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ABSTRACT . -

The intent Of'this study was to observe the effects of dif-

‘

. ferent tralnlnq programs upon selected blochemlcal prooertles of young

- rats, in which the motor system is not.fully matured. Young 10 day
. . 'y

llttermates were randomly as51gned to 3 groups: Endurance (E),

Sprlnt (S) and Control (C). Animals from all three groups were o

partltloned'lnto_elther 21,;51 day':;erciSing groups:and 1p day .
controis. The‘E training consisted ofvcontinuous running (orAGO
,min/day at 20m/min, S%igrade fbr‘fl-day animals while“Sifdaylanimals
were progressed to 120 min/day'at 40m/min, iS% grade. The 21 day, S

,

';group performed 15 bouts/day (20 sec work/30 sec rest) at %9 m/mln,

. 5% grade and progressed to 40 bouts/day at 80m/m1h 15% grade at
'_Sl daYs. " The plantarls muscles of S-anlmals were not altered at

21 and.sl daYs compared\toic aninals L(all rariables).‘ Maturatiom}
'showed lncreased myoflbrlllar ATPase act1v1t1esxand FSR parameters

V '(p<;0.05)‘in the C animals.v The Sl day E anlmals had lower {(p< 0. 05)

myoflbrlllar ATPase values than 21 day E and 51 day C and S anlmals.»:e

The Ca’ blndlng ablllty lncreased w1th E tralnlng at 51 day (p< 0. OS),
.

: .whlle other FSR. parameters dld not change (p2 O 05). The developlng

soleus muscle of C rats had IOWer values- than the S and E groups for

each\paraneter except Ca s uptake. "The gl and 51 day S rats had
’retained theAmyofibrillar AfPase activity present at iOVdays. FSR‘

L parameters were not altered‘with é training; vThe myofibriliar

ATPase actiqity, Ca++ uptake and FSR yie}d in the soleus were higher =
.(pf:d.OS) for 51 day E rats,‘than the C group. The Ca.++ binding A/

ability was not changed with E training. It is suggested that

iv oo



functibn, especiaily E tral ng may alté: the noxrmal developmental
pattern of young rat skeletal muscle. , :

fo —

a
» N w
- .
~ —
\
B . ) y
v
.
‘ o .
- ' r
' %)
.
' N
N
- A}
) E ——
w“ .
t N ’
.
L] Y .
\ v
? B ‘
,
! -
-~ - ~ .\
A .
* ' g
;
f ¥,
: ,‘b
\ & ‘
[~ :
. - .
i -
i ! - -
-
) «
N
. . .
LN
'
» . .
. .
‘ $
¢ "
o4
) g bt —
. ~ \
s



ACKINOWI..EDGEZMEI\!!J:S‘u-~~..\&'3

-
I
/

piéQﬁded in»diredting anq‘supefvis'f all phasps of mxmgraduate

. w ¥ . el N . . A Iy
: : ) . B . - . N

study‘programr ) ‘_: : : ¢ - h

mh :
’ 1

My &ks also gO\to Dr.’ *T. Nlr{éx -who placed the facxlltles

~ ‘

v

of his laboratory at my dlSpOS&l . Iy am deeply grateful for his tlme

and counsel.
+

To Dr. D. Secord who deserves special thanks for hlS’
advice durlng my persmstant lnqulrles. ;

* It is a pleasure to thank Dr. W. Cottle and Dr. L. Wiebe,

t

‘who spent valuable time on this.study . :

And flnally, many thanks to Wendy Fraser for her

K

contlnuea support and preparatlon of thls thesis whlch was deeply

appreciated.. o ) ' , ' A

o

& vi S 5



" INTRODUCTION .

| METHODOLOGY .. . .
! v 1
’ 1. Animal Care . . . .
.2. Training Program'.
3. Tissue Sampling
4,

6.

7.

Biochemical Analysis

TABLE

OF CONTENTS

Calcium Uptake and Binding . . .-. «. . . ... . .

Histochemical Analysis

Statistiéal‘Analysis

~

S .
RESULTS . . . . . . . . .

1. Training ?rdgram .

v 2; Body and Muscie”Weigﬁts
3. Plantaris‘Muscle |

4. Soleus Muscié e e e
5: Eibér Types . . . .

. DISCUSSION

1. Body and Muscle Weigﬁts
2. Plantaris M%scle;;
3. kSoleus Muscle o
4. Sumﬁ;ry and Conqlusions

tl

References

vii

PAGE

11
11
12

13

14

15-

15

15

17

24

#® 31

60

61

67

73

76



APPENDICES

A.

- REVIEW OF LITERATURE

DIFFE?ENCES AMONG MAMMALIAN SKELETAL
MUSCLE FIBERS . . « . + &« &« ¢« « o « o o « « « .

-

1. Structure‘and Function of Myosin

2. Neural Regulation of Contractile

Characteristics . . .
3. Developmental Consideration . . . . .

. , v
4. Exercise and Sarcoplasmic Reticulum

5. Exercise and Contractile Proteins

References . . . . . v & & & o o o« o« o o«
DETAILE OF ASSAYS . . . « « v & « v o o o o .
~A. Preparation-of Myofibrils . . . . . . .

be

B. Lowry et al., (1951) Protein Determination .

C. Myofibrillar ATPase Activity (Baldwin et'al.,

1975) . . .. e ...
D. Determination of Inorganic Phgsphate -

(Gawehn, 1974) . . . ... . . . . . .-.

E. Preparation of Fragmented Sarcoplasmic
Reticulum (Harigaya and Schwartz, 1969)

F. Calcium Bindinq
G. Calcium Uptake . . . . . . « . . . e e .

H. Standard Curve Preparation . .

I.* NADH - Diaphorasé (Dubowitz and Brooke, 1973) .- .-

J. Mybfibrillar ATPase (Guth and Samaha, 1969)
. \ , )
ANOVA SUMMARY.TABLES

STUDENT-NEWMAN-KEULS POST HOC TESTS . .

viii

_PAGE

81
84

85

87
91

96

97
107
108

109

11

112

114
115
116
117
. 118

119

12



. ’ ) . .

IRt

LABORATdRY CHOW INGREDIENTS

RAW DATA . . . . . . .

OBSERVATIONS ON EXERCISING 10 DAY RATS .

ATTRITION VALUES FOR TRAINING YOUNG RATS

ix

~

¢

.

PAGE

138

140
146

149



TABLE

-

: LIST OF TABLEJS ,
‘ P

1

DESCRIPTION

A

Training Protocol for Endurance and
Sprint Groups

Body and Muscle Welghts of Control, Sprlnt
and Endurance Trained Animals . .

Total'aﬁd Myofibrillar Protein Concen-

-trations of Plantaris Muscles from

Control, Sprint and Endurance Trained
Animals

Total ana Myofibrillar Protein Concen-
trations of Soleus Muscles from
Control, Sprint and Endurance Tralned
Animals

PAGE

16

18

25



FIGURES

‘3:1

LIST OF FIGURES

v

DESCRIPTION

Mq++ -~ activated Myofibrillar ATPase
Activities of Plantaris Muscle from
Sprint and Endurance Trained Rats at
10, 21 and 51 days - . . . . . « . . .

FSR Protein Yield of Pooled Plantaris
Muscle

+4 '
Ca ~ Uptake of Pooled Plantaris
Muscle

++ .
ATP - Ca - Binding of Pooled Plantaris
Muscle . . . . . . . . . . . ...

‘ Effect of Endurance and Sprint Training on

Mg*t* - ‘activated Myofibrillar ATPase
Activities~of 10, 21 and 51 day, Rat
Soleus Muscle . e e e e

FSR Protein Yield of Pooled Soleus Muscle

4 -
ATP - Ca - Binding of Pooled Soleus
Muscle :

- :
Ca - Uptake of Pooled Scoleus Muscle . . .

xi

PAGE

19
21
22

23

- 26

28

29

30



PLATE

IT

III

¢

LIST OF PHOTOGRAPHIC PLATES
DESCRIPTION

Micrographs showing serial sectioms
of plantaris and soleus muscles
stained for fiber types of control
animals ., . . .. . . ... ..

Micrograbhs showing serial sections
of plantaris and goleus muscles
stained for fiber types of°
endurance animals . . . .

-

Micrographs showing serial sections
of plantaris and soleus muscles
stained for fiber typas of

sprint animals e e e e e e

xii

PAGE
0
i)
. . 32
. 44
52

5

@



- INTRODUCTION . IR L
o ’ , o
The Ldentlflcatxon of skeletal muscle flber types by

blochemlcal hlstochemlcal ‘and physxologlcal technlques has led to

the dlscovéry that preferential recrultment of one’ type or another
. Occury durrng'exerc1se. From glycogen depletlon studles Gollnlck
?et al. (1974) found that the lntenSLty and/or speed at whlch a

muscle contracts will determlne the type of muscle flber ‘to be'

predominantly recrditedﬁ At the cellulag,level this recrultment
phenomenon appears to follow a loglcal pattern, 51nce muscle fibers

. A
u.are‘metabollcally either predominantly»aerobic or’anaerobic,and have
Jl;elther slow. or faSt‘twitch‘contractile properties.‘ | |
A great aealpof li;erature is deyoted'tovthe classification

of muscle fiber types, as well as their particular functional

= cparacteristics.' Close (1974) in .an extensive review of this .
<l o 3 . ' ST
' literature has suggested that muscle fibers should be classifed

' according to biochemical, histochemical and physiological properties.’

'Thus,ttne‘nomenclature employed in this Stﬁdy,will be fast-twitch

rs

oxidative giycolytic (Foé), slowftwitch oxidative (Soﬁgnand.fast—

-utW1tch glycolytlc (FG) (Peter et al.;%l972). l

<

» Characterlstlcs of the three flber types-(Appendix A)

o
haye led to an increasing awareness of the specific changes
occuriﬁg at the cellular level due to various tralningvprotocols. -
The adaptability of a:muscle to an endurance.training program is

'qﬁ;te pronodnced,andbspeciflc as inoicated by increases‘in

concentrations. of enzymes such as succinic acid dehydregenase .



R

(SDH) , cytochiom;vc and other noxidative" enzymes withincghe

mitochondria (Holloszy et al., 1975; Molé et al., 1970, -Baldwin
et al.,;l972;‘Barnard et al., l9i0). ‘The adaptations aithough'
/Tébécif}c ﬁS this:particulai energy.SupplYing pathway, occur in all
;hgee-fiber types;‘ This ihdicates»thét the‘involveméntlof°the
aiffirent muscle fiber types:in ekeréiSe is not é mutuaL%y‘
gxclﬁsive éheggmenon;.;ather'theQ’alL appeaf{io be»uﬁili;éd, with

some more than'othe;s: ‘ example,‘substrate,availaBilit;: blood

supply, muscle tension and’ joint angle, may éffect;th recruitment

pattern éf individual f;bers during eke;cise.‘$Stud{g%[QiFh anaerdbicf
or sprint typé.traihing, ﬁave shown thét éoncéntratibn;\oé’ ‘
.phosphofructokinase.:kPFK) and lactic aéid aehyﬂrogenasé (LDH)‘ére
increased due, to the épeéific nature 5f the task’(Karléson‘et‘al.ji
1975; Thérsfénggoﬂ'ét.al., 1975)f The results asséciaﬁed Qith spgint
trainingaére not as &opclusive as those reported for ehdufancé/;6¥k.
Jbbin (1977) oﬁséfved no sigﬁificant.effect on glycolytic‘ggiymes,
while Hickson et al. 21976) reported é dgéreage in glycoiyﬁic’enzyme
cdpcentratiﬁhs following anaerobicjorvsérint type‘t;ainiﬁg. The
;ontrOVefsy associatéd.wifh“sprint training may be reiﬁted‘ip part

to methodology (e.g. muscle assayed), the neural éctivipy required

during sprint training or the already present high activity of
: : T,

glycolytic enzymes.
The relative importance of neural -activity on muscle
fiber characteristics has been demoqstrated by cross-innervation

studies, wﬁere FG and/or FOG fibers have been transformed into



'S0 fibers (Buller, Eccles and Eccles, '1960, a, b). The changes
. ‘are not only manifest in enzyme concentrations, but also 'in

contractile properties (e.g., timg to contraction, and one half .

3

. relaxation time). The Lffects upon the contractile properties
suggest a change in contractile proteins directly related to the.
neural'activity impbsed)ugon the muscle. Changes in myosin

ATPase activity and light chain components have also been reported.

after cross-innervation studies, particularly in young animals

(Pette et al., 1976; Gutmann et al., 1974; Sreter et al., 1974). -
Alterations of contractile characteristics have notbonly“

. been observed with cross-innervation and post-natal development,

but also the dependence on muscle function has been considered.

» Since soleus muscle serves a primary role in'postural or anti-

,gravityifuﬁction, it has béen-sttulated that the disappearance
with growth of FG and FOG fibers,'presentAat birth in soléus, may

be dttributed toé their minimal involvement with postural function.

-

The: neural actiVity acdompanying'different types of function may be

-the primary reason for influencing.characteristics of a particular

fiber typé (Pelloni-Mueller et al., 1976;’Lewis et al., 1974).

In an attempt to further observe this "function-fiber type" theo:y,“

exercise programs of varying intensities and duration have been
employed. The contractile properties (e.q. time to peak tension,
“half relaxation, twitch tension and twitch to tetﬁnus ratio) of

muscle. from treadmill trained animals did not differ significantly -

from sedentary controls (Fitts et al., 1973; Barnard et al., 1970).

v
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’
[

Whereas,. intense swrmmlng resulted in 9% and 12% decrease 1n time
to peak tension and half relaxatlon time respectlvely for rat EDL
. muscle (Gutmann and Hajek 1971) In terms of myofrbrlllar, or - 1

7

myosrn ATPase actxvrtles,‘the ‘data are also controversral Increased

- ~

myofrbrlllar ATPase- actlyltles in .rat EDL and gastrocnemaus muscles
after 1ntense sw1mm1ng programs were reported by a number of
1nvestrgators (Sytrovy et al., 1972; Gutmann and Hajeky 1971,
wllkerson and Evonuk, 1971) Endurance type treadmlll running
produced no srgnlflcant changes in the myoflbrlllar ATPase of '
rat FG muscle, but showed a 51gn1f1cant decrease for FOG muscle,
-and-a- srgnlflcant ificrease -in SO muscle (Baldw1n et al.; 1975!.
jhus, it appears that enhanced muSc;e function via exercrse, wnrch
also requires increased, specificrnervektraffic to. a nuscle, may
. be lmportant in_ producrng changes 1n myoflbrlllar ATfase'activity,
In summary, the effects of both endurance and sprlnt
type" tralnlng and the assoc1ated neural actrvrty on the contractile
'apparatus (e.g.. myofibrr-llar ‘ATPase , and,Ca*T uptake by the
‘sarcopiasnicvreticulum) isrunclear. TrainingQinduced enzymatic_
cHanges, increases the muscles potentlal to generate energy fromda
particular_pathway.1 -‘Whether or not the structural and/or
functiona; properties of the muscle adapt'duefto tralnlngﬂ thus
enabling a»muscle‘and ultimately an athiete to enhance the
contractile mechanlsm s potentlal to generate a spec1flc type. of
contraction’is’also unclear.' Since -the contractlle propertles _

o .

exhibited by a particular fiber type are_related‘in part, to



structure, it would seem that tralnlng would alter thls component
- ' \ .

aswwell as the metabollc features.‘ Since changes may be more;

readily elicitedvdu:ing development the intent of this study is to
. . : ‘ .

observe .and report the effects of two different training regimens
Upon’ the selected Properties of ybung animals, in which the: motor
. . ' |

f

system is ndt‘fully mature.
The foilowing dependent variables .were used to study'"

deve loping muscle adaptations to sprint and endurance exercise.

Bicchemical Properties: <

- .

gkj 1. Mg++ - activeted myofibrillar ATPase = This has beep shown‘

to correlate highly with the‘speed‘of contrf;%ion end

represeets the capability of myofibriller protein to

. e T .

hydrolyze ATP. ,

2. .F.ra:gmented sarcoplasmic feticulﬁin (FSR)' Ceﬁ uptake and
Binding - The "FSR hasbtye mechanisms fdr femoving Ce++
fro§;the sarcoplasm:- dne which‘rapidiy'binds ca't to a
protein on;the meﬁbrane and is germed Ce++ binding and.
anothei‘which deposits Caf+Qiq'the matrix ofi;he SR and is
slew (Ca++ upFake).' Both#transport systems ‘are ATP |

dependent.

Histoéhemieal'Properties: . : TR )

Flbre types were cia551f1ed with cryocut sectlons (10 u)

~

mounted on cover .slips and stalned to 1llustrate the follow1ng

1. Contractile potentlal - myofibrillar ATPase stains were



"

incubated at pH 9;4 after p;e-ithbation at pH 10.4

for 15 minutes.

. ‘ ' e
“Oxidative potential - NADH diaphorase stain was used to .

qualitatiyelf assess the reduction of NADH by the muscle

~

fibres.



- assigned to‘tﬁe_sxudy. o121 of'}hese-animals were assigned to the

'METHODOLOGY

P
AN

1. Animal Care

Woodlyn-Wistarl rats (175) at 10 days of age were initia;lyi

3

10 days of age -group to permit'sufficientftissue for the subsequent

biochemical analyses. The remaining ‘54 animals weré then rahdomly

assigned to one of 6 remaining groups: sprint (S) 21 day, s 51 day -

control, (C) 21 day, C S1 day, endurance (E) 21 day and E 51 day.
Animals were killed»at'Zl’and 51‘days for convenience and for
;omparisons of‘maturing and adult animals. Due to injh?y,‘diseagé
or failure‘to'run;ntheAatfrition éverage for all;grougs-was 22%,

Individual group attrition values are in Appendix H.

' The animals were housed with their mothers at all times,
except fo:{tiaining purposes, until‘they were weaned (21 days)l

All animals were weighed at 10 days after birth and once a week

e

until death, Thé C group was handled as often as the experimental

groups (E and S) and refioved from their mothers for a comparable

period of time. After handling Qr training of young: animals, théy

were placed in a clean ¢cage and spfinkled with bedding from their

previous cage. -‘This was done to prevent maternal cannibalism. The
. o .

mother was re-united'with her young after each animal had completed

the prescribed treatment.

' 5

™ The animals were ggd,a regular diet of ‘laboratory chow

[

lFrom Woodlyn Farms Ltd., R.R. 3, Guelph, Ontario.

:\;



and water, ad libitum. Also, all animals were subjected to a

controlled environment with a.temperature of 20+1°C and humidity

of 35+3% and malntalned on a day-night cycle of 12 hours

(e.qg., llght perlod from 8:00 a.m. to 8:00 p -m. ).
' " ¥

2. 'Training Program

The traihing program for the E group consisted of
progressive-treadmill running for six weeks at avfiﬁal’speed of.
40 m/min, 15% grade, 120 min./dayy 4 days/week. The S group
also completed a progre551ve program at 40 bouts/day ‘at a work:
rest ratio of ZO:BOlseconds up to a speed of 80 m/min. and a
grade'of 15% for 4 days/week; Specific details_of the”program
Aorogressions are outlined ln Table 2:1.

The experimental desigh is as illustrated in figure

\-Lf'

2:1. The kllllng was done by decapltatlon prlék to the training

WA
e ra

(10 days) after. 8 tralnlng se551ons (21 days) arid after 24
tralnlng sessions (51 days). A perlod of 24 hour5»and 72 hours
was allowed to elapse prior to sacr1f1c1ng the animals for the 2l
’day and 51 day groups, respectlvely Only 24 hours'yas permitted
‘to expire following the last training‘session'in the éllday animals
because of the dramatic developmental changes happening during

-
~ . s

this period. 4 \~



" TABLE 2:1

Training Protocol

f:ndurance (E)

e

© WEEK SESSIONS SPEED (m/min) TIME OR BOUTS © GRADE %
N 1 4 5 ' 30 min/day 5
2 2 5 . 60. min/day 5
-2 20 . 60 min/day 5
3 2 30 60 min/day 15
: 2 30 - - 120 min/day » 15
4 2 40 60 min/day 15
2 40 - 90 min/day 15
5 4 40 o 90 min/day 15
6 4 40 120 min/day 15
° Sprint (S)
1 2 S lo - 20 min/day 5
‘ 2 20 15 bouts/day 5
o 2. 2 20 - 20 bouts/day 5
: ' 2 30 .. 15 bouts/day- 5
3 1 30 ‘ 30 bouts/day -~ 15
: 1 40 30 bouts/day = 15
. 2 60 20 bouts/day 15 * .
“4 -2 60 30 bouts/day . 15
_ 2 70 ‘ 20 bouts/day 15
5 2 : 70 30 bouts/day 15
. 2 - 80 ' 30 bouts/day .~ 15
6 4 '

80 40 bouts/day 15




e
® A
GROUPS ' DAYS
10 21 51
‘ - /
Control Xe . X N\ X
Sprint . x X X
" Endurance X X X R

k{;‘igu}:e 2:1 Experimental Design Including
i Sacrifice Seql;lencev (K)o

10



. ' '3. Tissue Sampling

Following decapitation, the.animals were exsanguinated,

and the soleus and plantaris muscles excised from both legs.
Once removed, the muscles were weighed, frozen in isopentane
cooled by liquid nitrdbgen and stored at -50°C, for determination

++ . e . -+
of Mg - actjivated myofibrillar ATPase activity, and Ca uptake
. by fragmented sarcaplasmic reticulum. Since the amount of tissue .
required for analyses‘is relatively large, muscles 'from 10" day

animals were pooled as described in subsgquent sections.

-

%
4. Biochemical Analysis

(Details in Appendix C)

_'Pooled muscles (3.anim;ls) were’ homogenized in a borate-
KC1l buffef (pH 7.1); Of039M sodiunm Borate, 0;025 M KCl, 5SmM EDTA
(Perry and Corsi, 1958). An aliguot (1.0 mi}‘was taken for .
. determinétion of total protein by the.method.of‘Lowry et al. (1951).
The homogenéte was centrifuged at 806 x g for 15 minutes aﬁa the

. -
supernatant discarded. The muscle pellet at 800 x g was resuspeﬁded
and recentrifuged iﬁ a borate—KCl,befe; for the isolatiqn and
sepa{étionxof the myofibiil fraction. Small aiiqdots (0.5 ml) were
Ataken<for the determination of‘myofibrilla;iprotein. |

' The separated myofibrils were prepaded for myofibrillar

. ATPase determination by double washing with: |50mM Tris, SmM MgCl,,
‘ ) S J



.

LoomM Kcl and O.1% Triton X-100 (pH 7.1). The washed myofibrils
were suspended in 150mM KCl and SOmﬂ‘Tris-HCl (pﬁ 7.4). The
Mq++ activated ATPase-activity was cgfried out as desc;ibéd by
Baldwin et al. (1975) (Aépendix C). The reaction mixture: 7mM
kcl, 0.01lmM CaClz, 1mM MgClé and 20 mM T;is—HCl (pH 7.4) was
pre-incubated At 30°C for 5 minutes, with the myofibril solution.
Afﬁer this incubation lmM ATP was added and the sample mixeﬁ
thoro&éhly and ailowed to incubate fo;:another 5 minutes at 30°C.

-~

Cessation of the reaction was carried out by rapid addition of
0.1 volume perchlbric acid and neutralized by 7 volumes cf KOH.
The samples were centrifuged at 1000 x g for 10 minutes to precipate

 protein and the supernatant (0.5 ml) was used for the determination

of Pi (umoles Pi/mg/min) (Gawéhn, 1974).

5. Calcium Uptake and Binding : o

(Details in Appendix c)

‘Fragmented sarcoplasmic\reticulum vesicles from 200 mg of

pooled muscle samples (2-25 animals), were prepared in l10mM sodium

e

bicarbonatelané SmM sodium azide (pH 7.0) buffer and suspended in

50mM KCl and ZOmM Tris-maleate (pH 6.8) (Harigaya and Schwartz,

. ©
7

B = 4
1969) . The Ca  ~- binding (nmoles Ca /mg protein) was determined

after 200 ug of vesicle protein/ml was incubated at 37°C for 1 min.

in a mixture containing: (in mM) KCl 100; MgCl 10, Tris-maleate
: 2

(pH 6.8) 20; fﬁis—ATPz;.and 10 uﬁ~Ca&l2 with 0.01 uCi/ml of'agueous

) 5 ++ -~ . - B
4 Ca .. FSR related parameters were obtained for 10 and 51‘day

N

P

>



animals and not 21 day animals due to the small amount-of total
tissue (approximately 250 mg) harvested.
) ++ . . ;
Ca ~ uptake (umoles Ca /mg protein) was determined in
a similar reaction mixture with the addition of SmM sodium oxalate
and a higher (100 uM) Cacl2 content after incubatidn at 37°C for
30 min. (Harigaya and Schwartz, 1969).
: +
Following the respective incubation periods for Ca‘+ -
++
binding and ca - uptake, an allquot (0.8 ml) of the sample was
filtered (Mllllpore Filter Ha-0.45 u) against a vacuum and the
. 45  ++ . , ) .
filtrate used for ~cCa determination in 5 ml of Aquasol (New
. . s .
England Nuclear). The calculation of Ca M activities by sample

filtrates were accomplished by comparing cpm values against a

+ .
standard curve (cpm vs Ca * in umoles/ml) .

6. Histochemical Analysis

After having excised the muscles; a portion was removed
and frg;gg“%n igépentane, cooled in_liqhid nitrbgen and the tissué
was frozen in an embedding medium so that freezing artifact would
be mlnlmlzed |

Sections (lOﬁ) were stained for NADH—Hiapﬁqrase (Dubowi tz
and Brooke, 1973) and myofibrilla; ATPase preincubated at a pH of

10.4 (Guth and Samaha, ‘1969) .
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7. statistical *nalysis

++ : .
Mg - activated myofibrillar ATPase activities (umoles
, , ++ o + )
Pi/mg/min) and the rate of Ca - binding (nmoles Ca /mg protein)
) 4 x
and uptake (umoles Ca /mg protein) before and after training in

each of the grdups wera tested for significance dsing a two-way

-

analysis of variance (Winer, 1971) . Homogeneity of variance between

the groups was tested by the Chi Square me®hod and significant

¢

values from the two-way ANOVA were tested using Student~Newman-

Keuls post hoc test (Morehouse et al., 1975) at a p level of 0.05.

.-



RESULTS

J f e

1.  Training Program -

The tralnlng pf%gram used in this study is summarized in

, \ . i . :
Table'z:l. The)endurance (Eb and sprlnt (s) programs were successful

as- measured by performance tests 24-and 72 hours prlor to sacr1f1c1ng

the 21 and 51 day animals respectively. The 21 .day S group completed

[}
.

- 43. 7+0 6 bodts of exercise (work: rest ratlo 20:30. sec) at 40 m/min.,

A

,;15% grade and the 51 day group performed l;O 3+4 l bouts at 80 m/min. ,.

15% grade, The E groups»at 21 and 51 days of trarn;r@‘hadrperformance
 times 6#*214.3+35.7 min. and 63.0+0.2 min., at 20 and 40 m/min.,
N . —v - - — - . - ° . ; . N .

‘FLS% grade, respectively.

e , ~ 2. Body and Muscle Weights

‘The 51 day S and E groups had body weights of l78.li

. = : ’ . - ‘ L
"_15.6q»and 184.3+15.7g respectively. These are significantly’

-

(p‘-o 05) lower than the C group (227. l+6 5g) Muscle weights

for both the soleus and plantaris were not 51gn1f1cantly dlfferent
(pZ.Q}OS) be tween groups at either 21 or 51 days-

At 51 days‘all the body and muscle weights had become

v

'~ heavier as the animals'matured (pﬁ;0.05)~(Table 3:1). However, only

o

~ the. body welghts and not the muscle weights at 21 days were greater

than those observed;for the. ¥ day animals (p &0. 05)

¢



" TABLE 3:1

16

W

Body and Muscle weights of Control, Sprint and Endurance

Endurance

Trained Animals (i i.SEM), at 10, 21 and 5F days. %,r
Body Weights .(g): o
_ ;o |
10 days 21 days _51 days
Control 19.6 + 2.4(5) - 53.4 * 2.3°(5) 227.1 * 6.5%"2(7)
Sprint 18.5 + 0.4(6)  55.8 +5.0°(6)  178.1 15.5%27% (6)
Endurance 22.4 + 4.6(7)  56.1 + 4.4°(6) _ 184.3 % 15.722 (6
Soleus.(mg); ,‘
y' . ’ o . » a'b
Control 8.4 + 0.8 21.4 + 1.6 85.7 + 6.871°
sprint 5.8 + 1.0 21.2 + 2.8 79.0 + 10,1370
Endurance 9.1 + 2.4 4 23.8+2.5 °  8l3# 10.3%®
Plantaris (mg):
Control 10.1 + 1.7 30.6 + 2.7 168.1 + 10.1%"°
Sprint 8.2 + 0.8 31.7 + 2.7 145.7 i_a.ga'b’e*
12.3 + 4.1° 33.5 + 2.9 130.3 + 1542700 F

Statistical Comparison among groups, p

N.

a.

b.

in,p%ackeﬁs
514 vs 21d
51d vs 104

214 vs 104 .

d.

S vs E
S vs C

E vs C
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3. Plantaris Muscle °
'At'Each age, the total protein concentration incfeased
significantly (p»S0.0S) in the C group, w1th values at 10, 21

¢

.'and 51 days of 171.1 + 1.8, 233.5 + 5.7 and 2.98.2 # 20,1 mg/g,
respectively. The two training programs did not ‘follow the same i
- pattern of total protein increases with age, as observed for the cC
group. The training programs resulted;in higher total protein
concentrations at 21 days‘with'tﬁe E group (319.2 +120 8 mg/g)
having higher total protein concentrations than the C group at

> the same age The 21 day S -group was not different {p20. 05) frpm
either the CorE groups (Table 3-2) At 51 .days the protein
concentrations had. decreased to 278.9 + 16. O mgsg and 265 6 + 24 1l
for the E and s groups, respectively (p4 0.05). The differences

between all groups at this’ age were not Significagt (p2 0.05). No

differences in. myofibrillar protein concentration occurred- at any

\
\

" age or between any of the training programs (p=2 0. 05) (Table 3: 2)

‘ Mg++ - activated myofibrillar ATPase activities were
\higter (p< 0. OS) at 21 days as compared to the 10 day values for all
'ggroups (figure 3:1). The 21 day training programs had no effect on
the;Mg - ATPase activities in the plantaris, the values forlxhe
_C, S/and E groups we;e 0.720 t_0.037, 0.748 iv0.0l9wand'O.70l'i
'0.028 umoles PIyYmg/min;, respectively ipi d;OS). At 51 days,»there
was a significantiy‘lower Mg++ - activated ATPase activity in’tte

[+

“E group (0,585 iinOlS umoles Pi/mg/min), when compared to the 21
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day value (0.701 + 0.028 unoles Pi/mg/min) (p< 0.05). The 51 day

3

E group activity was 22% lower than the S_group 10.755 + 0.016

. umoles Pi/mg/min) and 19% lower than-the C group (0.719 + 0.011

R o

umoles ?i/mg/min) (p40. 05) N

The yleld of fragmented sarcoplasmlc reticulum (FSR)
proteln was greater (p£0.05) as the animals matured from 10 daye
to 51 days (figure 3-2) The FSR protein ylelds of 6.0 + 0 3 mg/g
and 6.8 + 0.6 mg/g "for the 51 day S and E training groups
vrespectlvely, were not dlfferent than the value obtalned (6 9+ -
0.6 mg/g) for the o) grOup,Q;i(LOS). "A 51mllarfphenomenon occurredw

for the calcium uptake activity of the‘plantaris muscle.f‘MaturatiOn>

resulted in’ 51gn1f1cantly elevated calcium uptake values in the. Sl

P

i ,day, C group (O 164 + 0.004 umoles Ca /mg proteln) as compared to k
the 10 day C group (O 149 + 0.003 umoles Ca /mg proteln) No
sxgnlflcant dlfferences were found as a consequence of either of the
)tralnlng programs (flgure 3: 3) (p>~0 05) . The ATP - dependent calcium
blndlng ablllty of the piantarls muscle was. 1ncreased due to maturatlon ,
(figure 3:4) (pé 0.05). The sprlnl tralnlng program did not -
effectlvely alter calcium blndlng when compared to the control group p
at Sl days. The E tralnlng group had increased ‘the calc1um bindxngd

;

ablllty by 23% over the C group,. to a value of 26.1 * 3 4 nmoles_l

~

Ca /mg protein-(pf:0.0S) (flgure‘3:4),,
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”N.in brackets ’
. 7 T a . ‘L‘
‘ : _ ) T
5. 6 T° , | 3
43 ’ , : 13 g
RO
n
53 ot Il 1
9w . (3)
0 ©
Eﬂm 5 '
.2 5+
a g
(AR A - P
2 +
(4)
4§ T :
. (4)
+ @] » ‘
A 10 days - o 51 days

Figure 3:2.  FSR Proteln Yield of Pooled (2-25 anlmals) Plantarls
= - " Muscle (X '+ SEM). . In order to mgke up an N of 1 for
the 10 day Tanimals, the muscle of 25.animals had ‘to
- be péoled. For the 51 day- anlmals ‘the muscles of 3
' animals. were pooled: to. glve the N of 1.
N ¥ s

}

- ff:-a, 104 vs 51d (p£0.05)
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4. Soleus Muscle

At each age the proteln concentratlon of the C group was
ﬂ B, R

not’signiflcently different due to'maturation.' The S and E gtoups
% .

at 21 and ;;-days were net altered (p20.05) as ; consequence of
* exercise ‘(Table §:3).\ |
The myefibrillar protein coneentration wes not-eltered
duedteﬁmaturation for the C group (p 20.05) (Tabie 3:3). At 21 -

days, the myofibrillar protein concentration for the E training

group was not different than the C animals (p=2 0.0Sf, The S group

- -

:hed ;n elevated prdtein conqentration (226.3 + 3.4 mg/g) at 21

days which yas significently/g%eéter than the C group (124.7;i'
26.3 mg/g) (p £0.05), but not different from the E 'g;zs_ixp\ (143:5 +
19.5 mg/q) (£>30.05)L "No alteratione for eitner the S or E groups
at 51 days were observed when~comnered‘tb.the‘c group (pé 0.0S)

(Table 3:3).

S
L]

+
The‘@g'+ - activated myofibrillar ATPase activities for
the C group at 21 and 51 days (0.193 + 0.029 and 0.172 + 0.031

\umoles Pi/mg/min) were reduced as a result of development, when

-~
A e

qompared to 10 day act1v1t1es (O 312 + 0. OOS umoles Pl/mg/mln)
{p<:0.05). In contrast the 51° day E group value was greater than
the 10 day value (p‘-O‘OS) (figure 3;5). The E group at 21 and 51
days (0.323 1.0.008 and 0.378 + 0.009 umoles Pi/mg/min) were greater
than the C group at 21 day (0.193 + 0.029 umoles Pi/mg/nin)nand 51 |

} : S+
day (O.l72fi 0.031 umoles Pi/mg/min) (p< 0.05). The S group,; Mg
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Effect of Endurance and Sprint Training on Mg -activated
Myofibrillar ATPase Activities of 10, 21 and 51 day, Rat
Soleus Muscle. :

'10d vs 21d (p £ 0.05) - :

a

b 10d'vs 51d (p % 0.05)

C 21d vs 514 (p £ 0.05) -
d (p £ 0.05)

C vs S,E,
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- activated myofibrillar ATPase activities were 39% and 49%

greater at 21 and 51 daye, when compared to the C group at the same

ages (p<£0.05). “ >
The FSR protein yield at 10 days for the C,'s and E groups

were not different (pg;0.0S) (figu;e 3:6). At 51 days, there was

a decrease in the amount,of FSR protein recovered from the soleus

muscle ot both control and sprint trained rats. The C values had

decreased t015.7.i 0.6 mg/g from 854 + 0.6 mg/é and the S group

had decreased to 5.8 + d.2 mg/g from 8.3 + 0.6 mg/g.(pg 0.0é)g The

51 day, E group (7.0 + 0.3 mg/g) had not decreased_frdm the 10 day,

E q;oup (7.9 + 0.7 mg/g) (p=20.05). At 51 Qays[ none of the training

programs"fesulted~in significant differences compared,to.the C group

(figure 3:6).

- The ATP - dependent calcium binding abilities of the C, S

and E gréups.were not different'from”each other-«-at 10 or S1 days
(p20.05) (figure 3:7). The maturation proeess resulted in a lower
calc1um blndlng capability of the older 51 day control anlmals.
when compared to the 10 day group. The same pattern was shown with
both exerciselconditions.

(4 The calcium uptake of FSR protein for/control and sprint
soleus muscles were not different when the 10 day and 51 day groups
were compared (pz 0.05) (figure 3:8). In contrast, the E group at

.51 days (0.159 + 0.006 umoles Ca /mg protein) (p¢ 0.05) had a

greater calcium uptake than the 51 day S group (figure 3:8).
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animals the muscles of 3 animals were pooled
to give the N of 1. (‘D

. A

N

a 104 vs 514 (p%0.05)
b S vs E (p%0.05)
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5. Fiber Types

The plantaris ana soleué musclés of 10 day animals shp@ed
a predominat;ly fast—oxidati;e-glycpiytic kFOG) pattern. The soleus
had 87% FOG and 13% SO, while the plantaris exhibited 90% FOG, 8%
- FG and 2% SO fiber types; Percentages of 89 (S0O) and ll (FOGf
vérsus 87 (SOy and 13‘(FOG) were obser?edkfor 21 and'51 day soleus
‘ muscles,7fespecti§e1y§}~Planta;is muscles had 59% FOG, 33% FG and

8% SO versu; Gl%deé,_3S%‘FG and 4% SO for 21 and 51 day animals,
'rgspectively. | |

ThéfE'animalgvhad more absolute FOG fiber .content in

both soleus and plantaris whén'éompared'to C animalgi, At 21 dayé
the soleus of E anlmal%]were observéd té contdin 21% FOG ‘and ' 78%
SO fiber types, while the plantarls had 59% FOG,.24% FG and 7% SO'
fibers. At 51 days, values were 67% FOG, 22% FG and 11% so flbers'
for élantarls\and 20%vFOGVand 80% SO for the soleus.

B ‘ The S aniﬁalsrat 21 days were obsé;veé_tp Hav? l@% FOG.
- and 86% SO for éqiéug musqleé and 62% FOG, 34% FGfand’4% SO fibers
for planfaris muscléj‘ At'Sl-days, the planta}gg muécle‘of S?animalsv
contained 57% FbG, 38% FG,and 5% SO,-while the soleﬁé muscle had

R 4

18% FOG and 82% SO fibers.



“plate I

Plate Ia 10 day Plan

. . ) ' . ‘ 3 , . '
‘Micrographs showing serial sections of plantaris

and soleus muscles stained for §!ler types of

control animals.

3

Plate Ib 10 day Plantaris: NADH diaphorase
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Plate i (continued)

... Plate Ic 21 day Plantaris: Myosin ATPase

‘Plate Id 2l-day-Plantérisi NADH diaphorase
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. /
Plate I _ (continued)
\ -
14
~Plate Ie 51 day Plantaris: Myosin ATPase
. ST
-

- Plate If 51 day Plantaris: NADH diaphorase
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. Plate I (continued)

Plate Ig 10 day Soleus: Myosin ATPase

Plate Ih - 10 day Soleus: NADH diaphorase

-« )
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Plate I

(continued)

-Plate Ii-

-’

Plate Ij

21 day Soleus:

21 day Soleus:

Myosin ATPase

NADH diaphorase
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Plate I (continued)

Plate Ik

-

Plate Il

’

<Y

51 day Soleus:

Myosin ATPase

51 day Soleus: NADH diaphorase

R
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Plate II

Micrographs showing serial sections of plantaris-
and soleus muscles stained for fiber'types of .

endurance animals.
Ty

Plate IIa 21 day Plantaris: Myosin ATPase

3
Plate IIb 21 day Plantaris: NADH diaphorase

.
S
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Plate II (continued)

. : - : R . i
‘Plate IIc 51 day Plantaris: Myosin ATPase "

N

Plafe I1d4 51 ‘day Plantaris: NADH,diaphorase

»
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Plate 1} . (_continue 4d)

: : % K , ¢
Plate ITe 21 vda?) Soleus: Myosin ATPase,

I
f

/
*
,

N . e
.

'\%\\\\

CN

rd \}

Plate IIf 21 day Soleus: NADH diaphorase

-
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Plate II (continued)

Plate IIg

-Plate IIh |

51 day Soleus: vMyosin ATPase

L]

'51 day Soleus: NADH diaphorase |
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~

Plate III - Micrographs showing serial sections of plantaris -
and soleus muscles stained for'fiber types of

" sprint animals. .

Plate IIIa 21 day\Pléntaris: Myosin ATPase

Plate IIIb 21 day Plantaris: NADH diaphorase
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Plate III (continued)’

~

Plate IIIc 51'day Plantaris: Myosin ATPase

Ry

Plate IIId 4 day Plantaris: NADH diaphorase
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Plate III

(continued)

Plate IIIe 21 day Soleus: Myosin ATPase 08

‘.
-

Ly

o

nPlaté IIIf ﬁ#}l day Soleus: NADH diaphorése
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Plate III (continued) . c
7w
Plate IIIg 51 day Soleus: Myosin ATPase
3’. ;. - ~
5 | - s

Plate IITh 51 day Soleus: NADH diaphorése

A N
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DISCUSSION = N
. l;f Body and:Musole~Weights

e o

hl The body weight lncrements observed at ‘each age followed

the“normal growth pattern typlcal of maturlng ahlmals (Table 3: 2)‘
' (thmann et al. ’ 1974_) . 'l'he «1°W?1'.. we‘ights’ (péO‘.OS)_' of,both the
"spriﬁt andééndurancertraihed‘animals’are consistent with preViousv
1nvest1gatlons (Houston and Green, 1975 Stauate et al., 1973§

o Maturatlonnhad resulted in heaV1er, plantarls and solehs
: “ P
h'muscles (Table 3:2). The 21 day welghts were ot effected by the:

fexerclse programs (p 0. 05),‘wh1ch confirms earller studles

‘*.employlng young, sw1m tralned rats (Gutmann and Hajeck 1971) At

i

{‘CfSl days the plantarls muscles from E and S‘anlmals had lower welghts

'r(pf;o.QS)'than‘age'matched_controls, whlle the soleus_muscles‘
hheights did'not;seemlaffeoted‘by either traiﬂiﬂé-regimeh. Although
. s

Y--only 2 muscles were sampled others may have lncreased, thereby '

iaddlng to the body welght 1ncrements.:"

oy ,:, The 51gn1f1cantly lowgr plantaris WEIths ‘at 51 - ..~‘55,
- ‘ .
.days in the tra1n1ng groups are opposed to prevxous results w1th*~;‘e[_;r

3 o s

. Y a

jtralned anlmals (3 m/mln, 65% grade, 2 hr/day) (Baldwin et al.“
1976). The plantarls welght/body welght ratlo lncreases were

attrlbuted solely to heavler plantarls muscles., The comparlsoh of
./4 IR S A : ’

‘ plantarms muscle welghts between~g§e.p§§v1ous study and thls

L

1nvest1gatlon may»not be valld, due to the extremely dlfferent

y tralnlng protocols and the age of the anlmals. Also, the lower«'ff; iﬁ;;j-

hplantarls muscle welghts may not have beengj spec1f1c functlon of Dol

l:the'tralnlng program,v51nce other factors.such as l;ttermate

-

60
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dplacement and/or sampllng technlque may have confbunded these results.
Although the present study attempted to use llttermates ln each TN

experimental gfoup, this objective was only partially completed

. due to several factors;lnumber of offsprinéy deaths and injuries.

g ;‘As well the orlgln of the plantarls tendon was dlfflcult to assess__
" —

“whlch may have been tesponsible for partial exc1sxon of the mgscle.-k 2//
14 -
ZThlS also would tend to artlfically lower the plantarls muscle -

"welghts reported in this study. . - .. -*_}' o
-

i

, Atgéi}days, the soleus. muscle welghts for the C, s, and
'E animals we?@bglmllar (P>'O 05) (Table 3:1)) Fitts and Holloszy

(1977) reported that the length’ and/or welght of soleus muscle of

s e

~

_endurance tralned rats wererot affected by exercxse, when compared

‘to sedentary, control rats. e wf'._‘_;

- [ Lop RS

. /

v . CHES

i S, © 2. Plantaris Muscle .

o o
T e

It appeared that the pxoteln concentratlon of Both total "

.°;and mYbflbrlllar fractlons was relatlvely uneffected by tra;nlng,
except perhaps at 21 days (%able 3 2) The developmental process
bln the C group resulted in hlgher total proteln concentratlons at.
zneach“succe551ve‘age (pc-O 05) ' Fallure of the tralnlng programs

P n'

(E and S) td alter total proteln leﬁels at 51 days, lS ln agreement k

1tﬁ prev10us reports (BaldW1n et al., 1977 Gordon et al 19677.

Si flarlly, the myoflbrll or. contractlle proteln fractlon of rat'

* - '_5,

"skeletal muscle (gastrocnemmus) was not statlstlcally changed by

'Qtralnlng (Wllkerson and Evonuk 1971)

e B ) -



. . ) . A1
At 21 days, the plantaris muscle total protein ‘concen-

/trations of E and .S animals were higher than the values at 51 days

(p 0. 05) .‘This pattern is different'than'theitotal protein
concentrétions exhibited hy_muscles of the o group (Table 3?2).
Although the total proteln concentratlon of plantarls muscle for
: the S group at 21 days approxlmated that of the E grouR, thls
;'value was not statlstlcally different than elther the E or C group.
“ The total proteln concentratlon of the muscles from 21 day E anlmals

) was greater as a consequence of the tralnlng program compared to the

-

lC:group q;£0;05)‘but-no_dlfferent than the S animals. ‘The results
o ) oo , _ o Y I
~of this,investigation suggest'that the elevatéd total protein

"values were not due to lncreased myoflbrlllar protein, since all.
concentrations, at,any age,-were not changed‘(pz 0_05). Perhaps the

'+, greater oxldative potential, which does increase with endurance .

¢

,training (Hollosry et’al\) 1975), ‘may partially account for the’

: hlgher total proteln levels observed for muscles of E group anlmals. .
l'Thls explanatlon seems plau51ble, especxally when the hlstochemlcal .
-ev1dence suggests that a greater proportlon of fast-ox1dat1ve-

.fglycolyt;c (FOG) flbers ere,present in muscles of the‘endurance

.

"tralned animals As wel dlfferences in the proteln fractlons may
fg have been attrlbuted to water Shlfts occurrlng in the muscle due to
‘ tralnlng ‘

©

i The lowered total proteln concentratlon of'muscles from . AZEEV

LA

' the'Sl day E-and's animals, when'compared to the 21 day'values

"“(p'io 05), perhaps resulted from a decreased amlno ac1d ( 5 -

e}',»

methlonlne,and l4c - leuc1ne) lncorpggptlon r; o st .acfompaniesv

. o7}

maturatlon (Narayana and Eapen, 1975 1967(. S



The greatest 1ncorporatlon rates appear to occur durlng the £iFSt

3
lowered amlno

‘

) 20 30 days fol% Ylng blrth (Narayanan and Eapen, 1975) Thus, the

da 1ncorporatlon rates, as well as the lowered,

’plaptarls muscle welghts may have partlally contrlbuted to' the

/ .
total prote&n results of this study at 51 days. : 4” . , ) :

The normal developmental pattern of myofibrillar ATPase

activity for predomlnately fast rat muscle was conflrmed (flgure
- ‘ : t . .

©3:1). Although previous investigationslhave employed the extensor

digitorum longﬁs‘(EDL)‘muSC1e of rat (Gutmann et .al., 1974;

‘Drachmanfét al.,fl973),'similar increases in theumyofibrillar' o

[34

ATPase act1v1ty between lO and 21 days for plantarls muscle resulted.

As. well the Sl day jof anlmals had malntalned the ATPase actxvxtles,

,whlch is typlcal for maturlng rat fast muscle types.' This pattern

\fmuscie (Gutmann et al X 1972) , Since'the COntraction time-and

Py

is consistent w1th the contractlon times reported forkgrow1ng rat

-
@ il

‘ e
ATPase act1v1ty correlate uell w1th each other (r >, 0 9) (Drachman

etJal., 1973 Barany, }967)\\;\\may be suggestef the plantarls_ﬁ}'

éﬂ*muscles from o anlmals had lncreased the contractxpn speed from 10

«.r‘
t0ﬂ2l days. g“

PO

At 51 days the plantarls muscles of E anlmals may have

hown a prolonged contractlon tlme, partleularly sxnce,a 23% decfement

‘,occurred forshg ‘;- actlvated my\fibrlllar ATPase acthlty when N

jcompared to the 21 day lev
. evxdent when the E group wéﬁ;compared to either the 51 day S or ol

”anlmals (flguxe } l) The ﬂ& ered AmPase, ctlvzty for E anlmals
X_ 4

&’“’" . g . ﬂ_‘: : k .
' ,(pc.o 05).. This decrease was also

"_0.

.-l

"’ A




- - ST | ; | '6‘4_
o B ®
is in acreement‘mith a report in‘which a Zd%ldecrease in ATPase
act1v1ty of rat red vastus-muscle (FOG) was attpruted to endurance -
~<training (Baldwxn et al., 1975). It may be that the observed
4y~decrease in. Mg - myofibrillar ATPase act1v1ty of plantarls from
E anxmals\gs associated w1th the FOG proportlon of muscle fzbers
due to the recrultment charactgxlstlcs.‘ Thls_sugqestlon ;s‘
suppOrted by'the observation?of,Burke and‘Edce;tonv(l975) that.FOév‘
y fibers appear to be recrulted for many more types of activities ,
”hthan either the fast-glycolytlc (FG) or slow oxidative (SO) muscle
flbers. ‘As well, the ,llghtly greater FOG flberlpopulatlon retalned
7;1n the plantarls of Sl day E anlmals, compared to the C and s
anlmals, perhaps 1nd1cates that myoflbrlllar ATPase adaptatlons -
) may also be lndlrectly supported by the S group vInvthls aneSti‘
'fgatl n the myofibrlllar ATPase- act1v1ty of plantarls muscle of 51
~day anlmals.has sli;htly.greater FG flber content and.ltvappears-‘
" that the ATPase actlvity of this flber type does not adapt to " A
endurance tralnlng (Baldw1n et ‘al., 1975) | - | |
'The "functlon-flber type" theory.referred'to»in thé
' 1ntroductlon, as wellfas suggested by Baldw1n et al §1975);‘may
‘be partlally demonstrated by these results The effect of S
) tralnlng, althouqh not alterlng the myoflbrlllar ATPase act1v1ty
as compared to C anlmals (flgure 3 l), appears to. have a sllghtly :
3 hlgher proportlon of FG flber types. @As well the E anlmals do
. ‘ iy

appear .to have a hlgher proportlon of FOG flber types. :The

'v’suggestlon that the energy supply and demand system are llnked



ﬁ*\

a

(Baldwfn et al., 1975), lends further support to the "function-

fiber type" theory. Although the histochemical evidence reported

is hot conclusive, it does suggest‘thatractivlty may alter the

" type of metabolic system.preferred hy a, muscle fiber typet

hsxmllarlly, the decrement assoczated w1th myoflbrlllar ATPase

23
“

acthrtles of E anxmals lends credence to the suppOSLtion that

functlon~may alter the normal couraé of development for young rat
plantarls muscle Whether the altered myoflbrlllar ATPase act1v1t1es
reflect actual molecular.refarrangemehts of the protelns or simply

' . . ’ [ .
an attenuation of’the'proteins already present may not‘be.deduced

directly. However, it may be suggested from other reports (Pette \

et al ' 1976 Sreter et al., 1974) that the molecular propertles

© g -

. of, contract;le protelns may exlst as an lsozyme mlxture.-'

'The yield of'fragmented'sarcoalasmlc retlculum‘(FSR)

proteln had lncreased between 10 and 51 days for all groups (p< 0.05)

(flgure 3 2) Maturatlon accounted for increases in ATP dependent

,C blndlng and uptake abllltles by the FSR (p4 0. 05) (figures'3:3

e

“and 3: 4) whlch conflrms an earlier study (Drachman et al:, 1973). Q&@Q

_ - .
"It appears that the Ca L related actxvxtles necessary-for muscular

!

‘\

Ez—f//

‘tile propertles and protelns throughout development.;

‘contractlon in fast type muscle remalns conSLStent w1th the contrac-

Follow1ng tralnlng (S and E programs) no exer e'effeCt
was observed for FSR proteln yleld and ATP - ca’’ uptak%% >O 05)
in the plantarls However, at 51 days the muscles %gomaE anlmalsf’

++
had a greater capac1ty to blnd Ca . thah the C:grogp.(pf_O;OS).

. : . » s
. i § N
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'! This enhanced Ca binding is in opp051tion to the results of a
previous investigation which observed no training (continuous/
‘-nterval work) changes in the ability to bind Ca of either
guinea-pig gastrocnemius or plantaris muscle (Barnard et al.,

n‘ 1970) -This difference may well be a function of the animals

=
speCies, age of animals and/or intenSLty and duration of ‘the
training programs employed by the investigators EVidence that
the. Ca relat;d‘actiVLties of skeletal muscle are - changeable has
been reported under chronic conditions,vsuch as Cross~innervation
(Mommaerts et al., 1969) ‘and electrical stimulation (Ramirez et N
al., 1974) . The Ca*+ uptake activ1ty, of cross-innervated cat

B

flexor'digitorum muscle by soleus neive, was’reversed,after six
months,/while the reverse experiment'required one year before -
changes had resulted. The FSR electrophoretic pattern of chronic
electrically stimulated (8 hr/day, 10 impulses/sec) rabbit tibialis
anterior muscle was Similar to that of slow muscle; No data on.
stimulated soleus muscle was reported (Ramirez et ak., 1974)
Thus,_the Ca- .related activ1ties of selected skeletal muscles y
seem to.have‘the ability to;adapt to a-chronic‘stress.

The significance of the elevated. Ca++ binding may be

/

related in- part to the fast type of muscle studied (plantaris) It

»

:has been suggested that the free Ca kremoved from the sarcoplasm
+4+

by an ATPase - Ca -~ pump mechanism is stored with a Ca binding“
R A\

protein (MW 55 OOOd), which undergoes configurational changes when

bound to Ca (Gergely, 1974) Moreover,‘it was postulated,that

. ++
,the Ca -, when' stored or bound in this form can be much more
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easily dissociated and thereby releaéed'from'the sarcoplasmic
reticulum into the actomyosin system. The ATPase - Ca - pump
mechanism which is responsible for Ca uptake by the sarcoplasmic
reticulum has been suggested as one of the distinquiShing features

between FSR of fast and s}ow muscles (Fiehn and Peter, 1971). This

‘may in part be'related~to-the capability of the FSR of fast muscléA

++ R =
to blnd more Ca , since the ATPase -~ Ca - pump mechanlsm has

been reported to be lnhlblted by large concentratlons (0.1 mM) of

e

++
free Ca (Gergely, 1974). Furthermore, Sembroylch and Gollnlck

' L} . : ++ . . - .
. (1977) suggested that the Ca  uptake of skeletal muscle (gastrocnemius)

~* is lowered as a function of exercise intensity. Thus, the enhanced
N g .

N+t . T R ‘ X ) . : Ly
Ca binding ablllty of plantaris muscle may reduce the free Ca

.
N

and hence' lower the Ca ' levels to %those which are optimal for the

-
1

- pump. This should then eénhance the recovéry phase

-

of contractlcn \\These changés may be of phy51ologlcal SLgnlflcance

| [
|
~in the exercising musc~e\wh1ch must not only prepare the 1nternal

\\.
?\

‘cellular environment for relakitiqgl but also be prepared to release

i —— RN

++ . L T C . St .
Ca so.that the contractile proteins have the required Ca, - necessary

v

for contraction.

3.. Soleus Muscle

The training (S and E programs) employed in this study
from 10 to 51 days of age had no observable effect upon total proteln
concentrations at any age (Table 3:3). As well, the developmental

process did not appeér»to alter the total protein'concentration
. ’ - - . °



[

-. net result, excluding other possible protein fractions, suggests

68

2

between 10, 21 and 51 days (p2 0.05). These resﬁlts‘may obscure
the possibility that different rates’ of protein Synthesisvmay\have
been’occurrtng in varipus subcellular fractions yet, the totaf
érotein content remained relatively stable. The different
incorporatlon rates of amino acids ( S - methlonlne) into either
the myoflbrlilar or sarcoplasmlc reticulum fractlon with 1ncrea51ng
age (Narayanan and Eapen, 1975) may lend support_to the p0551b111ty :

of total protein not belng composed of equal proportions of sub-

.cellular fractions dur;ng development. e myoflbrlllar groteln

fractions of soleus muscles from 21'day S a E~anlmals are higher

1}

(p..O 05) than the C values (Table 3:3). As well, from 10 to 51

days the FSR protein yield is decrea51ng (Figure 3 6). Thus, the

5
~

‘a relatively stable total Protein concentration.

i

The pattern of soleus myofibrillar ATPase activity

L exyibited in this report.(fiéure 3:5) bf the C animals clcsely

-

resemﬁles the normal maturation jphenomena (Gutmann et al., 1974).

At 51 days the muscles of E and S'trained animals had greater

[N

ATPase activities than C anlmals (

£ 0.05) which confirms earlier
reports (Baldwin et al., 1975; Syrovy et al., 1972) Baldwin et

al. ( 975) have suggested that ATPase adaptatlons may be brought

N

about by elther complete transformatlon of the myosin molecule or

by partial replacement of the two dlfferent forms of. myosxn,

’

resulting in avmixture of both enzyme types.. ﬁ%ether the changes

reported in this study or by Baldwin‘et.al. (l975) are changes

.

. . ++. ) ++ . .
unique to Ca - Mg ATPase or to Mg ATPase or some combination of

‘P
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g . ' . | _ o
both was not ascertained. Syrovy and Gutmann (1977) have\observed

"and .LC, and normal adult ﬁuscle has ohly LC, and LC

1dent1f1ed,‘as ‘well as a falnt pband correspondlng to the LC3 component.

.cross—lnnervatlon. The 1ldss of LC

] s s .9; .
that young.soleus myosin is assoc1ated/w1rh Lcls' Lclf"LCZS’ chf
If the

3 1s 2 :

myosmn llght chain component of the soleus muscle followed a normal

maturational pattern in C animals, the myoflbrlllar ATPase alterations

‘for muscles of 21 and 51 day S and E animals may be related to the

enhanced neural act1v1ty dellvered to the soleus durlng tralnlng

Since the myoflbrlllar ATpase has been shown to be a function of the
light chain properties; the light chains (LC)’may.have.altered as
well as the myofibrillar ATPase; The precise function of. these
light chains is unclear, but two tbeories have been‘sugéested in a

review article by Mannhertz and Goody (1974). The authors suggest

-

that the LC may either serve to stablllze the globular head region,

thus allowlng ATP to bind and be hydrolyzed or they may in ‘some way

aid in direct binding of the ATP molecule to the globular head
region. The alteration of myOSln lgiht chaing due to various forms

of "néural" activity, such as eleé%rioal stimulation and cross-

innervation, also lends suppoft to the contention that soleus myosin

-~

light chains may be partially changed. .sréter et al. (1974) have

reported that crossbinnervation of rat soleus, leads to a partial'

’J
transformatlon of the myoéln molecule, with a LC ‘component clearly

Partial transtrmatlon occurred for the fast EDL muscle, with

exhibited a LC ' band, with very faint LC and LC3 proteins after

1s 2f

3 protein for rabbit tibialis

nterlor and EDL muscles had resulted follow1ng prolonged pergods

>
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of both continous and intermittent, electrical stimulation ‘(Pette

et al., 1976). i P )

- . Hlstochemlcally, the results Suggest that the trained
soleus muscle may have a greater potential to participate in a o
variety of activities, since the high pProportion of,FOG fiber“
tygesrpresent at 10 days is maintained-§omeWhat by the triining

program. Whether this is the situation in animals that begin 7/
training later in their llfe cycle is unknown. ’

: + :
The §T2—dependent Ca * binding ability and FSR protein

yleld of. spleu§ muscle decreased with maturation in C animals ..
N
(p 0. 05) - (flgureSoB 6 and 3: 7)‘ However, the Ca ‘uptake C

. Sy - < J
activity remalned relatively constant throughout development

;l(flgﬁre 33 ﬁ) Drachman et al. (1973) observed that Ca'' ‘related
L S o R
hactivitiesﬁln the FSR parallel the chages in myofibrillar ATPase
L T R i . . .
activity of develpping:rat fast muscle. This phenomenon appears

S TRt L g - : H+ o
\tq occur 1n“soleus muscle since-the FSR yield of Ca . binding

> (fa.gqres 3: 6* and 3 7) decfeased with the myoflbrillar ATPase

PR i

'actlvxty (ﬁlguxe 3: 5) durxng maturatlon The fallure of Ca++
juota;:*;f ;Sﬁ fxactrons to parallel the myoflbrlllar ATPase actrVLty
as. a consequence of development may bo related to the mltocnondrlal
. . . 3

.’p :f uptake. The Ca reduction from the sarcoplasm via the -

2 P . N
]

mitochondrla occurs readlly (Lehninger, 1974) Thls'may have
:ﬂcontrlbuted to the unchanged FSR Ca uptake. Thus, as the muscle

: - . ++ . . .
matures perhaps greater Ca uptake by mitochoridria, as well as -

P s N . ) . ++ .
increased.number and size of mitochondria, allows “for more Ca to ..
be taken up by this fraction. = This suggestion is supported by the
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. N R

§

obser?ation“thatfthe'sareoblasmic reticulum of slow muscle is not
¢ . . . i K . ] . : X -

aslstructured.as éhevfraetion obtained from fast muscle (Fabiatd

g

- and Fablato, 1977) The tine sequence of fSR‘fraction development\

in relatmon tq the contractlle propert;es (Pette et al., 1976 Ramlrezf'

T et al., 1974 Drachman et al., 1973) ‘can not be rnferred from the S

.‘ B

results of the present lnvestlgat;on. However, 1t may be suggested

' /
that the soleus muécle had the potentlal lnltlally, in terms of -

FSR related actlvrtles, to develop and perhaps retaln fast contrac-

!

tlle propertles. Thls ablllty seems to be lost w1th normal ”;

development and may partlally be attrlbuted to. the muscles antl-

‘s R e
T

gravrty functlon. : f W] T ;'.j“ e j Y

The lncreased FSR Ca r uptake by'soleusﬁmuscle from Epﬂ

anlmals (p‘-o 05) (flgure 3: 9) is in agreement w1th a prev1ous

report for tralned (26 week) rats (Benner et al., 1977) The Ca,++
.~(- ‘ .

PR

.actrvrty of the mlcrosomal fractlon of soleus muscle anreased 28%, ‘

‘{ while the mltochondrlal fractlon had decreased 18% followlng

1 . :
. ¢

v'-wtralning; Lehnlnger (1974) suggested that the mltochondrlal uptake .'

D

o of ca takes precedence over energy productlon The ev1dence by
h . R

Bonner et al (1977), that there may be less oi a d1%turbance upon

-

’

\oxldative phOsphorylatlon by mltochondrlal Ca ‘ activrty, may ‘
expla}n the 1ncreased Ca + uptake shown in thls.study. .Thus)t“

followrng a trainlng program it may be that ihe FSR fractlon has ° .

assumed greater'responsibilrty fqr reduc;ng sarcoplasmic Ca +, thereby;*”

A .
7 R .

allowrng the mrtochondria to participate to‘a qreater extent 1n ATP

production. The qreater anolvement of the FSR fraetzon of’ soleus




muscle from E; anlmals may "be plauSLble, espec;ally consxdermng that

the proteln %1eld for fSR was not xeduced as it was with both the

M « L4

h»S and ;.grqups. ’ o .;a
R . e . N ) A . . )
The fallure of Ca brhdlng in soleus muscle to alter N

va.th trmna.nq (s and E anlmals) may be explalned by the F SR
B ++‘ -
‘releaSLng mechanlsm for Ca . It was postulated that Ca release_-
‘ 3 . /1,»‘. .
is not totally dependent upon depolarlzatlon events, as w1th fast
- . \ ;w

muscle, but rather Ca movement across the membrang of 1¢&§’ )hka,“

strugtured SR allows Ca "to be made avallable.to the acto?yosxn,?
' ’,, 'A .;,

mcomplex (F&blato and Fablato 1977) Thus the reculrement of

. . +?" s
o i blndlng to specxallzed Drotelns may - not be as necessary a
feature. of s;owﬁmdscle as»w;th;fast muscle. ‘ H

RS



g L S 4. Summary,and €onclusions

w

P
‘ib

R 4 . ° ' : ; b : —T .
Two dlfferent tralnlng programs were}_sed 1n thls study.

< . ) A

%ﬂ An 1ntense 6 week sprlnt and endurance exerC1se protocol was used -

v ~

to 1nterrupt the normal developmental pattern of lO day rat soleus

>

g ‘%m" . o
<and plantan;s muscles Slnce the_;ralnlng programs place dlfferent “‘

tf,"

' metabollc and contractlle demands ‘on skeletal muscle and if’

functlon does dlctate muscle characterlstlcs, then the 2 programs

B

should selectlvely alter muscle propertles. In\an attempt to

[}

- aa’v observe exercrse changes on grow1ng, rat skeletal muscle, thls

- SO
. study used Mg L= actlvated myoflbrlllar ATPase act1v1ty, Ca ..
. { . N .

v

) | blndlng and upéake of FSR proteln._c - é? R .gpﬁ'f;_ .

Normal developmental patterns of myofabrlllar ATPase

“;} acthltles occurred in. the plantaris muscle. As well the edﬁanced

.< ._..m

FSR proteln yleld, Ca blndlng and’ uptake due to maturatlon suggest '
~that the contractlle and SR fractlons of growlng muscle change ln -’

Dokt -

,éﬁm a similar fashlon throughout develdpment.
e AT : ' : :

7’ / .

' The S tralnlng dld not éffectlvely alter any of the

| varlables dbserved.» Thrs may be partlally related to the 1nablllty
of the S program employed to substantlally overload FG flbers or that

the contractlon-relaxatlon characterlstlcs of FG flbers may be.

~

4,'

. sufflcrently developed and therefore the sprlntlng 1s not percelvedzj
'?ﬁ_;'ﬂ as a stressfu1 c0nd1tlon As well the selectién of anlmals (e. g.vi

rat)

f%MmcmumuﬁtmmeﬁMM%r@umdvﬂ, ’fafﬁﬂ
N " . R

The E program resulted in lower myoflbrlllaﬂgATPase' g

actlvity and greater Ca brndlng abrllty ln plaﬁtarrs mhscle.,JThe



Lo ) L . ‘ é:“;’ S
L The alteratlons wgach occurred due to the E program may be explalned
N

\‘/

by the observatlon that a - slightly greater proportlon of FDG
) flbers were retalned.

BN X

Thls retentlon sznce the plantarls ls composed
primarlly of FG and FOG motor unlts shoﬁld have resulted 1n

lncreased reqt 1tment of FOG flbers.

-

i

myoflbrlllar ATPase act1v1ty, FSR proteln yleld and Ca
il kllity for the C anlmals\

bindlng ff:*”“
//' ‘~-\\'\ _\ s

The S and E anlmals hoth retalned sllghtly greater FOG S o
f:.bers, at 21 and 51 days contrasted to the I am.mals
programsjhad;the‘soleus

".B‘Oth‘ S e
_1llar ATPase act1v1t1es at =t

PR

gevelopment suppoftsrthe sugges"

,’-
¢

phosphorylatlon as 1n normal, soleus muscle.

anlmals to alter Ca

The fallure of s

related act1v1t1es may be partlally accounted

for by Eﬁ% ‘ abillty of the s program to effectlvely alter the
.mltocﬁondrla of sdleus muscle.

Thus, the soleus musole appears to:'
R : =

PN S (_




be lnfluented by functlon, especzally E exercise, durlng

{, .
developmeﬂt by retalnlng contractile and sarcoplasm;c retlculum

-

<] b

development. : ,1,‘ RS ,,” , fg.d: ,f“‘e. .

el

'capabilltles that otherw1se would have been lost during normal:fff
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' REVIEW OF @ITERATURE . : .

1.° Strug}ure and -Function of_uyqsiﬁ

The céntractile apparatus which is requnsibleffor'the’

transfer of chemical energy into mechanical work is made up of a
: , o 4 ‘

number of components. Thngrimary area responSible'fbr*the

. . . &;’ ‘J ;‘ o
transfer, has been associated~with the thick filaments*of the,
contractile apparatus aS'réported by Huxley (}955), mofe’preciéely

termed the myosin filament.

The molecular structure of myosin has been well defjned

in recent years particu;arljldue to advances in "analytical
ultracentrifugation éhd»pro;eolytic,enéyme digestion. éA&ghougﬂ
thefmyosin isolated ;rom‘a numbeg of species ha; been reported to-
be different (Bréhms andbxéy, 1963) , genéral;featpres have been .
identified: This protein is assécia?gd with apprqximately 5,000
amino acid réSidues; combined intolﬁwo'ldentical polypeptide éhaih§
in a coiled coilrﬁashion, 1400 g in le;g#h-with both hydrogen aﬂd
hydrophc')bic bonding (Gazith ot al.',‘v:197o;“Ge:4r'slfuﬁan et al., 1969; |
Lowry et al., '1969). 'The mass of tﬁe protein is.la:gé (Mw 500,000d)
and various sﬁbunits héve been idéhtified. The rod éhaéed myosin
molecule has been shown to consist of a iight meromyosin (LMM)(and
heav%\meromyosin (HMM) component, with the lattér fractién forming
two globular\head regions. The LMM component compfises approximately

‘48% while Whe HMM component makes up-52% of the total myosin

(A.G. Szent-Gyorgyi, 1953 a). The secondary structure of the LMM



. " .
L] . _ ' \

. K
" ' . . - !

and HMM has also been elucidated (Kominz et al., 1965; Mueller and
’ v : . (.
Perry, 1962)1“ The LMM has 100% ot ~helical Eonfo#ﬁatfbn and retains: -

its solubility characteristics, but no enzymatic activity when
separated. The HMM is associated with 50% ét-heLix fofﬁ, is water
'soluble’ and retains tks enzymatic activity.charactéristic of myqéiﬁf

¢ .

With further digestion by large concentrations of trypSin, the
HMM fragment may be divided into HMMééubfragment 1, and HMM-

subfragment 2, with only the HMM—Si\?dbunit retaining the énzymatic
activity and actin-binding characteristics, (Lowry et %;., 1969;

Mueller and Perry, '1962). Associated"with'thg'HMM—Sl fraction are
low molecular weight componenpsfo:'light chains (L.C.), which are

not co&alently linked to the globular head regioq, (Mannhertz and
. : ‘ Q,

Goody, 1974: Weeds, 1969). -

The precise function of these I[,.C. are unclear, but two

theories have been suggésted in a review article by Mannheértz and
Goody (1974). Briefly, they suggest the L.C.Wmay either, serve to
bstabilize the globular head region, thus allowing ATR -to bind and

be hydrolyzed or they may in some way aid in direct’binding of the

N

- *

ATP to the globular head region. In any event, the importance of

¢

the L.C. is made clear upon separating them out, which results in
a loss of ATPase.activi;y.

' The exact'hymbers and méises of the various l;gpt'ehains
are differeh£ b%;%éen FGyand';O muscle fiberS'(WQeé; and Pope, 1971) .
A \FG skelétal‘fibér éqq&;in§ three different L.C. on each of the two

:globulaé head regioné; ‘Two ot ghe iight chains havé'been separatea

Y q oy



out at a pH of 11, and ‘thus termed the -alkaline chains of LCl and

Lcil with masses of 23,0004 and 16,000d, respectively, (Sarkar et

*

alr,‘l97i; Qeréhﬁan et al., 1969; Fredeg?ksen and Soitzer, 19685.
The remaihihg\ligﬁﬁ chain fﬁcz), also.térmed the D'~I‘NBl chéin with
gwmcletular.yeigﬁt of approx;mately 18,0004 QOes not ;ppear to be
functiénéily relatéd'to‘épé ATPase actiQity-of myosin, since—the

ATPase activity is still present when LC2 is extracted. With regard.

to SO muscle fibers, only two different LC were found by

electrophoretig analysié, with molecular masses of approximatelyd

26,000d and 17,0004, (Weber and Oplatka, 1974; Sreter et al.,

1972) . .

2. Neural Regulation of Contractile Characterisﬁicsr

- The d;fferences observed between vériéus.musclelfiber
types have been attributed to the neural supply a;sociated with
the muscle (Vrbova, 1963; Bach, 1948). The reliance of muscie x
fiber characteristics and properties upon neural input waé
s;bstantiated by atroéﬁy resulting from denervation. Bajausi
(1964) found that whi;e fibers have a relatively greater dependence-
on a nerve-muscle inteféct;on than red fibers in reqgulating fiber
size. Also Melichna and Gutmann (1974) have suggested tﬁat neural

activity is important in regylating contractile properties by

denervation and inmnbilizaﬁ&dh studies. Buller, Eccles and Eccles

lBecause of extraction with 5,5'-dithio-~bis (2-
nitrobenzoic acid) . : (
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&(1960 a,b) also attributed the nerve-muscle interaction as

‘ ) ’
regulating the contrac le propert}eslcharadteristic of individual

flber types by spinal cord section and cro
N .
~ LufE (1975) found that in cat soleus (s0) apd EDL (FOG) muscle, the

—innervation studies.

tlme to reak ten51on and 1ntr1n51c speed o shortening was reserved

after cross‘ihnervation., ThlS pa ar phenomencn has been

_ further substantlated by a number of investigators with  a summary of

°

their results appearlng in table one. The preCLSe mechanism respon-

sible for these changes is uncertain. For example, whether or not

the nerve acts directly or by some trophic substance is unciear,
but. the nerve-muscle interaction related to contractile character-

1
N

istics is no longer in doubt.

JChanges in_contractile properties by cross—-innervation,
have lead several“anestigators to study the contractile proteins
responSLble for contraction. Since it is known“that a difference
in contractlle proteins exist between FG and SO flber types, it
was expected that these should also be altered after cross-innervation.
The’proportional relationship between contractfle groperties (e.g.
speed of shortenlng) and myosin ATPase act1v1til(Barany, 1967) lead
5to the idea that the myosin molecule was theklhportant feature of
the contractale apparatus that was subjegt to change. Hoh (1975)
suggested that myosin 1is probably the site where neural activity
affects the contractile‘properties (e.qg. speed<§§ contraction) .

Buller et al. (1969) found that in both cat and rat

muscle,'which had been transformed in terms of their contractile

ST N
>
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propertles due to nerve alteratlons, the Ca - activated ATPase
act1v1ty was altered. Barany and Close (19Zk) fapé;ﬁlhat changes

T \ q‘
in the contractlle prope:tles reflecte'd< :h molec lar
. v - f,,-, w u

level (i.e. ATPeée'activity). AlteratSongﬁgh sl * dTPase changes
perelleled the tra;sformatid; of gG mﬁsc;e €p SO muscle. Decreages
in hyosin ATPase activify es FG muscle was transformed intg S0,
suggeeted the importance of molecular cpanges_in determining the
characterlstlcs of different fiber types. kBaldwin et al., 1976;
Samaha et al., 1970) .

The. myosin molecule of FG and SO»fiber types are
assoc@aﬁed‘with different light chain coﬁponents. Thus, the
effect of cross-ihnervation have also been examined in terms of
light chain t;ensformations. The adaptatiopvdf'tﬁe myosin

molecule occurred through changes in the number of light chain

\

components (Pette et al., 1976; Hoh, 1975; Gutmann et al., 1974;

Sreter et al., 1974) and amino acid sequences (Huszar, 1972) . Thus,
it appears that the neural activity associated with a muscle is
important in-regulating its contractile properties, which reflect

t i
structural changes at the molecular level.

3. Developmental Consideration

The differentiation of FG and SO fibers after birth may be

demonstrated by differences in contractile preperties (Close, 1964).

' The reliance of the neural supply to muscle differentiation was

discussed previously, but the importance of nehral activity during

\

=Y



development must also be considered. Browﬁ,(l973) demonstrated

&

that the normal pattern of tlme to peak contraction was levelllng ‘

off near adult values at approximately 3 weeks of age for rabbit
. T |

EDL (FOG) and soleus (S0) muscles, but if denervation of EﬁL-occurred,
. 4
the muscle did not devel‘_qu these fast twitch characteristics., e

» ' o . .
On the other hand denervated, soleus muscle continued its normal

A AT
developmental pattern. When the EDL was electrically stimulated- Bl
e ar "

(i.e. trainé of 500 msec, every 2 min; for duration of 0.5 msec

at frequency ofA4O sec -1), after denervation its eontractile
properties were once again restored. A similar pattern of
develigment has been foune for rat muscle, except that the time
to reach centractile maturity occurs approximately 4 weeks after
bi;th (Gutmann et al., 1973; Gutmahn and”Melichﬁa, 1972). \
Immediate post-natal‘chahges in the rate of protein

L4
I}

synthe51s in SO and FG chlcken muscle, again p01nts to the ) o’
Almportance of. the post-natal developmental period with regard tL
muscle differentiation. Narayanan and Eapen (1975) found that
greater protein incorporation occured ie the myofibrillar reg;on
T as compafed to Fhe earceplasmic regions of FG a;d SO muscle, 20
and 30 days respectivelf,/after hatching. Thus, structural‘
changes oceuriné at this early stage of develepment may well
influence the functional properties expressed by a particular
yuscle fiber type, during its adult life.

Calcium-activated myosin ATPase acﬁivity for developing

rats is lower than in mature rats due to possible changes in the
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kinetic properties and active site conformational changes expressed '

by light chain components and sulfﬁydryl group coBtent. For fabbit

gastrocnemius and soleus muscles ;he percentage'o% HMM increased by

27% and“¥8% from birth tqQ 25 déys of life, after which normal adult

levels had been reached and were stabilized (Pelloni:MuelLer et al.,

1975), In addition, for rat muscle, it was found that approximately

21 days after birth, the EDL (FG-FOG) muscle had reached contraction
A ! o

times resembling those of adult muscle, with a correlation of .91

between speed offiontractlon and myosin ATPase activity (Drachman

.and Johnston, 19¥Q\. The myosin ATPase act1v1t1es paralleled the

developd&ntal changes of eontraction time’for both.rat EDL and

sole;s muscles (Gutmann et al., 1974). These investigators found

‘a decrease in contraction'of time of EDL and soleus between one

week {25 and 47 msee) end one month (11 and 26 msec] old rats,

while after this period, contraction times increesed until 12

months of age (15 and 38 msec). The myosin ATPase activities,

petween 1 and 4 months of age, for EDL muscle increased (.91 to *
.9é ugPi/mg/min) , while tée;gctivity for eoleus decreased (.51.to
.45 ugPi/mg/mih). The investigators demonstrated that physiological

changes during early stages of development, are associated with

" biochemical alterations, similar to reports on adult animals.

Also, light’chaih components followed a.similai pattern, and thus

+he authors have suggested a loss or transformation of the fas? type

of myosin light chains, associated with the develepment of soleus

5

muscle.
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The kinetic properties of myosin ATPase changed from
1 to 24 months of age for rat muscie. Kaldor and Mim (1975) have
suggested that during deVelopment there could be an altgration of
or near the active site or sites of the myosin molecule, due to
the following observations; 1) the maximum velocity (VMAX) of the

ATPase reaction was significantly increased, 2) the Michaelis

v

constaﬁt (KM) increased as well, but was not significant( 3) the
energy of activation (Eact) was lower in adult muscle, 4) the
HMM,. % -helical content were not di;ferent and 5) also, no change
in the content'of histidine, tryptoéhan and tyrosine residues was
noticed. The sulfhydryl (SHi groupfccntent was significantly
re@gced in adult animals (24 months) from 9.6 moles to 4.2 moles
ﬂKaldbr and Mim; 1975). The earlier work of Dow and Stracher
(1971), also éuégested that the differences between young and
adult muscle myosin was due to the SH group content, which may
influence the stability of the myésin molecule by conformatiocnal
changes, rather than myosin ATPase changes. Hoygver, unlike\ﬁhe
work of Kaldor and Mim, these authors reported greater content
of SH groups in adult mﬁscles,'yith a lgsser sensitivity in terms
of myosin ATPase activity.

Final;y, another factor that confuses the aevelopmental
changes 1is the time)di§crepancies noted between onset of contractile

properties and changes in contractile elements (é.g. myosin ATPase,

light chains). The age dependent alterations in contractile

I

properties indicates that the contraction times are altered by a



factor other tth contractile elements. Cross-innervation studies
which resulted in differentiation of muscle by contractile

U .
properti:s after 4 days, have shown that the contractile proteins
are not alﬁéred until approximately 3 weeks. The factor which
appears to influence the eérly developmen®®l changes is the Ca++
uptake mechanism from the sarcoplasm geticulum (Ramirez and Pette,
©1974). Also with eardiac tissue, the formation of various fractions
of the sarcopiasm reticdlum (e.g. t-tubes, lo%gitudinal tubules)
has been reported to oscur at various time intervals from birth to
1 month (Schiebler et al., 1966). Thus, the differential nature
of th;s development may well be associated with ®he muscles ability
. to produce a specific type of contraction, throughout the developmental
phasef‘ Petté et al., (1976) have shown that the sarcoplasm reticulum
is the first muscular component to adapt to prolongea (8 hr/day)
e%?ctrical stimulation (10 Hz), before metabolic and contractile
proteins= Thi; time related feature of adaptation appears to follow
a lqgical pat%ern especially when the cellular events of muscular
~;cont;act18%‘are conside;ed. Siﬁée the Ca++ uptaké mechanism is the
intermediate step between neural acﬁivity and binding of actin and
myosin, it may weli be thé initial site of adaptation of £he

—

contractile apparatus.
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4. Exercise and Sarcoplasmic’ Reticulum

The effectsbof physical traininé on fragmented sarcoplasm
reticulum (FSR) calcium binding (storage, accumulation) and calcium
uptake, from skeletal muscle, is’uncertain. Barnard et-al. (1970a)
‘have reported no significant differences for trained (combination:
continuous and interval work) guinea pig gastrocnemius and plantaris
muscle after both-9 and 18 weeks Of training. Results from cardiac,
tissue FSR following swim training (150 min/day, S days/week) for
7-8 weeks have indicated a 25% and 29% increase in calcium storage
and calcium uptake, respectively (Penpargkui et al., 1977). In
contrast, hearts from dogs exercised for 8-10 weeks with a progressive,
motor-driven treadmill program had not‘enﬁanced their abilitykfof
FSR calqium storage aqd/or uptake (Sordahl et al., 1977). The
species difference, as well as the variety of exercise programs
have been identified as possiblé'factors for tﬁe discrepancies
observed with cardiac tissue (Penpargkul et al., 1977; Tibbits
et al.,"1978).

The ability of the FSR.to adapt td/éhronic stress
(e.g. cross-innervation and elect ical stimulation)- have been

reported. ‘' Cross-inner {on of cat soleus and flexor digitorum

muscles indica that the calcium uptake could be altered, so that
fast muscle resembled slow muscle after six months (Mommaerts et

al., 1969). Electrically stimulated (8 hr/day, 10 impulses/sec)

fast rabbit tibialis anterior showed electrophoretic patterns of
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SR protein similar in content to the normal adult soleus
(ﬁamirez et al., 1974). Thus, the results of trained and
chronically altered FSR calcium binding and uptake, suggest that

these components are adaptable, hawever the different training v

N [}

programs, animals and tissue se€lection confuse the extent ‘of
the adaptation.

b4

5. Exercise and Contractile Proteins

Alterations of contractile characteristics have not only

been observed with cross—innerﬁaﬁion and post-natal development,
»

but also their dependence on muscle'func§;on has been considered.
Since sq‘eqa muscle‘serve§ a primary role in‘posturai or a;tigraiity
functionh it has been postulated éhat the d}sappearapce of FG and
FOG fibers, present at birth in soleus; may be attributed to éheir
minimal involQemen; with postural function. The neural activity
accompanying different typés of function may be the primary reason
for influencing characterisfics of a particular fiber type )
(Pelloni-Mueller et al., 1976; Lewis et al., 1974). 'In an attempt
to further observe‘this "functién-fiber type" theory; exercise
programs_of‘varxing intensities and duration have begn employedi:
The coﬁtraétile properties (e.gf gime to{pgag‘tension, half _
relaxation, twitch tension and twitch to tetanus ratio) of trained .
guipea pig., gastrécnémius-plantaris muscles (N=5) over a twenty

week period of treadmill running, did not differ significantly

from sedehtary controls (N=S) (Barnard et al., 1970b). Simildr
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observations on the tibialis anterior muscle for both endurance
(N=4) and spriht (N=6} trained groups, have been reported after

a,-seven mohth.training program, when compared to control animals
\\ - ) . - . R .
(NE3) (Pitts et al., 1973). With an intense swimming program

@
4 .

(5-6 hours/day)f the EDL muscle of young, male rats (20-25 days)

exhibited a 9% decrease in time to peak tension and a 12% decrease

“in half cd%trqcfiongtime (N=7) (Gutmann and Hajek, 1971). ‘Due to-

the small number of-animals (N) per Qroup, the effects;ofAtraining

A\

on contractile properties as evidepced by a nymbe r of investigators

(Fitts &t al., 1973; Gutmann and Hajek; 1971; Barnard et al., 1970),

4

appears to be in doubt. Since these authors have used such widely

.

different traiﬁing.protocols, in terms of intensity and duration, it

*

is diff;cult to make any specific ¢onclusions. Also the . age and
¢ i . )
species of animal used in the experiments, confuses the inter-

'pretatién of results. Gene;ally, it would seem that age is

}mportant, as well.as intensity in affecting contract;le property

chéngesﬁgizg exercise'aﬁd not the ddractiohuof the training prog;am.
In terms of myosin ATPase activity, the data are aisq'

i

controversial. Increased gctivitiés(}lB%) for rét_EDL muscle after‘
an intense swimming’prdgram was repo;ted (Gutmann and Hajek, 1971).
Similar results for yéung (20 daysirrat soleus muscle after an éight_
week intense sQimming program were reported (Syrovey et al., 1972).
Also, when allowed to swim go e#haustion, every other day for 6 to

10 weeks, with-S%,of~body weight‘added, significént increases

(p£0.01) occurred for rat gastrocnemius myosin ATPase actiwvities.
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The values at 6 and 10 weeks of training were 44.58 + 2.17 and
44.58 + 1.52 ugPi/mg/myosin/5 minute (Wilkerson and Evonuk, 1971),

which suggests that duration of the training is not critical

beyond a certain period. Intensity of training, on the other

A
.

hand, éppears Eo be ;mportapt, since less intehse swimmihg programs
(i.e:.3o mih/day,}po added weight) for 6 and/or lb weeks produced
no signiﬁicant differences‘(wilkerson'énd Evénuk, 1971). Endurance
gype treadmill running (2 hr. daily at 1.2 mpH, 15% grade, 5 days/
week) produced no significant chapges in rat FG muscle, butfa.
sicnificant (p4& 0.0l) decrease (20%) for FOG muscle énd a .
significant (p% 0.05) increase 20% fér SO musqle was reported
(Baidwin ét al., l975): The results péfthisAparticular study

suggest that a "function-fiber type" relationship was occuring.

Cardiac muscle myosin ATPase also increased significantly after

<

an intense swimming program (Bhan and Scherier, 1975). Thus,
it'appears thatrenhanced muscle funcﬁion viaA§xercise, which also
reéuires increased, specific nerve traffic¢ to a muscle, may be
important in pfoducing cﬁanges of myo;in‘ATPése activity. Also_the
. quality of exercise‘(i.e.'intensity) and not necessari%y_the
gquantity (e.g; duration), especially after a certain period, may

be govefniné the adaptation of myosin ATPase. In addition, it
seems that the stage of méturation of the néuro—muscular system at
birth. and through‘post-natal development will also affect myosin
ATPase activity (Gutmann et al., 1974; Gutmann and Syrovy, 1967;

Close, 1964).
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In summary, the enzymatic (ATPase) changes associated

100

with endurance training appear to be "function-fiber type" related,
“ | :

however, the effects of sprint training on myosin ATPase activity

is obscure. Sirnce the enzymatic activity of the contractile
protéins seems to be structurally related (i.e. light chain
components, SH group codntent), the adaptations from training

v - ) * Al
should also be manifested by alterations at the molecular level

of myoéin. Also the effect of age or developmental level of the

animal may be an important factor in determining whether or not

¢

a training regimen after birth will be of benefit, in terms of

specific muscle fiber development, in an adult animal.
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A. Preparation of Myofibrils (Perry and Corsi, 1958)

Muscle sampleslwere homogehized.in boréte-KCl buffer
(pH 7.1): ©.039M sodium borate, 0.025 M KCl, 5 mM EDTA. Each of
ﬁhe éamples weré broughtkup to 5 ml and 1.0 ml of this homogenate
used for total prétein determihation. The remaining homogenate
was centrifuged at 800 x g for 15 minutes and the supernatant was
discarded. Tﬁe myofibril pellet was then waéhedland isolated as
follows: a) resuspended in 20 vol. Kdi-borate-EDiA buffer,
b) centrifuged at 800>x g for 15 min., c) %he precipitate was
resﬁspended in 20 vol. borate~KCL, d4d) Suspehs}0n waﬁAcentrifuqed
at 860 X é for 15 min., e) the ﬁyofibril pellet was resuséended in
the buffer without the 5 mM EbTA and two aliquots (1.0 ml) were
used for protein determination and ATPase activifies, £) thg pellet
was centrifuged at 80bvx g for 15 min., g) the myofibrils,;ére
resuspended (4 vol.) in 50% glycerol/50%, 5 mM EDTA (pH 7.1) and
stored at ‘0°C f@r 24 hours (Rome et al., 1967}, and h) the
glycinerated myofibrils were centrifuged at 800 x g fér 15 min:
and resuspended in Soé’glycerol made fresh without the EDTA and

stored for 10 days at -20°C.
- The aliquots removed for protein determination and

myofibrillar ATPase activities were treated as follows:

i
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B. Lowry et al., (1951) Protein Determination

Reagents and Chemicals:

‘1. 0.5% cupric sulfate (CuSo .5H20)

4

. 2. 1.0% sodium potassium tartrate (NakC )

H O
4 46

3. 2.0% sodium carbonate (Na Coa) - pPH to 12.5 with 10 .N NaOH

2

4. Lowry solution C: 61.7% NaCO3

35.7% Distilled Water

. 3%
1.3 CuSO4

< 1.3% Na.KC4H406
100%

5. Folin Reagent - 1 to 1 (V/V) with distilled water.

Standard Curve: (50 mg Bovine Serum Albumin in 10 fmls Buffer -

5 mg/ml) .
. Final
Stock Buffer Concentration Concentration
(ml) {ml) (mg/ml) ; (ug)
1.0 0 5 30
0.8 0.2 4 25
0.6 0.4 3 19
0.4 0.6 h 2 12
0.2 . 0.8 X - 6
0.1 0.9 0.5 3
Procedure: -
a) Solubilizing Protein ’ -
i)  take 0.5 ml of homogenate or standard solution

" L e
1i) add 1.0 ml of O.3N KOH )

iii) ‘“warm in water both at 37°C for 30 minutes.
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- B (con't)

b) Reaction Mixture
) )
i) take 0.1 ml of soluble protein solution from above

ii). add 5.0 ml of freshly prepared Lowry C

0

iii) add 0.3 ml of folin reagent while mixing in vortex hand ‘
mixer
iv) let this reaction mixture stand for 2 to 24 hours before

analysis (used 18 hours).

c) Spectfophotometric Analysis
i) set wave length at 750 nm. -
ii) prepare blank with 0.1 ml distilled wgter

iii) measure sample and record optical density.

5
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C. Myotibrillar ATPase Activity (Baldwin et al., 197%5)

Reagents and Chemicals:

l. Wash solution: 50 mM Tris, 5 mM Mquz, 100 mM KC1 and

0.1% Triton X-100 at pH 7.4.

2. Suspension medium: 0.15 M KCl, 50 .mM Tris (PH 7.4).

-

3. Incubation medium: 7 mM KCl, 0.01 mM Caclz, 1 M MgCl2
' ' y
20 mM Tris-HCl, 5 mM ATP.
4. 5.8N HClO3

5. 1N KOH

Procedure

>

a) .The myofibfils were washed (2X) with the wash solution and

centrifuged at 800 x g, for 15 minutes. o
b) The pellet was resuspepded in the wash solution and incubated

-

§5/4‘ffgor 45 minutes.

‘c)  After centrlfugatlon (800 X g - lS'mlnutes), the prec1p1tate

o
»

was. suspended in 0.15 M KCl1 - 50 mM Tris (pH 7. 1).
d) AEH 0.4 mg/ml of proteln to 1ncubatlon medium (w1thout ATP),

after pre- anubatlon for 5 minutes at 30°C in a metabolic

4

shaker (2X). . > -

L od

e) After pre-incubation add 5 mM ATP to two vials.

<

£) Add 0.1 vol. 5.8N HClO3 to one vial (control).

-

g) After addition of ATP to start reaction, allow to continue

.for 5 minutes. ‘Add 0.1 vol. of 5.8N HClO3 to other vial.

h) Add 7 vol. of 1IN KOH to both vials.

-

~ . i v
i) Centrifuge medium (1000 x g - 15 minutes) to remove protein.
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3
.. .

D{"beterminationiof Inorganic Phosphate (Gawehn, 1974)

il
v
-

o

ReﬁgentsAand Chemicals:

7o -

1. Phosphétélstandard (1 mM) - KH

2204, potassium dihydrogen phoséhate

2. 50 mM Tris buffer (pH.7.0)
3. " Ammonium molybdate (2.5% w/v)

" 4. Reducing solhtion (1% w/v, 4—methylaminophenol sulphate,.2‘7$f
w/v, sodium disulphite)
5. Phosbhate reagent: 80 ml distilled water, 20 ml 5 N H ST,

\
2

“20 ml ammonium molybdi;p«and 20 ml reducing

e : solution.’
. , N

Staﬁdard Curve:

1. Dilute phosphate standard to 3 ml with distilled water.

Phoéphate Solution ‘Water Concentration
“{ml) , (ml): (uMole)
0.4 2.6 0.4

) 0.6 2.4 0.6
0.8 2.2 0.8
1.0 2.0 1.0

2. Add 7 ml of phosphate reagent and allow to stand gb<\1o minutes.

. Procedure: ' -
ZIocecure .

.a) Pipette into a test tube:

Tris buffer 2.40 ml
Sample/Standard 0.50 ml

Distilled water 0.10 ml

Phosphate reagent 7.00 ml
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D (con't) ’ - _ : N
b) ° Mix and allow to stand at room ;emperathre for 10 minutes.

"c) Set the wave lerigth at 578.nm‘and-reédfsampkes against a blank

contaiﬁigg‘distilled water instead of sample.
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'E.. Preparation of Fragmented Sarcoplasmic Reticulum (Harigaya and

Schwartz, 1969)

Reagents and Chemicals:

1. ﬁomogenizing buffer: .10 nmM sodium‘bicaﬁbonate and 5 mM sodium
azide (pH 7.0)
2. Wash buffer: 20 mM Tris-maleate and 0.6 M potassium chloride (pH 6.8)

3. SuSpensidh medium: 20 mM Tris-maleate and 50 mM potassium

chloride (pH 6.8) B -

" Procedure:

a) - The tis;ﬁe wésbhomogenized in 5 vol. of the homogénizing buffer.

b) The homogenate was centrifuged at 8,700 x g for 20 miputes.

c) The supernatant was centrifuged at 15,000 x ¢ fo; 20Aminutes.

d) Centrifuge the resulﬁing supernétaht for 30 minutes at 37,000 x.g.

. o~ _

e) Suspend the precipitat%;in 5 vol. of the wash solution and
centrifuge at 37;000 x g for 20 minutes.

f) - Disc&rd supernatané and resuspend precipate in small volume

(1.5 ml)‘of the suspension medium and remove an aliquot (o.-§l)

for protein determination.
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F. Calcium Binding =~ .

,Reégents and Chemicals:

1. Incubation megium: 100 mM potassium chioride, 10 mM magnesium
chloride, 20 mM Tris—maleate, 2 mM Tris-
. ' ATP‘and 0101 mM.calcium chloride: Also
0.01 uci/ml ofggn'aqueous'calcium chlpride

: . . 4
solution containing 5Ca was added.

Procedure:

B 4

a) Incubate 100 - 200 ug of FSR protein/ml with the incubation
medium without the 2 mM Twis-ATP at 37°C for 1 minuté, in

¥

a final volume of l.ml. : ’ '
b) Incubate as éiigﬁd in aboée, but with 2 mM Tf;s—ATP addegd.
c)  Terminate the reactioés by placing the inéubating solution on
a‘collectlng tube.whlch is under vacuum.
d) Take an allquot (0.8 ml) of the incubating sample and add to
: 5 ml of Acquasol (New England Nuclear, Cat. No. NEF-934).

e) The ATP - Ca Blndlng was determined fxwom the dlfference, with

and without the Tris-ATP.
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L
G. Calcium Uptake

Reagents and Chemicals:

;

1. Incubation Medium: 100 mM potassium chloride, 10 mM magnesium

Al

chloride, 20 mM Tris-maleate, 2 mM Tris-ATP,
0.1 mM calcium chloride ands5 mM sodium

axalate. Also 0.0l uCi/ml of an acqueous

. 7

calcium chloride solution containing

45

°

+—4
Ca was added.

Procedure:
—_ !

a) Thirty to sixty ug of FSR protein was\aQQed‘to the incubation
medium to a final vqlume~of 1 ml. The medium, plus sample anQ‘
2 mM Tris-ATP wére incubated at 37°C for 30 minuﬁes
) Following incubation the medium was placed én Milliporé filte;s}
connected to a vacuﬁm pump. A

c) An aliquot (0.8 ml) of the medium was added to S ml;bf'Acquasol

and counted on a Phillips liquid scintillation counter.
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H. Standard-Curve Preparation

Reagents and Chemicals:

) ) ++ '
1. Stock 1000 uCi/ml or. 92 ug Ca /ml or 0.001219 M

2. Working Stock: dilute 0.005 ml of stock to 5 ml with distilled

-

‘ . ++
water. (1 uCi/ml or 1.219 uM Ca /ml).

~

3. Incubation Mediums: as deséribed for the calcium Binding or

ubtake.
Procedure:
, : . ) ’ . 3 ++
a) . Working Stock Incubation Medium Ca (uM)
: (ml) ] (ml)
. 0.00 © 0.800 © 0.0366
- » .0.03 0.770 0.0366
"0.02 0.780 0.0244
- 0.01 : 0.790 0.0122
©0.005 T 0.795 - 0.0006

b) Add each of the standards to 5 ml of Acquasol and count in

Phillips liguid scintillation counter.
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"I. NADH - Diaphotase (Dubowitz and Brooke, 1973)

Reagents and Chemicals: - ’ : - /
"l. Prepaxe 0.2 M Tris buffer (pH.i;4)
2.7 Nitro blue tetrazolium
3. NADH
.- 4. Ethanol denatured (85% ethanol: 15% methanol)
. o
5. Xylene ' ] icl
6% Diatex
Procedure:
. »
a) ~ Incubate 10u tissue ééctions for 30 minutes'a; 37°C in the
‘following soluéign: |
0.2 M Tris buffer (pH 7.4) SO ml
. ‘nitro blue tetrazolium SOvmg
© _ NADH | 40 mg
- pH adjusted‘to 7.4
b) Dry sections.in ascending alcohdls (30%, 66% and 90%).

c) Clear the tissue in xylene and mount in diatex.
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Myofibrillar ATPase (Guth and Samaha, 1969) L

!

'_Reagents and Chemicals:

'l. Prepare 0.1 M 2—aminq—2—methyl—l—é?opanol withk0.0lB M calcium
chloride | V
2. ,Prépare 0.} M Tris-HCl_with O.Q18 M calcium chloride
3. Prepare 0.07-M calcium chloride |
4, Prepare 2% cobalt chloride
5. Prepare 0.1 M 2—amino—2-methyl—l—prop;nol > N
6. ;fepare 1% ammonium sulfide
7. ATP ‘ ’V : .
8; Ethanol denatured (85% ethanol: 15% methanq})
9. Xyiene | )
10.. Diatex |
Procedure: —
a) Alkéliné‘preincubation
Preincubate lOuisections fér 15 minﬁtes in a sélution of 0.1 M
2-amino-2-methyl-l—propanol cqptaining 18 mM CaCIz,’adjusted to
pH 10.4.
b) Rinse in 2 changes (1 hinute each, with'agitatién) of 0.1 M
Trié—ﬁCl contain;ng 18 mM CaClz, adjusted to pH 7.8. Drain fo
Kgxcess solution on blotting paper. -
c) E‘ . "InCubation

Incubate sections at 37°C for 45 minutes in a 0.1 M 2-amino-2-

/methyl—fépropanol buffer containing l81mM CaC12 and 2.7 mM ATP,.

fa&justed to pH 9.4.
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iy

" Rinse in 4 x 30 second changes of 0.1 M 2-amino-2-methyl-1-

- ' 120

J.(con't)

Wash sections in.3 x 30 %econd changes of 0.07 M CaC12. Drain

off excess solution.

Plage in 2% cobalt chlorjide for 3 minutes.

»

propanol buffer (adjusted to pH 9.4). ' -
Place in 1% yellow ammonium sulfide for 3 minutes.

Rinse in tap water for 3 to 5 minutes.

Déhydfate in aécending alcoholé} clear in xylene, mount in

diatex. - ~ -
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the results of the Studen

In this section following each ANOVA SUMMARY TABLE,

t-Newman-Keuls post-hoc test are given.

In all tables the letter "a" refers to a significant difference

between groups at the-0.05 level.

abbreviations were used:

Group
Group
Group
Group
Group
Group
Group
Group

Group

o

SA
SB
SAB

SE

II

IIT

v

VI

VIII

IX

In all tables the following

104
214
514
10d
214
51d
10d
21d

51d

Age

Exercise Effect

Interaction Effect

control
contrél
control
spring
sprint
sprint
endurance
endurance

endurance

Effect

‘Error
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APPENDIX E .

LABORATORY CHOW INGREDIENTS
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"PURINA

LABORATORY CHOW

GUARANTEED ANALYSIS

AN
Crude protein not less than....... 23.0%
Crude fat not  less than...‘ﬁ‘gg... 4.5%
Crude fiber n%t more tham-. twl ... 6.0%
)

A

Ash not more than....... ‘

Added minerals not more than...... 2.5%

INGREDIENTS

Ground extruded corh, soybean meal, ground ocat groats,

@

dried beet pulp, wheat germ ﬁeal, fish meal,-dehydrated alfalfa

. . . : » . o
meal, dried milk products, cane molasses, meat and bone meal,

brewers' dried yeast, wheat middlings, an;mél fat preserved with

BHA, calcium carbonaéé, dicalq}gm phosphate, salt, calgium iodafe,

Fl

animal liver meai, vitamin B supplement, methionine hydroxy

12
analogue calcium, calcium pantothenate, choline chloride, folic
acid, thiamin, niacin, pyridoxine, ferrous sulfate, vitamin A

éupplement, vitamin E supplement, iron sulfate, iron oxide,

manganous oxide, copper oxide, zinc oxide.” o
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Raw Data for Plantarls FSR Protein Yleld (mg/g), ATP - Ca - Binding

(nmoles Ca /mg) and ATP - Ca ﬂ,Uptake (umoles Ca /mgﬁ

10 days 'jéﬁ days B
Control Yield Binding Uptake Yield Binding. Uptake
| " \ , , < ) ,
. 4.1 8.7 9.6  .170
5.3.  14.1 22.0  .159.
| 4.7 7.1 18.3  .163
3.3 11.4 '
3 .
4.7 8.7 .155. ° 6.9 22,7 173
4.1 1.4 . .139 4.8 19.9 . .170
3.3 7.1 .147 6.3 27.8 - .162. .
5.0 10.9 .14l '
Endurance 3.3 ll.a  .l42. . 6.8 311 .168 o
| 5.3 8.7 . .155.. 7.4 21.7 - .168 .
4.7 14.1°,  .147 6.1 25.4 _  .160
5.0 10.90 - .139 ' | ,
. Q
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e
Raw Data for Soleus FSR Proteih Yield (mg/g), ATP - Ca ~ Binding

o
(nmoles Ca /mg) and ATP -~ Ca - Uptake (umocles Ca /mq)

10 daxs 51 dazs
Control ~ Yield Binding Uptake Yield Binding Uptake
8.4  31.2 142 6.5 6.4 .144
9.3 39.1  .133¢ 4.9 7.6 .149
7.0 21.8 151 5.8 -~ 6.0 . .140
8.7 27.6 .139
Ui . N =
Sprint - 8.7 - .27.8 .146 5.5 6.8  .129
6.8. 22.7 .151 5.9 6.0 .147
8.4 . 31.2: 2139 6.1 7.0 .140
9.3 37.6 .142
Endurance = 7.0 21.8 .146 7.2 6.3 .169
6.8 22.7. 142 6.6 7.0 .151
8.4 39:1 133 7.3 5.9 .157
9.3 31.2 . .151 '

f1°




APPENDIX G

o

"OBSERVATIONS ON EXERCISING

10 DAY RATS
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¢

At lO days of age rats aie'not stfong enough to support
their own body welght in a normal standing position. Any movement
(e.q. walklng or running) was.accompllshed w1th thelr ankles in
a lateral flexed position._ It is critical that the training

o
programs start at a speed whiéh'the animals'ean handle. If set
too.fastlthe animals will not attempt to move with the treedmill
surface, and simply be carried away,l Once the training speeds
were determined (Table 2:1), traditional.motivatioeai techniquee
{e.q. sheck~grid, air jets) had:to be abandoned. The'motivetional
technique,from\animel to animal varied, however, the majority of
animalsvresponded to siight preSsu:e oﬁ the tail or posterior-
region. Constant 3§tention is required, and it is recommended
that“only 1 animal exercise at any one pime. "The laeg of

o

endurence of 10 day animals requiredﬂtﬁgt'their exercise programs

.
a”l

be lnterrupted with short rest perlods. It was observed that |

forcing the animal- to keep runnlng often resulted in lnjurles,

'vand‘injuxed‘animals were usually neglected by the mother which

resulted in either death. or vefy retarded‘growth rates. Since rest
periods were necessary, the time requi;ed‘:o complete 10 minutes
of exercise was %Prmally between 15 - 30 minutes per animal.

The treadmill eomﬁartments were placed in such a mannei

that a space -of approximately 0.25 inch existed between them and

- the running -surface. Gloves were used at all times until %

animals were weaned, so that a human scent would not be perceived

by the mother. -Finally,‘it should be noted that running programs

N
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at this\ége are not characté:istic of normal, adult runniné
programs, in that exercise is performed on the ankles. .This
pattern of running may ﬁave a different effect on recruitment
patterns, however, after 2-3'training.sessi6ns the animais were
able to éupéort their weight in a normal fashion. However,

it wéé observed that thése animals‘were exposed to a situation
which interrupted normal developmental patterns of growing rats,

and placed more stress on the neural-muscle-skeletal systems.



APPENDIX H
ATTRITION VALUES FOR TRAINING

YOUNG RATS
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Following is a table which indicates t&e percentage (%)
of animals lost with respect. to each age and/or experimental

group.

AGE (days)
GROUP - 10 21 51
Control '5 29 22
Sprint v 3 40 40 oL

Endurance 1 40 40




