exercise
bouf and prbtein‘analysis was not repofted, therefore; the
_effects of this are not‘known |

‘\\. Flnally, Cook et al (1981) utilizing an in vitro tech—
nlqde examined the effects of a single exhaustive bout of
endur; ceysw1mming on protein synthesis in heart muscle.
Protein synthesis was inferred by‘fhe incorporation of 3H_
phenylalnine into the total, mitochdddriél and extramito-
chondrial heart ffactions. The 1ncorporat10n was meabured |
1mmed1ately following exerc1se and at 0. 2, 1, 2, 4, and 16 :
hours after exercise. Immedlateiy foi}ow1ng the swim there
was a decrease in protein 1ncorporat10n into the three frac-
Flons analyzed. The time required for the protein uptake to
return to normal following the exercise indﬁced reductidn
was one hour in the total fractlon and two. hours in the mito--
chondrlal and extramltochondrlal fractlons They found no
vev1dence that protein eynthes1s was stimulated during the
experimental_protocol.u The data from their estimates of

the intracellular availabilit& of 3H —'phenylalnine suggest

that there was no difference in the amino acid pool at any

-

time during the experimental protocol,



APPENDIX B

"



73

o

oTdwes Jo jonbTTe Tw €°Q. ® UT Cwuuoum wo‘MasoE<.| Zz ad

wHQEmm mo.uozwﬂﬁm Tw T°0 ) ut cawuoumcua junowy - 1 xd
P .

TeWTUR IOJF

~ . presu = 19-) «
‘ SE- mmf :xamﬂm s3unop
Zv0'0 = I030®J IBANTE  960°-L60° = w»mﬁm umnsam
) \ . - . : . , .., . ) .
4347 ZrST 999  S69 0TL-6L9 . 6T9v° v6T°. Z8Z® Z8Z°'-Z8Z" 1108
6LST 479 89€  L6E - LOV-LBE - 98L9°  SBZ® ELE" TGE -P6E" 'OLIN
vL0Z CTL BZET TZET VEET-LOET €v98°T ¥TZ9°  T9Z' 6VE" 0SE -8hE" R
€LLT 256 VIL  €PL 6VL-LEL  00SL®  00SZ'  SOT' €6T° V6T -26T° 10T
“wdp udo . B Bu - | Emowm ao :.,.
"¥'s V'S %xT4-° X ° SINNOD -z ad T ad 479~ X NIZIONd  NOILOVMA.

*dnoxb anoy zT oanouomcm ?y3 3o T#

7

/

ﬁcﬂquHm but ‘uidp) >4H>aqon oy3Toads :kuoum Jo coaumasoamo wsu 3o memem IIA °Tqed,



&

74
Table VII SeYum . counts (dpm measured in a 20ml sample of

blood»taken from experimehtél anihalE (Al.A2 - aliquots).

GROUP ANIMAL# A 1 A2 GROUP ANIMAL# A 1 A 2
SED.C. 1 13900 14536 SED.C. 1/ 13900 14536 .
2 12265 ‘13256 2\ 12265, 13256
3 14087 14764 3 14087 14764
AN.ACC. 1 11859 12588 agp.acc. 1 9744 10401
2 10470 10821 R 2 11314 11416
3 13813 12347 3. 12065 13380
AN.O 1 11871 10490 ag. o 1 12713 - 13547
2 13673 14187 - , 2. 11943 - 12966
3 14007 15386 3 13000 14457
4 11178 12800
AN. 12 1 12229 12894 aE. 12. 1 _ 8822 9405
- 2 11417 12153 2 13876 13143
3 10120 10863 3 10884 12094
AN.24 1 14300 15385 ap. 24 1 11617 12382
: 2 12065 12900 2 9876 11550
3 14579 16100 . 3 10958 11711
4 13069 12869 - '
 AN. 36 1 12869 13527 aAE. 36 - 1 10355 11079
2 12424 13338 -~ - 2 12931 14160
3 11032 11824 . - 3 9706 9206.
AN. 48 1 13640 15057 AE.-48 1 10370 11122
2 11142 12135 - 2 12400 12831
3 10435 11128 : » 3 11583 13194
4 16508 17867
AN. 60 1 11711 11188 AE. 60 1 12866 14357
2 11811 "11005 ' 2 . 11422 10521
™3 711194 12176 3 11543 12192
" AN. 72 1 11744 12756 AE. 72.. 1 8852 = 9586
2 . 16546.. 15200 | 2 11375 12188
3 3 11573 12847

11489 412713
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Table VIII Body Weights (g8) of experimental animals at time

of sacrifice.

GROUP ANIMAL# BODY WT.  GROUP _ ANIMAL #  BODY WT.
SED.C - 1 . 319 SED.C. 1 319
2 315 | 2 . 315
3 « - 303 - 3 303
AN.ACC. 1 219 - aE.acc.’ 1 232
2 313 2 232
3 287 - 3 276
AN.O 1 252 AE. O 1 270
2 261 2 . 248
3 269 3 258
4 250 -
AN. 12 1 236 AE. 12 1 211
2 290" - 2 249
3 238 . 3 228
AN. 24 .1 208 AE. 24 1 - 243
» 2 258 o 2 235
3 270 ° S 3 o227
4 256 | | 2
AN. 36 1 259 AE. 36 T 238
o 2 D233 - | 2 . 229
3 229 3 257
AN. 48 1 - B247 AE. 48 1. 243
2 242 2 2367
- 3 188 - 3 268
4 252 > - | |
AN. 60 1 206 AE. 60 - 1 v 261
S 2 243 2 .. 258
v 3

237, : - 3 - 215

AN. 72 1 . 260 AE. 72 . 1 233
2 221 . o2 262
3 216 30 222
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Table IX Heart Weights (mg) for all experimental animais.,

~ GROUP ANIMAL# - WEIGHT GRbUP _ANIMAL# _WEIGHT

AE.ACC. 1 532 aAN.acc. . 1 565
: 2 533" o 2 752
3 . 545 . 3 666
‘é‘
AE. O 1 629 AN. O 1 497
: 2 589 : 2 555
3. 567 - 3 543
‘AE. 12 1+ 567 AN. 12 1 438’
2 624 . 2 724
3 565 " B -3 620
AE. 24 1 577 AN. 24 . 1 479
2 697 2 : 560
‘ 3 515 3 676
AE. 56 1 513 ‘AN. 36 1 551
2 539 o 2 ' 573
3 714 ' 3 576
AE. 48 1 - 631 AN. 48 -1 : 641
: 2 523 : - 2 577
3 658" 3 413
o ' :
AE. 60 1 604 AN. 60 1 556
: 2 562 2 592
3 466 3 554
AE.. 72 - 1 534 AN. 72 1 ' 616
2 " 586 . 2 590

3 510 ¢ : 3 "~ 515
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Table‘X Incorporation of the radionuclide .L-(4,5 3H)—
Leucine (dpm/mg protein) in all fractions (total homogenate—
TOT, myoflbrlllar-nuclear—MYo mitochondrial-MIT and soluble
—-SOL) of the myocardial muscle from the animals in the

sedentary control and endurance groups}

GROUP FRACTION . - ANIMAT, ‘? . TUMBER MEAN
- 1 2 3

.SED.C. THT 17344, 16036 12610 . 15339
MYO 10152 8165 7702 8673
MIT - - 4163 © 2065 3175 - 3134
SOL 5246 5089 3764 4700

h

AE.ACC. TOT , ,
MYO : 2427 2138 2330 2298
MIT 1847 2695 _ 2271

*  SOL . 4256 3630 3437 3774

AE.O TOT © 3222 3863 2802 329¢ ?
MYO - 2537 3158 2315 2670 -
MITO - 2470 3079 2843 - 2797
SOL 3982 5080 3854 " 4305

P4 . .

AE. 12. TOT' . 4801 . 2604 3231 - 3545
MYO 3656 2042 2561 - 2753
MITO . 3376 1730 2447 2518
SOL . 5197 3190 .3898 4095
L 3

AE. 24 TOT 3781 3685 3123 3530
MYO ] 2566 3009 © 2223 - 2599
MITO . 1993 2258 - 1620 : 1957 -
sov, - 4559 3490 1911 3320

AE. 36 TOT ' 3656 3857& 1031 . 2848
MYO 2910 28119 " 886 2202
MITO o
SOL - 5028 4597 3700 - 4442
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Table X (coﬁtinued)...Incérporation of the radionuclide
L-(4,5 3Hf—Leucine'(dpm/mg protein) in all fractions (total
homogenate-TOT,. myofibrillar—nuclear—myo, mi€fochondri=l1-MIT
and soluble—SOL) of the myocardial mUscie from:the animals in

the sedentary control and endurance groups.

- GROUP ) ERACTION ' ANIMAL NUMBER MEAN
. J 1 2 3 :
g . . ) N
AE. 48 TOT 2395 3799 - 3650 3281
' MYO ‘ 2060 2386 2569 2338 Y
| MITO 2269 1541 2645 - 2152
\\ SOL 2808 3266 4110 3395
, {
AE. 60.. TOT - 2791 2537 3300 2876
MYO 2360 2048 2479, 2295 °
MITO 1028 1669 2298 1665
SOL 3362 . 3469 4099 3643
AE. 72 TOT 2869 2412 2447 2576
MYO . - 2406 1827 1949 2061
MITO 1789 2121 1754 1888

SOL . 3697 3041 3199 3312

)



80
Table XI 1Incorporation of the radionuélide L-(4,8 3H)- leucine
(dpm/mg protein) in all fractions (total homogenate-TOT, myo-
fibrillar—nuclear—yYO, mitoéhondrial—MIT aﬁa_soluble-SOL) of
the myocardial muscle from the animals in £he sedentary con-

~trol and sprint groups-

GROUP FRACTION Z’\.N IMAT, NUMBER ~ MEAN
. 1 2 3-
SED.C. TOT 17344 16036 12610 15330
- MYO 10152 8165 7702 8673
~ MITO 4163 - 2065 3175 3134
SOL ' 5246 5089 3764 4700
AN.ACC.  TOT 3047 4346 1998 3130
MYO 2348 3295 1506 2383
) MITO 2124 3525 1145 2265
| SOL 4480 5637 2756 - 4291
AN. O TOT 3662 3102 3152 3305
MYO - 2537 3158 2316 2670
MITO 2759 1972 1963 2231
SOL 4536 4236 3854 4209
. e |
AN. 12 TOT © . 2773 3245 3266 3095
MYO 2074 2779 2540 2464
MITO 1579 2144 1888 1870
SOL 4492 4576 4445 4504
_AN. 24  TOT 3592 2095 2304 266¢
MYO 2767 1442 1658 1956
MITO 3012 1095 1576 1894
SOL 5080 3065 3172 3772
AN. 36 TOT © 2462 2217 2566 2415
MYO « 2179 1550 1949 1893
MITO 1119 1267 953 1113
SOL " | 3070 3297 3158 3108
AN. 48 TOT 4253 4716 ‘4640 4536
MYO 2840 3113 3166 3039
MITO } 2654 3909 2293 2952 .

SOL * 4949 4923 4996 4956
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Table,XI (continued)...Incorporation of the radionuclide
L-(4,5 3H)—leucine (dpﬁ/mg protein) in all fraction% (total
homogenate-TOT, myofibrillar—nuclear—MYO, mitoghondrial-MIT
and soluble-SOL) of the myocardial muscle ffom the animals

Al

in the sedentary control and sprint groups. .

GROUP FRACTION - ANIMAL _' NUMBER MEAN
' 1 2 3 :

AN. 60 TOT 3353 3190 3519 3354
. MYO 2185 2057 2450 2231
A MITO 1486 1299 1626 1470
c " SOL o/ 4603 4058 4218 4293
_AN. 72 TOT . 3694 2563 3027 3095
' MYO 3012 1841 1911 2255
' MITO 2217 1660 1305 1727

SOL - 3539 2715 3860 3371

‘e
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Table XII\\galculatlon of the conver51on factor used to change

cpm to dpm.' An 1nternal standard of known rad10act1v1ty was

_\used Data from anlmal 1 (AE 60) was used for standardlzatlon. '
‘ FRACTION : MUSCLE ORIGINAL cpm NEW com : VDIFFERENCE»J~
HZTOTaﬂ e H : 590, ﬂ,i : .37950 '37360
R . LT 600 ., ... . 37567( 36967
R - O 390 - 36817 36427
o ) o coe . 423 37177 36694
S ; P i 433 36100 . ¢ 35667
o N T 424 39533 39109 -
MYO H 843 37467 . 36624
L o 841 38500 " 37659
.- - - 628 .~ 37817 37189 .
NS L 648» 36717~ < 36069
L P 585 oo 38250 ... - 37765
v e . 600 ... 38750 38150 . -
MIT JH- 7 264 . - - ~_39783 39519
o L @60 38950 ‘38690 -
B S o 129 237917 - 37788 °
4 A ~ 140 39383 739243
" P i \ (~124 - . 39417 39293
_ , o - . 126 39367 c 39241
SOoL S : A . 595 . 39467-' 38872
- ) oL s 602 38867 £ 38265
- - 7. 255 7. 40160 39905
o 259 © 38217 37958
o P 329 - 39983 © 239654
- ff ' 304 38617 38313
. . { - .
S;RUM'.* ' © . 14914 51700 - 36786 /
' o o 15279 58125 - 42846
. 'BLANK - .- 27 - 38517 - 38490
NP = 28 37200 37172
X; - Mean: = 38133 "

“;Internal Standard 1. 327 x 106 dpm/gm solutlon
100. ul=0: 0837 gm solutlon

mRadloact1v1t§ added to samples 111,070 dpm/lOO ul

Conver51on factor for cpm to dpm-on Beckman' LS 250 N
,counter- lll 070 /- 38 133 =;2.913

e

¢

. - . -

:*- The data from the skeletal muscles Soleus-s, and Plantarls-P
used w1th the perm1551on of Dr J. Dallalre.,-
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" BIURET" TECHNIQUE* o

Reagent Preparation S | ;\" o vv ' N -

)

1 5g of CuSO4 5H20 and 6. 0g of NaKC4H406 4H20 were mlxed in

approx1mate1y 509m1 of dlStllled water.

S

300m1 of,lO%-NaOH was added to the above solution with i
COnstant .swirling.

The solutlon was then diluted to 1.01 with dlstllled water

+

'and stored in. a 'Teflon' bottle.

<

P

‘ .
1 -
. Procedure

0.5ml‘of the above reagent was.added-to 0.1lml of’sample.‘

The mlxture was agltated and left’ ,to stand for 10 min. at
: ' e “Q'
room temperature. 3 ,

tﬁThe Optlcal Den51ty was spectroohotometrlcally measured at

- a wavelength of 540nm and ‘the value multlplled by the stan—

S
-dard ‘curve factor (0 042) establlsﬁed for the Bluret reagent

¥

The results were expressed as mg of proteln rn 0.01lml of
sample.

. L ....‘_‘—
s o ,
: |

* MOdlfled from Gornall A.G., et al., Journal of Qlologlcal

[4

Chemlstry 177 751- 66, 1949.

.4
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| Table XLII Sacrifice time'Séhedﬁie:for-experimgntal animals.
GROUP . ANIMAL - . TIME OF ' . ‘GROUP ANIMAL TIMEOg' .
IR SACRIFICE(HRS)\"' : '-‘j#_-" SACRIFICE (HRS)

- 8:30.
. 11:30 : o
14:30 ° .

SED.C.- |
SED "'C o‘
'SED.C.

16:30
10330
7:30

14:00 . AEMACC.
8:00 Aﬁgﬁcc.
~7:30 ~AE.ACC.

'AN.ACC.
AN.ACC.’
AN.ACC.

AN. O
"AN. O
AN. O
AN. O

17:30 ~ AE . 11:00
12:30 ~ AE 14:00 .
.8:30 @ . AE o o 15:30 ~3

13:30 T T v

BWRH WNH R
W WN
v,

12
12
12

7:30
19:30.
12:30

11:30
.19:30 g
8:30

.
et
N

5B 2
.
N

W

'10:30
s : 13:'30 )
- .16:45

N
>

24

24
24
24

14:30
17430'\
20:30
- 7:30.

BEE BER

N
o
W

BWNNH W
(X
-9

1111

36 7:30

36 . 19:30

36 3 . 21:30
. L o

4;3Lv

11:30 .
23.30
19:30

36 -
N. 36
'.AN..Q.36 ’

zy
R

. 10:30
13:30
16:30

48
48 °
48

11:00
- 17:30
- 20:30
‘' 17:00"

2

48
48
48
48

BEE
W N

~

pt»h:h{iﬁnhxwa,

2B

60
60
60

1T:30 . e
23:30~
8:30

60
60
60

. 19:30
19:30..
21:30

" v e
JRENYS
WN -

y.

14:30
- 17:30
20230

72
72
72

72
72
72

©-10:30
13:30
16:30

TR T

WN -



