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ABSTRACT

The present siudy was designed to investigate

the effects of growth anaerobic (high intensity aprint run- . |

ning) and aerobic (moderate intensity continuous running)

g training on protein, nucLeic acids and connective tissue in

t *

the left ventr ele of male rats.r Ten 5—week old male rats

" were used as Basic or initial control group and ninety (90)
: male rats of which 3 groups of thirty (30) animals, each

group consisted of' 1- age- matched control groups (Cl4 25 .

and Q33);;x2— the anaerobic trained groups (AN14 AN25 and,’f

'--AN33) - 3- the aerobic trained groups (A14 A25 and A33)

<

‘f anaerobic training program consisted of intermittently

.-The‘attritio

;~times

" variable u

-rate of the present study was- 197 df which 47

1 .

»{occurred in the control groups, 77 and 87 of the anaerobic

“and aerobic trained groups rgspectively The so-~ called

o

sprinting ‘on’ a treadmill set ‘at’ 307 grade,"&

w »

for 15 spconds interspersed by 20 seconds re

)

) N\

epeated té/
x; S

»wice a day, 4 days a week _»The animals ran at initial

speed of 40m/min.¢to final speeds of 80 85 and 90m/min.;

o~

: after.9 20 and 28 weeks of training respectively.r The so-

called aeroBic training program consisted qf continuously

‘running on a- treadmill set at 87 grade, atvmoderate intensity

for 30 minutes twice a day; 4 days a week i They’ran at an

initial speed of 15m/min* to final speeds §£\30d min; after"
v ‘ ) el ’

9 weeks of training and 35m/min. after 20‘ahd 28wWEeks'of

training.. Signif

i

,sured except for the RNA to DNA radio and RNA

=, R :

intensity‘

[

. ‘ o .
antcgrowth alterations-were found for each '

S



concentration, in animals 5 to 14 weeks of age, 'The magnl-

tude of growth change was more pronounced in pro—pubertal .

S

animals (5 14 weeks of age) as compared to mature animals

(25 33 weeks of age). . Body weight and hydroxyproline content

were decreased significantly following 9 weeks of aerobic
training while the adjusted heart weight, DNA concentrﬁtion,
weight per nucleus and also body weight were altered signi-
"ficantly following 20 weeks of aerobic training. All the
‘ varfables measured in’ the anaerobically trained groups were

" not affected following 9 /}0 and 28 weeks of training. The

significant increase in- the adjusted heart weight in’ addition ¥

l.‘._to significant increase and decrease in the DNA concentration

/'fand weight per nucleus respectively in the left ventricle,

would seem to imply that cardiac hypert?&phy, if not left

¢ I

vventricular h pertrOphy were induced after 20 weeks of aerobic

training.. Although the adJusted left’ ventricular weight of
the 20~ week ﬁerobic trained group was not significantly dif—

‘ferent from the age—matched controly the tendency towards
a larger left ventricle was. nevertheless apparent The ob—

,served results seemed to indicate a consistent trend towards

x

a.greater improvement;in-same‘oﬁ the cardiac parametersf'

investigated followingiZO weeks ofuaerobic‘training.‘ Further~

aerobic training does ‘not seem to overload sufficiently

~

.
-the cardiac muscle to adapt above the already attained func-

{tional level. B

vi
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R P INTRODyCTION R DR
c L S ‘ |

/% °f5 The manner in which the intact organism reSponds

R . - e . : a .
. ) s . N

_,t6 exercise has intrigued cardlovascular physiologists for
v} . . .

Kl

the past century ;tf*'b "j R T f o ph B ﬂ‘ o “.Q'N;“\‘

: The"cardiac adjustments, ‘necessary to.meet the

TN -
N

idemands of%theiworking muscle_remain*areas‘ofhintense‘inves;.g BN
o SN e T G e
tlgation and speculation.,‘ f”*}K7 S b L l';n' y“’“;‘f.&’
Ratay it , e S ST
QQ&#MZQ';i ~ waever, physical trainlng is thoughy#to have a:“
.' Ei T \; _ A ' )
Beneficial effect on; the overall functioning of the cardio—gsipiv o
: : | 3 R
vascplar system. This is based on)both epidemiological (Fox S

a and Skinner, 1964) and on experimental (Saltin et a1., 1968)

0 e
: . R - :
studies in humans.- Even though most studies on the cardiacﬂ

’ . . . S

L

R adaptation to exerc1se in. smallcanimals are only in theii
infancy,;numerous investigations during the past decade hav

Been published (see for rev1ews.;'Barnard J;; 1973 Vatnen
- and Pagani, 1976) S h’» vf}:,,7{”;-ﬁ7;f?,,”"”‘ff{f3¢

[N . - R . . RS i o . . o N 1

Q.

\g i’j_f"i Several investiggfors have reported that severe,}IQEJV

L

prolonged exerc1se 1nduced cardlac enlargement in small

animals (Crews and Aldinger, 1967 Osc&i et al., 1971 a b'f

Penpargkul and Scheuer, 1970'§Bloor and Leon, 1970' Jaweed.v
'-/[et al., 1974 Steil et al.,¢1975) his is reflected by an,,

increase 1n the myocard1a1 wall thickness which permits the;yﬂ.

B

left ventricle to meet the increased wall tension that has

K ./w : . g e ."'\ ;
resulted from the increase radius of curvature (Ford 1976)

This increase in mass is considered an important adaptive_h'“

: mechanism which enables the heart to adJust itself to chronic o
B - 1 e E |
NS :




" o o _ . SR AT .
, : : , _ ey

Ce

work and energy requiroment (Young, 1970 Rabinowith 1973‘

dFord 1976) This enlargement Ain physiologic hypertrophy

N ! .
is due to an, increase in myocardial cell size without altera—

.tion in myocardial cell numbers (Linzbach, 1960' Crews and

Aldinger, 1967 Ford 1976) | L

-~

This structural alteration,'inducedxby exercise
increases the cardiovascular reserve of exercised animals

.CCrews and Aldinger, 1967 Penpargkul and Scheuer, 1970  ;‘§“ .
‘Rushmer, 1976) fﬁ7x_f‘. »

This adJustment of cardiac maLs and of cardiac muscle

™
\

o

» cell size to chronlc volume overload of exercise wqgld implyrrx

ﬁthat ‘a net synthesis of proteins and nucleic acids have taken C "QQ

e

,place., However, follow1ng chronic exercise,,the myocardial

p

‘1protein,-DNA and RNA-contents have been shown not to increase

:gabove normal 1evels (Bell et al., 1975 Dowell et al 1976.agb
Sordahl et al 1977) '°fﬁ,r,o.>;=g;~f'_:{f;;,

During exerclse the untrained and trained animals
‘can increase the cardiac oytput above resting leVels to meet el
Auf" ; S 1 .

the varying metaholic requirement of the whole body.‘ In the

fv’untrained animals,_this is provided by 1ncreasing the heart

rate Ctachycardla) with small changes observed in the force ofah'v

o

contraction Cstroke volume) On the other hand ’the traihed ng@f
“?'animals due to the increase in‘ventricular mass resulting
kfrom‘chronic volume overload during exercise incrgase theirib”
cardiac output by increasing the inotropic state of the he rt;‘
iue. the force of contraction (Ford 1976) This'adaptation ;

is reflected‘inla~lower resting heart rate %radyiardia) -_fi{f@;;
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no synthesized hy the conn@ctive tissue (Skosey et al

vand Scheuer, 1970) - ,"’1 ”,(T R ”\}W

‘ during exercise,/espec1ally the”exerc151ng skeletal muscle.j’l‘b

i »//:\.

: attached to collagen forming the "skeleto‘

\

‘ r commonly observed in trained animals (Barnard et al.,\ 1976) ..
BT ‘,

'

The increased force of contraction of the heart has also ﬁ‘

A B

been observed in isolated perfused heart from trained animals

)

L‘with cardiac hypertrophy (Crews and Aldinger\\1967 Penpargkul

. a o : SRR
f:y» The biological s1gn1ficance of cardiac hypertrophy

that develop during strenuous and prolonged muscular activitya'

seems to be to\provide a greater maximum cardiac output-fﬂf”%‘

cor

(greater reserve of heart rﬁte and stroke volume) and contri—

S I EENU S D PSP S S

bute, among other adaptative ch”nges, to the superi@r perfor-

s : \
mancé of the active skeletal mfscle of the trained animals.
T

herefore,;the heart adapts to the c1rcu1atory load by

increa31ng its mass to mee“‘the varying ngands of the body

The myocardial fibers are~'upported and are firmly

1/

(Rushmer,‘1976) The collagen is believed to bJ

L et

and is known to be distributed primarily between muscle

» ‘fibers ;nd’aiong Blood vesselsizépann et al 1971)

E S\yjrigfiv:_During experimentally induced cardiac hypertrOPhy’,

, SN

_ “the - connective tissue is increased cons1derably (Morkinlfp,
,kzuﬁ'and Ashford 1968-‘Grove et al.;.1969 b3 Meeson, ;971) and 'iiwsét
.}r thé\bulk of the DNA synthe51s‘seems'to be associated with s
N -mitOtiC aCtiVity mainly in the connective tissue cells (Nair —
s DI i 1s (Nair .

*rff et al., 1971)

f

In physiodogical 1nduced cardiac hypertrophmv thejf
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"content of collagen was also increased in young rats a@ter a'“

"'*v-." ) ¢ ,"

: '..u\
‘severe and prolonged endurancew xercise (Bartosova et al. ,

“1969 Chvapil et al., «1973). Since“;he collagen in. distri—-

buted between blood vessels, thé observed increase could

"reflect the.normal distribution of the coronary vasculature
hwhich can also be increased by chronic exercise (Tepperman ’
andiPearlman, 1961 ‘Stevensonlet al., 1964), and could: tend-
. Co AR \ N
tolgive‘greater‘suprrt-t% the myocardiaf fiberslduring con;_

‘traction. e . \'
R L .' ‘L \

‘ There seems to be a general recognition among in-"'"

*wvestigators that biochemical and structural adaptations‘of

¥

lf;thegmyocardium are observed following physical exercise ana“:»

mthat such changes are benef1c1al to an enhancement of the
, , . v

_:5capac1ty of the myocardium to do work

Most of the reported literature studying the effects ,
of physical training .on’ the‘cardlac myscle have commqnly used// '

an endurance kind of exercise,'i}e; at moderate intensity, jhi

o s

‘Tirwnning continuously\for a 11mited perlod of time.j"-.‘fi.

o -

Baldwin et al., (1977) have studied for the first

%

'7time of differential effects of two types of training program

fpon the %ardiac muscle of female rats.ﬁ The training programs
-VVconsistJH'of a high inten51ty interval running pnd a moderate

. — v
intensity continuous tunning extended over 10 weeks. The

9

hihigh intensity interval training program increased signifi—_ylb

scantly the ventricular weight and myoflbrillar/ATPase whereas |
E \‘,;A ! /

. . - : S
“no change in these variables was observed after the contindbus:% '
' : sy s s

5;¢raining'program.» These findlngs suggested that a higher
L : Nl ) . ‘ : \J
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degree of stress applied to the cardiac musdle of the female

[

rats by the high intcnsity interval running as responsible

for Bringing about these adaptations. Such changes could

provide the. heart with a greater potential fo fincreasing-
stroke volume via changes in its contractile p tential

| ~-In the investigation of Hicksbn et al (1976), theyh
have used very high intensity (Sprint) running f r their
training program .and have looked at_the‘heart muscle. They

have trained their male rats to run on ‘a controlled running

wheel at 99m/m1n., S days pe{ week for 8 weeks e The inter—

:k mittent running program consisted ,after the 37th day of

e ¢

training, of completing 8 bouts spaced by 2 5 minutes of

o

- inactivity between them : Each bout con51sted of 6 repeti~

_\v

-

tions of running for 10 seconds followed by a rest of 40

seconds; .This very high intensity of running produced a

~d significant decrease in the body weight of the. exercised

rats. While the absolute heart weight of the exercised rats

. v i &

- was not foundfto differ from the~control the relative heart

,weight was greater in the exercised group when compare to

Q.

A7

et al., 1974 Houston and Green, 1975' Dowell et alb

3

the control gnoup due to: the reduction in body weight These,
of - o

. findingsrare similar to those reported after endurance‘

L

training of mbderate intensity (Oscai et a1 ; 1971 a; Jaweed

1
. 1976 a)

/

PURPOSE oF THE STUDY o

r

No‘study at the present time has been conducted to

v .

i'attempt to differentiate the effects of an anaerobic and an

- : ‘ ~ _
‘aerobic training programs extended over several months, on
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rats, @ - ‘ ‘ _ /

_present study are twofold

o S o X 6

v
)

3 . e o 4 \
selected cardiac parameters in the left ventricle of male

I .
With these observations in mind, the aims of the

n

i
L0
'

< ' 1~ to- determine the differential effects of a high
intensity Canaerohic) running and of'a moderate intensity
(aerobic) running on selected cardiac parameters_in male

rats; t

2~ to determine the effects of such training

"programs on selected cardiac parameters at different stages of

growth and development of male rats.

. \n_. 0
LI, c : . .

; ‘DEFINITION OF TERMS

1— Adaptive hypertrophy increase ,in size of an“

IOrgan in reSponse to changed conditions, eg increase in the

Joket

.wall thlckness of the ventricles due to training,

known as endurance training,

2—'Aerobic trainang k exercise stressing the energy-

'yielding system of a;r\blc metabolism of the animals, also,

3 Anaerobic training exercise stressing the e

energy yielding system of anaerobic metabolism of the animals;

also known as high intensity (sprint) tralning,

4—»Cardiomegaly : denotes an increase in the" mass

of. cardiac tissue in patholog1ca1 (Badeer,;1972) as well as';x”f

: in physiological CCrews and Aldingen, 1967) hypertrophy;

;‘ 5; Concentric hypertrophy. increased thickness
, . : o

'-of the Walls of an’ organ characteristic of all physiological

N ’f : ..v-a, _‘ . tel
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enlargement;

. 6- Eccentric hypertrophy: hypertrophy of a hollow

orgnn with«dilntntion'of Lty cnvity and wall thidknusugm

chnrnchrlsLIc of pathological hypertrophy; n

.

7- Heart ratio: the hecart welght dlvidcd by the

body weight;. ’ : : ’ T

8- Hydroxyprolinc contains the nminO‘acid, prolinel
whlﬁh is usually found ln collagen. The mcasurqment"of hy-

1

droxyproline makes it possible to determine the collagen and

’

. s o
thus the connective tissue of the particular organ;

9~ Hyperplasia: an alternative_mode of growth
'cdneisting of the multiplication or increase in the numher
of normal cells or fibers ot‘en organ; ,’/ (/
10;yHypertrophy: another alternative mode of growth
5consisting of‘the enlargement.or overgrowth of an'orgen or of
ﬁv;n:rnbre?se in size of the cell con;tituente;
11: Ontogenya the development of the indlvidualy
L . organism; ‘
12- Pathologlcal hypertrophy ‘increase in the mass
of- an organ‘due to an ‘increase in cell number as well as -
tan increase in>ce11 size induced byvhypertension and/or yal— '
vular dieeese (Crews.and'Aldinger; 1967);
| 13- Physiologic hypertrophy. .increese'in the. mass
of an organ due to an increase in géll size rather thanlan
increase in the cell number produced by physiologic activity,‘

.eg.'exercise (Crews ‘and. Aldlnger, 1967);

14- Protein to- DNA ratio or protein per nucleus‘
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3

representns the relative content of proteln per cell and glven
pome fudlcatlon of cell afzo (Wtufvk and Nahle, 1965)

15- RNA to DNA ratlo or RNA‘pur nuclous: dndleates

P

the content of RNA per cell of an organg
v v j

16— Total number of nuclet: accordidg to Enesco

and Leblond (1962), it represent cell number assuming a
- . . R \
conastant DNA content in o single diplotd nucleus;

17~ We{ibt per nuclceus: a relatiwely good indicaLiQQI;

L

(1962),
. .
ABBREVIATIONS A
DNA: 'deoxyribonucleic acid; ‘ E ] 1
) R&A: ribnnuclcic acid. )

THE EXPERIMENTAi MdDEL; THE RAT

In the past decade or so,btne field of ﬁhysical‘
Education has opened up to many new area which consisteq of
‘studying man- in motion fron the point of view of science.
Such field of investiéation comprises theiarea of the physio-
idgy and/or the biochemistry of exerciee.-

Their main pnrposes is toiéondnc; experiment on
animals and to look more closely at the effects 6f exercise
at the celfular level. Such objectives can be realized with .~

the use of animals. = \ / ’ ) L

However, the ultimate objective of animal research .
in the field of exercise physiology and biochemistry for the

._researcher would be an attempt to interpret the significance



of the renult to humansa,  An aobjective that fn often forgotten
by many researcher.,
\ The advantages and/or dlasndvantages of animal re-

scarch fn the field of Physical Educatlon are liated below..

THE ADVANTAGES

)

1- One of the main fouturo of counducting animal

rescarch is the accessibility and the epse of handling nnd

.

controlling of such experimental subjeccts. In other words,
they are there when you want them.

2- The response of the animals to different treat-

hd A

monts can easlly be controlled because of the similarity of

Y

their genetic make-up. 'Coming_from the same strain, the
animals Lsed, are usually the result of 20 generations.

3~ The use efAinvesive‘techniQue makes it easier\ .
to thoroughly investigate different parts of the animal and
‘therefore opens up different "channels of study. This will
.eermit the’research with ; nuch more understandingvof the
“re3ponse of different physiological and biochemical parame—
ters under the stresskof exercise.

4~ Animals are good experimental models to investi-

o

gate the effects of unknown phenomena or treatments (such as

drugs) before it is even tried on humans. .

THE DISADVANTAGES' ‘ A

21— Experimental data resultlng from ‘animal studies

-~ 4‘
&

make it difficult ‘to generalize to the human population

But in fact,'it c¢an -give some perspective of how it d%uld

s . i:ﬂ.{',{
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affect man.,

2- The elfects of differont treatments glven to
antmalas might not have the name effects on man, This obh-
vioeunly dependn of the kind of treatment employed. But in
reality, 1t 1= something that researcher hﬂnclto spoeculate
on, |

3- Keeping animals in a reatricccd area, (such as
in Smnlljcngou) might not be comparable to a normal environment
for such nnimQQS. In other words, especially In éxercise
studies, the control animals wight, Iin fact, be the experd~
mental aninals.

4- If researchers are interested in the study of
man Iin motion, and if they are Interested to promote knowledge

and: facts about rthe effects of exercise on man, they should

-

be conducting their research on humans with the use of proper
-+

technique leg. muscle biopsies), and not with animals.ﬁ

The whole field of animal research in the field

4
of Physical Education lies in the philosophy of the researcher.
In other words, he has to ask himself the question: What

benefit it would have on the advancement of the study of

man in motion, 1f he was to conduct experiments using animals?

~
e

s



-thrOughout the study. e
va/’/d/;/,,

METHODOLOGY

T~ ANIMAL CARE_AND SELECTON

A total of one-hundred male rats* ((WOF twr),

specific pathogen free) velpghing approximately ninety to ope-

hundred grams were obtained through the Director of the Health

Animalw Sclence Center at the Univernlty of Alberta, Upon
arvival, the four week-old rata were housed tn Individual

cagen.  The atir-conditfoned room wag malntained at u tempera-

fure of 2? C and 1ighted from 1600 to 0600 houra. All animale

were {cd 4@ normal protefn diet (232 crude“prnteln) of Purina
rat chow (Appendix A-T) nndiuntered ad 1ﬁ;jtum tkroughout the
eﬁtire atudy, , ) A . |
Previouslydmarked cages 3crvcd the purpose of
randoml& selecting the animals for each particular gtoup.

Forty (40) rats tonsisted of the control groups and sixty

(60) rats thcvtraining groups, i.e. thirty (30) rats in}thé
intervdl (sprint) running group (anaerobic) (Table 1). These

po-.

two latter groups wete age matched with the control animals
and trained for 9, 20 and 28 weeks.

The two training groups were designeted as

‘primarily aerobic or primarily anaerobic, and these termg

Y
were used ‘to differentiate between the two groups constantly

*The attrition: rate “of the presan%—stw"y was: 192 from which
42 7 .—and--8% consisted of the control » anaerobic and aerobic
roups respectively. Therefore, the data were obtained from

the 81 remaining nats— » e

11
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TARLE 1

a e g ow wm oy UWoTT EDOEL S

Animals

Frowm o e

BASLC CONTROL GROUP
training)

(no

CONTROL

o

Groups

e e e w g wr T e T Ty o e e

crouy

”l;qfhfnt-‘

L omp e oms oEY T 4T U ST T

(age-nmatched with ANla and

ANAEROBTC Grouy

(sprint

AEROBIC

trafning)

GrOUY

i
s
[N

Cendurance training)

"CONTROL

(nre«mnrghed with AN25G

Group

ANAEROBIC GROUP
(sprint training)

AEROBIC GROUP
(cndurance.ttuining)

CONTROL GROUP
(age-matched with AN33 and

ANAEROBIC GCROUP
(Sprint training)

AEROBIC GROUP
(endurance trnining)

all the animals W
to provide a suitable édjustment'to'the new

were handled during that week a

Before the co

and
~
~J

throughout the experiment.

allowed the an

vL!\,L -

W e v WE RN

hwnrxul and frained Animals,
Tiwmes and

Code, Number
’\gr at Tiwme af gaxi’itivr‘
ufnlc Nuﬁﬂ»r: T:s$iuixxb
af Times
Animala
() {weaka)
peh 10 -
Clé4 9 -
Al4) 1
ANIS B 9
,‘(
Ald 9 9
C2s 10 -
A2%)
AN2Y 9 20
A25 7 20
¢33 7 -
A33) ;
AN33 6 28
A33 6 28

o
Hd

af Animals,

ooy me e wTowm T S ST oE

Age at

Time of

Sacrifice
(weaks)

e W KO PP T

14
?&
14
25
725
25
33
33

33

~——c—-.—..—a-_—_-—-_..,.—_————_..—-———_.—_—p——.._v....-—au.-.-..

mmencement of the training progran,

ere given a omne week ¢

Daily rotation of the cages

nd this practise continued

{mals to chenge position such that

environment.

%,

.

no animals

age confinement 50 a8

They



W'washed and sterilized once a week while the trays beneath P_H,

B}
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xemained in the same place on consecutive day.j‘Cages were _
'v.D L] . “" -‘ . ‘v?

o . - ; ERRN SN ’n

0 ) ) .
them were cleaned and swabbed once a day "Food was mep}/—y -
R T R RS : - R e

nished when needed and fresh water changed every seconi day‘.

- B s
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II ORIENTATION‘dv THE TREADMILL

e RS \\ ; ) I : Co o

their arrival the experimental grpups (anaerobic and aerobic;ff

groups) Were oriented on a motor driven treadmill (Quinton LT
rodent treadmill) so as to become accustomed to it.' Q(v~;<-<“

The treadmill consisted of a wide endless'belt

. ,& . ¥y : ] . e y

on“rollers div1ded 1nto ten(compartments (48 x 9 Scm) sus—

'gpended over the bEIt ;.Tﬁis Prov;ded sufficxent Space forbeach‘/ﬁﬁ
fianimal to run.ﬁ Motivatlon was.reinforeed by\anuelectrlcé-dﬁi
jﬁshock (50 Volts) Whlch was fltted ona. grid‘at the rear“Of R

t each compartmivé’ The anlmals learned tonkeep ;acejwith {.

»»the belt movement by the electricak stimulatlon (Holioézy,l?fi“‘
1967) o R ST e
piii%ﬁTTRAiNING.fkbERAMg?-.Ffmil 3’;;fff?f* f?firj'tsfzﬁﬁ;;h‘kj

'77fQTwo types of training programs were used in this~'

fstudy,vi e.»an endurance (aerobic) program and a high sprint o

Ui h v q‘;

’running (anaerobic) progr@m.f One group of animals was tnained

A

‘,for a period of 9 Weeks Whlle two other groups trained for a,;v

'.,.__ _g PR : LS

'gperiod of 20 and 28 weeks f%spectivély.

“"\n

The soecalled aeroblc program censistéd of con—;

utinuously running at moderate iﬁtensity for thirty (BOL

minutesbat 30 35 meters per minutefon the treadmill set at




=VT{Thursday and Friday) (Appendlx A II). T
;inte&mittently sprinting for fifteen (15)

' by twenty (20) seconds rest repeated ten (10) times at - an'#ﬁfrg

"j;raverage speed of 75 meters per minute (ranged betwe@n 40

‘o s

Jthat wms covered during the trainlng programs is outlined

used in the present study (Keppel 1973) o The three levels.“

7"(014\ C25 and C33),‘the anaerobic groups (ANIﬁ“ AN25 and SRR o

“:}AN33), and aerobic groups (Al4 A25 and A33

‘ pr. o 4.16}, Q. L '_:“f-‘, 14[
/»,;, | s . 5 . o - - , L - ) , . . ‘I",?n‘- . . . L
an 87 grade.( Thls program was performed in the morning and

. \ "
: .fn the afternoon four tiﬁes a- week (1 e. Monday, Tuesday,

x..;w"“”
-

The so- called anaeroblc progr?m con51sted of ”j_

tonds 1nterspersed M\ﬂ
s i Rt :

N SR a

meters/min. to 90 meters/min. thr/ughOut the study) on the‘

0 N
AR

":ftreadmill set at a 307 grade., Thls program wasﬁalso performed

.‘/

'*jin the mornlng and in the afternoon, four times a week (1 e. ,mv":

'E‘

1
A

Q-:Monday,'Tdesday, Thursday and Friday) (AppendiggA III)

The animals 1n both tralning grodps were trained

C [
B

'by strictly adhering to the running programs outlined in."

o . - s . . I

"Appendices A- TT and A= III The total distance (in meters)

7 3 o . : - W
A . . . .

. in, Appendlx A IV . ?f/J'""'H",“WT-“7~ _°" :.%f -»Iﬁ

N AR

The selection of the two types of trafﬁing

LRI v

-program was an: attempt to stress the cardiac muscle at

©

7 different work 1oads, i'e"speciflc training programs pre—'~

“n ),::,

’F;ferentially stressing either the aerobic or, the anaerobic

‘0’

A energy yieldlng systems of the skeletal muscle of the animals.i”'

R

-

V- EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS . g;j. >

A 3 x 3 factorial de31gn (fixed model) was

) a

e L

RIVRN

”of factor A (treatments) consisted of the control groups~-f-'

.
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_N%evels of»factorv% were the extent o6f the running program in
. ‘ ‘ I“ :h ) B ' '».\ . N P “ - _.. - ‘
,Weeks'and‘consisted*of‘the 14~ eek group (or 9 weeks of trai— ' {.. g
. : ¥ : . LR

jning), the 25 week group (or 20 weeks ‘of mraining), and the.

L

Y » LT

"‘33 week group (or 29 weeks of training)

A tw0 way analySIS of variance was uSed to

b k3
°

“"determine which if any,‘main effects were significant

between treatments (factor A), between training time and/or. "
\;;__w LA ‘ R
growth (factor BQ and . also if any interaction (AB) effects
'fe;_were significant as outlined in Table 2.
TABLE 2—. A Two Way Analy31s of Variance A °
_ e ».:.g»Table for. Comparison of Group L
- R ‘Means, b - <
—-——-———‘—-—-—-———-—-——-—-—-———"—-:——-——-—— ———— -—/——-—--———-—/ ———————————————————
o FACTOR B “ - ’ .
—_‘————_.""'—d"' ———————————————————————————— \ — ——————————————————— \i
Sy T vﬁfﬁfj.f TRAINING G TRAINING ~ TRAINING -
ST con TROL \ 014 (9) “c25 (10) €33 (7)
T B S ral b et ettt ottt
el i -
-8 ANAEROBIC AN14 /(8) T AN25 (9) AN33 (6)
o . —_-——__—__-_-__—_———__——__——____—__—_____— —————————————
L J' \ : ) 4
- b e
Lo AEROBIC Al4 .(9) A25 (7) A33 (6)
" _""'"'"“'"f'_""".—""f'"{'\‘ff"713.:' """" TR i
',ﬂa4',Number of .- Observations in\each cellvi
"7_f - ‘_. ‘ L If significant F ratios were obtained ,axonee
wav"analysis of variance between groups and time of training(-ifhf
was”executed to test for 31mp1e main effects., If the one—

f,iwaj‘analysis of variance was significant, a Student Newman—ﬁf

‘:Keuls (SNK) test WuS used as comparison between individual

B ‘meajn _S '._




'to see whether the various changes in the cardiac parameters

- as a result of growth (between 5 weék 01ld animals (BC) to 33—

Lo
e

WY .-\ '
e

N

16

A one—way analysis of variance vas also employedd

v’_

S

,;

1

week old animals (033) was 51gnlficant.- In addition,:>

,/simllar analy51s was conducted between: the-basic control and

oS 4

'the experlmental groups S0 - as to investigate the training . ﬁf

¥ 7

effects on ‘the developmental patterns of the parameters under

studv.\

L.

study are 1lsted below

‘ﬁ ' : - )'6—
8-

\ V’.‘/ : 9—

10~

L1
N S 2-
TN i e :

\

“TIBODY WEIGHT in grams (gm),

VJVADJUSTED HEART WEIGHT in mg, 0”

FTOTAL Left Ventricular PROTEIN in mg,\

*’TOTAL Left Ventnicz@hr HYDROXlPROLINE in

“Qf“vst-welght;f:7~'

-rEFT Véatricularjnﬁﬁ-cbuc

”fweight;"

bThe dependent varlables investigated in thls

R

(..

fHEART WEIGHT in. mllligrams (mg),

1

'_iLEFT VEVTRICULAR‘WEIGHT in mg;

'ADJUSTED LEFT VENTRICUEAR WEIGHT in mg,

H‘TOTAL Left Ventricular DNA in microgramsi-”‘

-‘(ugm),

.TOTAL Left Ventricula‘:'NA‘initgﬁ;;fvf

S e LT

™~

,‘:rugm, e wo e e T

.‘LEFT Ventricular PROTEIN CONC. in mg/gm *

' ' L

'11 weight' l”~‘ ;lfilgiiv aiv b” ;: ”\ffr

LEFT Ventricular RNAfcoNc,gin;mg/gm~ar wet -

v

é%‘mg/gm of wet ;-;\‘



"*f'readY.fOI\analysiSs fj~f7,f£jf“”f3*ﬂ@f{fﬁh»,iﬁkf

’1975

uﬁ(P) 0 05 wheré P was ﬁhe probability that no differences -fv'"\;

j-sacrifice the thoracic cage was cut opened and the heart

lfuquickly removed dissected out, rinsed in saline solution

\l : ' - , : R S . . ’ 17 o

1

13- LEFT Ventricular HYDROXYPROLINE CONC “in

. 'mg/gm of et weight, ‘ ? | ffq‘

e

S : e S
ooy 14— LEFT Ventricular RNA- t& DNA RATIO' o

L 15?"LEFT Ventricular PROTEIN to DNA R/ IlO*””_
N EI \ i
‘ 16— kTotaI ‘NUMBER OF NUCLEI in the Left Ventricle
L i
(in millions),: e} _
P e ) ]

s @;'_f17;gJWEIGHT PER NUGLEUS of the’ Left Ventricle

-

- [N E T

”in nanogram (ngm)

P

o o The dependent variables as, listed Were-statisé"

5 -

'tically analysed from the Statistic Packaga for the Soc1al

9c1ences.(S P S, S ANOVA) programs according to Nie ‘et al.,_

.

Significant differences were_accepted at the alpha

existed between means., Thus in the body of the thesis,

the symbol P ~and/orv 0 05 1nd1cate a statistically signifi—

e . i

cant pr non 51gnif1cant differences respectively.-fw

CORTea .~
Lo L R . S e N

1Y

e

S A TISSUE PREPARATIONV*'f‘«.,”.'Q - ;ﬂ,.*" ,“fﬁl ;,vb" _ ;‘g

'The experimental animals with their age- matched.

?controls, were decapitated (small animal guillotlne) two

days after the 1ast training session. Immediately after the

/' : & s

VAR . ,; . \\

’:and wiped from excess water and weighed The atria, valves;»f”m
;ﬁright ventricle,lexcess fat and thb septum were then removed
vaThe remaining free wall of the left ventricle was weighed

1;ﬁand frozen in liquid nitrogen and stored at —60 C until‘?;fV’
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ﬁIOCHEMICAL PROCEDURLS‘; R S \
‘A—, TISSUE. HOMOGENATE .- |
. N ‘\\\ i /( v . .
The ‘frozen: left ventricles ‘were left’ standing B SN

l
[

;\at room . temperature for about 15 minutes and then homogenized

v .
Y

in a tight fitte& Polytron homogenizer in re- distilled water

(l part in 20. volumes) : Parts of the homogenate were used -

- for. DNA and RNA extractions (2 0 ml), protein (0 S ml) and

o hydroxyproline determinations (l 0 ml) All the biochemical
| 'alyses were done 1n duplicate. N

. B— PROTEIN, NUCLEIc,AéID AND HYDROXYPROLINE DETERMINA-"
";TIONSV';~_ ~ SR v ——
Dupllcate protein determinations of 0 5 m1'

.,Q

aliquots of the. homogenates were performed using 4 0 ml of

SN
A a \e . . o

the biuret reagent to solubilize protein as outlined by
. Layne (1957) The purple\coloured samples were read in a -

spectrophotometer at 550 nm follow1ng 30 minutes at Toom ‘d“ ‘

, temperature (Apﬁendix B I) : ;?“ A-F

e v -

The DNA and RNA were extracted with a modifica—'“”
h»-tion of the Munro and Fleck s (1966) modification of the

Schmidt Thannhauser 's method (1945) A l 0 ml volume of

.“

‘,107 cold perchloric acid (PCA) and a‘2 0 ml volume of methanol ?Jﬂ K

were added to 2 0 ml aliquots of the homogenate.a The samplesf

) et

were centrifuged at 4000 X 8. for 20 minutes and the resulting¢;

““:precipitates were washedwand recentrlfuged twice in cold 0 2Nfﬁ7

PCArf To dissolve the precipitate 4 0 ml of O 3N NaOH were”
. ‘\/ N . _.
..added and the resulting alkaline solution Was incubated for

£

1 hour in anzincubator set at 37 C The alkaline digesq



'7w.tometer ab 490 nm (Appendix B- IV)
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~ was then acidified by adding 2.0 ml of 1 2N PCA.and-the

‘ acid soluble fraction obtained after centrifuging at. 4000 x

NG

g for 20 minutes contalned the RNA fraction. The precipitates

were washed an& recentrifuged twfce in cold Q. 2N PCA‘ The
N L
-ﬂsupernatant of these washings combined to the RNA fﬂaction

e

‘obtained from the-acidification3 contained the ribonucleotide

'products of RNA hydrolysis To ﬁhe remaining pellets, a 4 0
ml volume of 0 6N PCA was ad?ed and the DNA hydrolysis was

:obtained after heating in boiling water for 15 minutes ‘»The.

.—e ‘ )
o ': g A

‘ DNA fraction was: finally extracted from the supernatant after,

v’centrlfuging ‘at 4000 X g for 15 minutes
5o o v Details of! the nucleic acid extractions)are

| oﬁtlined in’ Appendix B- II

'

'\g- RNA was- determined colorimetrically by the use
.iof the orclnol reactio? as suggested by Schneider (1957)
»The green coloured samples were then read at 660nm in a.
.'spectrophotometer (Appendlx B III)

'1¢ag DNA was also determined colorimetrlcally by thew

) indole method of Ceriotti (1955) as modlfied“ by Keck (1956)
. N N
by reading the. yellow—brown coloured samples in a. spectrOpho—»
: O\ o - :

o , . . ,
' The method of Neuman and Logan (1950) was used

v N

_for detErmining hydroxyproline 4 A 1 0 ml volume of concentrated
A : . N

"»

:“hydrochloric acid (HCLD was ddded to l 0 ml aliquots #f the
Ihomogenate resulting in a final concentration of 6N HkL ’The_f

ac1d solution was autoclawed at 124 C for 3 hpurs ‘After S v

"Qcooling for one hour the hydrolyzate was neutrallzed with
R \ R . _ -

&
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\
3

3N NaOH after adding three to four drops of Congo red indi—
cator. The neutralized solution was then diluted to lO ml

with water, decolorized with charcoal (Norit A) and finally

filtered after about 5 minutes. ~Details of<the color’ neaction;

+

) procedure for hydroxyproline measurement are outlined in

T .

o

Appendix ‘B- V.

[

., C- CALCULATION.OF DIFFERENT PARAMETERS

|
f " .
R 1- NUMBER OF NUCLET.*“

The‘total'number of nuclei which is a represen—

]

‘tation'bf cell'numberﬁof the left ventricle was estimated by

l

£

the following equation

Total number of nuclei(lO ) total ‘DNA of left ventricle(mg)xlo3
. 6.2 v

. : : | .

where'6;2 iS“the amOunt:of_DNA_in,picograms (pgm) in a diploid

W

nucleus (Enesco and Leblond 1962 Winick'and»Noble, 1965)

Zs,‘WEIGHT PER NUCLEUS
‘ The weight per nucleUs which is a representation
of the Cell 31ze of the 1eft ventrlcle was determined by di-

viding total‘left‘ventricular weight by the number of nuclei

v

‘as follows ;'.\ T _‘l“ o ' ' R

‘Weight/nucleus(ngm) total left: ventricular weight(gm)xlo3

total Pumber of nuclel(millions)

L -

‘,3-” ADJUSTMENTS OF HEART  AND LEFT VENTRICULAR WEIGHTS

The weight of the heart and of the 1eft ventricle

from animals w1th different body weights may be adJusted to'

A

the body Welght of - reference animals according to Mﬂller (1975)

S

with the following equation

T
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G
1’. c
Bin=81 * (£
: i
where gi and Gi are the ugadjusted means -of muséle welight and .
body\weight_ofﬁthe animals respectiveiy; GC is the mean body

g'wei%ht of the control‘groups (the reference group) and, 8in

is the adjusted mean muscle weight.



RESVLTS

\ The results gt the dependent varfables tnvestigated
In the present study are divided fnto flvﬁ major sections asg
follows: 1- "bhody, heart and left ventricular woelghts; 2«
left vcntricul@r‘protc{n content; concentration and protein
to DNA ratio; 3~ 1left ventricular RNA to DNA ratio, RNA
content and concentfation; b+ left ventricular DNA content
and concentration, total nunber of nuclei and welght per
nucleus; and 5- Aeft ventricular hydroxyproline content

and concentragion. The raw scores and means and standard
ér}or of the means of the dependent variables as 1iséed
above, may be found in Appendix C. A code or symbol repre-
senting groups of animals with their age at the time of
sacrifice will/ be used throughout the description of the
results as previously Hescribed in Table 1. The summary of
these symbols is: BC5: 5 wée# basic contr01 §roup; Cl&:

14 week“contrbl group (age—matched-with AN14 and Al4);\ANl4:

¥
-

14 week anaerobic trainéd group; A14:‘ 14 we;k aerobic
‘trained group; €C25: 25 week control groué (ageﬁmatchéd'with
AN25 and A25); AN25£ 25 wegk anaerobic'¢}ained}group; A25;
:25 week aerobié trained group;.C33: 33 week éoﬁtrol group
\Cagé;matched with AN33 and A33); AN33: 33 week anaerobic

traiﬁedﬂgroup; A33: 33'week aerobic trained group.

1- " BODY WEIGHTS, HEART WEIGHTS‘KND LEFT VENTRICULAR WEIGHTS
A Figures 1.1 to 1.5 represent the body weight, the

AaBsolute and adjusted'heart and left végiricular welghts of

°

22
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all groups of anlmals studied, ‘
b ' ' ‘.

The mean body waigﬂt of the BCS was slgnificantly.
lighter than all thc other control and trained groups (Figure
1.1). Also, all of the 1ﬁuwoek groups (Cl4, AN14 and Al4)
were ﬂignificnntly lower Iin body welght than the 25-week (cés;
AN25 and A25) and 33-week (C33, AN33 and A33) groups. No
siénificant differences wereiobsérved in fhe body weights of
the 25 and 33 week groups. %he aerobic tfaining program
significantly decreased the body weights of Al4 and A25 when
compared to their age-matched control é:oups respectively.
The AN25 Had a heavier (P <0.05) body weight than the A25.
Even though the mean body weight'of,the A}B Was lighter
than C33 and the AN33, this diffefencé was ﬁot_signifitanti'

Thé heart and left Qenﬁricdlar wéights will be
déscriBed in the following érdegz ktHe efée;ts of gfowtﬁvon
'abéolu£e heapf and 1eft ventricular Qgights;jénd on adj;sted
- heart and le}t VeﬁtriCular weights foliowad bylthe effects .
of the training pnpgrams_on absolute and adjuétEd heart and
left ventricﬁlar(weights.‘

 Lower mean differences in the'absﬁlute'heait and
left ventriéular weightsléf the BCS werevéignificaﬁtly
different as compared to control and tréined groups (Figure
1.2 and 1.2); <ﬁiffere§ce§ (P<0.05) wsre,alsp observed in
the absolute heart weigﬁts of the Cl4 és‘compared to the C25.
The aﬁsélute heart wéighfsﬂpf the AN14 was significantly |

' lighter than the AN25 and AN33. Similarly the Al4 had a

significantly lower abhsolute heart wgight than the A25 and’
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Flgure 1. 1.~ The Effects of Growth, Anaeroblc and Aeroblc Tralnlng
- on BodyWeight. -

- BC5 significantly lighter than all groups
- Cl4significantly lighter than €25 and €33
" AN14 significantly lighter than AN25 and AN33
- Al4 significantly lighter than A25 and A33
-~ Ald significantly lighter thanC14 | -
A 5|gnmcantly lighter than C25 and AN25

\|
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Figure 1. 2 - The Effects of Growth, Anaeroblc and
Aerobic Training on Absolute Heart Weight.

BC5 SIgmflcantly hghter than a[l groups:

C14 significantly lighter than C25 ‘
AN14 significantly lighter than AN25 and AN33
Ald snonmcantly lighter than A25 and A33
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Figure 1.3 - The Efizcts of Growth, Anaerobic arfd

Aerobic Training on Adjusted Heart Weight

- BCS5 significantly lighter than all groups
Cl4 significantly lighter than C25 and C33
AN14 significantly lighter than AN25
__—€25 significantly lightefr than A25

e
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R Flgurel 4 - The Effems of Growth Anaeroblc and/'-'
e o Aerabic Trammg on Absolute Leat

| h -;i;j:VentncularWelgm .

BC5 s:gmhcantly hghter than all groups

% (33significantly lighter than €25 - |

N A14 sngnmcantly hghter than A25
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Flgure 1 5 The E»fects of Growth Anaeroblc and Aerobic |

_,Tralnmo on. Adjusted Left Ventrlcular WEIthV‘ e )

_T‘BCS significantly lighter than all groups
C33 significantly lighter than C25 |

G35 sngmflcantly hghtel -nan AN33 and'A33 - L

A
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A3 e '*»*’V. ],,L, I \“ o

“; The absolute left ventriculam weight of the C33 N

o
|
!

‘was signlficantly lighter than the\CZS ‘Significant mean'

d1fferences were: also observed 1n the absolute left ventri—‘

'cular welghts of the A14 when compared to the A25

S e .
' : Heart weights and ‘left ventricular welghts were.

L ' e
, adgusted to account for differences in body weights of the

v
-

'gtrained anlmals at’ the time of sacrifice according tQ Mﬂller

‘

"-C1975) ; The adJusted heart weight of the AN14 was fOUnd to

pbe 31gn1f1cantly lower than AN25 (Figure 1. 3) No significant.l

mean d1fferences were obtained in the adjusted 1eft ventri—'

cular weights of the aenobically trained groups (Figure 1 5)

‘“,The tralning programs dld not produce 81gn1f1cant

] oo

“differences between absolute heart and left ventricular

8

However, the aerobic tralnlng 51gn1ficantly pro—J

htduced a la.ger adjusted heart weight of the A25 when compared

"e[réap LEFT. VENTRICULAR PROTELN CONTENT CON g&NTRATION AND

‘in the three weights parametérs studied

"data .are. outlined in Appendix C= I : v.’i. d' B ‘d

N P
N v

',to its age—matched control XC25. Both training programs
.'ﬁ-maintained ‘a. 1arger left ventricular weight in the AN33 and

fA33 as! compared to C33 No 1nteraction effects were observed

Lo

Complete bodY; heart and 1eft ventricular weight
:

" PROTEIN TO DNA RATIO
Figures 2 1 to 2. 3 represent the mean values of
the protein content Jconcentration and protein to DNA ratio

't
o ..

”fof the anlmals under investlgatidn.g»:}ildf-r.gnf_éi‘mf"

v W

P



Total Protein Content (mg)

........
........

100

=
T
T

PR

o
A
4.1

1

e
e\ :
,l.i'

BC5 Cl4 AN14 Al4 C25 AN25 A25 C33 AN33 A33
Groups of Ammals%th Age at Tlme of Sacrmce

Flgure 2 1 The Effects of Growth Anaerobrc and
L Aeroblc Tralnrng on Total Proteln Content

BCS srgnmcantly Iower than all groups
C14 srgmfrcantly lower than C25 |

e
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Flgure 2 2 The Effects of Growth Anaeroblc and
Aeroblc Tralnlng on Protem Concentrahon

BC5 SIgnmcantly lowerthan C25, C33 ANM
AN25, AN33 and A33 S

- C&(l and C25 mgmflcantly Iower than C33
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'Groups of Ammals v .th Age at Tlme of Sacrmce SR S

,‘ L Flgure 2. 3 The Effef“ts of Growth Anaeroblc and o ,
RO Aerobxc Tralnmg on Protem to DNA Ratlo - SRR

BC5 SIgnn‘lcantIy lower than all groups
C14 S|gr..f|cantly Iower than C33
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The protein content in the left ventricles of the

fBCS were significantly 1ower than all groups of dnimals. = =~ =
studied (Figure 2.1). The mean differences.of the C25 were

. s1gnif1cantly higher than the Clé4. Neither training programs
produced changes in the protein content of the trained animals;r

.
Protein concentration of the BC5 was not signifi—

/
-cantly different when compared to Cl4 A14 and A25, but'was*
ksignificantly less concentrated than the remaining groups ‘
" u .
.of animals.b (Figure 2, 2) The mean proteln concentration
of the - C33 was significantly higher than the value of 014 " ;
land CZS Although trained anlmals in the 33- week aerobic .
and anaerohic groups were 33 and 19 mg/gm of wet weight

/!

;higher than the 255 week trained grouws respectlvely, these
'dlfferences were not 31gnif1cant.v; | o
'Q;‘_vySignificant_growth diﬁferenges in»thewproteinﬁto>
;DNA'ratiohwere-oBServed in‘the BCS.as,compared'to a11(gfdu§s
jof animals (Flgure 2 3) | The'protein/to DNA ratio of the C33
increased signlficantly above the 14- week control group | Thef
,zanaerobic and:aerobic:trainlng programs didtnotcprodueeﬁsi_;
‘gnificant:adterations in the‘?rotein ner'DNA'ratio; o

f; The statlstical analy31s dld not reveal 1nteraction
‘.effects 1n the above parameters. | | |

._Z Total left ventrlculmr proteln, cOncentration and © N

.f.protein to DNA ratlo data may be found in Appéndlx C ITI.

i

3. LEFT ‘'VENTRICULAR RNA TO DNA" RATIO ‘RNA CONTENTaAND CON-
'~ CENTRATION . T ‘ T

Flgures 3 1 to 3.3 represent the results of the

VR
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Flgure 3.1- The Effects of Growth Anaeroblc and
' Aerobxc Training on RNA to DNA Ratro |
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o Flgu_reB 2 - The Ef.’ects?‘of Growth, Anaerobic and'

Aeroblc T:Jalmng on Total RNA Content

BC5 sngmf:cantly lower than all groups.
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Flgure 3.3- The Effects of Growth Anaeroblc and |
Aeroblc Trammg on RNA Concentration.
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RNA to DNA:tatio, RNA content and concentration‘of all the .
animnls under study, | |

No gignificant mean differences were observed in
the RNA to DNA ratio in all the animals and between controi
and trained animals kFigure 3.1).

Only the BCS that showed a significantly lower‘
RNA;content when compared to all groups of animals (Figure
3.2). The same group of animals were not significantly dif-
ferent in the RNA conCentration (Figure 3.3) from all the

groups of animals. Training did not alter the growth pattern

of the RNA content‘and'concentration.‘ Also,'no interaction

[
-

effects were found in the ‘above parameters.
Compiete RNA to DNA ratlo, RNA content and'concen-

tration data are outllned/in Appendlx C III.

4— LEFT VENTRICULAR/ﬁNA CONTENT AND CONCENTRATiON, TOTAL -
" NUMBER OF NUCLEI AND WEIGHT PER NUCLEUS
Figures 4.1 to 4.4 represent the mean values for

- DNA content aﬁd COncentration,'totalbnumber of nuclei and

-ﬁeight"per nﬁcleus for all the animals investigated. -

-

Significant growth cﬁangesqin theitotal DNA‘oecurred
4in the left ventrlcles of the BC5 when comparéd to ‘the. l4, 25
'and 33-week control and trained groups (Figure 4. 1) Training.d
'did not_produCe chidnges in the DNA contéﬁt'of either training
,groub;‘over.theirvage-mateﬁed‘coqtfols. |
. . The DNA cbﬂceﬁtratioh ofbthe BC5 was signifieantly‘
higher than tﬁe coatrol and trained animals (Figure 4.2).

‘The A25. showed a slgniflcant decrease in the DNA concentrationu
' ’ N . . N N T - .



Total DNA Content (ugm)

Flgure 4.1 - The E.fects of Growth Anaeroblc and
| Aerobic Training on Total DNA Content.

BCS significantly lower than all groups
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Fiqure 4. 2 - The Effects of Growth, Anaeroblc and
Aeroblc Training on DNA Concentrahon

BC5 sxgnlfncantly lower than all groups
A25 significantly lower than C25
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Figure 4.3 - The Effects of Growth, Anaerobic and
Aerobic Training on Total Number of Nuclei.

BC5 significantly lower than all groups -
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BC5 C14 AN14A14 C25 ANZS A25 C33 AN33 A33
Groups of Ammals wnth Age at Tlme of, Sacrlf:ce

Flgu re 4 4 The Effects of Growth Anaeroblc and

Aeroblc Training on Welght per: Nucleus l-', -

- BC5 sngnmcantly Ilghter than all groups
© AL and A33significantly lighter than AZ‘S
€5 sxgmflcantly llghterthan A25
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6ger<time.of training,.when'cojpared.toithegAlﬁwand A33
'groups.; The endurance traln;y {elicited*a significantf

””udecrease in. the DNA concentratlon of the A25 when compared

_to 1ts agedmatched antr l 'CZS.'

w ! ' . 'r\

;“57.';§ﬁ’j' Signlflcant growth changes in the total number of
,nuclei and~weight per‘nucleus were observed'ln-the BCS oyer‘
_all control and tralned anlmals (Flgure 4 3 and 4 4) nTheﬁ'

‘A25 demonstrated a 31gn1f1cant dncrease. in the welght per

Lo D - I

<fnucleus as compared to the A14 and to the A33 : The aerobic Nwh

'_'h,trainlng program 1ncreased 31gnif1cantly the welght per

e

- . / u

'vnucleus of the A25 over its age matched controlkaZS In:
e [ . )/ﬂ :
_HCOntraSt both tralnlng programs dld not alter the total

{

number of nuclei 1n the left ventrlcle. No 1nteract10n

'dfeffects were notlced 1n the above variables

Data pertalnlng to the DNA content and concentratlon,g'

e
B

.'E,to'the

total number of nuc1e1 may be located in Appendix C-IV

per nucleus results 1n Appendlx C V. “} &;;g7*

\
,.., Y

xyprollne content and concen@ﬂation 1n the left ventricles

_for all groups.of animals 1nvest1gated “*V ; /ﬂ

was. si niflcantly 1ow'r than the animals in the 14 25 and

“133—week control and trgined groups (Figure 5 l) The AN33

'ANlA and the AN'5< whlle the A14 had signiflcantly less than o

LA
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“the A25 and the A33 groups.» Ovérall,;the A33 and AN33 groups

had signifiCantly more total hydroxyproline in }he left ‘ven-

tricles than the A14 and AN14 groups respectively. The aerobic

trainlng decreased signlficantly ‘the total content\of hydro-'

xyproline;oﬁjthevAl4 yhen compared to'1ts age—matched control,

{
e

-

_ While the hydroxyproline concentration of the BCS o
'was’significantlyiﬁﬁss than the 14’,25 and 33 week control
‘and tra1ned~animals,vthe C33 »A33 and AN33 groups were bignd—
 ffrcant1y more concentrated than the 14 and 25 week’ control >
4faeroblc and anaeroblc groups respectlvely (Fignre 5. 2) No,

-1nteractlon effects dere observed in hydroxyprollne content
:! and(concentratlonhe : ch":f.;_‘ ‘:’3'N'5t
- | Appendix C v contalned.the data for 1eft ventricular

’%,hydroxyprollne content and’ concentration.
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L | ‘ - DISCUSSION

.

The discussion of the dependent variables_is o o

presented under five major sections as mention previously::

-1—R»Qody; heart and left ventricular weights;‘Z—»‘left

-

; ventricular protein content, concentration and protein to

DNA ratlo, 34 left ventricular RNA to DNA ratlo RNA con- -

A

L. tent and cohcentration~ 4 - left ventrlcular DNA content

l

i

and concentration,‘total number of - nuclei and weight: per

‘nucleus,‘and 5— left ventrlcular hydroxyproline contenﬁ

\
N\

-and’concentratlon. A code or symbol representipg grOups
'of an1mals w1th their age . at the tlme of sacrifice will
Be used throughout the discu351on as prev1ously descnibed

1»in TaBle I

l » The purpose of the present study was an attempt‘

§
!

to differentiate thefeffects of anaerobic and aerobic trainingf

rograms extending over several months on selected structural

and Biochemicalvparameters in the left ventricle of male'rats.”

a

'1-  BODY, HEART AND LEFT VENTRICULAR WEIGHTS - -

-

"The Body weights of the growing_animals increased:

continuously up to 25 weeks of age and then plateaued with

\ -

advanced aging. (Figure 1 1) Other studies>substantiated

“this finding (Bloor_and Leon, 1970; Oscai et al.,.1971-a§’

.Jaweed et al., 1974; Houston and dfeen,‘1975-7P1tcs and Bull,

11977} . 'According to Oscai et al. (1971 a), the effect of an"
b_endurance treadm111 running program tended to produce a

'.levelling off of the Bod¥ welght between 340 and 410 gms in
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‘male rats on‘a diet of Purina Chow. In the same study, the
control rats on the same diet continued to gain welight with .

age untillthey reached about 6565to 700 gms. Consequently,
1

@

the . control animals actually be%ame obese throughout their
'sedentary life span. However, the animals subjected to
aerobic training’did not gain as rapidly in.body wéight
following 9 and-ZOdneeks'of training when compared to their
age;matched controls. Sinilarvfindingsfconcerning a rednction-
in‘Body ?eight”have'been.reported.as_a resnit of endurance
.training (Bloor and Lébn, 1968; Crens‘et al.,‘1969;bBioor
‘et al;, 1970;"Penpargkul andpscheuer,‘1970; Oseai et al.; f”"h”»
1971’@; Houston and Green, 1975; D0we110et al., 1976 at
" Codini et al., 1977) o
Although the.anaerobically trained.aninals were

not signiflcantly different in bodp‘weight than ageimatched
controls and aerobic trained animals, the weights tfnded to
-be'sonenhat.lower than the.age4matched1controls and heavier"
r*than'th:;aerobicaliy trained animals respectively. Non;'
significant reductions in the body weight have been reported
in anaerobic types of trainlng programs (Exner et al., 1973
onbin, 1977). Contrary ‘to these findings, other researchers'm
',.rep0rted that highfinten31ty training decreased the body

Jneight of‘male rats:CQtaudte et al., 1973' Ho@%ton and Green,

'197S~-Hickson‘et al., 1576)' It was suggest ed by Oscai et
;al. (1971 a) that the reduction in the body Wclght of trained.
:animais was thevresult‘of an 1ncrease_in CalOL;L oxpenditure
andga dgcrease‘inhthe‘caioric intahe, This:appr Lteésnppres-:

A
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sing effect was thought to be related to the amount of stress
evoked 'By the work load placed on the animals’rather‘than,the
amount of exercise per se (Crews et al.,.1969). This seemed

to be the case only in older animals (Bloor and'Lcon, 1970)_

- while younger animals‘tenﬂed to be 'influenced by the amount

of exercise performed (Bloor:and Leon, 1970; Oscail et al.,

1951 a; Dowell et al., 1976 a). Furthermore; the reduction"

!

'in body weight of trained animals could be accounted for on

a.

the basis of the lower fat content observed after training

*

CCrews et al., 1969) Accordlng to Parizkova and Stankova

1

.’C1967) and Parlzkova and Koutecky (1968), trained animals

mere usually ch;racterlzed by an,. .increase in the\mobilizatlon
of FFA from the adlpose tissu, a decreased proportlon of body_A
fat and an ‘increase lipo prote1n~1ipase actirlty in ‘the heart

.»and skeletal muscles.

A

It seemed that the-body weights of female rats

vtended to be 1ess affected by both aerobic training programs
! g .

.

(Crews and Aldinger, 1967; Arcos.et,alg, 1968, Dowell et al.
1976 b) and anaeroblc training programs (Jaweed et al., 1974;
vBaldwin et al., 1977) According to Dowell et al. (1976 b)),
female rats are not willing ov able to perform'treadmiil
exercises of the same.inten51ty and duration as male rats.

'Researcbers are now favourlng the use of female rats to,

overcome ‘the. problem of comparing animals of different body

weights as demonstrated frequently in male’ rats.'

o ‘ ) Findlngs from ‘the present study seemed to substan—'
L e c\j;

tiate that”endurance rather than high 1ntengity training

-
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influcnqed the body weight to a greater degree. Since only
aerobic training in the present>study produced significantly i
1owcr hody weights, “this sugge sted that the amount of exercise,
and not the\increased stress placed on the animals was® the |
bredominant factor affecting the body weight. The anaerobic

‘ ‘ "
animals ran 207 of the total distance covered by.the aerobic
animals, showing further the.importance of ‘the amount of
exercise'performed (Apnendix A-IV, Tables 3 and 4). Further—
more, the amqunt‘bg.eXercise performed by the aerobically
trainéd.animals would seen.to suggest a greater total energy .
expenditnre;.when'cempared.to the.anaerobicdlly trained
aninalst . | | .
The.absolute heart weight of the control_animals
\increased significantly up to the'agevofFZS weeks and decreased
slightly from 25 to 33 weeks (Figure 1.2). This finding is
in agreement w1th the growth study of Jaweed et al. (1974)
'who reported a signigicant growth change up to 22 weeks of
age. Thereafter//the heart weight plateaued with advanced
aging. In the present study, the alteration in heart weight
of grow1ng control anlmfls representgd a/threefold increase
durlng the pre pubertal period.  This is-substantiated by
the . works of Bell et a1 (1975) and Winick and Noble (1965)
.4These researchers noted a fourfold increase in heart weight,f
-in young control animals over the same age snan as the present
study. The aBsolute heart we%ght of the trained animals

- in this study\followed a similar developmental pattern.

The growth in the heart seemed to be a result of
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an increase - 1n ceIl sizt (Rmkusan, 1565; Zak, 1973), coinci-
dent with the cessation of the mitotic activity observed 3
to 8 weeks'post—natally (Goss, 1964, Winick and Noble, 1965;
Ostadal et al., 1967; Brown, 1971, Zak, 1973ft " This cessation
of mitotic division in the developing heartrparalleled'by a,‘
decreaee in cytoplasmic DNA nolymerase, was theught to be the
~mechanism regulating mitotie activity in the heart (Doyle et
al., 1974;-01aycomb, 1975) .- : . ' \

| .A‘similar growth pattern to 25 weeks of dge (? 0.05}
as shown with absolute heartvweight was observed in the absolute
left ventricular weight oﬁ‘the}young control animals (Figure
1.45. Thereafter,‘it deereased eignificantly np to 33 weeks
of - ager The magnitude of. enange in the absolute 1eft ventri;
”cular welght was greater (P O. 05) in pre- pubertal animals -
wixﬁ aerobrc training. Whereas in anlmals trained anaerobi—
calif;’the absolute left wentricular weight was increaeedh

’

(P O.CS) ap to 25 weeks of age and then somewhat decreased

»

(P “0.05) in older animals.

'Abselute parameters; such as the heart and left
VEntrieular weights-as mentigned aboVe,-arebsomewhat related
to the size of the aninaIS'(Mﬂlter,’l975); tAs training

- influenced bddy weight as. well 'ai cardiac and/or skeletal
muscle, these alterations in<ab301ute-tissue weight could

\. } & \ » ) . .
be related to the changes in.body weights and not necessarily

attributable to the dlfferent treatments. To dvercome the

,problem of comparing anlmals of d1fferent body welghts,

different procedures have been derived (Eattengale and

s

Holloezy,v1967; Tomanek and Woo, "1970; Maher et-al., 19723
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Exner et al,, 1973). The procedure adopted im the pregent

study to correct for tho decrcase in hody wcight of the

f

trained animals was a modificabion of the method described
hy Mliller Cl975),‘,Sdncc the heart weight (Dunn et al.,
1947; Vanliere and Northup, 1957' Grande and Taylor,'l965
Oscal et‘al.; 1971 a) .and left ventricular weight (DoweY1l

et al., 1976 a) showed a parallel relationship with body
weight in normal rats, the mean body weight of the control
animals was used to adJust heart and left ventricular weights
for differences in body weight The adJusted heart and left
ventricular weights are shown in Figures 1. 3 and 1.5. The
AN14 showed a- 51gn1f1cantly lower adJusted heart welght as
compared to the AN25. Therefore, 20 weeks of anaerobic

_training iacreased 81gnif1cant1y the absolute and adjusted

heart weight of AN25. The difference was partially a result

of a heavier absolute body weight in the AN25 id addition
to a significantly 1ighter absolute heart weight of the AN14
This seemed to suggest that 20 weeks of training was of ‘a
’sufficient overload that the’heart adapted by increasing its
mass and that further training did not stress the heart
aBove the attained‘structural level. j C

Aeroblc training seemed . to induce cardiac hyper-

_trophy following 20 weeks of training as shown in the signi—

"

‘ficant increase in the adJusted heart veight in the A25
‘(Figure '1.3). Further'evidence that’cardiac enlargementA
occurred with endurance tralnlng in male rats has been

well documented by other workers (Bloor et al., 19@8; Bloor



~and Leon, 197035 Oscal et al., 1971 a; Stcil et al., 19755~
andfaléb in female rats (Crews and Aldjnger, 1967; Vanlicre
et al., 1965; Arcos ct al., 1968; Oscai et al., 1971 b;

Jaweed et ;1., 1974). However, some studies have reported

no cardiac hypeftrophy due to aefob%q training (Houston

and Grccg, 1975; Dowell et al., 1976 b; Baldwin et al. » 1977;
‘Codini et al., 1977). Jaweed et al. (1974) suggcsted the
pbssiﬂility that high intensity training might produce cardiac
enlargement as vell as skeletal muscle hypertrophy. This
"hypothesis seemed to be refuted by the finding's of>the'presént
study. Even thougﬁ the anaerobic group showed heévief
adjusted heart wéights (P 0.05) than the control animals,
th#shdifference.was not sfgnificant. That is, the anaerobic

training progfam did not eliﬁit gh*increasé in the ;ize o

the heart. In regard to the skeletal muscle size, Wilklx,on

"
=

C1977) who ‘used the same tralning program, showed that the

skeletal muscle weights were also not}affected,by this anaero-

.BicJtraiﬁing regimen.
| Since cafdiac hypértréphy in aerobically trqined
"animals seemed to have occurred in this study it.should have
enhanced the functional.cépacitieé-of these hearts.‘ Beznak
C1958) and ArcOs'et‘ai. (196&) proposed a pdsiti?e.éorréiation
, ,
Betweenvheart weight and maximum capdiac\butput in relation
to cérdiaé hypertrophy. Hence, an inErease in the heartv
weight in aerob{callf trained aniﬁa%s can thus be éss&ciated

witH an increase in the maximum capacity to deliver bloéﬁ

to the exercising musclés. The cardiac efficiency can be



+

53
greatly fmproved if no hypcrtroﬁhy of the pkolqhﬂl musele
existed. This sccéed to be truce fo][o@lng endurance training
,(Holloszy, 1967; Pattengale and hollonzy; 1967;.Jawcud vtﬂv
al., 1974). Also associlated with dardiac hypertrophy are
1ncrca ed cardlac contrectilicy, cardiac reserve (Crews ~’§$'

and Aldinger, 1967) and myofibrillar ATPase (Baldwin et al
1977) which would enhance contraetile potential of the
heart. Aerobic training was found to improvégghrdinc per-"
formance by altering the intrinsic characteristics of the
myocardium with a concomittant‘increase in ;ts functional
properties (Crews and . Aldinger, 1967; Penpargkul and Scheuer,
1970; Ford, 1976; Codlni et al. » 1977).

Altheugh‘the one-way ANOVA showed significant
simple main effects (P 0.05) in the adjusted leff ventricular
weigﬁt of the 25 week groups the Newman-Keuls posr hoc test
did not reveal significant differences between thevmeans.uwThe

adjusted left ventricular weight of the A25‘was 97 heavier

than the C25. This non-significant increase was associated*

with a decrease (P 0.05) in DNA concentration and an inctegs‘

(P 0.05) in the weight per nucleus. These latter changesr R

\.

suggested, in fact, that an 1ncrease in cell size had takeh
place without left ventricular hypertrOphy ~Matsumoto andi'e

A

Krasnow (1968) however, have demonstrated that when the DNA"-
! . ) ‘

eoncentration decreased in the ventricles with an increase h
in heart weight there. ex1sted an indication of increase in
the size of the ventricles. According” to Enesco and Leblo

C19621, the weight per nucleus represented the cell size- 1hﬁ7§f$




g

hA

a slngle diplofd nueleus of the rat's heart, further, suppen-
tlxlw,', .frm'n the present study, that an invx'vnwni >ln thin
parameter would refiuct‘nn Increasne 1n cell size. Jaweed

€ N
et al, (1974)‘nuggestﬂd that cnrdin? enlargement wasn due
to an }nérvnSv in fiber size and not to an Increase In the
number of fibers., The present finJLngn tend to ugruu‘wlth
this sugpestion and, in fact, the fibers did hypoérrophy
after 20 weeks of acrobic Craining; No changes were rvpprtoq
in the DNA content and total number of nuclei .(representing
cell number) after 20 weecks of aerobic tralning.

There cxiéted significant differences in the adjusted-
left ventricular weights in the AN33 after 28 weeks of train-
iyg wﬁen compared to the control animals. This difference
woufd‘sugéest that an enlargement of the left ventricles had

occurred. It was interesting to note that the left ventri-

cula: wcight; decreased (P ' 0.05) in 33-week trained animals

. and decreased significantly in the 33 week control animals

Flo. .- £

5"?3 oA g
%respectively This marked decline in ventriculbx mass of the
Mfzy v

‘control %nimnls ovet the 25 week control group caused the

{5

age-matched control” group. It would be'reasonable to conclude
’e»*‘ - : LS

h;? aﬁd;aerobié training programs but to a significant loss in
ﬁﬁéﬁvencricqlar mass of the control animals 33 weeks of
age. It appea;ed qhat;;A tge 33 week-o01ld aﬁimals, aging
initiéted a cataﬁolfcvrgsponsg'with an actual loss of ven-

tricular mass. Such a loss could be associatied with a loss
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Cof myocardial flbers (Blodr and Leon, 19706},-It would Seem, S

i

/
that cardlac hypertropny or 1eft ventnlc lar hypertroPhy had

% ' T
not occurred after 28 weeks of anaerobic and aerobic training._-

i

d . I
- . - . - . .

Both tralning programs seemed to. have been able to maintain Tt ‘

o

o

the Weights of the 1eft ventricle to the existing levels.,_

I . . . . B B by o
5 A : } 1

. 2-  LEFT VENTRICULAR. PROTEIN TO. DNA RATIO __PROTEIN CONTENT
* AND CONCENTRATION P

) \ . . - ‘»'_\
{ . o B

s

Piwe ,xxmkuf,' A signiflcant 1ncrease in the protein to DNA ratio i'

"( from 5 to 14 weeks of age in control and trained animals

v

' was demonstrated 1n the present study : Thereafter, theirate”‘t‘
s . hid

\Q. - ! . : B P

hf&of 1ncrease declined 1n mature anlmals (Flgure 2 3) The

non 31gn1ficant 1ncrease~1n proteln to DNA ratio observed frJ
14 to 25 weeks may Be a result of a- balance between the DNA
. - . ’ - ;
L . . : . ; | . :
~*1~synthe313 and:protein;accumulation.» However, the 33 we

’wfcontrol animals showed a 31gnifﬁcant 1ncrease in protvin per,fff“e

[}

, ;:CP 0. 05) QFigure 2 1) in these mature animals (Winick and
; : /, .. AN
: o . R .
- Noble, 1965) ‘3‘ﬂ> - .j._:vﬁx@?:»;'/_
ca A R ey SN .
' No aiterations from the normal control pattern

LW

in the protein to DNA ratio were demonstfamed following 9
20 andi28 weeks of training.' The,protein to DNA remained
relatively constant between the control and trained‘animals,"

B \_.,.

further substantiating the lack of change 1n the protein

Lo

and DNA contents in respons/'to chronic exercise (Figure 4 l‘D”HA '
o | : it JJ R R 7" - 1'.V R S :':'. I o "/» Vo
e and 2 1 respectivFly); //f;w‘jf Co L R PR
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.. .. The protein content of the . grOW1ng left ventrlcle

increased significantlv from 5 to 14 weeks of age (Figure

AR @
’yf2;l); Similar flndings were: reported hy Bell et al (1975)

in the-myocardium of animals 3 to 9’ weews of age. According
-
\to Winick an Nohle (1965) normai groyth in young .VV”'
v

fﬁ‘S@Emed to be wssoc1ated w1th a sharp rise in to ff&,moteinﬂ
. ) P

'"thn the whole heart. ‘The magnitude of thekincrease up'. to 147 o

ol

° . i N

{weeks ohserved 1n the present study was the same as that

\

hreported hy Wlnick and Noble (1965) and 1ess than that of

\

TBell et alf C1975) 1n 3 to 9 week oid animals ‘It was

ok
-’”ﬂ

-oBserved in the present study that the protein content roseh

®

/j31gn1ficant1y u% to 25 weeks of age in the control animals

/ e

iwi/h/a slight decrease (P O.bS) at 83 WEeks l However;.d

oo

t{there was no 31gn1f1cant “inc ease up to 25 weeks of age in’i

'Leither,training group, This seemed to 1mp1y that both
;training7programs reSUlted—‘n a. decrement in the net protein

Fe

"hjsynthesis of the left ventricle when compared to theirvage-r‘

11matched controls.~ Further ore, in both control and trained
o . - ¢ . . ) Ho . . o N
Tanimals the protein conte t plateaued between 25 and 33 "a

weeks; Tﬁis was in agree‘ent with Winick and Noble (1965)

'f*and Grimm et a1 (1966)' ho found that the protein content of
{the whole heart and 1eft_ventr1cle remained relatively

i

A'constant in mature animals respective1y€}$This\w0u1d tend t0v5

3 [r ..

“imply that the relatlvely constant amount of protein found v*

qin young animals was maintained with advanced-aging and that
k”the existing 1evels were suffic1ent to meet the overload
fdemands of hoth tralning programs.iﬁﬁ\_u




No alteration in the protein content ofbthe left

)

ventricle was;demonstrated hetween trained and'control

b'l

hanimals;‘ Thls result was exnected 1n the trained animals

i IS

‘ : , N S
as the training d1d not cause an 1ncrease in the absolute

-left ventricular weight.l Findings from other studies have

A

reported no change 1n protein content as. ‘a result of

'training (Steil et’al., 1975; Oscai et,al., lQGlfa{«b;'Dowell

‘et’a'l., 1976 a; Medugorac, 1976 Sordahl et al.,‘ 1977)

This might Suggest that the training programs did not represent

. a sufficient overload to 1ncrease the protein content above‘

”jshowed a significant increase (P 0 05) in the protein con—,-

_'(Figure 2 2) " The overall change in proteln concentration

¢ithe 33 weeks control and trained anlmals. Thehcontrol-animals‘
centration during growth between 25 and 33 weeks of age

~in these animals»was an almost linear increase with age

normal levels, or that 1n fact ~the ex1sting levels were'
E . | . .

© - . \

. large enough to meet the overload demand LT .-;jgf‘ X’

A significant growth effect in protein concentration

?of the 3\week old animalskwas demonstratediwhen compared to’

A

,,'».‘-‘. . L Do N . \"

»

1(5 to 33 weeks of age) According to Young (l970hjﬁhe cardiac

,, LN

lmuscle tended to 1ncrea§$ in protein concentration with

Y .f,-

’growthw The trained animals also showed an- increase (P 0.05)

‘dhowever, the magni ude of change was less pronounced than

in the protein conventration between 25 and 33 week—old animals, ,i:.h

P

‘ their age—matched control groups.‘ This was due to somewhat

‘in these trained

dlower CP 0 05) a:solute left ventricular weights observed

v
v

fnimals (Figure 1. 4) vifpdl'b"fvgfd”;:"-dféi;-ji'/“‘

T e At
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'wNoychanges were found in the protein conCentration:'
in eitﬁerhtrained roup following 9 20’and‘28 weeks of"

Iy

training (Figure 2/2) Thls was 31m11ar to the flndings of
Sordahl et al. Cl%??) wh040bserved no differences in dogs R
submitted to 10 weeksiof exercise;‘ Similar.findings have

also Been reported hy Medugorac (1976) and Dowell et al

C1976 ai in yOung rats subJected tl 10 and 11 weeks of chronic

v

exercise respectively.' According to Medugorac (1976) the

&

concentration of myoflbrillar protein in young rats submitted

o

to pre puhertal endurance training,_was slightly but constantly

L increased always at the expense of sarc0p1asm1c and stromal

protﬂlms}. Although the protein concentration 1n these frac—
tions were not measured in\the present study,'a slight

iqcrease CP 0.05).over age matched controls in the protein
. ‘ oot

concentrq§1on was’ noticed 1n aerob1c and anaeroblc animals
.

,14 weeks‘of age.‘ Osca1 et.alv (1971 b) have also shown that_ﬁ
the cardiac mitochondria expressed per gram of ventricular

: ’ | ' X
muscle or,ver milligram of myocardial protein, did not,

./_‘

’uhdergo an- adaptlve increase in. concentration in response

Ty

“to endurance exercise.; It was demohstrated that the respi~‘:,j’
ratory enzyme'levels, expressed per gram of muscle were
fivefold in the heart as compared to skeletal muscle in the

=

sedentary rat (Oscai et al.; 1971 a) This further substan—fs .3?;“

J‘tiated the lack of change observed hetween control and f?;

L

- \ i . -, ) N-,",'r./ A PR
. i .. e _
vtrained‘animals in the present study l Thi' ayﬁ%uggest that”
the respiratory enzyme levels of the cardﬁac muscle of the,;»
\ : L :

5 week—old control animals was suff1c1ent1y large to meet
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the increased d

— .‘ ;’. B n;,;
aeroBic trainin

ixands for energy production imposed by the | o
‘program. k SRR ' u
[ ' 1 . : v\‘!

‘\A

3- LEFT VENTR CULAR RNA T0 DVA RATIO,: RNA CONTENT AND CON-

s

"—oBtained a final content per ucleus or per cell in early
R | |

LN

'relatively h1gh all through the pre- pubertal period in the

CENTRATION

M ,
The/RNA to DVA or the RNA per nucleus of the left

1
1

ventricle Jgs not affected by growth in @nimals between 5 to
\ ° \

63 weeks of age (Figure 3 1) According to Winick and Noble

(\965), the RNA per nucleus varied w1th indiv1dual organs and'
P :

‘was not.affected.by age They showed a high RNA to DNA ratio

d
- e \.

durlng the pre puhertal perlod’, It wo%}d seem that RNA

-

.' \
growth of the heart, and”staved elevated thereafter.. This
,W‘ ’.. '\& ‘ .
would also 1mply that the RYA was suff1c1ent to: sustain K

normal rates of proteih svnthe31s during normal growth Winick

and NoBle (1965) have also shown that the RNA to DNA whs

whole heart suggestlng that the heart was rich in RNA invi

early growth perioﬁu- It was also demonstrated that the RNA

V per nucleus was elevated even during rapid cell division,-<

ilmplying a high content of RNA per cell even when synthesis

of DNA was highest (Winlck and Noble, 1965)
: rA v -
’ No changes were found in the present study,‘inp

s

the RNA to DNA ratio follow1ng 9 .20 and 28 weeks of training

v

This seemed to indicate that the RNA per nucleus wa ;sufficient'

in the 1eft ventricle even under physical stress.

I
Similarly no alteration in the RNA concentration
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was observed in 5 to 33 week~old control and trailned animals

(Flgure 3.3). AlthOugh.the differences were'not significant,

-

there ex1sted a tendency towards higher values in the 5

week—old animals, thereafter, the RNA concentration decreased

-

somewhat with‘advanced aging This developmental pattern.

.

' suBstantiated the findings of other researchers that young
,animals tended to show higher RNA per gm of myocardium than
older animals (Winick and Noble, 1965; Grimm et al., 1966)

bNo changes were observed following anaerobic and aeroblc‘
training extended over .several months "This was in agreement
‘-‘with,othervstudies (Dowell et al., 1976»a;2b;'Sordah1 et al.,.

. The RNA content: was 31gnificantly IOWer 1n the 5
week;old“animals as compared to all/the animals studied
;(Figure 3;2).f After 14 weeks the: RNA content stayed relati—
ivelyvconstant. According to Winlck and Noble, (1965) the .
'vamount of RNA seemed; to . be sufficient in the whole heart to_
sustain normal rates of protein syntheSis during normal
' growth,

Neither'training programvelicited‘changesias.
compared to the control animals in net RNA synthesis’in'
(Dowell et al., 1976 a,'b'"Bell.et al., 1975 Sordahlket al;,
.1977) According to Bell et al.;.if expected changes are to

. . ¢ . .-
Aoccur in the myocard1a1 RNA ‘the training stimulus must be
applied for as 1ong a period‘as p0551ble before the onset of

\

‘npuﬁérty;’ Since no Signlflcant ohanges were found 1n the RNA

the 1eft ventricle,"'Other studles ‘have supported thiS»finding'

BRIV R
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“4%. LEFT VENTRICULAR DNA CONTENT AND CONCENTRATION, TOTAL .

decrease in the DNA concentration. in animals 5 to 14 weeks

of age (Figure ‘4. l and 4 2 respectively} : Other studies have

‘same age. According toASasaki»et al. (19681b), total DNA%~ .

"sized in the left ventrlcle of young animals in this study.

; s . ) L" .61

content between control and trained animals, it was unlikely
that the adaptive response observed after 20 weeks of aerobic
training in the adJusted heart weight, represented an increase

in a net myocardial protein‘synthetic activitylabovevnormal

Slevel., ' ‘ A ' L

T

*#1.3}

"NUMBER OF NUCLEI AND WEIGHT PER NUCLEUS

Z o onh en

* v DNA changes in growing 1eft ventricle were marked

by a significant increase in total DNA and a sighificant

gsupported these~findings (Enesco and Leblond 1962"Winick

and Noble, 1965; Grimm et-al ' 1966 Bell et al. 1975). An

increase in total DNA content seemed to parallel the, increase

\ K

(p 0. 05) in the left ventrlcular weight in animals of the

~

content 1ncreased to the same extent as the growth of the

whole heart\’ Th1s would imply that the 'DNA was being synfhe-

The present investigatlon also showed a significant increase, /

3

;in the total number of. nuclei and weight per nucleus in- the .

‘animals 5 to 14 weeks of age. Winick and Noble (1965) and

Enes“o and Leblond (1962), also showed an increase 1in these

-two parameters'in the whole heart in 65 and 95 day- old animals

vrespectively. This would suggest that during this develop—"‘

R s

fﬁmental period;‘the 1eft ventricular fibers were increasing

both in-nuhber and in cell size."-h ﬁ _w-', .

\f’

i
i
~ i
1
§
H
i
3
i
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The DNA concentration was signi/{cantly elevated
in the 5 week-old animals when compared all animals stu-
died (Figure 4.2): Accordlng to Sasaki et al. (1968 b),‘
tﬁé‘higﬁ\DNA cqncentration‘qbserVed.in.young animals was
due to tne fact that the nafdiac muscie cells were smaller
in si;e,énd grouped more compactly during érowth period;

In animalsvl4'weeks to 33 neek; of'age,?thg DNA
confént and total nnmbéf nf'nuclei'ievelled off somewhat
(@4 O}OS). Thisvwon1d suggest that £he DNAjsynfhesis haa‘
.ce?sed in tnese ﬁafure animalsi The wéight perbnugleus.in‘
,these same animéls increa§ed gradually wiphyage. Such a

slight but continuous increase might be an indication that.

the fiBers of the left ventricle wﬁmééincréasing in size

.during growth.

It wonld,segm £hatwéfter pnbetty,'the growghnof
'the‘left'véntficle of tnéuaefoniq group é5 week of age‘ 
lenlérge; solely by ‘an inCréaée in.cellvsizé, Thié was seen¢'
Byian.increase (P -O.OS)Ain the weight per.nuglens in these‘
aniﬁgls when nompared‘to the Alé.and.A33. 'Théée findiﬂgs
agreed ﬁith.thé'resplts of nthenbneseérchers (Enesco and'
,Le“élond-,‘ 1962;.w1nic‘k and "Not’ale,,5196,s'§ c;inm et al.‘; "VJ'_966;
Korecky and French, 1967; Matsumoto and Kf?%now; 196%}v |

_ Sasaki et al., 1968 a,;b). Althongh‘the differences with éée

Tw

wvere not signlficant, the observed progressive‘debreasé in.

the DNA concentration up to 25 weeks would imply that the";

' ch;ls;of%the.left ventricle_werg-ingreasing in cell-size!; f

[P
<
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The left ventricular,DNA content and totalxghmber
of nucleif were not influenced by an derobic and an anagrobic
training brogfams as shown in this study (Figures 4,1 aﬁd 4.3
reéﬁeétively). This was in accordance with other.studics
(Bell et al., 1975; Sordahl et al., 1977).

In contrast;.the A25 demonstrated a éignificant
decrease in the DNA\concentration and d-sigﬁificant incféase
in thé weight per nucleus foilowiﬁg.ZO weeks of aerobic
training (Figﬁres 4.2 and 4.4 respectively). These two
variables, as mentioned pfeviouSly,'were'indication of changes
in cell ;iée. ACcofaing t& Matsuﬁofoland Krasno&.(i968),ﬂthe
 DNAi6ohcéntrafioﬁ Q;s inversely relatei to»ceil si;e; if é.

: S g o '
constant dipioid'DNA>contéhE per cell w%s‘a;suﬁed; Enesco

. . . /
and Leblond. (1962) stated that the

DNA‘éontent'in'a single
:diploiﬁ Anucleus‘of the~;atfs heart Qasféonstén? aﬁd éon;ainéd:\
abproximately 6.2 pgm. of DNA: They‘haVe:glso_ggiﬁfgd out
that the‘weight per nucléus was an index of éélllsize.; é?y'
'increase in cell qizg aé_a result of an enlargémept"of the
nucleus and/pr th&élasmsaould inciease the ﬁeightlper
’”nucleus;, | ) . | |

Therefore, it can be conéluded_that;thé\cell éiié
of tﬁe left véntriéie'éf thé A25 was.increased above.the |

control level. Since the adjusted left ventricular weight

Fxe

" and the protein ébntent of the A25 (Figures 1.5 and 2.1° . 'T%g,
respectively) were not significantly different»frém‘thé 'Ayygg”

. . /-‘ N B X ; ) : - _ B ;g!@ K
control values (P  0.05), the findings of the present ‘ ;‘fﬁn”

study>Canot confirm definitely if hypertrophy of the left

e S i e e
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ventricle had occurred. The trend toward a largor\lcft

vontriclc of “the A25 was nevertheless evidcnt

5— LPPT VPNTRICULAR HYDROXYPROLINL CONTF NT AND CONCEN TRATION

0w

v

The COnncctivc ‘tissue of the cardiac musclc can be,
referred to as the non- mnscular proteinlehich is made up
totally of collagen._ This protein contained the amino acid
proline, which 1is rarely found in proteins other than collagen,

N l

‘The role of collagen in determining the aging Process of an
ﬂorgan has Been considered*51nce it is helieved than an

\ 4 i .
1ncrease of crosslinkings of the collagen macromolecules also
occurred with aging (Chvapil et al., 1964 Sasaki et al.
1976). Therefore, chemical determination of hydroxyproline
make it p0581ble to determine the collagen and thus the .con-
nective iiSSue changes of the left ventricle.

‘The role of connective tissue represented by
collagen, in aging is stillgunknown. The results from'various
studies are controversial. While von Knorring (1970) has K .
reported no 1ncrease in the collagen content with aging,
Tomanek et al: (1972) have demonstrated a definite inc;ease
inhh&droxYproline concentration/in rat s heart with age.

Kiiskinen'and HeikkinenICl976) have also found that ‘the

hydroxyproline,concentration in the heart tissue of mice

increased\with_age (397 over 19 weeks) .
Findings from the present study revealed that the
'hydroxyprollne content and concentration increased signi—

ficantly with age Both in control and trained animals (797
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over 28 weeks).  The control animals between 14 waukn to 33
weeks of age showed a continuous but lower rate of Incrcase
in'hydroxyprolinc content while the trained animals of the
same ape showed a considerable increase“(P‘ 0.05). This
ratc of increase was somewhat more pronounced (v '0.05) |
in the anaerobic animals (Figures 5.1 and 5.2 respectively).
A significant growth changes 1in ‘the. hydroxyproline
content in the left ventricle of the anaerobically trained

N

animals was noticed with'advanced aging.‘»While therresults:
of theapresent study indicated that the hydroxyproline
content in the left ventricle did not differ significantly
in'the trained animals as compared- to their age—matched
eontrols'end to tﬁe-aerobicaily treined animals, mean value
for this variable was higner in the 33 week-old anaerobically
trained animals. This progressive rise in the hydroxyproline
content in ehese animals would tend to indifate that‘aging
associated with the intensity df tne training pregram
influenced to a Yarger extent the left ventricular elasticity
ind compliance when compared to the aerobically “trained
egimgls;.

The observed increase in the heart weight following

L

P ,
20 weeks of aerohic training was not‘associated with an

increase in the hydroxyproline content and concentration.

This increase in the cardiac mass of these animals would .
ppear to be correlated with an increase in hydroxyproiine
content and concentration as a result of aging’ rather than

., training. Tﬁis»finding~suﬁstantiate'the results of Tomanek

e

N
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et al. (1972) in hearts of male rats and Kifiskinen and
Hgikkincn (1976) 1in hearts of male mice. Therefore, cha%ges
in tﬁc'collugen cantent *nd concentration In the leflt |
ventricle of male rats 25 and 33 weeks of age sccmcﬁ to be
affected by age and that neither training program altered
‘this cgc;associatcd enhancement.

The aerobic training decrcases significanLly the
‘hydroxyproline content of the left ventricle of the Al4 /
when compared to the age-matched control group ClA; This
decrement in hydroxyproline content was not expected as a
result of moderate aerobic training. Accordfng co Chvapil
et 51; (1973) and Bartosova ec ai. (1969)’Qhen young rats
wérevspbjected to an intensive traiﬂing'programs, the content
of»collagen'in the heact muscle increased significantly over
the control levels. They considered the young age of the
animals’to be,éomewhat.related to this iﬁcrease, since no
changes in the collagen content were'observed in older animals»

.o

.submitted .to the -same training programs. Other studies have

“
~

reported no change in the hydroxyproline content and concen-
tration in young ratevunger%olng mild ‘to moderate training
brograms (Tomanek et al., 1572; Steil et al., 1975;-Doﬁe?1

et al.; 1976 a; Kiiskinen and'Heikkinep, 1976). The findings,
from this stu&y, that moderatevaerobic training in‘pre-pdbertal
animals decreased the connective tissue considerably may imply
that the ventricular elasticity and compliance of these ) i.‘

animals were affected, and that the breakdown of collggen

occurred. ‘ , o w e
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There soeem to be no ratfonanl explanation at the
present time tolcxplaln the observed decrease In hydroxy-
proline content Iin pre-pubertal animals after n’mOdarntc
acrobic training program and the nced for morce rescavrch in

B

this area scems to be jJjustificd.
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o\num~|1y and Recommendations tﬁv

; ) The present study lnvvntlgy(.d the fo"lh of ’

i+

s“\

&

montha on sélective vardlae parameters {n the left ventretiele
of male rats. ,

I1- A sfgonificant growth c¢ffect wnn observed {n
animals 5 to lh weeks of age In almost all varfables i{nves-~
tigacnd, axce optqtho RNA to DNA ratio and the RNA concentra-
tion. The magnitude of change was more prononncod in pre-

pubertal aufmals (5 to 14 weeks of age) as compared to post-

pubertal animals (25 to 33 weeks of age). There seems to -be

£
a necd for further reseanch studying the diffcrvntial effects
,". ] - e-‘

of similar training!ﬁrpgr#@ﬁffn postnatal animals‘up to pu-
R s
. £ . N R
berty. J R
3243“Ninﬁt(9)%hna>twenty (20) weeks of aerobic

& . %

training significantry tcduced the body weights of the tralned

’u(' e ‘.

animals when compered tb theiﬁ age~match§d control.’ There
seeméd to e%ist Q genefal cén;enéus‘amo;g researchers of th
influencc of';er:bilytrainin; in reQUfing the: rate'of growth\\
of Body ;eights 1nwnalearets.a: }1

‘“'r"wj SR '

3- TwenEY“(QO) weeks of aerobic training -seemed

\‘vn

to have induced Qardiac hypertrophy. Even though the post
i “-‘ . H }s’ ’
hoc test did not reveal significant mean differences in the

= a*,‘

adjusted left xentrypulan}yeight in the aerobic trained

group, there existed'evidence that the left ventricular

3

fibers hdd inereaéed in size. The training program elicited

5

ﬂﬁ mnﬁiv and acrbbic tralning pLOgrum. extended over several

>

:
H
i
t
]
i
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o a si f%lcant d/crease 1n the DNA concentration}and a signi—,
°v/ a3 .

/
flaft increase in the welght per nucleus implying that 1n—

'A ¥

’crease in the size of the left ventrlcular flbers had occunred
) A b f t - o (1 L [ Nog - .
e Since the adJusted 1eft ventricular welght was. not signifi-“
AN s s S S B .
/- .
7“‘ qantiy different from the control welght the f1ndings of the
present study cannot deflnltely conflrm that cardiac hyper—"'w*
trophy of the 25—week ae}obic tnained group had occurred f
s ' \/ 1, - - -
'ai’ However,-the trend towards a larger left ventricle\was de— e
.:‘ V - . \' R : N " N . St
e ;monstrated: fvﬁﬁm. e .p,”}' e S i
~$<-v:‘33\f;}l',4e' The selected tralnlng programs of varying
e inten31t1es and duratlon, adopted in the present study in- R
R C : « ‘ I
1v; fluence somewhat the growth pattern of the 1eft ventrlcular SETEN
R nudleic ac1ds hy malntalning preﬁlous ex1st1ng 1evels w1th fs
e ib VoL ERRE \_ o D o : : . . S i
e Qaadvanced aglng If drastlc chanées are to be expécted 1q
-/-}ﬁ these Biochemlcal parameters as Jelated to tralnlng,vthe e

/aqgg’stimulus must be applled very eafly 1n life when proteinlhhif;r

Gl '_»,/
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; tralning does not elicit changes in any of ‘the variables,‘

Tt

investlg fa following 20 weeks of aerobic trai 1ng. Fthher
trainlng oats not seem to overload or. stress su fic1ent1y

et B

he cardlac‘%uscle to adapt above the already attained functional

\

“level .Simalarly, it seemed that high 1ntensity sprint

fl . *
g 1

measured This would 1mply that.the duration amd the amount—

of exercise rather than the intens1ty of training elicited

L
J

'selected ventrlcular adaptations in response to- chronic ‘endu-

¥ . . .
Sy . > S : '_

'rance.exercise;-v;:h S AR
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, | . REVIEW OF LITERATURE-_ = w0
AR if ‘vw'f[L‘.fJ“' ‘:,-‘,!3 A'M \\f$a\”f N ,jf L_fj

D S NORMAL GROWTR AND DEVELOPKENT OF THE' HEA&T IN RATS : /‘,

>,

Hypertrophy and hyperpla51a are . two alternatlves

: -/ s

; K ) ,_‘

modes of growth of an organ. ‘That 1s,rt e grohth can proceed ‘j

vgby an. enlargement of already existlng cells or by an increase.
: __--,_‘\/p . R PN . . - [ i

3 - \ . ® -
'V,gln the number of cells or’ by a comblnation of both (Goss,'°

\-'-

*,{;1964 coss;;19664 Poupa et aH 1970 Brown, 1971)

» o

These two phenomena are organ specific., The organs'

.a<-

}dcan be placed under funct10na1 demands:thatzcan alter!thefim;:*l;

)itﬁgrowth pattern dlfferently.ff, is w1ll depend on the duallty i

’J”;;of the stimulq& that rmduces growth and the tlﬁe of ontogeny ;ff*
i P ,

‘s-hpon whﬁch such st1mulus 1s applled

The hypertrophlc and/or hyperplastlc growth of thﬁ.“.f\?

'~?ﬁhheart exhlbxt an-interestlng sequence of changes during normal«'a

"ifgrowth from the embronlc stage,‘to blrth and to the stage of
E : , : i 2 N . LR

PR K
v

[ﬁmaturity in the rats (Goss, 1964) 5fﬁj“f;2/ffj;jfyﬂ;~“~

‘/‘

VPRENATAL GROWTH AVD DEVELOPMENT

Autoradlographlc stwd*es of the\hearts of 14 and

tfl? day ol”ﬁfetal rats have sho_n ‘:357 and 607 increase_ln

'ﬂffllabelling of the cardiac muscle nuclei respectlvely,“after
;o 0

’:_64 hours of administratlon of Thymiﬂine (H ) (Rumgantsev, 1964)

N

“lfIt seemed that after conceptlon, growth preceeded entirely
' » ~%‘ SRR R ~.' oL :

b’bifand?Noble, 1965)




N ENAN
"

'the heart ‘was pnderg01ng mitOSls or cell d1vi iioén of 1ts"

o hid .

'nuclei,_ife. cell hyper¥%h$1a and to anesser degree cell

‘hypﬁrtrophy (Enesco and Leblond,,l962)

A\‘B- POSTNATAL GRO H XND DEVELQ?MENT v,f.f

) ’\

l— HYPERTROPHY H PERPLASIA A D\PROTEIN SYNTHESIS

\\

oo T
l There seemed to ex1st little doubt that the cardiac

- "4 . . -~
» ~ — L < o

:.muscle cells continue to lelde mitgtically for ‘some: time

b afterabirth espec1ally 1n the neonatal period The activity'

N E ~

{appeared to be between 20 to 65 daYS (Goss, 1964' Wlnick andxufwl
')Nbplg,‘l965 Brown,»lg'jy Zak, 1973) | ‘; ',iw.»>\-~ o
AR :N{{ Thls 1s c01nc1dent with the DNA content whichbgfnil‘yh{~wﬁ
’fincreases:nore rapidly than.the\weight of the heart, conrir—j.

| ming the increnent in celllnpmhers (Enesco and‘Lehlond‘ ?962
.Sasaki et\al.; 19dS a) | ;flthliffT<ﬁj“hm:fqux%ikl77»4::<3~§5s5iff

JaN

”derdlac muscle of the rat Sy
B ﬂ Lo X - B ®

’cered compIEE2l§ by Ehe 17th day of postnatal develdprent

— \\

(Claycomb 1975) It was concluded that 1n the terminally

.‘7,
-

differj-tlated ventrlcular cardlac muscle cell ‘the DNA ‘ Ce
s : : / : e . - = _‘ N
L £ ‘- # T s
"d mitdgis were 1rreversib1y repressed and can

L &“

l”occur no 1onger/during the remaining 11fe span of the animal

This has also been suggestedupreviously by other workers'fv{{fli

A‘”‘ . T Lo X v / .

N ;

\ (Morkin and Q@hford 1968' Grove and al.,-1969 b Skosey et

‘.':/ét was thought that the dedrease in cytoplasmici/' 5‘

. “’”f'”/ TR oo
S'NA poLymerAse was the mechanlsms regulating activity in the wen

:yocaréium (Doyle et a1.,_l974 Claycomb* 1975) This enzyme‘“dgi




T

-
x
BL%a]

seemed to parallel temporarily the reduced rate of DNA synthe-

'dsis between day 1l to day‘l7 after birth ‘Thereafter, the‘

)

myocardlal cell enlargement overpowered cell proliferation"

,,,,, .

© and became the pr1nc1pal process by whlch the heart, as a-

.whole enlarged (Zak 1973; Jaweed:et al., 1974).

. \7
| 4 . s \
Some investigators st111 favor an 1ncrease Jdn’ muscle'

cells in growth and in hypertrophy during‘the postnatal

‘

. ’ 7 T E
'f_period (Grimm et al., 1966 Korecky and/French 1967 Sasak1 o }

. / . .

‘_‘etvalt, 1968 a, b) ‘These researchers have found that %he

s

—y, /

,;cardiac DNA content/increases as the heart enlarges. .Assumfﬁg'

| g . - >

- that theLBNAkfontent=per nuclens;was coustantp(Sasaki-etval.gy,

Vnumber.oflcellsfha& alsouihCreased.

C : . - : ) !
. . . W

L R / . . N
1968 b) the only conclusion that can be reached was that the:. ., -

T

S T B L RN PR N
“/ On the other hand Matsumoto and Krasnow (1968) -

‘.

'have foupd that the DNA concentration 1n the left ventricles o

f : : ;- \ 0T

-

el [ _
”decreased with incréasing heart\welght, 1nd1c ting an 1ncrease .

;in-cell size_

T

. § R I

V£ this ventricle during@normal growth of hhe

“ﬂf'during rapid cell d1ViSion of the heart. Itawould'appear, Qf

h:in £\21y°':

rp.after the amount ofvﬁﬂézfgmilned unchanged (Winick and NOble’;a.,‘

{ . s

. \ ﬁThe‘RNA per. nucleusébf"cardiac cell varied with

<1nd1v1dual organ and seemed not to ‘be affected by age (Wlnick

_Tand Noble, 1965) There ex1st a high RNA to DNA ratio evenz

o

JRNA obtained its flnal content per nucleus or_perncelr

nicient_to-Sustain- L
A v .

jnormal'ratesdd “rotein synthes1s 1n normal growth. »There#

‘llf1965) .¢Wij>’ SR \\Q\ ff.*:%fff'7fﬁfx777°




2- MYOCARDIAL"CElLS

The .cardiac muscle cell‘underwent a 3—fold~increas4, v

in cell sdize during postnatal‘deyelopment, fnpm about 5 to- 6u

~at birth (Zak, 1973) to 14 to 18u 1n the adult heart (Rakusan_
l T Af . "\‘ . o
‘and Eoupa,“l963)t E \WW‘ .f-' S I v

4

The diameter of-the:muscle'cell of the ventricles7~

of different mammals seemed to be the same~irreSpectivegof

K

| the size of the heartﬁ_ But the‘number ofdmyomardial cells
varied directly with the size of'the’hEart (Za\,»l975);.iwe.
the: greater the heart s1ze, the greater the absq}ute number

- of" carﬁiac cells o oL L _ RS ,/f ,\\
B The welght of the 1léfs ventricle was normally

! around tw1ce the weight of the righk ventricle coinc1dent

with the adaptive response"to the increase in. workload after e
‘birth (Goss, 1971) The decrease 1n the right ventricle

weight relative to the total cardiac mas's was probably due
. N : . . .

~i.to the decreased in pulmonary pressure seen 1n the neonatal
e . .
aperiod (Carney, 19697 Matsumoto and Krasnow, 1968) 'The'

4
]

'd1fference in size of the muscle fiber after birth between /1

:;the two ventricles seemed to be nothing more. than a growth S
) . . / y :
'response to a regularly.occurring physiological adaptatibns.

-’

f' /

3- MYOCAhpIAL CAPILLAﬁtEs T K

An adequate supply of blood is obviously necessary

L3 . ™
. . v

tor~Card1ac growth normal and hypertrophic as well as’ for

//' A

Typ‘optimal myocarddal function in deliveriqf‘the oxygen and the_»
11.. : nq ) . ' . \ ,"
‘Trequired nutrients to satisfy the demand f the working muscles.

v A ; P

4.&
Regarding the ev1dence supporting the hypothesis

L



_that there was‘no increase in the pumber of cardiac muscle
‘ e v o ' A ,

'cells during postnatal growth there seemed to exist an

+

increase in the number of capillaries during the same period

of ontogeny (Goss, 1964; Rakusan et ®1., 1965) "This was

/
attributed to a proliferation of capillaries during a, time

©

when the ‘muscle fibers were increasing in size (Rakusan et
al .,_1965)\\ The diffusion distance increases in relation;
to heart growth‘and'seemed to be shortest in rats 20 to 23

day old- (Rakusan and Poupa, 1963)

RN | : o
o Whereas, in the adult rat, the‘number-ofvmuscle

Syt

fibers and‘capillary dénsity6graduallyydecreased as'apresult-i

) of*the growth of:the diameter of muscle’fibers'andjthe
. ) —i ’.) ‘ S
' capillafy to fiber ratio remained constant i e. one to one’
i \,,. . N

(Rakusan and Poupa,:l963' Rakusan et al;, 1965) 'kThis obser-

L ‘ ,
vatlon had also being reported in hu ans (Linzbach 1960).

,\\

In the heart muscle of old animal (22 months and

over), the capgllary density was lower whereas the number of
! : 9.
muscle fiber per surface area:was unchanged The rfsult of

such changes ‘was 'a significant- dehrease in the caplllary IR
" r . . B

‘ratio and.a prolongation,of the diffu31pn distance (Poupa_,

et‘al.,\1970) B L R - o ﬂc Ca R

- hh It was earller assumed that beyond a critical size

WA the growth of the cardiac muscle cells exceeded that of their

accompanying blood vessels (Goss, 1964) _ThlS alteration

"could lead to serious problems of metabolic exchange due to

f . . o -

"~ amn° 1ncrease in the diffusion‘distancek R R
- ,’ Ev1dence in cardiomegalies due to chronlc exértise,;

R



\ . ' ! .

has indicated that vasculari?ation did keep pace with hypcr-

Py

trophy of the heart mus\le (Tepperman, and Pearlman, 1961

Stevenson et al.; 1964) ‘J DA B "l" # g | .
‘ . ‘

4 MYOCARDIAL CONNECTIVE TISSUE f}' N .

«

During the period of gnowth and development after

o

.

birth the enlargement of the cardiac muscle seemed to be

confined to the proliferation of connective tissue, endothelial

,and other non muscle cells (Sasaki et al., 1968 a; Brown;

1971, Zak, 1973)

The role of collagen represented by connective

gtissne, in aglng is still unknown, and the results from the
) . -

-

reported obserwations in rats are also controver31al
‘ While‘von Knorring (1570) have reportedjno increase

’w1th aging ip the coliagen content in the ‘rat heart Tomanek

et al (1972) have demonstrated a. definite increase in hyd.fro—"!’(

xyproline content in the rat heart wit{ a‘l‘

w”“; Hence, the correlation between aging and collagen -
in the heart muscle of . the r%gs is still not- settled (Sasaki

et al., 1976).. S o BTN R

In experimental produced cardiac enlargement the.,
nDNA content in the mature heart did 1ncrease (Nair et al.

1971) This increase seemed to be the. result of proliferati76

of non muscle cells (Grov; et al., 1969 b) since only 3 to

.57 of polyploidization occurred\(frove et al., 1969 a) and

f‘this small amount was cons1dered to be negligible to the
- N _ .
increment observedtin the DVA content (Nair et al., 1971)

;Therefore, the bulk of the 1ncrease in DNA content.
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!

in experimental induced cufdiac enlargement 1s from.cells °
' . : \ »

other’than thcmcardiac muscle cells in nature rats.,
’\

,iI— ADAPTIVE GROWTH OF THE HEART IN RESPONSE TO LXERCISE
!

é—‘ GENERAL CONSIDBRATIONS*

. One of the main determinhnts'%fhcardiac size, both
in the developing and adult animal is the work load placed
upon -it. This stimulus greatly depends on the stage of

development of the heart at the time it is given (Zak 1973).

)

For example_a*work load imposed on the early nednatal heart
resulted ,in an enlargement characterized by an increase in
: , . : - LA -

both thE’numbef and size of the'myocardial cells (Bloor et
al., 1968; zak, 1973).-_Whereas—£he adult heart enlyvenlarges

-
°

as a‘result of an increase in the number ef itslcomppnents.
(Jawee& et -al., 197%) i.e.rthe~connectiVevtissue (Morkin and
Ashford, 1968; Grove et al., 1969 a,b).

. v - - -

Cardiemegaly has been ‘shown to occur experimentally'

»

as the resulf'bf phyfexine'admlnlstratlon (Edgrem et al.,. .
1976) nutritlonal anemia (Korecky and French 1967) aeortlc:‘
-constriction (Nair et al., 1968 Dowell et al., 1976 a)h)
and manyfothers-(Bgrtosova‘ethal., 19§9). | |
Thése cardiae ihducedleniargement studiee ere
eonsidered'fo be apprppriate modeis fer;patholqgicallheaft
Jgrowth. The ipereaée;in.myoca;dial masé.iﬁnsueh studiee
’,wasethe result of multip&ithioh;ef myoeergia1>fihere‘as'
ihﬂwehl'as-an inCreaée in size (CieWS'ahdvAldinger, 1967).1 In
‘such pathological condition’s the cav1ty was: usually d11ated

R 2 .
and was referred to as eccentric hypertrophy (Jaweed et al.,
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1974, Linzhnch,»1960i.

On the othor hand, highly active persons, nuch as
athletes and {ohorors tended to have larger hearts than non-
'nthleteﬂ and/or_sedentary individuql and 1t secemed to be a
"results of incrcase‘dbmaﬂﬂ due to.work'(Linzbnch, 1960;
Poupn et al.;'1970§‘anecd et al., 1974). The heaxrt was
usually fonnd to be enlarged due to changes in its wnil
‘thickncss, i;e: an increase’in the size of the myocardial

¥ o '

. Pk '
fiber (Yé&shg, 1970) with a concomitant alterations in its

functional properties (Crews and Aldingey 4473 Penparkgul

s

vﬂ%mv.
¥, F 90‘,‘1 g

~and Scheuer, 1970; Ford, 1976) .

This type of cardiac enlargement is.a characteristf&iﬁ#

7 h AN

"of all physiologic enlargement (Jaweed et al., 1974) also

known as work hypertrophy_(Crews and Aldinger, 1967)'and/or

exercise hypertrophy LFord,‘l9?6). )
{

Whether or not the enlarged heﬂgt is detrimental
: : . v ) :

because of an increase in the diffusion distance for oxygen‘
and metabolites is stili unclear and has not been thoroughly
elucidated " Some studies do ~support the hypothesis that the
hypertrOphied heart is ‘more powerful than the normal heart
"(Crews and Aldinger, 1967; Penparkgul.and Scheuer, 1970
Steil et al.,v1975) when cardlac eniargement is‘induced by \;\
bexercise. .

:\g However, in experimental produced cardiac enlarge-
ment, evidence to support the hypothesis that" the hypertro—

hied heart might be functionally inferior was self- explana—

tory by such‘models simuleting pathdlogical cardiac\enlarge—'
. o

J
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ment (Dowell et al,, 1976 a),

The nucleie acids, protein and ennnnvtlvv tissue of
tho’myuuurdium In response Lo aimulated pnthuluglcnl conni"
tions g?vc bcdﬁ well documented olscwlicore (Badeer, ]572;
Rabinowlitz and Zak, 1972).

~

B~ CARDIAC ENLARGEMENT DURING EXERCISE

Cardiac Induced enlargement as a result of chronic
strenuous execrclse has been a subject of great interegt since
~early 1in this century (Haiti,. 1915; Vanlicre and Nor thup,
1957; Tepperman and Pearlman, 1961; Stevenson et al., 1964;
Venliere et al.r~19655 Crews and Aldinger, 1967; Arcos et
al., 1968; Bloor et al., 1968; Aldinger, 1970; Bloor and

Leon, 1970; Leon and Bloor, 1970; Penpargkul and Scheuer,

N

1970; Poupa et.al}, 1970; Oscai et al., 1971 a; Oscai et al.
1971 b; Tomanek et al., 1972; Jaweed et al., 1974; Steil et
al., 1975).

“ 'The stimulus that produced the dramatic alterations

v

in the structure and function of the myocardium is still

unknown (Badeer, 1972; Meerson et al., 1974). IQ seemed that

L)
-

the mechanism regulating the eerdiac enlargement induced b}

exerc%se is in direct contrast with the cardiac enlargement

"

mechanisms employed during experimentally 1nduced cardiome-

-

galies (Dowell et al.,/1976 a).
Cardiac enlargement is considered to be an impor-
/ o :
‘tant adaptive mechanism whereby the heart 1is ,able to sustain

r : : »
the increase circulatory load produced by exercise (¥bung,

1970). o | BN



1= AGE_AND SEX _OF THE ANIMALS -
. X The effects of ape on the various functionn of the
\ ,
myncnrdinm have been oktensivcly rvvlvdud clsewhere
(Curntvnhli}h et al., 1976).

It\{n fmportant to consider the age of the animals
nhon dutermiding the cause for the curdinc enlargement, becausge
of the pecu]inr.ﬂequcncv of growth and development unique to
the heart -at dii{eronc periods. of development (Goss, 1964).

Bloor ét al., (i968) have shown that mild to mode-
rate swimming prodnce cardiac enlargement in &4 week-o0ld animals
after 10 weeks of sQimming one hour twice a week and one hour
every day rcspectiveiy. It was~suggested that the enlargement
wasda result of an inereasc in the nnmber of myocardiai,cells
(hyperplasia); In another study, using the same swimming
progrags, Bloor et al. a(1970) have concluded that the hearts
of young rats increase significantly in weight under mild
ghysical stress which didn't produce cardiac enlargement in
older rats submitted to the same progran.

When young rats (2 months oid) were subjected to
run 24 meters per minute for 30 minute's spaced by 30 minutes

4

|
rest repeated 6 times every day for 7 weeks, the'content of

‘ -

collagen in the heart tissue increases due to the intensity
f the training program (Bartosova et al., 1969; Chvapil et
al., "1973). When older rats (8 months 0l1d) were submitted

to the same training program, no change in the content of

&

collagen was reported The investigators suggested that

phxsieal activity affected the growth pattern of collagen

4 ;

i
s o i
\ o _ ,
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sipgnificantly In young rats,

A recent sntudy, uuing 3 week-old retlﬂ‘zau‘! submi g
them to swlim one hali hour every day has shown no change {n
heart weight after 3, 6 and 9 weeks of swimming (&ull et al.,
1975), They have also reported that the swinmming propram
didn't alter the growth rate and development of £hu heart,
This was also substantlated by Houston and Green (1975) where
they have demonstrated that tﬂv vxperimental nnlmn}n that
ran 24 mlnutes.at 50 meters per minute on o 127 grade, thelr
'hcarﬁs were qot*ﬁtgnificuntly dl}feronc in weight than the
control hearts in énts 3 to b-week-0ld, A consistent tendency
-was observed towards lower heart weight, although, not
significant.

It would appcan&thatjthe physiological stimulus
of éhysical exercise is most effective very ecarly in life.

The ideal period seemed to be between the ages of one and
five weeks after birth (Bell et al., 1975).

In adult rats' studies,, a more intensive training
Jprogram is favorable in producing ghy change in the ‘heart
weight (Bioor and Leon, 1970).

Th; training programs given to male rats, regard-
less of age, tended to decféase significantly the body weight
_when comparetho control animals. This reduced body weight
..increased the heart weight to gody weight ratio (heart ratio).

*

Most studies on adult animals were done on feéemale

3

rats (Vanliere and Northup, 1957; Crews and Aldihggr, 1967;

Oscai et al., 1971 a; Jaweed et al., 1974). It seemed that
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the body welpht was lewss affacted by the Intensity af vhe
training program (Oseal vLJ{i,, 1971 ) as demonstrated in
~
« e n —
the heasrt welight which dncreased stynificantly over the

control hearcs,

¥

I'm older rats (46 to 50 weeks old) sublected te a
) »

noderate awlmming program for 10 weeka bad thely hady welghtu

-

and ventricular welghts stgnificanely decreane as compared
to the control group of the sawe ape (Bloor et al.,, i?l‘x&).
The heart ratio of such rats was not altered even though there
scemed to be a loss of myocardial wmans,
> P

When similar trainiog programs were gliven to both
male and female rats, the latter exibited the greater degree
of cardiac enlargement (Vanliere and Northup, 1957). Also
when female and malesrats ufrv subjected to an fdentical
swimming prog;nm the female rats had a'greater increase in
heart welght to body bcight ratio (Oscai et a].f 1971 b).

It was suggestéd that the difference.in the obgcrvcd cardiac
enlargement was on accouﬂt of the reduced body weight dgmanar
trated b; the male rats, (Oscai et al., 1971 b).

Jaweed et al. (1974) have used an adapted training
program_ from Pattengale and Holloszy 11967) and have reported
an increase in the';eart r;tio in female rats. Dowell et al,
(1976 b) have also employed a modification of the Pattengale
and Holloszy's training program. - Using femalc rats, cardiac
enlargement was not produced by such a running program of
moderate inteqsity. The authors have suggested that-fgmglc

rats were not willing to perform treadmill exercise of the



.

intensity and du‘sat'iun used with wale tats (Hovell =t ai,,
14i6 b)), ’

It wvould appear from these studies that the cffects
of erercise on the myuvardiun Ereatly depend un the age oF
the animal, 1 changes of the myordrdion Components {u aduylt

tata are Lo occur, the {nlenatty gad ¢ digtation aof the

gxetreises have to be augsiepnted accordtinply.
2= TYPES OF THAINING PROUEAME
Trataing programa uned witl small animals is the

ntudy of the heart respunuse o exercine have vanged from
voluntary running oo 4 Yevalviang vhee! {Hattl, 1915%: Jaweed
et al., 1974} to forced-running on o smotor driven trvads=ill}
(Vanlicere and Northuy, 1957 Vanliere et al,, 196%; Oseai et
al., 1971 a; Hounten and Green, Y97%; taweed ot A1, , 1974
Dowell et al., 1976 a; Dowell et al,, 1276 b); from uwinming
in a tank with additional weights attached to thelr tails
(Crewns and Aldinger, 1967; Bloor et al., 1968; Bloor and
Leon, 1970;.Oncai et al., 1971a; Oscail et al., 1971 b; Jaweed
et al., 1974; Bell et al., 1975) to weightlifting by climbing
a ladder carrying weights on their .backns (Jaweed et al.,

1974).

a- INTENSITY /

.
&

Mild swinming exercise (o:nc:- hxc;ur twlce weekly for
10 weeks) did not produce cardiac enlargement In yo*unp; rats
(Bloor et al., 1968) but when the anima.ls were subjected to
one hour daily for 10 weeks, cardiac enlargement was induced

14 -

by the chronic exercise. In another study where the male

[



“»animals were sw1mming a half hour every day for 9 weeks no -

;change in the heart wei%ht was reported (Bell et al., 1975),

\In a‘recent study, young male rats were submitted to a runnlng
. . [ .

,;zprogram on the treadmill at a speed of lO meters per mlnute ?r‘

"ﬁfhave any effects on the heart weight

FI

"}1967

dffs:and £;§hw 1970)~»>i_odikpy}ff;k

zgﬁhour‘every day respectively Crew¥ and Aldinger (1967) haveﬁu

liftwice weekly for 10 weeks and the swimmiyg program didn t

. . \, ECRY A

”-reported 1n body weights and 1n heart weights.‘ There was\a

s . o

-‘c&h31stent tendency (although not 31gn1ficant) towards lower i%“

\

.~

_valueS\Nn the exerc183% animals when compared tm the control

T

jhapimals (Dowell et al.,'1976 a) g-;:;t;'-'i'; uiq'pi;um zfi?ﬁﬂ

”‘..‘-\_ﬂw""- : ;,: ‘. . -
b—, DURATION e ;aww,&n_f '. i

’?.Y'ffaw In terms of the durJtion o7fthe training prbgrams,

‘dBell et al.; 1975) anf for as lqng as 10 weeks (Bloor

'\." . “ . i

In thé former studies* he training program consis

et

~"'of sw1mming,é1x hours per day,.six days per week and one*half

- Q-J\

';evfound a signlficant increase in heakt weight whereas Bell et

.;;.m’ 4

)

JﬁiLeon, (1970) have SubJeCted their anim\ls to swim one hour R

- ‘consequently no-yf’”

Logd '.,

N fhcardiac enlargement was observed

'~in~nesponse*to«exerciseqﬂ*‘; R if;ﬁ” SN e

A Lol : : : : L

o

hffor 30 minutes per day ‘for 4 weeks No differences were u_f“*“:

¢ .

'kstudies werelconducted as short asw3 Weeks (Crews and Aldinger;‘-’

(1975) have reported no cardiaccenlargement._'Bloor~and f””w



'vaf_{, e sed the.

\ ;"‘ B .‘ 3 -" o “: . ‘/ . }
\h}' S o ol
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o ';1— MYOCARDIAL WEIGHT' S B P

Ty

/ : w»‘ - Since the first study on the effects of exercise on

the cardiac musqde weight (Haiti f1915),'numerous studies
‘/ have been undertaken (Vanllere and Northup, 1957 Vanliere X ﬂ.nv

°

et al., 1965; Crews and Aldlnger, 1967; ‘Oscai et al. 1971 b;
‘;f"/ Jaweed et al ; 1974 Dowell et al “1976 b) Such studiesfk
> Sk, ) , Q : ’ i
. %
‘/ have used the heart weight as: an indlcator of cardiac enlar—'

gement Consequently,'a heart ratio (heart weight to bodyiﬁl ;)

R 7

!
Q# weight ratlo) was. frequently used t0festabllsh if an: altera-vy S
/ . U S cee A
s AN

- N v

'tlon 1n the heart growth had occurred as a re5ponse to chrondc

fﬁexerc1se., Thls practlse Was cr1t1c1zed by Heroux and Gridgement

‘(1958) A regression techn1Que Was suggeStedrto nqrmalize
’ i : :

ﬁfthe heart weights for differences in body weight§¥at\the time,f‘

\\\’

73fof sacrlfice 51nce 1t‘was shown that the heart groth didn t

S Ay . . o Rl . B \\ .
?w;not parallel the body growth when subgected to exeyéise (Oscai\
. . N et . oy \\\;‘\

'.j7\et a1"5_l971 b) as normally observed in control young animals

(Dunn, 1947 Ostadal et al 1967) iddf;;""
nt”in'exerc1sed male animals, the rate’of growth as

: 1nd1cated by the body weights seemed to be thluenced by

.

-37exerc1se. In most cases the exercised male animals demons—,

ftrated a less weight gained when compared to free eating

©

‘lcontnol male animals (Ha1t1 1915 Vanliere and Northup,_

”'1957 Oscai et al 1971 b Bloor et al 1968 Bloor and

% Leon, t?70'”Houston and Green, 1975 Dowell et al., 1976 a%

ﬂ_'According to Oscai et al (1971 a) male rets that exerc1sed P
: S oL ‘ Do T : o f«ﬁf=/

et




- | Y.
. . D . ‘ ?‘ = .

fvigOUrQusiy tended to demonstrated an appetite suppressing

T.jal,,‘1969 Oscai et al 1969)

','place due to the 31gn1f1cant increase 1p the heart s ratioi
, . O Lo . , :

mepositive correlation between heart weight andgmax1mum cardlac'v

'r:¥output (Arcos et al.; 1968 Beznak et al., 1958) S

"in the mafifﬂm capacity to deliver blood to the exerc151ng e

“”"muscles would not significantly increase in weight relative o

#'to its body weight Hence, studies on skeletal muscle invol—’f‘

5effect as noticed by a- reduction in food 1ntake (Crews et

*]Ian increasé in the heart welght to body weight ra'

i

EEEEIEN . . ,_.-..m\‘

This condition appeared not to be the case in

exerc1se female rats where no signiflcant changes in bodynv

weight were found following chronic enercise when compared
, \

dto the control female animals (Crews and Aldinger 1967'
“Arcos et al ' 1968 Osca1 et'al 1971 a, Jaweed et: al

‘f1974) and when compared to the exerc1se male animals (Vanliere

ﬁ\Northup, 1957 Oscai et al. 1971 b) *fi :7_;}'- o

‘ Cardiac enlargement 1Was suggested to have taken

(Jawped et al.; 1974) » ‘-;: o

;*fl';f In relation to th1s ratlo,i~

J-.\ J— . B

Hences

,exercise°an1mals can thus, be a53001ated with an increase

e

wfimuscles. This would be more beneflcial if the skele 1

.

v{cises (i e. weightlifting) dldn £ produce skeletal muscle s

.ehlargeMent (Holloszy— 1967 Oscai et al., 1969'433W§¢d7¢t5

¢ o

,1974 ;Hickson et al 1“1976). :i‘,‘- S R ey

h~figving excercises (swimming and running) and alSO strenght ex r—h:



’}'fal.,\ia76 b’ rats.;gf

{' P L .\... ' T ,»v r.-

<o

Such studies revealed'that when asseSsing a'mrue

> ¥

cardiac enlargement in male animals the reduced body weight

"must be taken into con31deration. AR T

b
il

R 2= MYOCARDIAL NUCLEIC ACIDS AND‘PROTEIN'CONTENT

\\
‘ i

A cardiac muscle enlarges in response xo chronic exercise as

v

shown With a- concomitant 1ncrease in the heart weightwto

/
. . y ‘ L .
body weight\ratio. B e [ R -

The increase 1n DNA content of the‘deueloping;v"
! o .

'_heart was found to be almost proportional to the increase

o,

j'in heart weight (Morkin and Ashford 1968) The inﬁrement

':observed in the heart weight 1n response to exercise would
. Yy

necess1tate a concomitant 1ncrease in the nucleic acids of

4

vthe‘myocardlum as expressed in the DNA and ;%A content andv

‘wconcentratlon.-"'
: .

However, few studles (Bell et al., 1975' Dowell_ '%'

"'wret al., 1976 a, Dowell et al., 1976 b) have attempted to

’evaluate the effects of chronic exerc1se on: the protein,

-T” ynthesis of the cardiac muscle.!ﬂ“h
) Such studies‘Tere conducted in"young male (Belln
ﬁjet al., 1975 Dowell“etrali 1976 a) and female (Dowell et

».

S

One study (Bell et al., 1975) looked on the eifects

'of chronic exercise on the growth pattern of*the card.ac t.r\\lL‘

. fmuscle._ In this invest1gat10n,.3 week—old male rats were'lfb
: ‘ B /

'.;?subgected to a swimming program of : one’ half hour per day,

“'.jevery day for 3 6 and 9 weeks of duration = The training"

’

A Investigators have substantiated the fact that - the'
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,program didn t alter thc growth pattcrn of the developing rats
:;%nd interestingly enough didn t produce cardiac enlargement
T,'The heart.weight »myocardial DNA and RNA content ‘and the total

myocardial protein content increased signigicantly durinthhe

. e
T~first nine weeks of growth both dn @ontrol animals and in‘
: \ \

exercised animals. 'After thls period the paremeters measured

stayed fairly constant and no modification was found between

(V;the control and the exercised animal//at any given time during«

athe sw1mming program.

"
°

¢

>

.7 \ B
§ that 1n order for anybexercise program to influence\myocardial s

nucleic a01d concentration or‘protein content, th& eXercise

vperlod as poss1b1e before the

’?must be, applied for as. long
- onset of puberty,“ Suggestlng

the ahfmalsr

1”4976 b) and male (DowelL et al., 1976 a) rags, no ‘ignificanri

hchanges were observed in the myocardlal levels of:DNA anFQESn,")
id-after chronicvofisimiiar intensity i e. 25kmetersjper ;igutth i;!
\d\ for 60~m1nutes:per day,,S days per week for 8 andfll'V?EkS”,‘ '
. :of duration respectivrely i.;t,‘n;}f t‘:; o v T

! v Lo

‘Since no signlficant changes were found'in'the“vuz

hinufleic acids level in the exercise nimals»gBell et'ali;

'.\1975 Dowel et al., 1976 o Dowell et a1, 1,976)1;),’ 1t ;,a;s

T

‘j:unlikely that the adaptiye\response represent an- indrease in

} o

,:myocardial protein synthetic activity above normal levels.,'g‘
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3- MYOCARDIAL CONNECTIVE TISSUE . -

The supporting elements of the cardiac muscle can
be’ referred to as. the non—myscular proteins, eg. the heart's-

_connective ‘tissue, and ,yalso isnbelieved-to'bc‘the‘onlv protein

N ) ., ' 4 IR
in mammalian tissue that contains the imino® acid, hydroxyprq—
line (hydro) . o “‘“,
‘The role of collag n in determining the, aging process

‘of an organ has been consid ed since it*was believed that an

_increase of crosslinking of the collagen macromolecules also

RS “ 3 )

occur with aging’(Chvabil‘et al., 1964; Sasaki et al.., 1976)

'But r%sultsjreported were”inconsistent as mentioned earlier .
R o SN . »
“in the review. ' '

. ) I a

. ") ' »’w \ . ]
In‘experimentally induced cardiac'enlafgzment.,the

~

1ncrease in myocardial DNA synthe51s was suggested to repre—

A sent the increase in the normal sYnthesis occurring in inter—
i e p. [ R .
‘stitial cellS*anﬂ not in’the synthetic activity within,the

‘ myocardial cells (Morkin and Ashfofd l968)

PR i

No increase in the content of the myocard1a1

[

4

Qcollagen was found when thyroxine was administered to prodmce‘j

5 -

‘-cardiac enlargement (Edgren et al., 1976) such was not the

‘,case in oxhersforms of experimental cardlomegalies (Buccino
_ et al., 1969 Grove et al ' 1969 b Bartosova et al., 1969
”““? SkOSey et a1.,_ 972) It seemed that the bulk of the' DNA
synthesis dmring such eXperiments was associatedlwithzmi:otic‘
:activity 1n ‘the less differentiated elements of the cardiac
tissue (Grove et al.; 1969 a) Goss (19661 has'suggested

'that the connective tissue elements possessed a greater”e D
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.potentiallity for hyperplasia than stiriated mﬁnclcn This

was also substantiated by Morkin and Ashford (1968), Grove

et al. (1939 a) and Skosey et al, (197R), that the connoctive
’tissue'cclls:of the adult heart of the \rat in similar inves-

tigations,‘proliferated rapidly and occurred almost exclu— .
1 -

sively.in connective tissue cells. ) o N
"When young rats (2 months old) were subjected to

‘chronjic exercise, the content.of collagen in the heart

tissue inereaSes due to the dintensity of the training program
(Bartosova' et al., 1969; Chvapil et al., 1973)., - From these

P
¢ o

two studies, the'experimental'animals were running at 24
meters per minute for 3 hours,‘running‘for 30“minutes
- spaced by 30, minutes of rest .for 6 weeks and 9 weeks res-

pectively. When older rats (8. months old) were submitged

to the. same training ptrogram, no thange in the.content~of
collagen was reported. The investigators have suggested
that physical activity of such intensity has-.affected the

growth pattern of collagen significantly in_ young rats.

In contrast to these reported observations,‘Tomanek“

’

et ‘al., (1972), Steil et al (1975) ‘and Dowell. et al (1976 a)

'have shown no change in the content of collagen in rats

: ‘,,_»r/ E
heart in young (2 to 3 monghs old) and'older rats (10 to 12

‘"months old) ' The inten51ty of the training program was con~-

! ;sidered mild to moderate in nature, ‘and lasted 4 to 12 weeks.

0 - : ¢ R
'These reported studies suggested the importance of

-the intensity of the exercise when applied very early Ain

‘4
Y A

°life, 1f significant alterations\in the connective tissue of

I

P
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the heart were to occur, o

111~ éONCLﬁSIONS K ;
It écemﬁ logical to conclude that the reported
‘1itératurc“on_the effects of ch?onic éxcrciéefon some se-
lected pa&ameterstpf the hearf ;uscle, can be altered,

The myocaraialanucleic adids‘seeméd not to bel
influenced by any type of exeféises. \ ) |

. The physiological étimulus (i.e. cxerciée) seemed

to be‘morg‘effective in eqfly iife'than latei when}the
aniﬁals approach senescgncé. |

Thefe seemed to be a‘neeﬁ of an exercise program
<bf‘véry high intensity extended f&r'seygrél months Qn'young

rats on the selected cardiac parameters,. _ ' > N

4



APPENDIX B
a

I- PURINA CHOW DIET

Y

%
II- AEROBIC TRAINING PROGRAM"

III- ANAEROBIC TRAINING PROGRAM

TV- TOTAL DISTANCE COVERED DURING

"TRAINING PROGRAMS

ES . .
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APPENDIX RB-1

. 7

PURINA_GHOW:

Xi

lJF Crude protein not less than .o o A3
’ Crude fat not less than

-

Crude fiber not more than
‘ ‘ Py

) . AN . ",.“ i NS
Ashsnot more tHum/ . ... %% iy OBROEN
e g /4 \ 4-17 st DA

4 ) . b ' i 3

Meat and bone meal, dried skimmed milk, wheat germ

4

o .
mea;{ fﬂsh‘ﬁeal, dniﬁhl liver meal, dried beet pulp,/ground
mexéruded corn, ground oat.groats, soybean meal, dehydrated
alfalfa méal, can molasses, animal fat preserved with BHA,
vitamin B supplement, calcipm pantdt%enate, choline

12
chloride, folic écid, riboflavin supplement, brewers'vdried
yeast, thiamin, niaéin,d€itamin A supplement,'D activated
‘plant sterol, vitamin E supplement, calcium carbonate,

dicalcium phosphate, iodixed salt, iron sulfate, iron ocise,

mangaﬁous oxide, cobalt carbonate, copper oxide, zinc oxide.
N ‘

105 .
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[ APPENDLIX €

BioCcHEMicAl PROCENURES

i- PROTEIN DETERMINATION
I1- HUCLELIC ACTINS EXTHACTIONS T

I1l- HEA DETERMINATION
IV-  DNA DETERMINATION

4

V-  HYDROXYPROLINE DETERMINATION

109



‘ﬂ‘A» ‘. B : )

Ao T PROTEIN: DETERMINATION ¢ APPENDIX G-I -

-

f ﬂ'.fyg The protein was measured by the bluret method asi'

‘suggested by Layne (1957) ;_h' ; ‘f' : ’/,hul /ﬁ

L TR - B R : . i e
’ o - . . . . vyl . .

_REAGENTS* i e «g:,,EQUIPMENTs :

a— Cupr1c>Su1fate AR
(Cuso4 SH 0), T

R 1 fb Sodium Pota331um T ‘Pye Unicam Spec—."

Se iU ove o s Tartrate T trophotometer‘*

R e (NaKC H, 0, .4H, 0),a-r~.,e R -
R e e 4767 N e N f .

R A R 107 Sodium Hydrox1de.1vif L ;'g,fa St S .

B v._" .v_j,,‘ E ‘...:,“:~ .“:. v, X (NaOH) : | s ‘.: e ‘. d - . . . ‘\.,, ) ‘ o

: a4 Test Tubes, s

- i PROTEIN STANDARD (BOVINE SERUM ALBUMINE - BSA) S
Lo ;jy;;; rﬁfﬂ Forty to 31xty mg of the Bov1ne Serum Albumine was

S o :
'w.fdissolved 1nto 10 ml of re distilled water making a final

isolution

Lo
[ .

PROTEIN DETERMINATION;AND COLOR REACTION ,ﬁ

ﬂ_:H* ~0 5 ml of the homogenate was added with re dls%illed

T
) ,‘-\; o \,

‘ﬁwater resulting to a. final volume of 1 0 ml To the protein

A;solution, 4 0 ml of the biuret reagent was added The p@%ple

/

icoloured samples were 1eft standing at room temperature for

30fminutesﬁandxwereﬂthenyread:in4a,spec‘ ophotometer at 550nmi

oy

:.fThe:purﬁlercomplexwwithiCopﬁéra ths in alkaline solution,.*fV

v’;making the"biuret~reagent is form by substances (eg ,animo
;acids) containing two or more peptide bonds.zr

‘;PROTEIN STANDARD CURVEJ

LERT

R R
Similar‘procedure, as,ahove (2), wasemployed/for

‘x

A
i

!
o
o

"the standard The protein standards and blank (?¢5di§{ill§dﬂmf




';‘df'Cnptic Sulfate and 6 gmﬂ

e e
, water) weTe analysed.witnteachléetvof‘protein deternination}v.,;‘ oy
. e B T P SO R PRI e
u,A —% BIURET REAGENT ! T S A R R
The BIURET REAGENT consisted of dissolv1ng 1 5 gm

\

e e A

[

|
4
]
K
&

aSodlum Pota531um Tartrate 1n

:;500 ml of re- dlStllled water

e

ﬁvWith constant sw1r11ng, 300

\;\7

'3ml of 107 NaOH was: then added kThe reagent was’ diluted tok

— TR
o,

t}l 0 11ter with re dlstllled watef apdﬁstored in ‘a paraffln - ffﬂ\af”
- I
‘1ined bottle.A The reagent usua}iy should keep indeflnitely

" but~must”be d1scarded 1f contaminated

> B e

P 5— SENSiTIVITY S
| The sen31t1v1ty of thagmethodpis\QIZS té,zOdjmg;f ihf'




©~ "\ NUCLEIC ACIDS EXTRACTIONS . APPENDIX C-II
. ' — . - i - .A" . B . P

The DNA;anq RNA_were extraeted with a modified =
Munro aud'Fleck'e (1966) modificatlon'of the.Schmidt—
Thannhauser s. (1945) method ' ' s ‘ S

°

. ‘REAGENTS . EQUIPMENTS SR

S , Perchlorlc Ac1d (PCA) . a—lSorval Superspeed'
/\\;‘g ._; } A . ] : \‘“ o RC2 B A\utomatlc
* N R S 107 PCA _"P . -_g‘_ﬂlf‘,'Refrlgerated Cen~“
T [RESE trifuge, o7
IR £ 0. 2% PCA; . b \
- S o b~ Vortex Jrr'MiXer;‘<'
~.,1’iﬂi—~ 0.6N PCA;L T o
L SR - e‘_;cj@Polytron homogeni—'
1. 2N PCA e T ,_‘,zer- o
‘u~bL'Sod1um Hydrox1de,_: =?{1 . d< V.I.P. CO, incubator.
; (NaOH) TR T T s B e
(electrolyte pellets) T ;':;\_‘v*

”'\17 0. 3N NaOh

A “’T"“~hg;e— Methanol (methyl l“f‘hgﬁ‘f' 15"ﬂivfiﬂ.h"ﬁ“ fahllhr*
] AR Alcohol) ey S : L R
*ﬂivwffx'.‘:‘\f fThe frozen 1eft ventrlcle was homogenlzed with a e
A | -
Polytron homogenizer in re- dlstilled water (l part in 20
. Py R | \ . .7" i
x 'r;j‘:volUmes)H Duplicate of 2 O ml allquots of the homogenate_,

-~ ;o'. o E - 2,

were used for the exttactions of the nuc1e1c ac1ds.' ’Q“”1w’

; ,U*”ﬂ- S DNA and RNA extractions.~._ O P TR T RN

AToATb.these 2 0 ml aliquots.
'ﬂtiﬁﬂAdd l 0 ml of 107 cold PCA xmix well in a’ {T

1Vortex, qu.‘ o P S

i~ Add. 2.0 ml of methanol; mix well, aadﬁiét/f
v*‘““stand on ice for 10 minutes, ST o
Liii—;Centrifuge at 4000 x g fOr 20 minutes,w’“"le/_i;h

hufi§ffbiscard supernatant nd mi.
‘~i;'te£lon rod'ﬁ R S O

pellet with a




vdétérminationtrespeetiVelyu

h113‘

"vT,Add 5. o 1 of 0.2N PCA, mix well in a Vortex

and. centrlfuge at 4000 x g for 5 minutes o o S

‘.l(repeat twlce),

;vi-'Add 4.0 ml of 0 3N NaOH\to the pellet oropre—
cipitate and incubate for one hour .at-37 7 in a
V.I.P. cO2 1ncubator'-'

"vii—ﬂAdd 2.0 mi'Gf 1.2N PCA ‘to ‘the alkaline solution |
‘ _and centrlﬂyge at 4000 x g for 20 minutes,_ .

viii- Remove the supernatant (RNA FRACTION)

lixﬁ‘MlX precipltate well with a, teflon rod and. add
5.0 m1 of 0.2N PCA, mix well in a Vortex and = .
centrlfuge at 4000 x g for 5, minutes. . Remove‘/ﬁ:-”‘--
f-the supernatant (RNA FRACTION) and repeat twice, ;;'
:X—;To the well mlxed prec1pitate add 4 . 0 ml of
R af1y0 6N PCA; . LS |
B L EE o R R R
S “Xi—"Heat fom 15 mlnutes in boillng water,.let ceol
o for 10 ‘minutes after heatlng and centrifuge at
S e .jAOOO x.8 for 15 m1nutes, p-ﬁg _ ‘,.
L xii- Take 1 O ml of the supernatant for the DNA
',#-,'determlnatlon (DNA FRACTION) S

. see Appendices c—Iiijan&?CEIvlﬁof'fhé RNA ‘and DNA

i

St et a i

P T A



) RNA DETERMINATION. APPENDIX C-III

0 ' e

f The RNA contalned in the extract and the washings'

-were measured by the- orcinol reaction fo pentose’as/dese .

A
A

“crlbed by Schnelder (1957)

EAGENTS S f : . " EQUIPMENTS .

. Calf Liver RNA . ©. a- Pye Unicam Spec-
IR P . *trophotometer.
s bj'Ferrlc Chloride o o T
(FeCl ) ’ B ' ’ X

L eidi=c0. 027 FeCl,
oo ”dlssolved in. . :
o o concentrated SRR S
.o .. . HCL; .. S 8

‘e- OrcinTl‘reagent*nl

o : ‘~1i% 6% orc1nol PT:';:'f'p ‘?1J

C

‘1;3 RNA STANDARD SOLUTION (CALF LIVER RNA)
. T “,\J . -
i Three to fomr mg of the Calf Liver RNA was dlssolved
1n a 50 ml gradlent flask w1th O 3N NaOH.;’The standard |
A‘solutf%n was then 1nc;bated for one" hour in a. V T, P. 902

'7incubator set At 37 C ’Following the incubation,‘thei
T,standard was then placed 1n bolllng water for 20 mlnuteS.g
. i .

The final concentratlon of the standard solution was betweenu
.60 to. 80 ugm per mllllliter of standard RNA solution..

2= RNA DETERMINATION AND COLOR REACTION

@

”“,A 1 {3 al of FeCl» (0. 02?) and’ 0.1 ‘ml of 6% orcinololf

b'f‘Were added to l O ml allquots °f the RNA fraction (0 5 ml

“aRNAf 0 5 ml re—dlstllled water) 1nto screw cap tubes and

4

‘placed in b01ling.water for 20 minutes.‘ After cobling for

L

‘10 minutes the green coloured samples were read at 660nm in

SRR <



3 RNA S%ANDARD CURVE

o

e

115

-,

a sbectnﬂghotometer. The orcinol reaction depends on the

N

| hydrolysis of ‘the RNA (heating at 100 ¢) to yield furfural

ﬁrom the ribose and this then reacts immediately with or= r
N N 9\' / . . . o ‘\ .
clnol to 'givé an intensiye stable green colour.

* 6 4 l ' . .
% To a volume of 2 0 ml with different concentrations :

* [}
r v : K &

of the\RNA,standard and re- distilled water, the RNA determi— : \‘.'ﬂ

nation was- analysed‘using the same ana1y31s outllned above‘ o

+ o N

(2).“ RNA - standards and blank (re—dlstllled water) were

"analysed with each seb of KNA determlnation l';}[«f‘ o R

n . . . SN

= *ORCINOL REAGENT;;v- .0 4"‘" SR ;

The orcinol reagent was made da11y prlor to use
and consisted of addlng 1 0 ml of 0. 027 Ferric Chlorlde and o
O 1 ‘ml. of 67 orc1nol to the RNA sample. -Ihe orclnol;was

dlssolved with 957 ethanol Y ;>~’~l'ﬁ -;:;3'~->yﬂd‘.t*.

15




2 - 3 f} l
; ‘ |
R DNA DETERMINATION | APPENDIX C-IV
- \ ‘ . foa ' o ‘ . Cot

-

DNA contained in the'extract.was measured by the

-
°

indole reaction for- deoxypentose eccording to the procedure

of Ceriotti (1975) as modﬁfied by 'Reck (1956).
! NREAGENTS T Ch EQUIPMEN?S'
T . SR .
o : a—;HydrocholorKc Acid . ‘ 'a— Internationai
o . Ul (HCL) ) k t Clinical Centri-
o N L fuge,
SN Loie 2 8% HCL; , L , .
o] - | , S bq Pye Unicam Spec-
B YL b- Indole* *3 ‘%’ trophotometer.

‘o , ° T X . i . . . ]

w" < i~ 0, 067 indole.

~l;_ DNA STANDARD SOLUTION (CALF THYMUS DNA)

‘4

Three to four milllgrams of Calf Thymus DNA was {/

dlssolved in, a 25 nl gradlent flask with 3 0 ml of 0 3N*

i, NaOﬁ and about 15 ml of 0 6V PCA was.thereafter added “The =
N ' @ A Lo : )
Btandard.solutlon was heated'ln b01lingrwater for 15 minutes

) and cooled 1n~icé for 10 mlnutes.. The‘éoiutidﬁ'waé'then e

o

brought up to a f1nal volume of 25 ml making a flnal concen-—

i )”f; tration of’ 80 ugm, of DNA. per millillter standard solution.ﬁ
R . DNA DETERMINATION AND COLOR REACTION B . "' .
N :‘,K,\' - ] . i
;Y H\g‘“_~ A 0 5 ml volume of 2. SN HCL and 0 067 indole res— -

v?:pectively, vere ‘added ‘to 1 0 ml aliquots of the DNA fraction

i -
-

into screw cap tubes and placed in boillng water for 15 o

»

- minutes.- After cooling for 10 minutes in ice the hydrolyzate,

AN

ewas then extr&;ted twice w1th equal volume of %so—amyl
L - '

d'acetate (in thls caee 2:2). After splnning foL 1.0 to 2& ' vf

“secs in a ckinical ceatr%fdge,.theasdspended.iéo—amxriwas,'
then. discarded -and the“yeliowvcoloured samples<were,readxfb
’ ) T ) . B S - - ) TG \ - BN

i P Y . . / . N .
P S (R ‘ ST P

Ly e



'abqorption peak at 490nm.

'3-'. DNA_STANDARD CURVE.

h4—f *INDOLE REAGENT | e

117

in a spectrophotomcter at 490nm. . The rcnction 6f decoxyribose

v

with indole in 2. SN HCL givee a ycllow colour with a, sharp

,I

\

ot

To al.0 ml volume of diffefént concentrhtion of °

- . -

7the DNA standard with re—distllled water, the analysis was

similar to th@ one descmibed above (2).  DNA standards and,
o : A

blank (ré—dispilled‘water) were analyzed with each set' of

DNA: determination

-

TheAindple‘reagent'gonsisted ofjdis§olving'0.06"gm

“into 100 ml with ferdisfilled water.

5+ SENSITTIVITY I | | :

The sensitlvity of the hethod is Sugm of DNA¢and

! N ’ a

./even down to O 2 or 0.1 ugm. in micro modlﬁlcatlon

/
. ¢
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HYDROXYPROLINE DETERMINATLON APPENDIX G-V
, | o
A modification of the method of Neuman and Logan

B

(1950). wvas used to determine hydroxyproline.

REAGENTS BEQUIPMENTS
h?DROXYPROLiNE EXTRACTION _ a- Castle Orthomatic

' : L o Autoclave;
a- Hydrochloric Acid ‘ ‘ o !

(HCL): »
i- 12N HCL;

b- Congo Red Indicator:

“ii- 0.5 gm dissolved - A ‘
in 100 ml 25% * : ’
ethanol; '
c- deium Hydroxide . : ’ '
(NaOH) : , o
. o ¥ L .
i- 3N NaQH; I ' .
> . ) . ° ] s 3
'd- NoritA (alkaliﬁe).A
HYDROXYPROLINE DETERMINATION  a~- Water Bath - Thelco;
a- Cooper Sulfate b~ Metabolic Shakiné

ILncubator;

e

(CuS?a);

c—'Pye Unican Spectro-

. 1~ 0.01M CuSO
’ photometer.

4§

b=~ Sodium Hydfdxide" A ,
~-  (NaOH) - . ‘ ¢ e

i- 2.5N NaOH;

e S e- Hydrogén Peroxide

Hg00: e
i- 67 H202{ 

&; Sulphuric‘Acid'
’ (H2804): ;

31— 3N H.SO,; _ S
i 2 é . o G

118 .. o :

[
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b d
¢~ Para-Dimethylamino
Benzaldehyde (p~D.A.B.):

{- Twenty-five gm of 1 : .
' rtcﬁy,tallllgm p-D.A.B. )

was made up with 500 ml

of CPN propanol to make

S a 5% solutlon. a

“

1~ HYDROXYPROLINE STANDARD SOLUTTION

The stock, standard solution consisted of 0.1 gm
Hydroxy—L—Prolinc in 200 ml re-distilled water making a
final'nydroxyproline concentration of 500 nmg per.milliidter.
This stock solution was stabled for up to 3 months under
refrigeration. ' >

2~ HYDROXYPROLINE DETERMINATION AND COLOR,REACTION

° - One ml of the ‘samples of 1. 0 ml each were done

in triplicate. To the samples, the following reagents were
added in sequence: 1.0 ml of 0.01M CuSOa; 1.0 ml*df 2.5N

2°2°

'vigorously at room temperature for 5 mlnutes and then in-

Nz2OH and 1.0 ml of 67 H,O The test tg%es were mlxed

cubated into an: 80°c water bath for another 5 minutes. The
excess perox1de was destroyed by shaklng v1g0rously during
the incubation. The samples were'cooled quickly in an ice-
water'bath. Four mllllllters of 3N bZSO were add w1th»
agltatlon and then 2.0 ml of SZ —D.A.B. were added The

samples were then incubated in a 70 C water bath‘for 16

minutes and then cooled in tap water. The pink coloured'
' [ .
samples was read in a- spectrophotometer at 540 nnm.

]

3- HYDROXYPROLINE STANDARD CURVE

~To a volume of 1 0 m} of dlfferent'cbncentratiqn

o

. of the hydrdxy—prroline stqck solution,ﬁl, 2,5, 10, 15,

©



1

120

e

L0 ugm/ml as requirved) and re-distilled water, the ana]&uis
was conducted as above (2). Hydroxy-L-Proline and blank ’
(rc—distillcd-watcr)‘were analysed with each set of hyﬁroxy*

proline determination,



- 3 .
APPENDIX D

P
~

RAW DATA

FOR EACH DERENDENT -

'~ VARIABLE
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' . APPENDEX DI
TABLE 5-Ray Pata for Body Welpghts (8U)
Heart Welghts (W) and Left Ventricodar Velghts (LVW) .
of the Diffevent Groups of Anfmals

AR -y v [ S, : E [P e VL U

18 Cl4 AN Al4 €25 ANDSG A?5 C33  AN3T A%

DS TR

BODY 1247 4730 436 314 h00 975 4BL h40 411 31
WEIGHTS . °119 464 54 - 410 0 495 454 41% 464 525 560
(grams) 123 435 . 362 348 468 534 453 413 495 47
114 420 338" 356 480 500 439 517 515 483
117378 392, 396 568 AT YY A 463 355
<123 372 - - 371 158 482 500 458 543 471 476

119 402 407 388 465 471 469 515

- 122 428" 289 334 518 506 '

117 411 151 532 456

123 :
Mcans 120 416 369 339 500 489 451 509 480 447
tSEM +1~ *t10  ti1e tas tio  two ts8 tao Tz tas
HEART 482 1310 1165 1182 1203 1414 1379 1373 1083 1098
WEIGHTS 489 1263 1080 1157 1321 1191 1205 1000 1282 1366
(mg) 525 1235 . 0956 1109 1278 1357 1229 1402 1284 1407

I - 417 1130 0887 0946 1190 1322 1165 1053 1329 1395
454 0489 1210 1056° 1329 1366 1308 1327 1192 1009
464 1118 1035 0563 1518 1243 1241 1214 1116 1220
490 1200 1121 1144 1200 1204 1389 1176
478 1276 0930 1100 1275 1385

. 442 1068 1102. 1344 1193
. 490 1283
Mean 473 1121. 1048 1040 1294 <1297 1274 1221 1214 1249
+SEM +10 +85° t41 F64  +30 #3033 +59  tul 469
LEFT 259 735 708 593 714 784 761 671  S80 612

VENTRICULAR279 720 642 728 889 648 670 538 631 689
WEIGHTS 284 707 528 31 742 745 654 653 678 721
g) 242 676 509 .608 650 709 665 548 689 670
’ 245 565 699 - 576 672 638 688 653 653 513

230 620 ¢+ 672 348 692 660 694 650 608 587

219 623 693 669 '

265 780~ ~ 602 675 680 R

200 640 608 695 633

246 . 718
Mean 251 674 632 596 710 684 700 617 640 . 632
+sEM Tr ot g t3s Fp h1y higDFar tyy in
——————————————————————————————————— e ————— —_— e —— e e e e e e
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TABLE 6 Baw Daras for Total Prateln Contunt,
Concentration and Frofein to PNA Eatde
of the Difforent Groups of Animals

BCO €4 ANYL ALA 0250 AM2L O AZS €% AHIY O A

TOTAL N A E A L T T = BT I 133 121
PROTFIN 99 1673 1% - 168 167 171 130 14% . 182
CONTENT Y 16 142 1712 165 16O 152 162 180
(i) e 140 122 133 152 167 A0 160 175
49 114 153 O UV R 151 147 155 119
e 127 134 - 154 Ih4 162 192 135 142
51 171 138 145 153 123 161 150
S 46 - 175 171 141 155 139
- 51 141 114 142 1
_ 1 166 -
Mean 51 143 133 132 160 151 152 149 151 149
Ysee oty vt v Yy Ay Y1t
PROTEIN 219 -« 224 199  wee 233 15 - 230" 198
CONC. 226 241 299 . - 189 251 255 242 228 264
(g /gm) 208 241 239 ° 239 232 222 245 232 239 249

237 218 261 230 233 235 210 292 255 —e-
—— 217 230 --= 277 - 213 219 225 258 232
228 218 238 -~ 226 233 234 234 263 272
——= 206 218 229 235 185 221 270
215 234 218 246 230 204 @

206 225 207 204 211 '
207 231 :
Mcan 214 225 236 227 239 233 230 264 251 263
tsEM th ety i 1y A0 I 3 2
PROTEIN 86  --- ——= 187  —-- 202 190 -——- 137 140
to -— 177 143  -~—- 118 158 185 206 131 214
DNA 96 128 144 178 154 168 220 177 175 201
RATIO 80 161 177 150 160 194 188 192 228 =
-- 103 192 120 199 190 213 174 222 156
130 156 174 -—- 204 - 212 211 202 199 182
87 172 202 196 187 162 197 206
110 198 206 197 187 189
. <118 182 179 167 168
108 . 182
______________ e m o ot v T o 1 St e 2 e 2 A e T o . o . T e A o e e S 0 e e e e
Mean 104 159 174 174 178 187 204 196 182 178
+SEM 7 *2 9 *11 thwo #y 7 0 18 14

v ot e . o S o o oo e S > = e ot 4 3 e W Y £t o o T T ot T T Aok i i S e T W T o e S S = = g oo T e o —



TABLE 7—Raw Data for Total RNA Content

TOTAL RNA 826 1109f
N "-,CONTENT
L Gy

Ll e

it e e i e e i e

:,’RNA*
3C0NC

.'J‘: tO . S

i 0,81
1.34.

360
359
. 552
‘ j;637

[N

‘Concentration and RYA to. DNA Ratio. ;gﬁ
g of. the leferint Groups  of Anlmals;‘»

——— — _.._.—_._.—.___.___._

© 1276, 1325;)1535f""
63351519 1 1709
6487 1324 —

0954
1095
0940
"1325
71557'j

, “l1398
, _ +91

j;z;zz

1,75
©2073
2048

2:- 293:
1072

124

"o AEPENDIxube11i, -

_........_._._..__..._._..._.._._._...__._._.‘_;_._._.._'._...v.....__._,_._._.____.___,___________

12705 S
+1251?g;“
.2.22;?.a
2.38 .
2,087 . -

e e

1.88 .
2. 53~:::L1w

’ 4 \‘.\ .

1“@&1 01%"

—em—.1.65

1.21 1.08
1,36 S—am

0.96.

. 1.18

F.A 1.20

a: "@ﬁeah' '
el +SEM

']_ 36 ".
+ 15 . AR

"1 23
o, 08

1.34

1»511

1,520
- 1.46
1,37 -1,
1.33: =4
2.06
‘2,57 .
2,31 2.

42,14,

————

)
&

<u‘4.“.

A s g e

sl
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oi .. TABLE 8-Raw Data for DNA Content . - " ARPENDIX D-1IV |
:iﬁl B ['anQFConcehtratlon and Total Number -of Nuclei . . .- = S
‘ﬂ”m-' S - of the Different Groups of Anlmals

o

——---———---——---——-—-————----—-——--——---——-——-—‘--———————--—---—;—-———-——--——-————-——-—--—-—--—-—--—--———-—-—-—-------————

DNA - f%f.-——v,‘ilol‘ Ceeol —m-— 0987 0940 0626 0824 \”0974g:0865"
" CONTENT = 535. 0923 ~ 1080' 0915 1424 1027 0925 0630 1096 0852 °
> (ugm) 5851230 0815 1042 /1189 . 0984 0728 0853 0932 " 0897
S ——— 0884 . 0692 --—— 0949 0854 0745 0832 °© Q741 B SRR T
375 1173 0819 0574 0884 0686 . 0672 0841 0698 0775 REIRY
© 303 0819 - 0659 . 0738 073L' .0694.-0719 0686 0679 0781’. ST -
459 0702 .0707 0715 0770 0711 0816 0732 . =
©391 0879.. 0584 0638 0782 .0700.° . . . oo
‘;‘A70‘.0775v . p6l6 08037 0754 el

! . 0864 » ‘
| Mean. :‘_?"_-‘.464_;-943 765 748 938 817 747 771 . 853 saﬁ SR
*SEM . #37 ‘61 el ¥e5. tes  tas t3r i3 o fas o

_..._.______._______‘.________-_..___...._..‘_.__._.._.____..'_._._u..-._.—‘___...____.____.__._'__.__..._._._._'.___._.___.._._..__'

. dseM ¥,13F.42 0 o toizc t.06 L .06 .07 t.05. ,t 13 t 08

CTOTAL . 96 ~176+, =—=" 099 - 159 . . 152 ° 101 133 157 140 -
NUMBER . -—- 149 174 =-< 0230° © 166 . 149 102 -178 137 -
NUCLEI = - 86 .,198 132 148 -192 . 159 117.."138 150 145’
(xlO Y 94 143 112 1'% 153 . 138 120 1347 120 -

= 189 132 - - - 143 - “111 108...°136° 113 -~ 125 .

61 132 106 093 118 - 1127~ 116 111 .. 110 - 126°
49 113 114 119 -124 & 0115 013271187 ln o Tl

74 142 094 115 7126 L1300 L T T
3. A o122 TR ;jr}fvi¢wj¢1_ S

SEESI VUM u ST I S

132" 121 124 138 135
122 '7"6‘ L
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i ‘ T ST ﬂV_ . LA
o . TABLE 9 Raw Data for kqlght per Nucleus, ~ APPENDIX D-V.
Lo PR - Hydroxyprollne fontent and’ Concentra‘blon ' S L
[T T T -of’ the Different: Animal Groups - ~ ~
__‘_______-_______’____________~______________________,__,_________._-___._____._..;_..__'...__'. ___________ % ’
BC .Cl4 " AN14  Al4 €25 AN25 A25 €33 AN33 a33
: WEIGHT 2.434.01 o 5.58.4.27 488 7.33 473 3.42 3,98
o Per. o —me= 474341 ——oo 3.71 0 3.74 408 4.88 3,36 4.69
& NOCLEUS  2.86 3.29" 3.70 4.01,-3.68 '4.32 5.20. 4,44 4.34 4,55
RS L o(mug) 2037 4057 4,18 344 4.02 4,90 5,29 3.91°5.55"
' - o===2.78 5,02 “oo=hlA7 0 5053 6,04 447 5.35) 3.54
3.41 4.42 © 5.36" 3.34 5.57 " 5.70 5.59 5.43 5.09 4,13
‘ 3.74'5.17 ' 5.55.:5.31 .4.94 .S.44 5.55 - 4.69 -
2.99 5.28 14.94 4.98.75.07 - 5.72.: - . .
, 3.41-5.00 -~ 5,34 5.10 :
) 3.24 4.90
Mean: 3.12 4.33° 459 4.57 4.57  5.02 5.61 4.65 4. 59 4.18 .
tSEM T.is .28 +i32 36 ¥i30 +loo Y35 . +.18 +.39 +.93 S
'HYDROXYf 056 - 2600 209" 286" 330 . 304 - ~,_313” -317,f‘
PROLINE . “—— 365 . 276 . 374-- 312 281 . 270 353 290, .7
CONTENT .- 105, 351" 243 212 281 e, 299, 3120 369 446

e 059 364 214301 b e 279" 374

~—-- _ 0.58 0.56

 HYDROXY- 0.29 == 0,40 0.37  0.40 0.4, 41 -
0,44 ——~= 0,59 0,45
48

_PROLINE. - -===""0.54 0,46, ——c- .0.43 '0.50

0
: : 0 . SR
CONC. .  0.42 0.53 .0.49 . 0.357°0.39 ———. g. 8.0.47 . 0.56 0.67
- (mg/gm) - 0.26 0.56 .0.46 0.52 Cmm== 0.59° 0.44 0.71  0.58 ———-
o -o= 0,420 0.40 g 0.53 1 0.47 0.61 0.54 0.72 0.64 S
e C 0032 046 0,48 .52 0.50° 0.48" 0.44 -0.64 0.57 .0.58
Sooe 1 0.24°.0.38. 0.407 0,40 70.44 10,32 0.50 0,76 .= . .
R L. 0.42 0.44 0.59 .0. 40" . 0.52 0.s8 . B
S mma= 0460 ’“0,34;"0g36',o,46 o
- . 0.33 .- - 0.46 . ; o
Mean - 0.31- 0.47 0.46 0.42 0.46 0.49 '0.48 0.63 = 0.62 0.58
o FSEM Y03 tl02..%.02 %03 .02 tio3 +.03 .05 *.03 +.04
Nl L 9_-_-___________-_;;_;h-____________L;_________;;;__-__;_-
- o o




. TWO-WAY ANOVA -~ = o | '

Coamn L e :

STUDENT NEWMAN-KEULS. ==~ B B PO

8, -

FOR

B .EA-CH@DEPEN])ENT'VAI‘{_I‘A’.Q TR oy s

Y]
".“7; B -~ : - o
P \ . °

s SRt s A o R



"APPE'NDI)_( E-I

BI-J

sazenbg uesy :

:_;Eovouuwwmohwmmnwma_,

g

4.3 wwwmavm@mo.aam

201n0g

:.vﬂpmﬁwm>m

Hmons Aq0¢ pow muummmm uzmoﬁMﬂ¢MHm o ummH uom uwom mﬂnwxlcmasmz ucowaum vcm mﬂpma <>oz< mm3|03H|OH mgm<a

N L SR ~ o sk ; , m/w ‘.
. mwxmma €€ 03 Aomv mxmms S smmzumm ‘9 HV Lusonw Loma<soz< hmauoco mzu ucmmouamu OmHm g mousomn
*SaUTT. mumumamm ylim vmcﬂﬂnmvcn mum mumnﬁsc mau cmss mmoamnmmwav unm0ﬂmanwdm 3osmA v mmcﬁglmnh
Asmvh¢q (@17~ (@B)ece . (WS)0zT,  uesH dnoxn T@3y605, - (@8)087 ..Aath¢¢,,u.nuuz_aamuu
WO (G @eE  WGE uwen<woss . TEVTET @Eegy  (W2)005  uEen oz
S - S o . 9Tqoadeuy o o e xwmslmw
S @8ye0s (@005 @9ty . (@I)orT  ues dnoxy (u8)ece (WBYEIE . (WB)91Y __cmmz dnozg -
o N . _ To13u0) S RRPRE Heam-yT
syP9M ¢ Sya9M GF m#mms yT  S3o9M G R . Uﬂmoum<;w,uﬁnoummn<r..Houucno PR
‘ mm a01nog - 1.<;mouﬁow .
. ! . _ .m"uwua.uom,umom‘mﬁwugmamaamz.unvmﬁuw&
. W ,;mmﬁ. o R 26TH8Z - VIOL .
56878597 - 19 nNo 782 - VIOL L
T 899°T6LT .S wmq Hﬁomm o dowNE S
L19°0 8990 9ST'L6TT s mwo.mmh¢ e, _
000°0 . .7 600°0T 2SETEV6LT z <) £0L"9885€E- K
000°0 EvE T 8E6°YTTYL 3. T 8E6° 6728YT - .V IHO9IaN AQOE



129

<

S

< TIHOTEM I9VaAH 107 muommwm uﬁmuamﬂcwam uo 389y uom umom ma:mMncmEBmz usmvsum vcm <>oz< %mznoBH

- . - ks r ;.
: Amxmwa mm o3 Aomv m&mma g cmmaumn ‘9 ﬂv suSOMw uom <>oz< mmzlmco msu ucmmmuamu ome 24 muu:own
_ .mmcﬂﬂ mumum&mm yITs vmcﬁaumvcs sae mnmp&:ﬁ m£u uayM mmocmummmav uaNUﬂMﬁcwﬁm 3osm ( ) souri msam‘u. N
% N y B
[a] ) .
Z - . ,
= R
= * » LU
(Bm)eyzT  (Bu)yszT  (Bw)ow0T T (Sujgry  uesn dnoap ‘Awavmqwﬂu (qu)4TeT  (3w)TgeT - uesy dnoap - -,
‘ . S o ‘ . oanoym<. . . : R RN Sl % v o
(3u)¥TzT ~ (Sw)/6zT  (Bw)gvoT Awevmmq . :mmz dnoay Awquumﬂ (BU) 62T (3W)76¢T . .amwz dnoxs
o S ‘9TqoxseuUy . o B CEL.E
(B®)Teet - (Bm)y6et - (BO)TTIT. Awevmn¢ uesy gsowo; AMEVOQOH ~(Bu)ghoT  (SW)T¢IT . uesy dnoay
= < . R Toa3u0) - A e LECEL AN
S}oaM €¢°  syoem ST sY98m HT  syoem ¢ . “ oﬁpowm< : Wﬂ@onmmnﬁ "Tox3juo),
_ ) -q€ uuuswm o . ﬁ‘;_ | “V mopvow .
o . .umma uom umom mﬁnmx|cmssmz ucmvaum
| 669°85c0E ~. L . g . 000°60T8TTZ . TVIOL . ..
. - 000°,687% - 29 .Hao.@mQQAqH_ ...waommm‘_,‘J
€9L°0 Tz 6TZ°STyL -y Se8t0996z Ay SRR
000°0 SOTT'®T . oTvrTZEy . . T 3 ~zg: «qqmﬂ ._,_. q . .
000°0 - - Z0E*L €90'680£E | 7 ‘ 88T mnaoqm Y ¢ IHSIAN IMvad
- B R - Ty,
43171989014 oT3IRI-g ~sexenbg uesy Eovuuym,mo,wmmuwma.‘ ”;mmumakuNOmEamw@.w.mu“:om mﬂnmﬁpm N

-ﬂ, T4Vy, N



R A TN e T T

R :..w.u v | M S
| ; . <. R 1 .
- o * (f99m g€ 03 Aomv mxwoa m ammsump (*e° ﬁv nuSOMw 103 <>oz< mmSnwco 243 ucmmmuamu osTe ¢ muu:own :

o — .mmnaﬂ opheaedas suas nmaaauowcs a1e siaqumu °y3 usym S30U91337 TP ucmoAWﬁcMHm 3onm ( ) mmcﬁa,mcy
o) = ) ‘ :
L 1 L pae
: - = T
o . . , = N
= . p 4 .
i m - - .. ’ . . . ) e ~ .
£(3u)ze9 \_(Bw) 00z (3w)Tgz . uesy dnoxpy (BMze9 . (S0)0y9  (3w)[19 , - ueai dnodp -
e 219013y S S = xmmsnmm‘
Awavoqo vqwo (3w)TG7  uesay dnoxg - (3u) 0L Awﬁv¢wo (3u)QTL- cmmz dno ,_.,_ '
¢ 9TQoaseuy - . - A~ B G2 o A
(8u) (F0yo1L (BiyTc.  ueey dnoip (Bu)9es  (BM)ee9  (SW)yL9 . uesy dnoip
=, N ~ FI Toa3u0) - ) B . . . qeam-yT
SECEL A Rr CELY - AN CELYOL RN CET W CoL ‘dTqoady .. DTqoisRUY  TOAIUGY ) -
I 92anog ‘ _y @vanos . ” ST
‘ ] —— B .ummy oom umom wﬂsmxlsmezmz ucmv:um .
: 1 °F e
@ ) 7€ 0T9% -T9_ . - © £T8'67TT8T . . TVIOL . >
. 08%*195€ " 3 ©8EY'9L068T . WOWME
) 000°0 6’0 seriysze 0057 9TOET . &V
.000°0 €y 0T §26° 1192 © rsotgses 0 d .
B - . A N L Hmona‘,_
: - T00°0 - Shs°S T8 4STLE D vl €95°80SYL . .V WINOTEINGA Lat
. 4 ‘ _ C , . ‘.
hu._”,ﬁ,.n@mn._.oum. ) ,‘ o..num%.u,ﬂm, .mm.w.mn,.wm cmmz \ ‘..aovumum J0o mmmuwwn mmumsvm‘ 30 ‘E:.m‘ .‘ . mu.udow ‘ wanﬂﬂm?,
*IHOTAM WVINOTEINZA®T 203 muommmm #umuaMHsmdm uo umwa oom 3sog ma:mxlcmesmz Juspnas pue VAONV Kem-oml -ZT TavVL-
= ) . 1 - \ h e ¢ -




#*

T S T T ] - . . N \

~. \ ) c . -~ g H‘.,u.u,‘.(‘m?..ﬂi; ey g e ﬂ.\iﬂl - ’wl,lll..lule(\...i: )
W : - (s7@9m £¢ 031 (0g) SHIAA c cmmzumg..m.wv y3M018 X0 VAONV Aem-aug oy3 ucwmmumwu osTe ¢ uuunmwa_; A
= *s3uTT @3eaedes Y3Ta PAUTTISPUN DIB SIBQUNU BYJ USYM SOOUSILFFTP JUBOTITUSES AOYS(-—) SIUFT YL,
‘X B . " : g : .. , ; = LT . , .
= - J , — - - {
Z L — : Lo : SR :
= Vi - , . : o R
ay . . : o . P ;
<< S N , . . ‘ v . , ) B
(BayeyT  (B9)2ST Gn (BWZET - (FW)T5  uesy dnoap - TBWerT (BUyTST . (BW)6hT  ueey dnozd
_ - B ,01q010y | S S deemege
. _EDTET  (BW)IST | (FW)eer  (BW)1§  wesy dnoxp (Bu)zsT (BW)TST,  (3W)09T ~~ ueay -dndap
E . oTqoxaeuy = P - . MPaM=CT
. (3w)eyT (3w) 091 (Su)eyT (3w)T¢ uesy dnoxg = (JW)ZET (BU)EET  (BW)EyT  uesl dnoan o o
N o . g - . . . HOHDC,OU . ] , o [ L JUUNJIQH . o
T . sj99m €§ - syIem Gy s)aam 47 siyeam ¢ . < - o.wmou,m..«. 9TqbaseUY  TOIjuUO) . o
i qf wuu:ow : E . L R SR . v aoanog . . )
) A h T H e _ o 1891 0H 3504 STnoY-UBWMAN 3USPN3IS
o . : 990°€9E S, 19 - 68L'SHTIT . TVIOL i
8ET9TE . - . €S - oIg'cgLoT . . yowwd
T80 . 80€° 0 9T L6 A 0 99zr68E - vE ]
€970 CoTET BET OEY - A S0 9zro9s R
@O0 - §T9'9  0Tv'v60C T " zegreeTy € NISIONd TVIOL
£3TTIq9RqOIg ofiei-3  sezenbg uesy wopaszg wm Mmmuwmq:. sezenbg yo wng - ®danog aTqeTae)

Y .

- - : . o

-

*NIZLON TVIOL 103 $I09337 IUBOTFTUSTS U0 3591 00N 3504 STNSY-UeuMey 3uspnas pue VAONY AeM-oAl -€T TTEVI. -~

i



N ’ - ¢

*(S993m ¢¢ o3 (Dg) -seem G udsmiaq *a3°T) yamoxld zoj3 VAONY fepm-3uQ 3yz juassadax osTe ¢ 2anog © -

o~ :
il W ] sauT] 93eiedss YITA PIUTTISPuUN DI SISQUAU BYF USYA SIDUSADIFTP IUBOTITUSTS MOYS (— —) mmcﬂﬂ.o:H%
X . . . - - . L .v.
=
-z S
o B .
< . : . : : . -
(u8/8u)ggz (@WE/Bu)0ce (W3/BW)/z¢ (W3/BW)HTC uesy dnoxn = (WS /Bw)ggz (w3 /3w)TGz (W3/3W)y9g uesy dnoxs-
. ) - - : . , ) . ,. 3 . . _ o i R L xmmx}lmm
(@8/8u)Tcr (@8/3w)gee (wd/2u)ogy Aew\mEVQHm uesy dnoxy - (wE/Bw)Qgg (WS/Jwm)geg (W/SW)6Le uedy dnoay
. - 9Tqoaseuy - R : Soe R Sl ¥4 .
=3/3u)pgr (W3/30)6c¢ (WB/3W)cgz (W3/Bu)h{z  uesy dnoip Asw\wEVmNN.Asm\wsvoww.mMm\wavaN. uesy dnoap
: : . TOI3U0) L o o : daam-pT -
sys3m ¢¢ s¥99m CT s)9em HT - shI8M ¢ . \\\\\\\ 019013V OTqoxseuy -Tox3u0) U o ‘ Lo s
J | R B _  y@doanog | . - u
|J/‘ _ . : o H : _m"quH.uom 31504 STN9)-UBWMON UaPNIS
977° 28§ LS . Toy'66TEE  ,TVIOL . )
TOL*S6Y ey . eLLrg6eye qowud . ”
£L9°0 : i85°0 : T65°88C B s RIS ATT 4 w
££8°0 €8T°0  €we'06 - -z . 988 18T ¥
, , : - S _ : . . - |
‘ . . e . . . . \ NOILVYINAONOD -~ |
s - T00°0 88Y%°L ‘ ST TTLE - : . [4 . | Aomw,waqa ! - NIZIO¥d i
£3TT19BqO14 . 0F3BI=-g mmnmnwm uesy Bovmmum 3o ssaa8sq mmumdww Mo.Esw‘ _..mouzow .uapmﬁum> ’
: . - ... o ‘ S e . . L L w
< ++3N0D NIZLO¥J 203 $30973d 3uedTITUSYS uo 3sal 90 asog mwnmxldmﬁ¢mz.uaavnum mcm,<>oz<.%m31039,|u¢dmmgm<a .. Jpse

“ . B e

P




B e

"(sA%an €€ 03 (0€) SyEem ¢ usdmjeq .m.ﬁV £u3oum 107 VAONY Aep-sug m:u_ucmmmummu.omﬂm m,wousmw R

-7
>
T\”Iu. -
=
4
= i & ,
(@dn)0LzT (w8n)98zT (WEn)6yzT (W8NS
(=8M)86ET  (WIR)ETHT  (Wdn)yeeT (W8Nl
(EBn)gee]  (29n)TeyT  (Won)07gT (WBn)8Ls
S¥3aM €¢  S¥oam G7 _mxmm& T ~ s)99M ¢
’ ¢ @0anog
0528820,
" 88TTwsyme
£28°0 . 6LE°0 %65°TTZ82
. TLE°0 S 9To°T $29°L9YSL
€270 {L8°0 7478 TTESY
.£317T9BqO1g oTIBI-3 seaenbg ueay

uesp dnoiy
oT1qo0asy

mmmz dnoag
'9TqoiseUY

cmmzjwmouo
Toa3uo)

vs

9,

3

\

.mwcwﬂ @3e1edas Y3ITM PIUTTISPUN BIB SISQUNU 9Y3 USYM S9DUSIIFFTP JUBDTITUSTS moys (

) seurr eyrl

Aewnvommﬂ .Asmnvmmmap‘AEmmvwmma ueapy dnoxn .
: L APem-gg - .

(@8T)9geT  (WBR)ETYT  (W@M)TZhT  ueel dnoip

’ s R : N9IM-GT
@@y eyZT . (BEN)FEET  (WIM)oviT  ueey dnoin -
S - S CELELR .
9Tqo1dy  D2Fqorseuy  TOIJUOD
h Yy ®2anog _ .

*_$3898] 20
ot 3591 90H

‘

000°S65S6LE

1504 STNOY-UBWMON JUOpPnI§

G

wopo3xg yo saaale(

. A<Hma -
.oo@.¢mmqw¢w  gowuz | |
© o actorsat e L
omm.mmmOMA o v \‘,wwm L
wwo.w«momﬂﬂa. g <zmdqaeos. B
‘@2anog mmﬁpmﬁumw -

soxenbg o wng

L

‘VNY TVIOL 103 $30937§ UBOTITUSTS UO 3597

o

-

SOH umom4wﬁsmxncmezmz JUBpRIS PUR VAONV Lep-omL =5T TAVL

e

&




* (s®2am ¢¢ 03 -(09) S}P9M ¢ u3aMIAQ *3°T) YIm0al uou <>oz< amS:oao
*+sputrT 33jexedas I TA paufTisbun aie mumnssc a3 cmnzammocmumwmav JuedTITUSTS MOYS (

134
-VIT

]
P

SNDIX K
}

HADPP)

(=5 3u)yg z(w8/3u)ge” aAEwwwEqu NAEm\wEvam 7 ueay dnoay

‘

o

ayjl juogsaadax osTe ¢ muumom
)SIUTT B4l

q

5

AEw\mquN.NAaw\wevmmwwﬂaw\wavoa.ﬁ

ﬁmmz dnoxs

. ¢ 9TqOI3Y RIvm-CC .
SIESIE NAPw\wrvMN 7 (ud/3u)ge:” Nmaw\mevam N ueay dnoay AEm\wEvmm.anaw\wevam.Nﬁﬁw\wavaa.w ugayl dnoig
oﬂnoummc< " : Y S
Arw\mavmﬁ,mmrm\ Vwa T(Wd/su)ge T (wd/3u)Tg" N ueap a:ouw AEw\meva.NAem\mevwm.mmawwwawmmxa ueay dnoay
Toa3zuo) _ o | Aoam-yT
S¥o9am gL s¥a9m CZ s)sam $T " syooMm ¢ 0Tqoaay dTqoxaruy Honucow \ &
. u . q€ @danog - - Y 9vanog |
. ' m"uwoavuom Pmow STNay-uswWMaN ucuv:uw
z \ , . ’
- = 8€6° ZETTLT . 7S o - 000°08TS6Z6 TVLOL ’
88T*€9969T 9y _ 000°60SY08L  WOWHE
. 0750 98L°0 BEY9EVELELT Y ] 8E6'SHLEES . ve
. <8170 -69L°T 000°TZT00€E [4 T90°2%7009° A S
. O ] . - o NOTIVIINEONOD
[AVARY £06°0 £90°2€TEST [4 - 88T°%9%90¢ . 3! VNe
mwmaﬂnmpoum oT3BI-~j3 , saaenbg ammx Eommmuw wo.wmmummaw saienbg mo.asm uousom_ 9TqeTIEA

"XOIIVYINIONOD V¥ 167 5309333 JuedTyTudys uo 3s9L oom 3504 STNOY-UBWMON JUSPNIS pue VAONV AemM—omL

.= °TEVL




7

s ~U- . \

mﬂ@géiji,!%ziiaaulx gt e ’ : e - ) L s s T s s " -
“(su29m ¢g 01 (09) s} G usamyaq *o°T) y3mo18 103 VAONY Aem-auQ ay3 juesoidax osTe g muu:omp
- -sauy] 2321edas UITA POUTTIIPUN 2IB SIIQUAU 2Y3 UIYM SIDUSIIIITP FuedTITulys moys(— ) SOUTT BYL,
-3 : -
- o Ny T
7T €1 IL°T  €C'T uesH dhoig 25T T69°T . ¢9'T  uesy dnoip.
, ] . 3TqoI3yY - ) . . R CLL S oy
. 691 JA 08T €2°T uesn dnois ST A 9¢°f  uesy dnoip
, : “ ‘dTqoxseuy N o _ . AooM-GT
79'T 95T 9e°T T g¢'T uesy dnozny. TL'T 08°T 9¢‘T . - uesy dnoxp
, : : . Toa3juo) o deen-yT
sysos gf  S¥ee9m G7  syoem pT  BRsIM § 9Tqoray  0FqoIdBUY  TOIJUOD : .
: - & @d1no0g 4 ‘ - . © %y @2anog
) ) 4 k " - #3591 20H 380g STnoy-UBWMAN 3U9PNIS
\ ’ 09T'0 - s . TT8°8 TVIOL |
. coooseT0 . o . .s88'L  ¥omd
o £E5°0 . 680°0 . - . v . LSE*0 ve
222°0 986" T CT9T0 A L TS0 Voo :
188°0 ©9zTU e TOO0 "z > . _zpo'0 € OLLVY VNG 03 VNY
- —— =N . NI
. . . ,/ . S - . . .
£371TT9Rq0 ) o13BI-J - goxenbg ugay wopsaxg 3o s9valaqg saaenbg jyo umg . 902aN0g aTqeraspy - .
. . N - . ! . Lh - . : . _ . , . - o o
OLIVE VN oA\ VR 103 5399337 JUPOTITHBIS U0 3§0L DOH 3504 STNOR-UBWADN FUSPNIS PUP VAONV ABM-OML—/T ATEVL - ,




136

B

T

= “(s%23m g¢ EeY Aomv s¥3aa ¢ numnump *3'1) yjmoad oy VAONY Aey-auQ ay3 juosazdaz omﬁm g muu:omn
& . *53277 @3ezedas uyis
M - .
=
.
8LT 70¢ 7LT ?0T  ueay dnoay 8LT £8T 96T uedy dnozy
Aedn~gg
£8T (8T 7LT 0T  ueaR dnoxy %02 L8T 8LT smmz,azoﬂb
d9Tqoxseuy ydom~G7
g&T LT 6ST 70T - uesy dnoxp LT wLT 6ST uesy dnoxs
L e Texguo) M.xmm3|Qﬂ
SiS3n €€ s¥sam G7  s¥aea w1 swoam c 9TQoxdy  dTqoaseuy Toa3juo) »
D T A D i . e < s L 1 o . S s 3 o .'I.'I--‘I.alllll"'l'l'l"'l"’"'l" e — - p—— - ..ll.-l-l.ll&F“l-ll.'lllllual.l
q€ 2@2anos Y _9@3anos .
_ g
g 3891 OOH 3504 'STnoy~uBWMAN JUapn3g
100°0 5S 060°0 ™oL o
100°0 Ly 070°0 Lottt
£9€°C 960°'T - T100°0 v_ Y %00°0 ve
[A4°N 08%° 0 co0'0 4 T00°0 v .
0IIVY VYNa
5530 {88°7 200°'0 4 -G00°'0 g 0L NIZloud
—— - I.I-lhl".l - — - ||f —— e o = o -———
£377792q02¢g 0T3BI-g mmnwnvm ueay wopaaxg yo sasafaq saxenbg-yo0 wng 90anog mwamﬂum>
.nunmw :r\/MHHOMm 103 muumwwm uchﬁMﬂcwﬂm Uo 3sal ooy 31sog mﬂamxlcmﬁkoz juapnjig vcm VAONY Amzlosﬁ =87 79Vl




4

§ MOYS (—) mwcma auL,

ugap dnoan

4

ueay dnoi9

APom~¢E

$93m-G7

ueol dnoxn .

A2an-4T

IRELCAMED: 1804 STNIY-UBWMAN JudPNIS

' "
.6\.". . o .
- -sauyy osezedds yllm PIuVTTIIpun IaT $12QENU 2Y3 UAYM SIDUIIDIITP JupdTITUBT
_-IM . ) Y
¥R NS (SEh L7l (=en)gre  (=Sn)n9y UESR ¢no19 Enyves . (wen)ess (WIM)TLL
‘‘‘‘‘‘ e : 57QoIdY -
c2Injege nEng e (Z3t5¢g, (=2n)n9y  ueey dnoxn (w2n) 9l (w3n) /T8 (WEn)8E6
. . 53q019BUY :
CTEENTIL (ET8c6 (S9M)en6  (Son)ygy U3 dnoxd (@dnygys  (Wan)s9L (wan)ewe
T023u0) ﬂ
syaan €f s¥gan G S¥esm 47 P CELNS 5Tgoasy  OFQoadeuy  J013uU0)
g 331108 - Yy adanos
rAREAAR Y ooo.mwwomwa TV1OL
L§8°9€95C coo.mmnwmma Jyouyd
£II°0 sin°t 05T LC8LE .ooo.mmwama vd
ot oLite CLB LSSTET . 4 05L°L0TS9T \J
T2 {891 18L°90CTY N [4 €95°€TYC8 g

k:id

goxenbg 3o umsg

VNd TVIOL

221n0§

L3

——— — —— ot

-t

.

-

®TqeTaeA

eyom Tyron 103 $19933T JUEdTITUSTS U0 3S3L J0H vsog sTfBy-uemsaN 3U2pNIS PUE VAONV Lem-oal - 6T 418V

Pl




Y

e muwﬂﬁnmnmpm

138

- - g
: A

by APPENDIX E~XI

AewﬂmemNJwAsw\wsva ﬁASw\wBVaq Hﬁammwquo 2 ‘cmmz dnoxg

“ o

e © orqozey.

Asw\wevmq‘anaw\wevom HAEw\wEvmm HAEw\wsvco N ammz asonwm‘
B : .‘ oﬁpoummc<:.

., v,

..mxwms mm mxmmz mN mxmms qa mMm@B m

.‘“.w,m.muumo._”, IR

e Testeosnz

mE thu

o oee mnm ammmm..

o ostro-f _. NS..S%.

Aaw\wavqm HAEw\wEme aﬁsw\wevmq HAEw\wquo T cmmz m:ouo;
. ﬁoguaoUw

e ooo mmwwmﬁ

n

mw“cmmz msouowﬁ
s BT mmsnmmw
wwncmmz a:ouuﬁ
w:wcmmz anwuo,
3 xmmBLwﬂ,

Uﬂpoum< ﬂouusoo

oﬁnonmms<

A A m L

¢ muusom

.umme 20K umom ma:oxncmakmz ucmvsuww

000" Hmmm%ﬁ . avior
. dowug

.._gomn_._,o&o& Sooove

ﬁw Somﬁ . <

ﬁm 8 68" s

_ofaei-g  sazEnbs uesk.

3 - - 4 s
- ——— —

: aavmwwwampemmmuwmm.

sazenbs 3o ung

ZOHH¢MHZMUZOU <za uom muowmmm uchﬂmaﬁmﬂm co umoH oom uwom mastlcmesuz uﬁmv:um vﬁm <>oz< hmzloza ON mgm<H 




139

APPENDIX E-XIL

A

(1Y

wamms £ oufmom
..mmcﬂa muwummmm nuas\wmﬁﬂauw@ns axe wumnﬁss m&u amss mmuamummwﬂc ucmodwﬂcwﬁw 3osmm

A oaxvaH A,oﬂxuﬂww

9

G G

.xh oaxvaHv A oawimﬂ

S

- w, @3.._w .
_Amﬁﬂxvmua‘.mooﬂ )sL

.H.ammz asouw.
) oﬁponmwn<vw

T oaxvquaw ﬁmoaxvﬂmﬂ

——={4C

-

R T

oz (0TS

) mxmms.m cmmsump .m.ﬂv :uBbum uou <>oz<,hm3|mco ay3. Omam ucmmmummu m muund q

quz.anouu
9Tqo19Y"

.cmmzAasouo
Tox3u0y

syo9n mmm mxmm& ST

Q-

g muu:om_

¥26°8TL

s

L9T"2YT -
2627 LONT

3T°0 - 920°9TT

99

| G GG

_ﬁ_u.A Oﬂxvamd A oaxvmmﬁ A OHvamH_‘ mmz dnozg

5

V moaﬁa asg

S g s R _

xmma-mm

| ABBM-CT.

,u .4A devauﬁ M,A oaxgmNH A oaxqmmﬂ‘. gmoz anouu

j: mm. uanoum« oﬂﬁoummcm, aopucou .,p_

XUNBIQH

vhi:;v < mou:om

.umma oom umom maomM|cmEBmz ucmvsum

eTTrTeyLe T NOWE

mmowwwm¢gw,“_. Ve

o sgrwer LV S
S L T R N quopz mo_
.mzsz A<Hos,

£37TTqBqOxg

owumwmm

@ua.mmwmrvw bmmﬂ;

s

‘wopdexg 3o s92188Q




.

Amxmma g€ 03 Aomv m&@ms m nmozump .m.av suzogw uom <>oz< %mzumao msu omﬁm uammoummu muu:omn
v mwaﬂﬁ osam

140

*SOUTT mumummmm xuas vocﬂaumvcs mum szaqunu. 3Y3 cmss wwoﬁmumwmac ucmuﬂmﬂﬁlmm 305mﬁ

RS -

APPENDIX E-XIII

S : U e T e T e T e i .

gavNH £ ueoy dnozp Awyevmﬁfq e Awsavm@ 7 ‘usey dnoxg
orgozey e

Am:avwﬁ y (8nw)T9'g (3nw)/Gty

3 -]

_.Awsevﬂm.¢ .AmsavNo.m @na) e ;ijeVNH € - ueall aaoqux.‘_ Aw:evﬂo S .dnmsavmoum Amsstm ¢ﬁ _smmz anmmu.
. ! : . 2 - toe UHQOH‘NNC<% . : e :

Awaevmo T LIS Ammaymm.q‘.mmwevmﬁ ¢ ueo dnoxp Am:svnm q .qﬁwneumqu«mﬁwsevqqu‘
e . © 7 tomjwey . LT e
mxmms mm siyeem g7 s¥eIM 4T mxmms S RV oﬁpogmm,; oapommma<m‘adoﬂpuou.

b

S S . gemamogt o ot e ey ouu:om

T /“AJ Cme R o m,‘,  e ._.‘Hv .umoa oom umom mﬁamxlcmeamz uamw:um

e e 9 e T ,,,Nm<1¢«

S Tgeste e e m_qmoaqm«,u

99T ¢ . 8T o S00'T . wo e «,:.;omw Y. ve e
Zrer0 o oeeTT v owto T  ,H,.,oNqﬁH . .,_“qﬂwm»_.f.

. o N ce R R R o mpmqo:zwu
0€0°0 . 8TLUE L . -9TTT oo T TE Mmm azuHmz,

- B . . : . L PR .

- £3TTTIQRqOlg .- . OT3IBI~Z _ seaenbg uesy a,_sommmum“moammmwwuq .AWLmunmsvmvmo,E:m . muu:omv, mwpmﬂum>,amy_

)

| *SNETIONN ¥Ad -IHOTEM 103 $309379 JUBOTFTUSTS UG IS3L DO 3SOZ .STNOY-UBUMAN JUSPNIS PUE VAONV ABM-OAL =77 FTAVL

M\\_ S e R e R R RS e S

aa,



141

5 -

/.

o

Tt

APPENDIX E-XIV

=)

EE »nwxmms mw;Ou (09) mxums,n uasmlaq *3'T) xusonw uowM4 591
T-esaurT o3eaedes YA POUTTILSPUN dIB SIBQUNU BY3~USYA S90US183FTP IUEDTITUSTS MOYS

e T (BR)LTE

CRH N oA OIS

- (Bm)zie

. R (OEw GO

Toyvse

syeom ¢¢

Y

€ET°0
c $80°0

PR i 5

00070

'865°7

L 8eLT

EOTTE (P00t

Csyeen g7 seem 4T

. eamEm9 .

Kenra

>oz<,wm3umno.u:u Jussozdo
. (

D R
OST® ‘g 90IN0g_ - .
—) .88uTT AL . -

N

" uesy dnozs ¥
- 9Tqox3y

R

[

FU)ZIE  (BUIREE.

o

‘ueoy dnoap
- 9TqozsRUY

B o GO o

mﬂhwﬁvﬁﬁm.

,ummzvm¢ouu,

e

o dnoy.

Pen-gE

.wmuzwmaouw,H
B CLL ) SR

g-20anos

e TOI3U0) Sl T :
syeam'g 9Tqozey . 9Tqor9EUy . ToxjWd < T
. | § _H¢Amuwsow.gﬂ R «
S 3591 90H 3s0g STNON-UBWASN JUIPAIS .- -
T T e | RPN

S wereTTTr

\mwmuwquaw,

S T
ESRIEIOY

P T ATy

-

*

906" 7L59E

op T

et ETRELNST

ST T T167968TT

7 emeenter

Ve
- . ANITO¥
e

T osLegsozzz - NIOL

£90°/STHTT = ¥owd

£3771qeqoxg ~ oFiei-g - . ‘saienbg uesy

)

>

aowmuumxw@mmmouwwmm,w,mmmumavw“moAE:mw‘,ﬂ‘uwwvow,ms‘mmanmﬁﬁuu“m

-

*ANITO¥dAXOYQAH 103 5199379 IUBDTITUSTS UO

/3591 90 3804 STNSN-BWADN 3USPNIS PUB  VAONY Aen-oML ~€T TTHVL.

:pg@.

Cusow dnoxg
| R R L 1A
(Fw)gsz (SW)00¢

.

GRXOUARH
o TVIOL -

iR




-~

142

,“ouusu‘uammmunwumomam g mouﬂown

Amxmms mm ou Aomv mxwoa c cmmaump 9 T) nuaouw uow ¢>oz< hmap
" $3UTT azexedas yITa - vaHHumvcg aae _S19qunu mnu amns mmunwumw

APPENDIX E-XV
N

S L o ; . ST .. ‘ ”M," . IR (R e
Asw\wsvmmm AeM\msvomq Aemymm/IW¢AEM\wequn, uedy Qsowu - (Wd/Sw)ege (wd73w)0zg (W3/3uw)gz9 umm“omwomm_

wauwquwoxdmwwwsvmmq AEw\msvmoq;ImwwquHm.,.ammz dnoxn.

- 9Tqoxdeuy.

ugay. dnois
_ IR LS A
Asw\msvwmm Aaw\msvmmq Asm\mevqh¢A5m\msV¢Hm ~uesy dnoxp w3 svhﬂq AEW\mavmoqﬁaw\mav¢N¢,p ues) " dnozg
. .porjudy . - e PRm=yT.
o mmeB €€ - wxmm3 4 ‘.m&mmSWQH .umxumsqm RSN ,q. o noww< oaaoummn< .HOhucoo oo

»

i aoanog e . © 'y eoanog - e

B CooTeEtweEoT . pg ) S SeTueLtes  vIoL

060°T909 gy . . eeTeoTs8Lz - owu

<

ToofmTen o 099%0 . swgrsees .y eeTiOseST . va
86€°0 . 060 zzetsees - g L wwgtseeTT oy
L Lo e e R TR ST Ll R z0H9<mazmozoo

S 0ogo - £86°6T . - sgetopTTZT . | g C .. sstgTIve - g mzHgommwxomawm

o , SRR

muﬁﬁwnmnoumvu o3RI~ mmumnvm»mmmz_.m_ﬂsowmmumwmo.wmmwwmqv w wwumsvw mo-smw ..;uuusow@___ mapmﬁpw>

3uBdTFTusYTe 3o:mA|Lrv_mmcﬂH uc&m,

mwumwa uom‘uwom.mﬁamwrcmsmwz Juapnas.

S,

&

‘ ..uzoo.qugomNywomnwm uqm_wmwwquAucmumecwﬁw uo umma oom umom mﬁsmx,cmssmz unmwsum vam <>oz< mmznoza -cm..mgm<au



