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S medial gastrocnemius,'stalned for, SDH
RN TJ.'i~;;xﬁ;F“acthlty’ ‘taken .from- one!of the 60%

R LT ;flnterval anlmals o 5
s : RN S . ' ”‘r'.'-" ° : 3
“‘_ -, “e o O] . 3 ‘_.

S iIIﬁfi'Cross sectlon of the whlte reg;on of
S e T T the medial gastrocnemlus, stained for

- RS Hu,fSDH aCt1V1ty, taken from one of the 60%
: S el ‘.glnterval animals R A '_4‘_‘.h.
3'% 2¥§;Cross seétion. of the red reglon of the';i““‘ o
el ";medlal gastrocnemius, :stained for: NADH-D . -, -':
i act1V1ty, taken from one. of the 60% e T

';fy;nterval anlmals 'j:‘d o “_,_v. ﬂ’“.,h12§:

f;sCross sectlon of the whlte reglon of the

: “amedlal gastrocnemlus, stained - for. NADH=D .

. attivity,. taken..from one of the 60% L
alnterval group anlmals “‘,5,., - f, j3‘~:12§""

: EEEE I L 1-Cross sectlon ‘of .the’ red reglon of the

Sy el T f,~'ﬁ:med1a1 gastrocnemlus, stalned for SDH -

Splow e st 0 Tactivity, taken from ane 'of the 50% o ST
J: UEUR I ,‘f_\;contlnuous anrmals,;;.w”t“ . ”_p‘;mg;h‘lz7a‘

C XV erosg sectlon ‘of the whlte reglon of, the
R ;medlal gastrpcnemlus,,stalned for: SDH
st oS 0 ‘activity, taken. from one of the 50% IR _
B I o contlnuous anlmalsgxf ,;ﬁ; _.‘w_ ~.fzﬂ”¢ Lo 127
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‘;'Cross sectlon of the red reglon of, thé T PN
. 'medial’ gastrocnemlus, stained for . o, e ¢;~.eﬁgﬁj . I R
B SRS o ‘_ﬁjNADH—D activity, taken from ‘one- of the},'iﬁg T e
«,;j'g} R YO ﬂg.SO% contlnuous an;mals iq',.ﬁ-. , PR S jglfufﬁ”‘ft~;',ﬁ
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A k - XVIIL Cross s ction of the whx.te reg:.on of the
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cont:.nuous ‘animals SRR |1
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;,i-;xf-x‘ . Cross sect:.on of tl'{e red regmn of the
I med:.al gastmcnemlus, ‘'stained for.- SDH"« ol .
Lre .act:.v:.ty, taken from one o# the 50% - PR

X 1nterval anlmals. i ,., LI , il

] ,' . KR #o

xx “‘Cross sectlon of the white reglqn of; the .',‘f.c ;
8 " medial gastrocnemius, ,staa.ned for- SDH ok

activ:.ty, taken from: one of the 50%
J.nterval am.mals . -

medlal gastrocnem:.us, starned for e
NADH-D activrty, taken - frOm» one of’ the
50% interval anlmals "

Cross sect:.on of

e white reg:.on of the
. & ._e' ‘medial : gastrocnem ‘ stained “Eair.
g .,"~-;"_ NADH=-D activity,. ’

= 50% interval am.mals.
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- the 60%' coiitinuous group ‘as datermined, \,__‘.' E el C
-at ‘the~ beg.tnmng, m:.ddle e.nd‘end of 'the RNk T

tra:uung program T A0 R g

xx'Iv‘ Percent comparison of..the J.nitra.l a'nd ‘.-:.'
: (b, * £inal c‘ontinuous swaim- tJ.mes tg exhausti.on 5
N _’:';j of- the 60% cont:.nuous group ;,.' T e g ‘.; 14_2"
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xxv cont:.nuous swn.m ti.mes to exhaustn.on of e :'-.-, e
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'Percent comparlson of the 1n1t1al‘and

COntlnuous swxm tlmes ‘to exhaustlon of -t‘-‘ T e e T
_the'-50% continuous group ‘as ‘detérmined . 7.t a T AR N
at -the’ beglnnlngL middle and end of the - . s T FLT
tralnlng prOgram 'i‘”rw e U RN B L
o T e

Percent comparlson of‘the 1n1t1a1 and
f1na1 ‘continydous swim times to" c

exhaustlon of the 50% COntihuous group
Contlnuous swxm'tlmes to exhaUStlon of
the 50%. interval group ak determlned

at.the beglnnlng; mlddle and end of-

R
Percent comparlson of the 1nit1a1 and'
“Einal., continuous sw1m ‘tihes: tO"

exhaustlon of the 50% interval group

flnal mean cOntlnudus sw1m tlmes to
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"z?rglﬂgdfg' -work is accompllshed cont;nuously or ,ntefmlttently. Tﬂ}f;‘f ?H]:;‘nxf TR

BTSN

T .  *2:ﬁgﬁ5f{, Astrand (2) and Chrlstensen (25) have found that a’ ,f}ff va}';fﬁhﬂ$-f'
+ fff : ) greater max1mal oxygen uptake may be accompllshed u51ng . ti't_, '

v'aﬂ ;ntermlttent type tralnlng program.' Slnce the 1n1t1al

‘L{Q;”JEW 'wfﬁl flndlngs of these researchers many p ople have carrled !l
R e T TPV e
F;;'rq:¢-f:~<f;:{qout research comparlng 1nterm1ttent iho contlnuous

N

;J”.,}fwifzf'-“-}?tralnlng (1 52 93).t Several authors refconV1nced that

1nterm1ttent tralnlng results 1n the best possible‘ L
SR

‘Q '5V(1mprovement 1n enduranCe capabllltles (32,93) In con—{-ﬁ'.
_‘ - Y B - -'" N o . ,

: trast other studles haVe falled to demonstrate angb R
P -2 . . . "<”
L SR dlfferences 1n the two types of tralnlng espec1ally when S
(‘ .' . ..:‘ Peoce o .‘ . e

the total work output was 1dentlcal (65 87)
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The extent to-whlch alterations W1th1n skeletal R

-
LR RS

[y -

!
mu5c1e ltself contrlbute toasuch tralnlng effects has C

. U - .
PR &

\" I *

. [
e -

-up of‘muscleﬂand 1ts functlonlng under

L ' a
T e— i

g ; ey e A bl
normal qonditlons and data on the plochemlcal response f:t{s

e v -

of muscle to chronlc exercxse indlcates that anreased :Qf“

n (oo i i ‘-' . --'-.. RS

éé"!,.as early

-..-‘ -_ -.-.|

A 1 0 ‘s
RIS l .-, . -t " '5, ..-.,

“5_ﬁYOglob1n concentration of !y9c1e5~in huntlng and ,?

§ folloW1ng thlsﬁdlecovery

A e 7 e , \_-.,:
h research has been c?rrued out deallng w1th thE"_j‘v

'ffects of regularly performed, v1gorous exerclse on the g el =i

-,,(..' % . TR .{" - B

rmal biochemlcalvand histochem1ca1 patternsvln skeletal % 3 5
nuscle. Adaptatlons that interact to produce an 1ncreas7~;ii.f'fif'

the performance capacxty of the muscle have been u‘j§:3j B s

@ . PP B . .
g e SRR o P
NE RCPYENY s

denElfLed by many people (74 86_88).,~ .,::- ...1;,§', ¢'.5?=';5";:'

Numerous researchers have studled these blochemical ::g'fﬁz‘
nd. hlstochemical adaptatloQS .in theavarzous muscle 'fiff :f_;,fﬁﬁ
flber types of the.body.- Slnce/ghgerton 5 (40) dlacOVery : if :f

‘that muscle fuber types'can be altered 1n a nonpathologic rl‘a;f

TR




‘3lterations in the major huscﬂi/fiﬁér'typés'fé various - .

muscles of the bod? following hoﬂtihﬁoue training

e

3 programs (3 4 9) 'bther researche}e have’attémptéd“:

” X i

B 3

to stud& muscle flber proportlons 1n exerc15ed muscle]

.
- 2,

followxng isometrlc and we;ght letlng programs for ::.u

B
tyos T

‘.Some researchers have also studled the -

».' - v

r’ '.l.,.. .«)'v

. muscle f:.ber populat:.ons J.n muscles of well traa.ned

/

Very little research has begn

a study of thi.s nature stems froxﬂ the ~’:

3 . b
. " a,. _.r.“

contlnuous tr lnlng and those of 1nterva1 train;nél\ h§5'tfui

Gy . e [N
s .4- . ‘

el {»"‘;}:"71} majorlty of Invesxlgatora today bel %e tﬁht 1nterva1

»

S h- e ., 8
RS

tralnlng is the best method for developlng the endurance’

-." Lot ‘.x W -

‘-\..

Other.researchers

oapacxty of the athelete (2 25 52 93).”
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The effect.of both these tra;ning technxques has
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B . ) ) at the cellular level- (8 70,74;79) . increases in the
D ¥ L
b : X aerobic capacity have~been found in both cases with
ﬁ' B ) T .1nterval training prov1&ing the greater increase. The
';, ; , - <effect of continuous training at the cellul%r level has.

~.9';:,4 . :l- been studied A great deal and all studies 1nd1cate an

3
i A Y . b et |

increased aerobic‘metabolism 1 the cell'(8 74 96hp7),

£ 0 K o s . +
o W IX;

'mStudleS of the cellular changes'following 1nterval

:"
.,,|

AR -
training &&e not as cohprehenélve as,those for continuous

‘...,a'

n A

taking place 1n the muscle cells follow1ng 1nterval é-f;

;5 o) ;: """“and continuous training programs of-equal total work-3
s ¢ B et 1oaas- thus,-the need for*this study. f::"ﬁ, ~‘-"‘-:.-'"-"'-- .
[T o ) i A b o P . . ‘:. .o ’p..

ol ‘i i W j ‘ The effedtuof different overload stresses, of -

=, oy " v o, Al

"5Q varying degrees of 1nten51ty, on-the structural—functional
;f: . relationship of the muscle AS Stlll lacking.h ThlS was :
ECRAE :;_;“n’ the reasoning behind the use of two levels ofﬁintenSLty'-* )
0 o, L T g 3 & ‘ TR
;; . The purpose of this study was to ﬁetermine the
ey ~.. K} - A “L.. ?. b v .’.

effectqhof nterval and
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L of rats following 1nterval and contlnuous traln
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There 1snno 51gn1frcant dlfferenCe 1n the mean

re
o

. g
¢

percentage of red muscle flbers Ln the medlal gastroenem1u$4“

ing'
4‘ » N

o

There lS no srgniflcant dlfference

percentage of whlte muscle flb@ﬂJJmethe medlal.qqstrocnemlus

programs.”J

'3" ". gt

.

There ;5 no s1gn1flcant dlfference 1n the mean
. . v

3
. e

percentage of red muscle flbers of the medlel gastrocnemlus

.

/1n the 60% COHtlHUOﬂS and 50% contlnuoﬁe groups,

:-“

followrng a contlnuous tralnlng program.‘

ln the 60% 1nterval and 50% rnterval groups
A P L
folloW1ng anulnte

:"

rval tralnlng program..




-

LR ™

ety

P
0y

N - e
.

gastrocnemlus. Tt has b en shOWn that contln Ug + . or

trarnlng programs alter the proportlon of red, whlte. '3;

e eie

and Lntermedlate flbers of the exercised muacle cau91ng

S worte

”'a sh;ft frqp whlte;tq:red -in the‘fiﬁer

. e ree

s * ."-_'.'

’ In‘undertaklng research of this hature.a number of
o R .‘;:“’,
hypotheses were developed, The major a1m of thLS".'-;:.
research was*to analyse thed ehanges occurlng in mugcle

L

e .

e i o
In the”design bﬁ thls research two levels of lntenSLtYiv'

59% and 50% of Maxlmum.sw1m tlme to exhauetionfrﬁere."f':
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frber ratlos'follow1ng interVEi and contlnuous traininq.dk

. the varidus fiber pop_iiia;}i'ox&‘s ‘of the _-hxe,d;‘al head of the. . *
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L:m:.tatio:’xs of the study ' s
The maJor 11m1t§.t10n of this study was the. '_",~’ z

Of f‘. '.-. '..
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ats are inherently lmu.ted by the 1ack of control

‘-H"-_

the' !

e, 1nten51ty of— muscular* exerc:L-Se

the enzymes are quant:LtatJ.vely 11mited

-' .,a :

'qu 'ta.tat:.ve b.jl.ochenucal parameters would ga.ve : ..

e

-:'_ o BNS R " .

P ._‘ ,-'.':.4'.' LIy " ': ' "' '-:" 3 ‘._‘- ,:.’
'Ifhe amount of t:.me avallable for /experimentation o
RO : "‘. o B y - . ,',‘ o

the nu'hber 'Df am.ma

ls used J.n each-

: Adaptatxon

(231

Thisu Was def::.ned as an alteration in

.n\‘ «

. ..,v‘

: "set ".- -of the

p:::.ma:r:y function whi
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e-xternal work. .
2. Continuous ’I‘ra:_nlng -

.,‘ } . .

ThlS was def:.ned as a system of condJ.tJ.onlng 1n th.ch

the an:.mals were sub;ected to one contlnuouF wo::k bout

[ g

.. ..
X . P

w1th~.n,o_ rest per:.ods. . gL -‘:‘,.‘: ‘-'_: LT

if,swa.m group swam dur:.ng the trauu.ng per:l.ods. ) It represented

1"

60% and 50% of the contlnuous swim tlme to exhaustlon

3 before the work bout 'was completed An 1ncrease 1n the
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program exhaustion was when the. animal ceased coordinated

LRI

movement or could not rise above a determined depth iy

the sw:.mm:.ng tank. S . oL e - ‘

1 > 2

7. Intermedlate Muscle F:Lbers & E . [ ]

/::--:. These muscle f:Lberl stained inter:mediately L} - S

:x.ntens:.ty to the ‘red and white muscle fibers by They~ stained e

o .- 2 N [ ,- - “ L% -

1ntermed1ately in- 1ntensity for both .succ,mg_c'dehydrogenase

'i‘his was the length of time that the int]erval

roups had tc sw1m during’ he tra:.m.ng per:.od t o

¥ 4 . iy i .
N B »os

exhaust:ion depending on the gmups level of : J.ht ns:.ty

N
e it e .

It was d:.v:.ded mto 110 second J.ntervals wh:.ch.were :

_‘1'-\‘ P

. :" sepaz.;ated by 120 second reet pe:;:.ods. - -

4 Inter(ral Swim T:z.me tp Exhaustion

= ! '9“

5

Th:Ls was .def:.ned ‘as. the 1ength of time that the =

”

an:unals swam using lalternating 110 work‘,bouts and 120

v"

= second\ rest periods ThlS continued ;until the an:.mal
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4
) . sWwimming was compiled to give the interval swim time -
i . ' to exhaustion, ' - :
e " 1o. Interval 'I‘ralnmg e c )
R ThlS was defmed as a system of cond:.txon::.ng in .
S L whlch the ammals were subjected to short but regularly e

. repeated perlods of work stress interspersed w:.th

o adequate penods of rellef

. ‘:. - | .l:l R

Red Muscle F:Lbe:s

R
’ ’*’ . s . o ’ ' o 4 :
N ot ;':-' o ThlS J.S a reglon /of the mec‘ual gastrocnemn.us hav:.ng

a h:Lgh percentage of red muscle fJ.bers. It lS found '
- centrally n,n the muscie(wl:s.e; compared mth the perlpheral
,: ) , whlte reglon. .,\ : e ‘ .
- :;4 ~“,," " .'—‘..“ 13 Tralnlng t)alr - .’ L T
T 1‘, T.hls 15‘ de‘frne; ae 'a. day on whlch the ammals T
fttﬁf{ﬂffr muemﬁm , f;ffj’;”‘,jjf“T”,_
g7 .";.' ThJ.,s J..S ‘a. rng.on of the medlal gqstrocnern:l.us haVLng o

[ E

él H gh percentage of wh:.te muscle flbers. ‘ It 15 found
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L N R a—— O . - * 4ty . 1) X . * .
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Over the Years mth a\dvqnces in enzyme histochemlstry

.' ". ..--A’ - “"' . .'-’ aq
The class:.cal th.te and red f

fh
'm.‘

B0 s

‘(: least ‘Ehree

: d

the oxida.tive enzyme succlnic"dehydroéenase.. .

a.nd Pearse ( 38) J.n si;udyn.ng J.nd:.*v.tdual muscle fJ.bers. SR
suggested two subd1v151ons. g 'I‘ype T f:x.bers were r:.ch in /.

L,,,.«- ot By 'k-

dehydrogenases and 1ow :Ln phosphorylase wh:.le Type II fJ.bers

2 ' Z _' were rich i.ﬂ. .phosphoryiase and pooi: in: dehydxyﬁenases. Y .’ F

|41"“' i . " r'-. N - . © e

| Romanul (119) added greatly to ﬁhe complex:.ty of f:.ber
Y R R -'J, D T

C oy type nomenclature by find:.ng eight fiber types whn.ch formed

- s 'i‘ﬂy-;ehI l;eix;;;hlow— in 6>':;ldative metabol:.sm but high J.n
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- glycolytic activity, Type II was high in oxidative metabolism
but low in ~glycolj,’rtic activity, while Type III was inter-

- B ‘ medlate to. the two. ‘
- ' ¥
" 'I‘he classif(_c;atlon utlllzed in. thls paper was proposed

o by Padykulgand Gauthler (109) They prop05ed that the

\ ]

muscle flbeg:s be cla551f1ed as. red, wh:.te. and 1ntermed1ate ,
N I -
f:.bers accordlng to thelr stalnmg mtensrty for succ:.n:.c

dehydrogenase.:“ R ;‘-‘,', _..,:'.;‘,: ‘- ( |

' . ‘ Some resizarchere have correlated the .tw1tch tJ_mes of

: 4 the muscle fJ.bers with t‘he) ‘enzyme’}s‘t‘a‘fn:.ng.: Barnard et al
/,/ (8) studled myos:m adenosrne ‘triphosphatase | (myos:m ATPase)'-_ :

act:urlty and twn-.ch times and came up w1th the three e '

% categor:.es of fast tWJ.tCh red., fast-tw:.tdh whlte and slow-

‘. tw1tch J.ntermedl.ate.“.' Peter et al (/114) 1nvest1gated thJ.s

even further and came up W1th three categorles that lmk

the metabol:.sm and the twitch t:.mes of the flbers.‘-v They

prOpOsed that muscle f:.bers be class:.fled as fast tw:.tch \" o

ox:.dative-—glycolytlc, fast—tw:l.tch glycolytlc and slow-— ;" .

Ve tw1tch ox1dat1ve. ‘ The fast—tw:.tCh 0x1dat1ve glycolytlc
-:"1._ are the most endurlng f:.ber as they are hJ.gh 1n both : L
ox1da.tive and glycolyt:l.c metabol:.sm. '. 'The fast tw1tch . e )
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} “ » ~\ ~ . 1
. "
«
. _14‘_ - “
) . - !
) . ' ~glycolytic is the '1east enduring fiber as it is low . in

. ,’r" : ® &

.oxidative capaeity4 ‘em‘i-high in fjlyéolyt[ic'oapacity. The

intermediate fib‘e'r stands between the two in its endurance .

capablhty. , , 2 ‘ : :
5 I . . i /,

‘SP' _h/ps the most functlonal classa.fxcat:.on proposed

; t . L.-i."':: .. 80, far was that by Burke et al. (21) They proposed that

\)""

The f:.bers that are v:.rtually fatigue res:Lstant are thh

--'. J.n both ox:.dat.we and glycolytlc act:.v:.ty wh:.le those that

are fast'vfatlguelng are those flbers Wthh have malnly

glycolytlc metabollsm. ; The flber dependmg solely on

aerob:.c metabol:.sm falls between the other two f:.bers in
) 1ts fatlgue J:esmtance. -

An understandlng of the relatlonshlp of the many fJ.ber -

«
.»'

N e
and meta\.bollsm of; .the flber types. ; Table I presents the K

A
u

proposals to the red, whlte and intermed:.ate proposal of

Padykula and Gauthler (109) ; ':.‘,';":A‘-A i

types must be under-stood 1n order to understand the morphology )

relat:.onsh,lp of a number of f].ber type no‘menclature : ’

f1bers~-be class:.fled accorfmg to the:.r fat:.gue resistance...-

v
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T Du"bbw"i‘ti ana:'l’ear'ser-(38)' -

':fﬁ Steln and Padykula (126)'

Brooke and Kalser (20)

;‘§Ashmore and Doerr~(1)

"ﬂAgarpargiet al. (8)

\.~‘ 3

."_Bu;ke'éé;;alquéij.

. Peter é_t‘. al (_ji'u;) 3

'inomanul (119)

“IIA .
o —ied'

Fast Tw1tch
© %t Red -

Fatlgue
RESlStant

‘Faét Ox1dat1ve5:

Glgcolytlc :
T o

3

x

TYPE OF FIBER* B
TNTERMEDIATE

WHITE

oo

A'l -"' A o
. TIIB

g&j East~Tw1tchA

Whltel__g

Q‘Fast
EFatigue

Glycolytlc

-'whit‘e,, :

Fast Tw1tch’fﬁ

8 -~red

Slow Twitch
nT Interme\}ate

) Slow
Fatlg e

Slow Twitch

..Oxidative

111

'1:*The flber'type nomenclature used in, this research was the typlng

proposed by Gauthler and Padykula (47)
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. - “\ . ' l ’ '
- Morphology of Muscle"Fibe‘r_s . m B

Skeletal muscle f1bers can be class:.fled into

diffferent,flber types morphologlcally.‘. Var:.ous degrees

of ziedness and’ paleness of dlfferent skeletal musc]'.%s have

been -a common observatlon for years, although the ‘fnea'ning 1"'

. . 2, S e

A
of th:.s wasznot recogm.zed for some tlme (35) The-

features of t'he thr-ee fiber types, nameJ.y red v whlte ahd~ ,": B

'|.;‘,.

lntermedlate, and the color o,f,--l:’he muscle can be eas:l.ly

o ¢ . . [T
. N . . . .

-,,' 'At the cellular lle\Irell one can fJ.nd a number of ’

o7 ~‘ o

structural dlfferences.. The red muscle flbers J.n most '

St . 0 ‘,_. =

cases, have a; smaller 'd:.ameter.,than the whit’:e\ or lntermedlate

PO

.

'_| flbers (108) .. Also the whlte fibers seem to have a greater-

B amount of connectz.ve tissue (ll) & DJ.fferences exlst in

v

. the number and q_uallty of the mltodhondria associated with

- . N et ;

the speclfrc types of muscle flbers._ The m:.tochondral

[ .. |. . ",. s

L e content of the muscle. flbers .'LS anereely related to the

RN .. am Vet < . g

. ' -~

e & . g d dlameter of the muscle fa.ber (56) &l The red fdbérs, .hav:.ng

=K ' a small dlameter, are r:rchly supplled w:.th m:l.tochondria (108)

' e ,|',.
.- -:-’ o o ; -t . N oL

The Wh.‘l.te fn.bers have fewer m:.tochondrla than elther the
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‘ - red or intermediate fi‘bere (102), The mitochondria in
i : the red muscle fibers form th:erfi”brillar' rows and are )
a 'pii;:eq at.the' I-bands while 'la:l.:'ge spherical mi.tojchondria
A e e'asily s‘e‘en aggre‘gat'ions at the periphekry. of. the
- -, - flbers (56) 3 ’I‘he white’ fipers differ in that they cons:n.st
almosif enflrely of filame‘ntouz;‘ pfof;les wh:.ch r‘eflect
‘ hes palred-'mitochondria at the.I-:b-ands.;_"." The peribilefal
e J Ll % regions are noftcably fx:ee of spher:Lcal 'aggregatl.ons '
; .-_." (56;‘5”:7') The lntexfnneaiate flbex:s. have f\any eherecterlstxcs
."" ' _.. a *. of the red flbers‘ bI;t rthe subsarcolemmal aggregatlons' : '.‘"T'
d Vo and the fnterf:.br:.llar rows are less conspa.c:.ous .(55 57 108)
¥ :‘,,_' e The crlsfae and tlee mltoehen-d‘r'el granules a:x:e ;nere ;
e efaperle_{:e J.n\‘ the red mus’cle flbers than in the whlte L '. - i ‘
o N musele fxlbeJ:e (56 15).: Thls would indlcate a-'higher level ) - g
- ‘ R of aerobic metf?olisze in th‘e red f:.bers.-j . " : ‘,j"'- .": -
) 50 ‘.;; Th'e wuith of the,. -1‘j:,ne‘ z.n tf:e t.h:r:ee types of

P £ ;- ‘ muscle :E;l.bers vam.es m:eatly._ The" Z-l:.nes a.re w1dest m

»o PO
-r o .

. the red flbers w:.th the wh:.te fx.ber Z:—l:mes beJ.nq about

"'. ."‘

i e one-half the‘*w;dth of the red f:.iaer Z—lines (55 56)

N ) = ’,
‘ o, - . o 1 ! . A

g e gt w:.dth of rthe Z li.ne m t.he xntemedlate fiber ia found

,‘ .. between k»the widﬂi of the z-hnes of the red and wha.te
j coa, . ,"'_ LI , , “ _\, A »I " ,'

flbers R

’2:‘

RN
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Ult'raatructural Ai fferences also’ occur at the ;.

;:. ' : n?u‘rex'n;xs‘culatr J“-nctl,ons. ‘ In theé red muscle fibers the

- . ‘ I axonai en ings are e,lllptlcal and c‘onfam onlwmoderate :‘:,'
. , - numbers of a:eei:ylchorllne 'veSJ.cles wh:.le in the wh:.te flbers
1 :‘-: ,:_ ' the axonra].. en"iltl"g‘{'f,‘:"l;-;.flat arid elongated and',-the
fl S ) ves;;clle’s ;ahre ;Alosely':‘_acked“ ilo'z, : 138) Y -Thqe\’in'termeda..ate,.fi .
1 ; : L 3 el flb;’—rs ha"e PrOPertJ-e,s‘ tha.‘t resemble th th?,r,‘*E‘.I~ and |

whlte neuromuscular junctions ( 56 106) [ The .axonal end:.ng

The majon phys-aologn.cal d:. :E;Eel:ence between the three

oA e oo e 5, g - 5- - . xr
muscle fiber types is _the tm.{‘.ch times of “the respective RN
as A - b e g ot ORI

flbers ' Barany (6*,7) @nd his co-workers reported that &

e ._.wﬂ crr

L ¥ i it ¥
the specj‘fic actxv:Lty of myosin A'l:Pase is correleted vu.th
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: ' ' Differences also exist in the structure of'the

sarcoplasmic reticulum. The distribution of this membrane

. . system 15 the - same for all three fibers but ‘at thenvreglon

a

- reof the H-band the structures dJ.ffer. In tHe red fibers

an elaborate open network of narrow tubules extepds across

rl
v

o R .the myofrbrlls ln the reglon of. the H-—band Therwh:.te \ T
e -f,,ﬁfrbers have a mOre compact arrangement' wh:.ch cons:.sts

of broad parallel tubules or flattened sacs (56 57‘,

..‘.’J c,:aplllarlzatlon varn.es greatly with the three types

of muscle fibers.‘ In 1965 researchers lmked the -

N w'.

- - 'capillarlzatlon of muscle fJ.bers w1th the metabol:l.c

needs of that partlcular muscle flber (100 118) ROmanul
° found that thene was a hJ.gher populatmnof caplllarles
- .in red muscles because of the dependence of the reﬁ fJ.bers -

e on the blood carrJ.ed entltles for aerobic metabol:l.sm (118)

\r

"".’:,_ ' ‘\It was also found that the wh:l.te fJ.bers have lesser

caprllarlzatmn and th:.s was related to thelr dependence

' on anaeroblc metabollsm for energy (117 118) ~

R cap:.llar:.zat:.on of the :Lntermed.:Late f:\.bers var:.ed but A '},'_-
-was always found to be; at levels between that of the red

""and wh:Lte flbers. o . '4 L e T
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ey '33f muscle and came to the same conclu51on as Edgerton and

/ . . o J: '
Cumll’ :_.“-o . S ..' i . 4. , ‘... ) | LTt . ,3_ 0,
RS Slmpsm (42),. st Ry S0 ke o 3
) '._" R . IS ’ . ‘.' L "“ PR P Y N “
. " §: 5 4 In a more phys:.ologmal relevant Loy VltJ’.‘O\ test, Lo .
. .'" 3 ) B “ PRI . i .- i
ey FJ.ehn and Peter (51) studled fragmented sarcoplasm:.c : T
i - [ i e ok l'_ . ,.. f e L. » .
.’l- A} » ‘

P b ,retlculum (FSR) to measure. th }calcrum concentrat:.ng

".. ‘ v-t

- Sy =
= X Tes .' LN
’ .' 4

K3

'f 8,003

centratl.ng ability of- the fast-tw:.tch red and the fast-
tw:[tch wh:.te muscie was J.dentz.cal and*'much faster than
2 ,: gy e . 3 '
abflity ‘s‘f FSR correlates well w:.th the k own relaxation- o
t}ﬁes of th,e three fJ.ber types' (B) F a0 3 gne Lo SO
w_-ATPase t p'h 9 _4\,. Ak, was‘ fr'ound :that fas _—tﬁitch white .-' ' A

ST I

-twj.tch; red'is 1ntermed1ate

ik

in act1v1ty (114.) .
.'“_‘ N : . - o \

of -staip‘lhg of t‘he same,f;bers for myoflb

-
oL [ £

r:!llar ATPase (8)"

.,‘

‘

These’ stud:.és seem ?tp-i ade?.]uately

f demons trate the
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Thls assumptlon provesfthatﬁﬂﬁe old theory ‘0f fast-

ot N
).-ﬂ’

tw1tch whlte “and slow tw1tch red ‘can no longer be uséd

NERPTRL

I

muscle flpers.

Metabelism,dfthsclefFibéfs
t _ - ) P «"'4'1_..

i
l.,, _;s

Wi:chlefly ‘on- oxldatlve mechanlsms (127);

. Y

Ih the blbchemxeal analfé s.of the three muscle flber

'shlp between phosphorylase‘and glycogen gynthetas
\

e

D

3 1n the phy51ologlcal analy51s of the three types of ¢

.

FTTN 3 ‘

By J#?'w

)
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for phosphorylase°(17‘73). More.recently'higher glycogen.

-

£
.

1eVels have ‘been hlstochemlcally demons trated - ln the

it Y Ak M

L
sk

- red flbers of the gulnea plg gastrocnemlus (59). These

"_'researchers emphasrzed the relatlvely hlgh amount of .

glycogen poor, 1ntermedlate fibers 1n the “red" muscles

’ ; of Varlous spec1es. This would seem to 1nd1cate a _" },:
4]

higher‘actlyity of glycolytic metabollsm 1n the red flbers'

;‘ of the-"red“ muscle.' Short et.,al. (125) also foundj 2 .f-_:

* 2 ot ! ’.'; KN
»,4 v 4 . o .
M -~ “

slightly hzgher glycogen conqentratlon 1n red.muscle‘

. . () .)"
" -+ . "
. 3 L

Astrlps of rats, ‘Results of "1n vztro" studles of b.f"fJE

pieennd \1 - : ‘ o S e,

skeletal muscle show that the glycogen level\of white :~f;5

- ‘ P
3 L)

R
muscle flbers decreases more pIECLPLtOUSlY than that of T

.._.i_l _Q:_ .
red muscle durzng 1ncubatlon (14 19). Thls would 1nd1cate.

. .-:, . kS

. higher glycogen levels in‘whlte muscle.. Researchers have '

. Conmt il . - T
N LT oy R o LI o . o ;....\., : L »..

azg also noted a: greater occurance of ur1d1ne dlphosphoglucose fi.

oo

- " i

synthetase 1n red flbers (73), Thls synthetase isﬁone

of the catalysts 1n the synthe is of glycogen fro \glucosef:_’

.'.-‘..
NI

' 'I'he'se findings

would add support;to the proposal of Peter and hls co-“

[ Kt i’ gy 1

:~ .

le”flbers”be

.-. -i:n [y ".a

WQrkers (114) who proposed that red musc




termed fast-twitch oxldatlve-glycolytic because of the

1,

‘h h levels of oxldat;ve and glycolytlc metabollsm.

Ih general glycoly51s is thought to ‘be’ the major
metabollc pathway for the functioning of whlte mu$c1e
fibers. GlycogenolyS;s plus glycolysls ‘as - measured by

- chemlcal lactate and pyruvate productlons is. at least z:

two tlmes hlgher 1n whlte than 1n red musclés (18 36L.__:m

' I 4 4
. e
,..‘

The act1v1ty of lecolytlc enzymes, w1th the exception

I F ~ . .
. ‘-.. S

g, i |

of hexoklnase aEt1v1ty 18 hlgher 1n’wh1te muscles,,,; ; .

'n~1n red:musble-fzbers than in the expeéted white flbers -;f

- “ Se b - LI o
Sef e £ '..,. 4.', PRy 3 : S0 .o - | K .

5 “‘_ (22 115) ’:: ":.-‘ _‘.. e T_~{:', ::.: , .-'.,s“ . - . "':‘ :‘. _.: ‘:. .;:.'..‘.:‘

- -
woeTe Ty

. ;I Red flbers have been shown~to have lower amounts of

ractate dehydrogenase and alpha glycerophosphaﬁe . o

._‘ e .9

dehydrogehase than whlte muscles (16 34) According

o . il E5

.

to Blanchaer at al (16) descrepanc1es can arlse 1n thenﬁ

" "

biochemlcelly have hlgher levels of these two enzymes

.,,,— ‘.'_

but hmshochemzcal studxes have shown the opposite to
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S (O of white muscle. George (58), knowing that lipase activity ‘

¥ _ ‘

*E :w ~is known to be in the mltochondrla, suggested that llpase

- .« o

act1v1ty is an index .of the extent of fat utilization

t: . .

T and the capacity of muscle to sustalnaactiVLty

R A Lehnlnger (90) has stated that red-muscle fibers have a.

--'1.f ‘ hlgher Tatty aC1d uptake and that thls could be correlated

.}‘p‘-.‘w::-;:-g' e ..‘ =2 g j
A
b -r -

;ﬂﬁ.:“-'~'nawgon and Romanul (34) found that phosphorylasefﬁ fhy;f ..

----- & .
.xl.'_. K3

iy Esterase activxty was found to ‘be: the rec1procal of ,“r

‘_,.. -
b} ‘

. ol p
= .,. 0 ...: ‘,0 "

}' -'enéyme actlvity 1n wh;te flbers thus show1ng the' fy_ "JE

s dependence of red fibers on fatty acidlmetabolism.. C1tr1c

-
Y]
:| .-

acid cycle enzymes were also found -to be reciprocal to,\.;{'-

o .".,‘\" < e

‘Zw‘, the)enzyme act1V1ty in white fibers (34) “*Romanul (119):.;

Fe
i o l . l.

ﬂf{; offers the explanatLOn that the frequency of contractions:'“f

E-n

L] A ,';o'
e oS

. € .
. 1-' '-"‘ ""'v . ‘.¢ ..

Red muscle fibers have hrgher glucose-s-phosphate

A .'h .".f "..-',-




thPearse (38)h5tated that pecause of a hlgh oxldatlve capac;ty

':“oppOSed to the whlte glycogen utlllzlng fzbers., The red.j‘}f}y

Jmuscle flbers contaln llpld 1nc1usxons where whlte musclezllf-

" . . . . T e ' .
- - .

studies of -Hess and'Pearée (73f'and Engel (46). Peter

(115) and his co—uorhers uerify this further.l'They
found thatlhexoklnase act1v1ty 15 greater 1n réd than o
1n whlte muscle and. thls would lndlcate a greater )
converenon of glucose to glycogen. 7‘j'”dl-1 !' j:; _:n -

ar f

'~Present evxdence Lndlcates that fatty ac1ds are»
.1]

.*,substrates for muscle metabol;sm (26 53) Dubow1t2 and “k_ﬁ?ﬁhjnA

’

researchers have demonstrated hlstologlcally'and

.‘r.

analyt1cally,~a sharp dlfference in the dlstribution of

}lplds 1n red and whlte musole (54 94) Vallyathan (133)

don51ders redimuscle flbers to be fat ut11121ng as -

R

;

.x.

b NN
PR

flbers do not and also they show a hlgher corbon dloxzde

output when incubated 1n acetoacetate (133) Red musclesTﬁf

'also have al hzgher llpase aétlvity., George and Talesara (58)

oy e

7, .

i eI i

o
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class:.flcat on and quantitatlve measurement of succ:.nic

-

.

dehydrogenase in red and white muscle.' The succinic~

dehydrogenase act:.v:Lty is h:.gher in red/muscle flbem than
’ s P .‘ g
in whlte muscle fJ.bers. Other c:.tr:.c ac.Ld\cycle enzymes

y \d

are . found in h:.gher quantltxes Ain the red musc]'.e than in.

- the vyh:.te or intermed:.ate muscle f:.bers (14 104) ‘j

& . N -,1 -.ou

il 2 The oxygen consmnpt:.op,by the red, muscles is s:.gm.f:.cantly

] B

A Ny, “

h:.gher m the red frbers but the per cent oxygen uptake-

5 v‘. ' .‘

'
Ry

» £ e ,‘,-. : " ‘.-_‘..

* -4 o
. .‘."., &

Beatty (14) found more acetoacetate was converted

n,
Ry J l".

to beta hydroxybutyrate by red muscle flber. groups than _ ' :1 3 ‘

. o - o 3 .
.‘ [P ‘ M e . o N o

'_.‘:.‘._ '. . o

thite fiber groups.. Th:.s aga;m‘J.s ev1ance of a/ higher N

activity :.n red muscle smce beta

v A s
..,_ v (LA

dehydrogenase is reported to be atta hed to the resp:.ratory

¢ »-—l 1. ' v
g Ny P - i ". e )

enzyme assembly of the - m:.tochondral"membranes.

I ~,'

f:.bers'_j,(lB) It was also reported in- this study that

-' v 1

the synthesis of glucose J.nto glycogen and its breakdown 2

4 .." ‘/.l.'V.. o’f.' ..‘
-:l:nto carbon dioxide was higher and that the breakdown into

1t

PR .-..t..,
N

red than .1n wh:.te

'lactate_and pyruvate was lower in
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diaphorase levels in the white muscle fibers.which seem’ i

¢
{
.
.
.
-
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-to give the erroneus impression-of the two diaphorases . G

‘being ihactiveu(AQ,sof. ' M t 2 L. e R

i e
.
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. Lactate dehydrogenase is found in skeletal muscle ¢

L

. ' s 9

.xﬁ; ’ :' . ,i as ﬁlve diiferent 1soénzymes (15) .« The heart ‘Qr Type H '
e o .

e S
%

. -
M v

ASOenzyme»and the muscle or: Type M 1soenzyme are the two

majox ones to con51der.. The type H laEtatealsoenzyme- 'f“ g
L As: found mainly 1n the red muscle w.ei 1t restrglns lact

....

adatlontof pyruvate.

¢,

In cdntraet the Type M lactate 1soenzyme

1s predomlnant i 3

“"‘in white muscles‘where it'1ill'rapld1y catalyze the ‘,"ﬂ :
B '. a‘ / b -.V~ B sl 2

formatlon of c0n51derab1e amounts of lactate (116), Gg'{~:L .

'Evidence that citrlc aCLd cycle act1v1ty }s hlgher S0

O f"’- .-

1n red than'i white_muscle is overwhelming. Dubowitz

- o
P

and Pearse (38) and Engel.(46) have shown by hiatbchemical 1 et

4 M e " -E - 3 .‘:' \"-] ’ . --’ - e i '
o stalnlng that the actlvzty of the cxtrlc acid cycle isv E an =T u=~¢.~f
) u‘ 3 P . ; "“ EET A . e B k) ol :"., ot
jf»elevated in }ed muscle flbers & Analytrcal technmques 5:1 ' ;
- . .' H .t" v

,....

103, 04). Beatty-(li) and hlS researchere have shown

e
. P
\r .,...x‘ %

P i 2-"

a direct correlatloq between the hlstochemzcal




v L4

activity “than does white muscle\(34). This would be
expected because red muscle has a higher rate of protein

synthesis and therefore needs a larger supply of ribose

¢

,for ribonucleic‘acid (RNB) synthesisu Beatty etxaf.“llﬁ)
‘.showed that less than 0 5% of ‘the glucose uptake was |
ZmEtabolized v1a thls pathWay. ',” o B

3 Calc1um content of the three flber types has also

been observed The calc1um pool connected w1th the.’

1

sarcoplasmlc retlculum 1s hlgher Ln whlte muscle flbers,

[

whereas the amount of m1tochondral calcxum 1s hlgher

u
A e v 3.

and the sarcoplasmlc calclum almost negllgable 1n red ll}
muscle (llO) ’Thls would lndlcate faster contractlon
'}w,and relaxatlon tlmes by whlte muscle..l'i l : A :77
‘ :\ Myoglobln content of red muscle ls two_to_rlve tlmes'

°

greater than that 1n whlte musdle (34) Holloszy (74)

; suggests that thls may fac111tate oxygen utlllzatlon 1n
o

o PRV . ' 2

muscle by gnhanCLng oxygen tran5port through the cytoplasm F‘j'ff"

to the mltochondria.v“ffﬁ- ;vua:pjﬁ gﬂ:f‘xgﬁ‘u'iv

1

‘fﬂfﬁj There are many more blochemlcal dlfferences between

B v

red, whlte and 1ntermed1ate muscle flbers that are beyond

the scope—of thls paper. The major importance of thls

'W._blochemmcal sectlon 1s to stress the dlfferences 1n the ;”'
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me tabolic needy of the\cell rather than to take into
L T ' consideration all the biochemical differences that may

‘ exist between the major muscle fiber types.

§ : Response(of~Muscle Fibers to Exercise
; h Regularly, pérformed exerCLSe lnduces ‘a- varlety of ; s
i _adaptatlons that anteract to produce an lncrease Ln g jt-fﬁ

L fa'fl‘ff the performance capaclty of the muscle flbers.,f?héglgfﬁ,f‘fg%X:
. Jr . . ;- P -y L . ‘.I’_-'._ e o o
LT nature of the adapt;ve responses varles w1th the type T

‘fﬁﬁ;i,rhﬁ“w,of actlvity (88) Endurance tralnlng, such as long ;3]{}:'f:v'ﬁ‘fﬁv'

\

.dlstance runnlng and sw1mm1ng w1ll result 1n an 1ncrease

e e R T TR
]

1 7V'1n aeroblc metabollsm. These changes can be ea51ly
'{ifé R k studied through blochemlcal and hlstochemlcal analyses.. ' S

Lo e . One of the reasons for 1ncreased aeroblé metabollsm o L S

RRRTTA ,could be lncreases in mYOQIObln. Pattengale and Holloszy S
f / ] . . ! . ‘d__‘____\ . . '.:." o

m(lll) have shown that myoglobln 1ncrea5es ‘of, up to L

. . i . .:' :(.’ . ' .'J{lr:-'.‘,.‘
PR : -80% have been found 1n rats subjected to a flfteen week L RER

’ tralning program. Wh;pple (136) was probabiy the flrst

7 .
A

,:to lndicate that exercise may increase myoglobln 1n,i:ff5 fﬂu“ﬁ;i'-ﬁ“32~“

'ﬂ muscle after findlng that the muscles of an active huntxng .f.t7f‘.fff}"'

c dog had a hlgher myoglobin cbntent than the muscle of .,7}35hfwff'

“ sedentary dogs.‘ Lawrle (89) demonstrated lnéreases in




- fluld layers and that ;t may a150 facxlltate oxygen -

"ﬂfulncreased numbers of mltochondrla as well as 1ncreases

LR e

a

-30-

S

€
Pllml.

A N
muscle myoglobin concentration in rats subjected to a

B b e r

Sy §ed

-

,  swimming exercise‘program. It has been shown that
!

’

myoglobln 1ncreases the rate\gﬁ xygen transgort through
)

oy
Tt

i :e:;\5=-5 PAry

: utlllzatlon ln muscle by enhancxng oxygen,transport

.

_ithrough the cytoplasm to the mltochondrla (74).';f;f... S

Morganzet al (97) have shown through

1felectronmlcroscope sthdles that exerc1sed muscles show
: Y o

« <

'iln the s;ze of the mltochondrla. ThlS would.verlfy the f:‘;ﬁ',”

a-

w-doubllng of the concentratlon of cytochrome c and the:".if;T7

'J%l_';“ SO

' (75 96 105)

“L Two fold lncreases havefbeen found Ln the resplratory

f'Chain enzymes lnvolved in the oxldatlon of reduced ﬁ-i_""‘n7" a

'-fnlcotlnamlde adenlne dlnucleotlde (NADHl and succlnate ln

[ D

?the leg muscles of rats subjected to endurance tralnlng

#(75)

‘.‘_‘

/SDH NADH—dehydrogenase, NADH cytochrome c 3
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also an increase in mitochondral coupling factor .one:

. Y J
.

whlch is- closely associated with the respiratory chain

v g R N

%

_ " in the cristae of the mitochondria (105) The coupling,

“:,i:,' = - ~‘factor helps to catalyze the oxidatlve phosphorylation f}:
' ", of. adenoSLne diphosphate (ADP) to adeucsr;e tziphosphate
. p (ATP) coupled to electron transport.: The 1ndréééég_;p .;
u this factor run parallei'to.increaSesiin the compoueuts *
LR T'of the respiratory chainfklOS) ' f:gé ?:7'?L :ﬂﬁ'" :.f?“.
'.ﬁf-ff:“f" CQinciding Wlth the’increase in respiratory enzymes.
1:f._f“ 1s the increased ability of the exercised muscle to -
': T oxiﬁizeta uariety of substrates (74) The mitochondria . RN
i —of exercised muscle has -a hiéh level of respiratory -:;; -i j’:'gﬁ"' ?”#r_
‘;_;,d’égﬁtrol and" tightly coupled oxldatlue Phoséhorylation-.:f ;h s 5 ;f .
- I . w1th either pyruvate or fatty aclos -as a substrate (75 96)... ..:“:'"§f:§ﬁ
Eff&' J. ""j = " Iﬁcreases in the mitochbndral enzymes have oeen '5: ff{;]_f:-if?j:"i:?
.f:i“_";.f}s'f, n6ticed-by many researcﬁers (5 41 75) but ‘ot sl i;:flf;;\‘}:‘-““i’,f SRt
.;“: .“;‘:,'~i-ﬂ: E mitochondral enzymes Increase-rn conceutration.--&oiloSZy‘ s
A S e ai'l'.‘.'ns 105) have found: that. mitochondrai aléi-la- ’
i iy Yy i

o " ;;;'5 glycerophosphate dehydrogenase, creatin phosphokinase

and adenylate klnase do not change their concentration ?_T

1T, .
.‘;-- . : b ..4~

but their actlvity per, milliq;am of mltochondral ¥

ok

PR
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' ’ . compliment of mltochondrla.'
A ‘The act1v1ty of the glycolytic enzymes is varied.
3 a )
i S Hexoklnaqe act1v1ty increases progréSSlvely w1th regular,
e B o
x repeated bouts-of york. In rodents itawas found thét
2N ‘e
R .'g E 3.as the mltochondral content and the resplratqry.enzymés 9

L

increasea 1n the muscle flbers the hexoklnase activzty

-; Y ~,

also 1ncreased (5 77 115) Baldwzn,et al» (5) showéd

O .. g ,‘. 3
.. AR o

'ﬂ‘tthere was a marked 1ncrease 1n hexokinase activity

o

-'and 30% Ln fast-tw1tch white musclq. In add;tlon,

. . 'l._, . core

exhaustlve‘exerclslng of ‘a” tralned an1ma1 1s accompanled

’

- = s

by a raﬁld decrease 1n hexoklnase act1v1ty whieh thereafter

R " 2%
e .

rlses to supranormal levels w1th1n forty—eight hqurs (lOY

"y

8.
o et S50y

¥
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.Eﬁ L protein is greatly reduced ‘because of th¢ increase in
B 2 : ' ’ N i ' v
. . the mitochondral protein (105).
" E L 8 .. = ) 3
AP ' The concentration of lactate in skeletdl muscle is -
e o ‘ ' ‘ . A
. § &, . ldwer in trained than in the untrained muscle during
.':ﬁf SR ; exerclse (26 122 123). It appears that at a\|given rate

.

of pyruvate and NADH formatlon, less pyﬁuiat

LAY v
. ‘e 0. vy

to 1actate and the removal of pyruvatei'"

NADH by alternate pathways is- more'tapl
B : . “,."

has adapted to endurance° exercise., The total a.ctiv:.ty

'~1'of 1actate dehydrogenase has also come 'detHinveetlgatidhtfx?;f‘
:f_ In prellminary experlments separatlon of the.v&r;ous S
A .1 . 0 s 3 }

'5_ 1soenzymes of lactate dehydrogenase have_been attempted

RS “ o,

These anestigatlons have indicaated a. sh“ft of the "
i N
. B lsoenzyme pattern from the muscle typ? to the heart‘type
o * . P / } . g

%“?v_f' . g .1soenzyme (82).:
% . . - : o~ T ' .',‘ S H

. a. concentratlon of mltochondrla, ls con51st 't w;thlthe role 5,

ar -, . TR o ‘.‘

1 5o . . ” o8 N ‘a
o0 F " 3 .
I3 . . ’jf\_r‘)‘-‘ - '--.

flux of pyruvate to lactate for storage Or xport from |

<, l' o~
- _-‘y_r .‘1

Increases 1n the heart type isoenzyma would ﬁac;litate

n. ',

et .‘

o PR N
t l.‘,A L’ v; «u'

the oxidatlon,of pyruvate'and lactate by the anreased*:- Qf

Sl « + - 5 ,-n"
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lactate dehydrogenase and cytoplasmlc alphaglycerophosphate

0.

dehydrogenase levels decrease approxlmately 20% 1n fast-"

B

'. Y

tw1tch red muscles in. .response to exerc:.se (5) Follow1ng
. T g R . S
tralnlng progra.ms, J.ncreases from 18 50% haVe been,; ("< ST

: , "found fOr thes’e same enzymes 1n the slow-tw:l.tch 1nter-"‘"

HEE N
. el v o

Eo
medlate flbers.” /In th.te muscle the only change, other .

than hexoklnase was a 15% decreaSe J.n lactate dehydrogenase ey L

,.‘,\-g eal Y :

\

adapting to endurance type act:.w])ty.

o .f"Complete glycogen depletlon 1n the leg must:les -of

.

man z.s not usuall{\:een' after 1ntense distance runnleg;_ (27

30 31) Selective

lycogen deplet:.on ‘in. human muscleu S
/ . . R e D

i

Slow-—tw:.tch flbers were the f:.x:st to be depleted of t.he:.r s

Ki

glycogen at work J.ntenss_t:n.es demand:.ng 60 80% ‘of an ,:T '

E

.1nd1v1dual'°e max:.mum oxygen uptake.v Fast\ tw1tch flbers

also bec\lame‘ g’lycogen depleted when the exerc:tse was

Cost:.ll et al (30) stud:.ed

contxnued : ‘o exhaust:.on.




the slow tw1tch flbers w1th only a very mJ.nor reduct:.on
) LT L occurlng 1n ‘the fas’t tw:.tch flbers..‘

- . % B * '
K

Hﬁ.stochemlcal.,changes 1n muscle flbers also ex1st,

« ~.“ . '.f

follow:.ng a tren_nlng program Edgerton 441) subjected

>

RERTR rats to a*flfty-two day tralnlng program and found

through sta.:Ln:Lng for the ox:.datlve enzymes thet there

v '\“.

In the soleus there

the plantarlﬁ of the exerc:Lsed rats.-

muscle.,, Correspond:.ng to the increase .1n the number of

a
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Baldw1n et al (5) studled the’ gastrocnem:.us of rats =~

su.b]ected to .an e:.ght week runnlng‘program 'I‘he percentage
of red flbers 1ncreased whlle the percentage of whlte
S f:Lbers decreased J.n the exer01sed ammals” o ,A' '

Hlstochemlca studles of myos:.n A'I'Pase have been o -

L - -

.

i
'

. used to dlfferentlatex skeletal muscle flber types.'._'-' Tl;lev't,' ’

\

Edgerton and Slmpson (42) used myos:.n ATPase and

Barnard et alh (8) have suggested that the dark stalnlng

‘ ,*__': f:.bers be referred to ‘as; fast-twitch red and'fas't-twn_tch R

K )

gastrocnemlue of exerc:\.sed '-ats, Othea: stud:.es have




-

-37- - , S

months of tra:.nlng 1n eleven to thlrteen year olds and

L © adult males (48;63). - .

v

‘~,;"> _ L Changes in t:he flber dlameter of red and wh:.te

. ) muscles have also been studled Carrow et al. (23)

sub;ected rats to a runnlng program of thlr%y mlnutes P

N o E

per day. Follow:.ng this 1ncreases J.n the f:.ber 31ze

X 110% werev found J.n

the diame' er: of the red f:Lbers and

-

N

(92) found a great deal of vara.ablln_ty 1n-:‘

',"the hypertrophy of eXercxsed muscle...

I-le suggested that

. |;
‘,-.‘,,’ LY

O SoRe R
g
\é?:w 3

¢ "».»-d'
e
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U . B in one .type of f’ibér ,whi-ie another type of exercise will ~ .
b = N .
: ; e predom:.natly affect another type ‘of fJ.ber. © N ‘
ol o, R ' oy o
Loy . ,' : Invest:LgatJ.ons wi.th skeletal muscle have revealed .
A g ] / that there ls.~a rapld synthesis of protein during the 5 K
process of hypertrophy (61 69 71)~'- Helander"(7,1) prov:.ded
. ‘e 18, g \ . 0 ,' -, - " .

the f:l.rst informatlon that changes in. muscu].ar components

other ‘than sarcoplasm ml.ghr acoount for the ihéi’éésed ]

proteih in the gastrocnem:.us muscle of gumea pigs. fafter ;.;",:’.: i
""',’," " ""' "A "'asi.'. v = LY e ,J‘ _""' (O O

has shown ety A

that the prptein t'ormed duxing compensatory hypertrophy.. X

-, B . -.. b

a four_—mpnth‘ runm.ng program. Goldberg. (61

& :.. ., '

. section:.ng of the Qastrocnemius tendc;n ;.s evenly dis-‘? £y
80 "'-' . AN ':'i'. : ,".: At B

. ’ . ".
protein concentrai;lon of thervar:.ous muscle~ fxbers I

H
11 s b
\_..’ Py .v. .

'rhey have sugges ed\thatr the'

X £
-_ = e
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: 'atheletes
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f:l.bera :.n the endurance traJ.ned atheletes.
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and Ekblom (45) studled the fJ.ber populatlons J.n we:.ght
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are due to heredi_tary factors or adaptat:n.on is uncertain/

b
U' -

but reports of higher fast to alow twitch fiber v-ratlds

4y

P Y

a l‘so' been found te. iric"rease after

-.\.m

as frequently researche:;al

DRI

"v.'.- 2 O )

cha.nged (62) or"eve decreased' (23) ., C

the muscle Weights of the tihial:.s' antera.or, soieus an& 9
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g “in- hJ.éh: res:l.stance type exerc:.se. Goldspink also pro-

posed that the hypertrophy. of the. fJ.bers br:l.ngs about

/i :
a. consol:.dation of the tJ.ssue, and further .hypertrophy

[ > N . L -. [

the flbers results in the hypertrophy o:E the museles

L )

4..". ~‘v,‘£,' ,“

mnéele .we:.ght followmg ex‘erc:.se. e ": ;;'f

» -

.: .n-'

'type'of f:l.ber may become lerger‘while the

C e
o . ,‘. ln- ‘

Worafleld and Peter (137)
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’
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In-'the muscle fibers .

ot -. i

:bf the -

“_.and the :East-tw.l.tch wha.te fJ.bers are iﬂenti‘cal ® .'I




R

, sarcoplasmic ,reticulum protein is unchanged in exercised

muscle. ThlS shows that exerc:LSe does not cause a’

.

proliferatlon of the lntracellular membrane systems of
J

o

the muscler : L :\"'
Studles on contract:.on kmetics have also been

carrled out by ciiff’el‘ent researchers (9 112)’ v These
~stud1es on. control and endurance trained muscle shbw

Gt """, . 5o . A

the gross strength of the muscle had not mcreased (112;«97@ E

_’h- G
Th;.;s also conf:.rms the lack of muscle hypertrophy w:n.th»

endurance type tralnlng " :

MaJ. et a1 (91) studJ.ed the caplllarlzatlon ‘of -

would create. a.n mcr:eased blood flow and substrate sugply
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As can be seen the increase in the endurance

v
£
T

capacity of the muscles of exercised animals encompasses

a wide- 'variety'of biochemical, mo‘rphologi'cal‘ _and.\ 4

h:LstochemJ.cal changes 1n the "set" of the muscle. }"i“he

v

v
overall effect 15 a' more eff1c1ent functlon,lng of the

ox1dat1ve mechanlsms of the body followmg endurjn.nce
—_—*‘_’ﬂ‘ ! : . ' . . ' R v

UL e

Interval versus Continuous Tralna.ng

\ N
ey B s P ot . e
.y,, P v,. .‘,.‘, oo T - .

Over the

L
5.

studylng the effects of 1nterva1 and contmuous tralmng

e

on the total organa.sm. The scope of this paper does R

~

T

: not allow for *an :Ln depth study of all the l:l.terature

: L .completed on these two subjects. The research that was

o chosen was selected to show that a controversy does ',-' ‘: P
: e e s ‘ ':"r
exz.sf, between the proponents of 1nterval and contlnuous

tra:.m.ng.., An annotated bibliography llstlng different ‘ '
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. a,lso fou.nd no 51gm.f1cant dlfferences in' the actnn.ty of |

e, h

whlch ‘are more. dar ly sta:.ned for oxn.datwe enzymes are

“the fn.bers whlch sho the_ most profound loss of qucogen' " (69) 2

y *-- .

'f,‘.and contlnuous tx:a:Lm,ncﬁw almel

'are the same. . Incx:eases 1n

(70) studled the

) Green and Houston

'I'hey foun" s:.gniflcant mcreaﬁés 1n the level of these

the tramed animals. These researchers

e

‘.

txr,ainmg J.s th 3 best type of enduranpe traim.ng.“, 'I‘h:l.s,
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changes in performance of ithe intact orgahism is a difficult .

'problem because of the many intervening variables. ) Gross -

»

2 phys:.ological parameters such as max:.mal oxygen uptake

and performance tlmes have been used to evaluate an

.

indlvx.dual s performance rbut even these parameters have

23 ,-,_;.,J.. T

rareJ,y been correlated' vuth observed bo.whemical and

K “ s

etructural a.lterations of muscle'. B
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) o £ Numerous researcﬂers hav\e found b:.ochem:.cal and. o

,1-, .

structural alteratlons in muScle followmg continuous

tram:.ng programs (9 40 74 75) At the high inte_nsi.ty'

o -,\-.~ . s

level ’very lz.ttle wor; has been completed analysing the

' e

funct:.onal overload of muscle at the cellular level.v

Houston and Green (79) compared muscle we:.ghts of am.mals .

exerc:.sed co—ntinuously and interm'ittently at 75% and 50%

. s t
» .. .

of their max:n.mum. ; No s:.gn:lf:lcant difference was fcund :.n

. - 4'—
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tlle muscle.‘weights of all four gro ps when compared '
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: :;'true when the total work output J.s the~ same.
N "’,us'éd"'

’ é’trainlng J.n condltlom.ng Eor enduranc'e events..
have an advantage over contlnuous tramlng J.n enhancmg

i minking a gt
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Exercise physiolog.ists 'have also found that. higher
work rates of short duratlon .could be repeated w1th
relat:n.vely low. lactlc ad::.d levels (2,25,93). They
'attrlbuteda thelr.‘flndlngs to the alternate'.-depletion"
_and reconst:.tut:.on of the muscle myoglob:.n.

0

:Ld levels, there 1s l:.ttle change J.n the

'|‘ e

u .«

In contrast to thls,»other studles compar:.ng

y

| "..:contlnuous and 1ntermn.ttant work have failed to show‘ any

" 3

dlfferent:e between the two (39 70 87)‘

s

A large

s

' o number of successful endurance atheletes (crOSS country

skxers ‘ runners and blcycllsts) have almost excluswely

i ’
B a

Sl ntlnuous training J.n their efforts to attam h;Lgh

levels of maxlmum oxygen uptake.--

- x

I.n lJ.ght

At Zfl,

of"these fJ.ndmgs " -1nterval tralnlng does not appear to

3 -

i
K L Lo
Lo

endurance o

'
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In addltlon .

v

,arter:x.al blood glucose during short :1.nterm.1.ttant work (83)

ThJ.S ,15 espec:.ally

This fact may indicat:e
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: . e . 2 to enhance the capacity of the musculature to
\ _ ) consume OXygen. Saltln et al, (121) believe that the
" stimulus sought for .this improvement is re'lated t'o‘ .the
: . ' magn:.tude and dura'tlon of the stress 1mposed durlng a 5
:. o " "-‘ tralnlng s‘essu.)n.' , Interval t_ralmng for- events which are
e T - “ lar'gelir aeroblc can he developed .aro.und work mtervals » :
“ e ranging from thirty Seconds to‘ five.n’u.nuteﬁs”.": n
ol of t.he reet periods depends onwt'he "J.ntensn.ty of each 3
work bout.l "l‘he* h'::'g’her the ‘intensity o?f the wo_rk bout .the
! ' pER 3
g llonger the- length'of the rest per:.ods. ' "'.f ~- ‘

‘e, ‘A . _f_ _.m ol

o, B Astrand et' al. +(2)] found that a. work load. that could

K . be tolerated for' an hour When done :.ntermlttentantly ’ ; 5
; : \ resulted in: exhausta.on in nine minutes'when done‘ oon~
' -'tlnuously.v- ‘The. e‘t.'fect of‘,varn.ou‘s.co.mbinations of "ork £ -,' k
3 " nd rest rntervals.-rangz.ng from f:lve to one hundred and ’

. '

aoh 1) Tt e:.ghty seoonds have been stud:l.ed by Chnstenseh et a‘N

e Margaria et al (93) and Fox et al - '(52) - They have 2 ': -.':_:.-‘-'
T ot found that running and cycling thh repeated extremely
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% ;;‘ '}',:-',:l : pauses, allows an .lndlv:.dual to- accompl:.sh ‘a cons:.derable
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tae 3

one control and four exercrse groups.:‘TWo of the

o e (R ,...-_-:.

and sxxty percent of thelr maxrmum

s e

P | t.. '
3 SW1mvtime to exﬁaustlon.f The”éther two exerciSe groups -
4 I o

.,.'.' ‘.

"were subjectedtto 1nterva1"tra1n1ng*programs at f;ft

and 51xty percent of the"total number of‘Lntervals

..t.

'perlpheral whfté and central re, feérons of: the medlal .nzr.ﬂl

‘s H and NADH—D,actiV1ty._,.

. 'W) o _,.

ions in the fibe. type ratios»weresdetermlned

i _.-‘. ‘- CTRRI

and between group.comparison

':ht b?th the

."'level ofvint@nstty.

e

giold uale alblno"rats of”the“-“
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3'SpraguewDaw1e§ strelo rere chosen for th1svresearch._

‘ Thelr ;elght range was between 268 -'285 grams."The :'
top 20 anlmals, accordlng-to ‘SWE riﬁe tO‘exhaustlon ‘}i

'““Qere chosen to oo&piete Fesearchr .Fopr'rats‘were -

e--raoaomly chosen-for“the cohéroi\groep and‘s;rleer.anlrels- -

l‘ were piaced rgro ﬁatchedpexercleé'éroupsLQEcordrrg'Eo i;

“Eﬁelf'éﬁlm tiﬁes Eé exﬁeustlo; Wlth four percentlof o

; the;r body welght attaphed tq,thelr talls..

- A

Treatméri’i:\-croujas

e .‘,".-'

5 Okl

in th13n1nvea

Were as follows' f}-:

e

.

Control Group i

".‘.

d “ . -l. .

ot

B . v i

1n w;dth'

deep for

'.-\

They were removed

-.--*-

from

'., e 5 g 5

. therr cages every s1xth:tra1n1ng day
?% determlqations._['gz_‘:{

o I

GO%ﬂCOntinuous Group

for - &1ge equaling 60% of its' sw;m tlmél
‘.‘.'.1}; wé ight equaling 4% OF the"

5 .,._\WQ‘J‘Q{;{;‘
5 ‘a-'ti‘.%” 7 > s
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¥, J.n cages measuring 45 cm.. J.n length,‘ 24 cm. ',in w:Ldth L A R
. Ay Y oy and 20 cm.” deep. There were four animals housed :.n-- R RART 1
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~ thick_; plexig;l,ess"

the end of each i

e

. ‘-‘r ; - 'Z."-i'--.: SOy < '_ o + 0
There was' ’a,total of thif_.rty an:.mals . J.n ,the
4 group;."‘.'.’..Fpur of these animais'

i . '1.“-,’;

the sedentary' cen.trol group.- 'l'he remaim.ng i:wentyrs:l.x

5hima.la parta.cipated in : the' l;re
the first”two @aya' og':the..pre-training,..period‘ Fﬁt_:h'
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attached to the ta11 for the duratlon of the sw1m.

."3, 60% Interval Grogp

v
>

These anlmals swam llO second lntervals Mlth a

o welght equaling 10% of thEII body elght attached to
)“

the1r talls. Between lntervals they were glven a'

120 second rest perlod.;‘Durlng thls rest perlod they

These anlmals

:were=placed Ln an empty anlmal cage.
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animal swamsls minutes with no weight attaohed to its
. ot / N L .
tail During the follow;ng threeidays each of the -hn‘

} exercise animals swam for a period of ten minutea with

.' a'weight equal ng 4% of their body weight attached to K

the tail.. On the sixth day and eighth day each animal
; e i

body weight attached to their tail The mean swim'time
e , . o 5 .'_‘ N

-

to:

)
'+

top eight:BWLm_times were equally diVided between the

N %o
. R .;‘.

two#ﬁO%*QrouPs and the”nextv

divided hetween the tonSO%'groups,i“The remaining

the experinentationp :KT

' B
vt . . .

was performed on, these groups and there was no sig-,ﬂ“

nificant difference at the
TN 1 ] " -

the 60% EOntin ous and interval groups nor_between

2 f
v

'grohps (Appendix C).

soé continuousnand interval

--. . A ,.4 R .

..,A. 0l oy O 3 S
~ 4o

/
.W;The continuoup sw1mming groups swam work bouts

representing 60% andiso%wof thé r contin

s eney

These ani '1s“swam with 4% of their hody

R :
¥ b -’-

1ght attached to their tail ,Eagh»of thesefanimala

”

P

sixth training day with % of
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. ;.:% - l fFeQS ;.wes-then determlne :from the ey}m tlme to exhaustlon.z'{-’ f'lnl‘_:a’ R
o i-i S .f'J }f" The lnterval groupe swam.a tetal time 1n intervals . f.";i B 4 ;?
ﬁ.%t 5-iz‘ equal to 60% and'SO% of therr marémum sw1m tlhe do ﬂﬁ:.f.”\ii_ . -I:é
;f‘;: exhaustiqn_for a worh perxod made up of these same 2 ff_i' :J
e interyais. The’leheth‘ef the ihterva} was deterhinea,tﬁxyv
--./':.o:.., ; (_', I o .

v by takzng 50% of the mean swrm time to exhaustlon for

,',n.both groups thh 10% of'the animal's body uplght attacheﬁ
.lﬂk,nto its"tail.z The length of time determlned for each'~ﬂ; 4
'. f~r }nterval ﬁee”llo seconds (Appendix"C)x.,This was:}e:;:f ;

:l"‘Each anlmai was g1Ven a 120 sedond rest perlod betﬁeen
q ‘ interval.. During the follow1ng three daysaoﬁ the

‘inllowrng

'five‘and elx these animals swam

14

to«exhauetibn with lO%“hf their body weight:attached
'their tarlﬂ They swam to exhaustion using-llo seceh&
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3-swim t;me to be completed durlng e ch of. the next f1ve

qtrarnlgg days was calculated Followxng weeks four and

aseVen the’ 1nterval groups swamucontlnuously to exhaustlon .
. - s an ,

ff / /'flll J_w1th 4% ;f the1r7boﬁy welght attached to thelr talls.l
R ,,Thls wae.done to prov1de soqe comparlsoh w1th the
ﬂ'fcontlnuous groups ln sw1m tlmelto exhaustlon.‘ The

R

‘:jlnterval swim tlme was not determlned for week fzve 5~f
v : . [L-.A .'\. . R PR

Cro
«

: ey ..' J oo ,‘ " - :
mj,to exhaustlon., The anlmals were thus requlred to SWlm

v ,,~ K

.”one moreklnterval;per work perlod ln week flVE than was

v ":-~ o

'"swam 1n week four. Thls was done to compensate for the
" \ N : . .

tralnlng effed% taklng place durlng Week four.u St

'

LOn every 31xth tralning day the animals were < ,<fﬂ”5f'

tail were adjgsted The welghts used were commer01al

’ nuts and washers.i They were attached to the anlmals'n' B

~,

tall through the use of small clothesplns.. The welghts

P

were attached to the clotﬁespins by a thln piece of w1re.‘}35'

“

weighed and the weights to be attached to thepanlmals 3“ E ﬁlfﬂ*-
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— Exhaustn,on was determlned in the contlnuous group,.,
by the animal stay:.ng below the surfade of the water for

-over ten seconds. McArdle (95) has found a correlatlon

of ,.9 between exhaustlon after submers:.on for ten

e’

seconds and the,, total swim tx.me to ex'haustlon.. In the e

case of the mterval groups exhaustlon was determ:.ned by

oot .

’ X

uncoordlnated movement of the am.mal or the anlmal

belng unable to rJ.se above a leVel 20 cm. below the

. "'. days.. The am.mals" swam. between the hours ‘of 0900 apd 1200
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' . . ' - 'Bach animal was coded through the use of a color » - .
: . system. The talls ‘were marked wrth two colors, one - h
&l oo *. color representing the group the anlmal was Ain, and the .
{? . ST second color dlstlngurshed each animal from’ the other
members of the group. N 5, e, - !
All anlmals were fed ad llbltum w1th commercral '

!

rat feed. The air temperature ln the anlmal quarters

.~s.

'f-,ranged from 2l°c.5‘ 25 c.

Eon LS .

fthe swimming program-ranged from 32 C,
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Procedure

x

*'Sacrlflc

o3 * '/ : L4 . ,‘ .
Each animal was sacrifxced‘followrng the traxnlng )

\’ Tas

over Ehe beaker to prevent the escape of the ether.‘

Y ,.r.~' N

One group'per day was sacrlflced for slide preparat

'

The 1eft gasttdcnemius has exclsed by cutting’the~.

b

muscle at: its origzns and insertion:l

v"
v

K .|.

'The-medial head of-y
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i Co The cuttlng blcck _was quenched for approximately
1:ﬁ1_ e " oo twehty seconds with carbon dioxi gas.. 3'§”’{‘, ' j
N }é 7::} } f . ;J‘ Tlssue sectlcns were cut atllo‘u dt. 4 temperature.
fa“gi:'5:5f;'i.; of -20 C.‘.i‘Slee'cotary arm'cryoscat"w;s used for'2h9
- ’?:_ éeciloniug 5£ che tlseue;, é%:the Sections wefe.jutllf

glndlvidually~p1&ced on mlcrospope slldes and

«air driedf
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:-“\Histochemlcal ProcedureS”ffl
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> Both the"SDH"dnd the NADH-D procedureSFused;N1tro

t e :Blue Tetrazclium (? 2

The,method for studylng'SDH i

.‘:l B o

(101) procedure Was :ged in.scudi,
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enzymes to determlne the spec1f1city ‘of . the enzyme

f‘"; reaction. COntrolle&‘lncuhatiné-sorutlons excluded the
=.“s.‘substrate':n the case of .the . SDH procedure aqd also’ . A-
"?‘ﬁif-’ ‘.‘- — the substrate ﬁ; the case‘of NADH-D procedure. . .
'if_ﬁ'i. U ?h ‘a.: Black and whlte photoulcrographs were.taken usxng ~._ -
. Kodak Plus Pan-a: 35 mm. .fllm. -. One second ?’513‘35.‘{5?..1"'-. .:_::;_'.:_-’1.-.:

;were taken at a power'ofiloox and leWn

The areas to be photographedﬂf
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central ﬁed" pdrtions of the medial head of'the éastrocn
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i. . . perpared from the muscle tissue of each anlmal Six,

; K slldes were starned for SDH 3pt1v1ty and the remalnlng . . K
. .u"Slx were Stalned for‘NhDd-D actlv1ty. Egch slide was}'e a 4.'4‘
~;.h o ,'coded £ enable the in;éStigétor to know whlch anlﬁal | L :}fdiiffxl uff
i" L | -b-the tlssue oame from.. Four slrdes were then chosen from~l ‘ D . '
’ : ,-‘_,‘;-those prepared‘f.oqf each animalv These slldes wer;e then

. placed 1n a group w1th those from the other animals of 5

"?;»;'17; . .that«group.. From thlS collectlon.of 51xteen slldes,

B . L [T e

ffg ’ k‘gxiﬁiﬁ"iyv each grohp per s}alnlng technlque._ yhe red ahd ehlte
‘131;"ii"-‘ - ; regione were analysed from eachtslide.‘fiffi*s—'~f f'.
.\?17";-3*3: }U?Afg “F Areas of the perlpﬁeral whlte and the central'red
‘;Qi, t’G!i'%:;;" reglons of the medlal gastrocnemlds were randomly ehosen

e *'fl and.photographed . All the flbers on ‘or partrally On‘ 11
: . ~.>c . B o . : - \ 5 I ' v K
’ 'each of the photomacrographs were analysed ; The.fibers

were rated accord1ng tp thelr stalning¢1ntensity as light,

AT
aeéﬁmek*
TR oad R,
AALNGAE
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in th:.a research may be found in F:.gures I and II. Ll ‘ E

) .1 S ! o
R . . . L . A , '_! . - o . s ““:‘ o oo % R R .
‘“; 5 . v ‘ ) .“‘-q, n‘ ) ) :‘ !~- .7
v . o . ; RO
S At 2 i “ . ' RGN S
>, . ) - : N ’ ',.Ab- ) . -\u,q
S ‘ . R
. ~ . " i ' ~ ] .
- e T . . ' o : »4 - o i . o . . . - R e "’rg o
ORE o L e Bes:Ldes the :Lntensity of stalnlng, the pattern of LT %
. o \ K . . . . ‘ . "r‘_:k
o the stalnlng was; also analysed . In exa.mples drawn from , %
- S .. électron photom:i!crog‘raphs it was demonstrated that red . .k ,._:"?f'“,
A muscle flbers l}@ve subsarcolemmal aggregatlons o;.’ o _ _1, g
R AT numerous lTIltOC ondr:La (97) e B ";
: Yo . . S . ' o, . B} s
Lo - ‘ . . ,.' . " e 9 ., E—
o0 P -“‘ .' These m1 chondr:La have more dense cr:.stae than- .
o : L - those found if wh:.’te f:.bers. Perlpherally located o
. . . B ; .
ul! ce 4 m1tochondr1a aggregat:.ons i'esult J.n a dark subsarcolemmal f . L
;é ©o - ., ) stalning pa tern with ox:LdatJ.ve enzymes such as SDH and . q :'_‘_‘ “'_
: ‘) NADH—D.,. A so, such a flber would staln more :|.ntensely A :
L T . * - . -a
‘ s thropghou tha.n would a wh:Lte f:Lber‘. The 1ntermed1ate . -
. t L f:.ber wo ld also staln moré :Lntensely throughout than the '
Tt v, R o ) SR
- T whlte f,lbers because ith r m1tochondr1al patterns resemble PP
. 1 . e . N Id ,‘ O N .
o , £ the red f:Lbers._ “The dlfference is, that PR .
" ' - . . % -
T dlate f:.bers lack the subsarcolemmal aggregatlons . B P
R L e thaé are characterlstlc of the red frbers.' The 1ntens:Lty T
o : . N o
-t ; o‘f the sta.ming throughout ‘the :1ntermed.1.ate fiber 15 not o .
- R ' ' as deep because the 1nterf:|.br111ar rows of m:.trochondr:.a .
4 . . are nqt as prevalent ‘in. the 1ntermed1ate f:Lbers as ‘in - 8
t T the red f:.bers (42) Exarnples of the flber' typ:.ng used . R
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the med:.él gastrocnemlus ..stai'hed for SDH and NADH-D B

*

0 .-“-. .

The m;crophotographs show t.he il
three major flbe;r types analysed .J.n thJ.s research._:. e '_‘:

;; ‘ ) are shown. " Notlce the suhe'arcolenmal'aggégatlons “of ,"

] i i . mitochondr:.a. 1n the“ dark staim.ng red fa.bers. ' Also not:l.ce

r o . that ‘the intermed:.ate mnscle flbers‘ are stalned ~m°]%;.-:~: ¥y

.' "‘mtensely throughout than the th.te m'fiééle flbers and. 4

- th' at" theynlack the subsarcolemmal aggregations o-f‘ '|
mitochondr:.a seen J.n the red fJ.bers. The 1:|.ght fzbers ‘-ﬁ

)

also laok the snbsarcolemal aggregat:.ons aof m:.toghondria g
and -are” not as, intensely sta:.ned throughout‘-as .'.are tl'x,e_".',ﬂ‘:.‘,'

|
tX)
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Figure I




Figure 1II




Statist:. cal Methods

.‘ » s

'I'he group:.ng o.f the an:imals for th:.é research was

~.

fre

. done according to swim t:.me to exhaust:.on.' 'l‘he two f60%

W

groups were grouped from the next eith sw:.m t:.mes. A“

o 5

[.“

- - -o-'

T—test was used to det.ermine J.f both groups were equal

‘.-90:1

; used to determ:.ne if a significant

v

the types of fibers 1n each area were analysed'tisa.ng a
'-.:_3 one-ﬂway analysis of var:.ance (60) . The inean percentage

o 1 3 Ta : K ,
d:l.fferences between the five treatment groups were examined
e e, e 70

: for red igtemediate and wh:.te f.ibers Wlﬂ'l separate one--

T
v . ¥ & =

way analyses Gf variance. When the F-rat:.o was significant,

’,
)
[T &) ,
g .

the Tukey method of multiple comparisons was used to . ,

deternu.ne which means differed (60) Also if the F-ratio

was sigm.f:.capt a Scheffe methoﬂéof multiple compar:.so \'-. * o
Y i
was used to determine if ,ﬁere was a s:.gnificant d:.ffe:encg




. o 1n the combined 60‘% and 50% continuous group and‘ the :_’L‘ ) ;" ’
: o ,'_.: : ,‘ . comb:,ned 60% and 50% 1nterval group. 3 : j,f'. ‘ \ :
o ',;,:j:‘j:'rl"’:_f‘-- Due to the nature of the flber typmg. 'data, con-‘l"" R ?; .

. »sistancy 1n tylp‘mg the dqata‘.u'a—s deternu.ned in two nays.

In test}mg the'objectlvlty of the typrng procedure an

‘i:l.mpartlal observer was :Lnstructed in ldent:l.fy:l.ng the

: ‘three flber types.\ The re_s_ults were then correlated Wlth
‘ - -‘ . the orJ.gJ.nal tabulat:.on of the res’earcher. In test:.ng A
o g Ato determine the relrab:.l:.ty o‘f the flber typ:.ng, ten .,

i . f:“’ -,' \ mlcro;;hotographs stalned for SDH act1v1ty and ten sta:.ned
S ‘ for iiADH D actlvity were analysed by the ‘researcher ten "

' e days follow:.ng the ::«.n:.t:.al analysis. N

The res ults were
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RESULTS - AND . DISCUSSION, - «b . .. . "

o,

Ana1y81s of Data ‘z‘Ai '~1i“ fﬂ,fu}’ﬂffi

¥ ! . ‘/

In the course of this research two types»of data

were gathered The fiber analy51s data dealt Wlth the

P

analysxs of the muscle fibers in the selected regions
of the gastrocnemius while the performance data was the

sw1m-t1mes and Welqhts of the animals gathered through-/:

-

':,,.out the investigation»: The performance data w1ll not be i

&

:,discussed Ain’ this section as lt does not pertaln to the

T~ n . . _u.

"analysis belng undertaken in this 1nvestigation.:}Thef %‘Uf-'

performance data has been made avallable in Appendix D

- ’ . p Lo L.

Analysms of Fiber Types Hu‘“,f.ﬁ :;;“af”',_;‘:

In aha1y51ng the changes taking place in the

mean percentages of fibers the analysis was, divided 1nto

1

y
two sections. The first section deals with the central

red reglon of : the medial head while the second section
't

deals w1th the ana{ysxs of the peripheral white region. }’fifﬁ"‘f'

In both cases the\fg ’
1nd1vidua11y,.:A‘ﬁ* 'if.h
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~I-n the. analys'i‘s’ of the red' region it wa's "found t.:hat' ‘_';.'

an ove“féii. s:.gm '.J.:éant ihcf‘eaée; di:i occur:.n tﬁe--meaxi ..‘:. ‘
f:LbersWh 1€’ ‘a Bignificant d?e'creasé * .
qccurfed,“,,in.,t‘:he meaf: percen;aée of white flhea.;s g KRN

» ’ -,.. G . o

S e of f:.be'ﬂ‘ébnrated by.\stainlng for SDH .' ..

ti'xe greatest d:.fference be:mg 2 11% whd.ch occurred . :

ES
-:. Lo i e




STAIN

SDH

NADH

SDH

NADH

SDH

NADH

FIBER
TYPE

RED

WHITE

WHITE

INTER-
MEDIATE

INTER-
MEDIATE

* Significant at o .05 as determined by TUKEY ANALYSIS

TABLE II

MEAN FIBER DISTRIBUTION IN THE CENTRAL

RED REGION OF THE MEDIAL GASTROCNEMIUS

CONTROL 60% 60% 50%
CONTINUOUS INTERVAL CONTINUOUS

41.47 55.84*% 58.68% 54.23%
40.68 54,98*% 58.18% 55.54%*
43,97 31.45*% 27.49%* 31.93%
45.03 30.21% 27.64*% 30.86*
14.56 12,71 13,83 13.84
14,28 14,82 14,17 13.60

(Appendix E)

50%
INTERVAL

61.44*
61.15*
24.28%

25.36%

14,29

13.46
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Red Flbers.., .

As was ment:.oned earl:.er a

percentage of red.fi'leers et all levels

technlques. 'I‘he :anrease-

e ) I
percentage of red )51bers in. thJ.s reg:.on ranged from 5
o ”, k ‘_A . e ;

F-TEST VALUES AND SCHEFFE ANALYSIS RATIOS
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Since the F-value was s:gnificant a Tukey analys:.s

~‘~.

was performed on the daté (Appendix E) ’lren different
: ' . o
comparisions were found from the data. No 51gnif1cant

- s ‘. c a"
( oot

e hdifferenCe was found between the 60% contlnuous groups

FTEN ‘

‘and the 50% cbnt:.nuous groups norA between the 60% interval

h

comparisxons between the cont::.nuousr.° groups and the 1nte:r:va1

groups Were also calculated and may be found in Appendlx E.

For the purpose of the analys:n.s of the combined
K
cont:l.nuous and the comblned ‘interval groups a Scheffé

Analysxs WaS employed In both tissues stained for

SDH and NADH-D act:.v:.ty a; su;nif:.cant difference wa

found in favor of the interval training groups. N The :"

G

comb:.ned interval training groups caused a greater

increase 1n red f:.bers than the combined continuous

"’In the red region the mean percentage of* wh:.te N
AN Tl
flbers decreased sign;.ficantly following the traJ._f_
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gk e s T ST Fagg. o RN ol .-~‘~ T '
- g E = 2K i . Y Tukey a::alyéls was, then perfo.ijmed"to determine' - | s :
:a ' Ty .f'-where tﬁe s:.gnif’icant decreases were:- found.. ‘AS beforg. | X i

% o -;-'-‘:_ tenj-compara..su‘)l.-xé %vere déf:eln‘nineci.. In: the comp';rlson..:

f - , ;‘; of atﬁe 63%‘ ar‘)d'5.9.% _cont:uu;ous‘ groups no s:.gnif:.caiiﬂ' K

:t' T ' gi;";fc.e?ence iia the me.an perce{x‘ta:g? d'ecrease. in‘ "{'hite .:‘

‘: I ﬁf”:"f{ﬁ'e:.;s was found bei;ﬂeen the two ;;roups.. Th; s'm i .

- , ' appln.ed'-to the ﬁO% and 50% mterva&mgroups..'
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; ) ."”': = a‘.laa.lable: :|.n :Z‘i‘[;pendix E’ 'A..S;‘:heffé analys;;' of tl;e com=
'/,: ;_ L ' b:.ﬁed 1nte:".vai‘ qand the coqtbmed cont:;némks; ggq\ips 1 ._ . |
éq ‘ :'-.." '--"“.f'-'_,_ ' ..shwed that iptervinl tra::r_ni;tlg‘ .c—:ausc_e:i. a.;gte.a;.ef de%%é:aéf :
a'?;‘. ,, & o J.n the \naan perce.nt;g;e g af!whi;é‘éiﬁérs than cont:.r‘iuo:us:
",'." L -"_ train:l..x{g“.:..n athe red re.g:.on 6f'the gast;ocnemiu? .ﬂ. 'r&ie’.\_ ’ e ) ' ‘
' , occl;.rred in both t:gsiiés stainedffor ShH" é;xd)tié ﬁéé ° . .,\ "\

J‘— -

: etamned for NADH-D activity.
-.(é) Intermed:.ate Fl'l.JE'rS.'t - 4 %"n
. ‘ Thé lchang :|.n the mea; pe;.rcentége of Intez;{nedi te
N *, Mfibers apalysed/ in thlé reg:.o; wéq,::;lsignlfio&rlliﬁ;
.'.-.'-:f:._ i {::‘;, .";,";"s“ range o;;. mé'a;.:;"p' .l.:cerité}ges in 'ff'::.l;ers sE;iﬁeé f&:f S.DH-
o B "'t,act:l.vilt':ymwas 1 85% wpil_g tl;e ra;-mge “far intermed:.ate
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1owest mean percentage of lnte d;ate flbers for/éoth ;fe_,hﬂf:#,”: 5o
. KON AU I
stalnlng technlques was 12 71% lhlle the hlghesf was'

14 82% (Table II) - .
Whlte Reglon .':f; ’ ! A
"f' In analysxng the perlpheral whlte regdon of the *

med1a1 head of thecgastrocnemxus lt was found that a‘-ﬁi

significant ncrease 1n the mean percentage of red

fibers occdrred in- all tralnlng groups. Whlle a fh

7

signlflcant lncrease occurfed 1n red/fibers. a szgn1f1cant

L

ﬁ:ﬁ'_’fnﬁr decrease 1n the mean percentage of whate flbers oc\\rred

‘. e, s L. . - ~\; . -

e sy

ﬁ'*rffﬁ‘”'l. _: in this reglon. As ln the red rega&n of the medial

" ._. T

. . . A \
O o VU RS S
S T, head no slgnlflcant change was found 1n the mean per- RO I O
:Q@JTifﬁgf*;fa"'“centage of 1ntermed1ate flbers (Table V) " As can be SR : v

e seen;the dlffe nce 1n the mean nétcentages of flbers L r,;“*}\;. :

stalned for\both SDH and NADH D ‘ 7]

;::;é " i:fzactivity had a maxlmnm\g;féetence of 5 02% and that ’ g
'i?hrl ‘:<P}i{f:“.i was .in. th? case of the red fibers cf the control group.g,:w{&e{f
N ) ;.' . ‘?In thls case a dlfference of approxlmately the same sxze.“" : L !
_ "3;5 hfixulil‘:ﬁcould be found between the two stalning technlques ;ff“ L p ) ‘
{'“ i 'lfgay?Tn;the\correspondlng mea percentage of whlte flbers (Table Vrr;g?J -
n \x :':Thas wae due to the-nonsignlflcant change occurlng in’ the T T 7%¢7ﬁ‘

: ﬂ‘»awzi mean percentage'of 1ntermed1ate fibers. _ff”

. . . e N
PR .X‘, “
° . . R -
AW . A
- . AL
fe
R N .
* “y v
-
- - . 1.
T ~ .. - . v
; AT : yooo
.y i - .
~ N
v T
A
. s




-
B T e

.
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'ff?for the 60% lnterval group (Table V"

»slgnlflcant}y ln the whlte reglon of the mEdlal‘gastroc—‘

”:the mean percentages of red flbers stalned for SDH .‘; uz
tfactxvxty ranged from 19 82% for the 60% contlnuous - ‘fyﬁ
hiﬁotoup to 27 6% for the 60%‘1nterval group.' In the ‘
~~?.“case of the fibers,stalned for NADH D act1V1ty the: range

fwas from.18 93% for the 50% contlnuous group to 23 81%

(a) Red Flbers “"i;l"”h / }fd‘ﬁ:.'ffo.u".'ﬂ .:;”1F, i“.iff ::i'.'”

[ YN . .

The mean percentage of red.flbers 1ncrehsed

3

S

nemlus for both sFaLnlng technlques.- The lncrease 1n

n‘:———- '-‘«

'.\

JRCH N smms 4 ek mnvszs o
o ) L -':f‘ﬁ“n'“ff uqaluef(a)q‘*‘ﬁf}';,fgf value (b)* "g.}““;fﬁ,;.ffg‘j\
- I I F - T
o 1 NN Jﬁ§3:435“?ifffgﬁf;,%f.;ﬁl;Q&;,.u ' f 2
‘ji(?)ff Slgnxfxcant at . 05 =]2”65 K - '

Siqnlficant above 2 91.,
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1;1 both cases the F-test values were siqnificant J ; " . v

= % and \ukey analy;.es\ were perf_q!:g\ed'.. ‘
" x ’ v ' B ' results of the 'I‘ukey analys:.s/'z.t .was ound th/at there M
' ';‘- ‘ ,'f was no, si,gnificant dlfference hetw;er; the 60% and 50% ~<
; _:' T continuaus groups. in the increase J.n.red flbers. q.lso ", ’

It p— the differences *in‘the ’increales_in Ted: f:.bers caused i "}

»
e
N T

*: [ the’ 50% interv;l "'roup and the '50% q.nterval qroupr

e 50
.«,,-, z'.'

was found to\be non 'siqnificant (Append:.x E) o

1
v -1

n
R8s ¢

,
4

e pants

'The Scheffé analysis compar;ng the\.eombme

. I"'.‘...' " ,' B \*- _____
s i - [, 1nterva1~ and the_: comb:.ned continuous grou;‘:s ahowed a
- t .',"«"'.__:--'.-.-; :,:_- s:.gm.f;cant d:.fference between the_ comblne}d groups' ...:,' e
'..'Z.‘.':. 'l..\‘ ”:‘-' Ve '--': & " o 03
I S G, ¥ talned for SDH act:.v_tty..":rlj‘ 1x¥terval tramlng caused-'
i

- ) \
S e a greater 1ncrease —J.n the mean percentage of red f:.beks

i O mt . e - ,.'?.‘l“ ‘_:""
R K ~ 1n this rng.on than d.ld the continuous training.» In:
e thOSe. flbers stamed for NADH-D act:.vi’ty no sigmflc'ant‘
‘-;‘-.: -:'- ., SremOTy ‘ r e : .. g . . A»’:.‘.

= d:.fferenee was found between the :I.ncreaae in.red fibers

PR .
S Mprmnten,
R




ranged from 21 14% for the 60% contmuous \group to

28 02% for the 60% lnterval group.. In the flbers stained

B ,-"

for .NADH f actlvity the smallest decrease was 19 54%
0

J.n the 5 cont;,nuous group and the greatest decrease was

24 29% in the 60% 1nterval group (Table~ v) The greatest s

oy

-‘fdecrease in whlte f:.bers corresponds w:l.th the 60%

FLTEST. SCHEFF‘E ANALYSISI
value (a) fos value (b)*

: 50-‘_0‘03.__.{.", f:;f‘;‘;' 2 27

47390537 T L 41
(a) Slgnlfleant at a 05 -1 2 65
s:.gmf:.cant aﬁove 2 91
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& oF S:ane the F-test values were signlflcant a 'rukey«

" - %

ahalfs:.s was performed to'. dterm:.ne where the s;gm.f:.cant

dlfferences occurred In both stamlng techniques there .

4'\ ~: PR ,_. -

':..,‘ was fno s1gn:.ficant dlfferences between the 60% and 50%

PR ,_...\ ,;..'

. contmuous groups nor the 60% and 50% 1nterva1 groups

vﬁ atex - ‘__,'.,'. _.‘...,-_ ., L ,,,'
(Apgend:l.x E)._ ; e w T E FE el e 6

': .o’ compare ‘the comblned contmuous and tﬁe-'c l@x}ned
e ..‘..‘ ‘,' e :" } e, ? et 4 :
-1nterval groups a Scheffé ‘amalys:.s wa? perform
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L -~both. the tissues stained for SDH" acti\uty and the tissues

bl .
23 -“ “ _-'\f

: stained for NADH-D activ:.ty,.there was; no sigm.flcant

& 'dxffergr;ce ,m ~the decrease of wh:.te fibers caused l:;y 4
:' 'n!terval and c:ontinuons train;.ng. 'l‘he Scheffé value

-',v‘ n\-. . '

LRI
. owfee

" w:.th a calqulated value of 2, 72

for fsignif:.cance was' 2 91 A R , -_:-fv._.
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(c) Intermediate Fn.bers / )
In tte per:.pheral wh:.te reg:mn of the medlal head
the change in :mtermediate Eibers, h.ke the" red region,
- was ins:.gnif:.ean‘t.. The mean percentage range 1n. f:l.bere ¥ s

g g ‘e

stained for SDH was 1 3% while the mean percentage range "
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' for NADH-D actlvlty was l 5% The lowest m‘ean percentage

. fqr both staJ.nJ.ng techniques wds 8 25% whlle the hlghest v

was 9 75% ('I‘able. V) o Both of these occurred J.n flbers
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fJ.ber types .'LS very 1mportant Obﬁec'

subjecta.ve ana1y51s was determined by alculat:.ng a

correlation bgtween the inJ.tJ.al flber count of the ‘i n

researchers and a second flber count of the random].y

chosen m:.c!ophotographs 'by an 1mpart1al observer.

'
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: ’ Ry ' as can be seen the range ':Ln the. correlaf_lons I.s ‘

.'; - from .994 te ) 8;57 for the xtelxabllit_x'{ test::ng and from "
‘ ‘ ,, ..986 th \.730 ‘.for the ol"I:;e'c’tivity. testlng This v\'?ould .
R :Indicate a"h:.gh ievel of. reliability a.nd objectiv:l.ty :Ln *

I-:.

P the sub‘jec\:\lve ‘analysis prbcedute employed 1n this analys:Is.- 3

& i ' -"In al]:‘ cases but one (lntermedl.ate fibers stamed.-fer
B . ' et :.‘ i il b ’ I i “" - S
b R NADH-D activity) the correlatlaons for re]:i-ab:.lity are_ :
P e lugher than those £or objectivity. The correl.ati.one of
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: : _intermediate f.{bers are~lcwer because of the 1ower number.

¥ B, 0 cf intermediate fibers analysed (Append:.x E)
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. 'occurred An the 50% J.nterval group (Agpendix DY, o

.
N

The swim times to exharustion of the exerc1se

groups werxe also determhd every sixth traming day.

¢
In all of the an1mals "the greates‘t mcrease in swim time-

to exhaustion occurred in the first four weeks of the
tra:.ning program Followmg the end of the fourth
tralning week the majority of swim times to exhaustion

ievelled off or decreased w1th the result that the only

..\v'

~\51gn1f1ca§a mcrease :Ln the m an swim time to exhaustlon S

o u'
\.- v K

Numerous authors have also found non-mgna.fieant in-- X
creases 1n the sw:.m t:l.me to exhaustion df tralned am.mals

(95 131 132) ’ These authors feel that the results are ,

" due to an increase 1n\the body we:Lght of the an.:.mals and

-

thus an’ J.ncrease ‘in the prpportionate load attached to’ the .

anlmal. McArdle and Montoye (95) found that the ..

duration of the sw1m time to exhaust:,on was significant’ly

IOWer 1n heav1er rats when weights Were attached according

o

to same percentage of their body welght._ % could be :

an explanation for the non-sa.gnificant increase in the

sw:.m t:.me to exhaustion of three of the exerc:.se groups. -
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m.ke the prev1ous hypoth'eSJ.s, this hypothesis '

-

®., § 'was ac’cepted as na- s:.gnlflcant d:.’fference was found

- . : .
/\"’ S : = ' : ’ 3 =
3
1
%
%

LY 3
¥ - e an

L ‘between .t’he.i:wo-g.r:oups~ follow;.ng the lnterVel t-ra‘zn:.ng

Sl programy L . 7 bg i A
Dlscussz.on’ g . -‘3":- p6i :'_~.. =
.'-:.-'.; In anelyexng the results of thi.s res.' ; '
d:.scuseron of the performant:e’data W.Lll be g ven along
A,kw:Lth a. more detailed discusei
i type data.“ ‘- ‘.:;' "f,' ,. 2
& e Throughout the length of ‘the tran.ning program the | “ y 'I" :- /
g d., g * we:.ghts of all the anmals\'were :reeorded every srxth b ST W e
‘ : \ training day. At the end of t}:he train:l.ng program the, '7 o ’ % Y
» f ) "‘mean werght of the control group ‘v;és -as much ,-&:s 63"<grams . *; o
o i o T NN T > . - « s <P
h TN greater than tl:nat of one of thé exerc:.sewgroups. _'I‘h:.s ' ,, - { R
Tl v wou;.d be ina;ereement with the 'rle'se‘arch of Barnard, .' W
Edgerton and Peter (9) who also found that the weight e '
o ga;.n in tﬁe control animals was '“greater than that rn
the exercised '\'a-n'illnals e Ay
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Thls hyppthes:.s was also reje’cted because K- B )
Pt R S
sigm.figz&ant d:.fference in: the mean percentage of whlte
H ’ ‘ S h

\
muscle fJ.bers was found followlng the J.nterval and -

. N A
.

cont:.nuous tramj.ng prcgrams. - The :.nterval tramxng

s M B “',, R

capsed a greater decrease in the mean percentage of -'

3o,

L, 2=

“
-
L

'y

* ‘_ <" Th:.s ’hypothesrs w aeeepted as no Sig‘nificant_.'..j;‘-;“'P ’ !

- % " i _ difference 1n \ mean' éercex;tagea of red_ f:.bers was;.‘;.'l. h - ’ ‘. " ‘
;‘l : : found Petweery the 50% ax;d' ‘608" g1 ,:‘.PB., f9IIOW1ng com;.' ’ A o A
.‘:'. £ L - pleti.on ?‘E a’ contlnuous training Program L o . P |
i HYPOtheszi'. 4 ‘ i ‘.;:_ S

c,n\ '.‘ There ;Ls no s:.gnif:.cant d:.fference in the mean s L e -

' percentagea of" red muscle fihers of the medial gastroonemlus’ »
F : "."-'-.; ‘-_':-:' -in 'the 608, and 50% ,Lnterval groups followinq ‘an mtervaL =k -
. g ,‘-tr'a':'n.nmg program., :. o g "';"2 e s B
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T P yoe \ R T A T g s il o
o BRI ," R '\\Th re is nd’ 51gn1f1cant dlfference, in the ‘mean_ .
L percentage of red muscle flbers in th S
e ¥ ',;,"‘« 0o e .
gastroch nuus of rats following'mterval and" contlnuou
that 'there _' as a sign:.flcant dlfference in the me;m '
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"cant m.reasp i\n red muscle

There J.S no "
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r~l .

l‘““

gastrocn m:.us of rats \followa.ng J.nterval and continuous

percentage‘,o red. muscle fJ.bers in the medial qastrocneml.us
, OF" rats follow:.ng, interval and contmuous tra:.ning.. .; K

VIt Qas found: that’ mterval tramlng caused a more signif- £

lxgmfwant
percentage of,ﬁhite muscle flhers--in the med:.al :
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e m body we:.ght of the exe,rc:.sed ahimals and a,lso by the

.-, r,

.-

, 1ncreased proportlonate ai'bsolute loads brought gbou,t by

the J.ncrease ¢’m body welght, e g e o
" Iy N PR 4 ' ‘.
‘-“.:'._ . ‘, __'.“,".‘ 1‘ L T . . .' ,.7'-' ,D _‘ '4 . L .- v - ": :
K Flber Typmg Data L T e T T e ki
. .t, : L ._" l‘A Lo . . e U A ;-
s , It 15 well establiS‘he’d' ‘that oxldative enzymes 8l s
7‘: such as SDH and NADH-D are assoélated w:.th ma.‘tochondrla._ o
.' ‘ Smce the number and 51ze of mltochondnapasnwell .as tl;ne
* densn:y of the mltochondrlal cr:.stae are some of ifhe .
- characterlstlcs whlch ald Jm typ:.ng mué;,cle flbe:.%sx ;t: S
has become an accepted fact that the proporﬁlom of med . D" R
S and whlte muscle flbers oqn’be modlfled by\'x\altératlcm . ’ g 'f‘-;." e
in the mltochondrlal populatlop whlch 1n turn can al\ter " , L
o o w "_. e ;l ;“- ' e . Lo

the J?ntend:.ty of, enzyme actl.vmty as' demcnstrated '»-‘-_'; N ‘:";l. ‘3‘:.: o

. blochem:.cally (9 40 63)
. ,'. - [ *
W 1ncreases 1n mtochondnal enzyme actlw.ty anq ox:.datlve
° / ‘ < ‘-‘ . o~
capac:Lty 1n skeletal muscleuare apparag_tly due to ax\ ,_.“’.' RS

. oo LT S ‘--'l'\;

‘:anrease in mtochondnal proteln. . Holloszy (‘M) has o

e ey

°Accord1ng to Ho‘lloszy (74,75)

e
et v .

foun'd a 60% ;anrea‘se J.n the prof:eln content of the f\

\."‘\,'.. L7 coah

I

‘ 'A.i,mx.tochbndnal fractlon- of /skeletal muscle. Elpctrqnm1cro— Sl " Ky

s o, R a . S g “:o .
S '}-v'scopa.c studJ.es Eattrlbute the a,ncrease ‘in mtochondr:.al
: . / .'i‘ /'. -,'V\'-l' . ',

‘:proteln to 1ncreases “in the mimber and slze of the
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Ehe J.nérease -in the 1ntens:\.ty of stla:.m.ng as'h ted in 2o o b
. FAE AR
1s research weul& thus lndlcate an 1ncrease 1n the <o i
Hs:.ze and numberfof mitcchondrla J.n the stained muscle - .
In analysing the changes in the meta.bollc proflles o
', uS{: e flbers, an ;ncrease 1n tpe mean percentage
. of the h:\.ghly ox:.datlve r.ed muscle flbers has ‘l?‘een L L
C{aunitie . Prévious i
' ~’hisi;ochemica1 :mvestlgatlons by Edgerton (40)_"1an’g1;. -"_jr_".‘ L BRI N
:Barnard et al.- (9) have identlfled 1ncreases 1n red muscle )
v gflbers followlng enduranpe tralnlng prqgrams.ff s LT
) ﬂ-.have d_l.so J.ndz.cated ‘an lncrease J.n the aerob:.c capac:.ty
| '.'-_:“o'f the subject as’ J.dentlfied by J.ncreased swim: t:n.mes o’ e L
N ; AERPEE P RN : :
exhaustion.t“Like Barnar& and his co—workers (9) the s S
o" rats follow1ng endurance‘ type tra:Ln:Lng programs. A'i. A
. . ) - . B - _— o B
~351gn1f1cant 1ncrease 1n the mean percentage of red flbers ;ﬁ%g%';' T
S \l"was found :Ln both reg:\.ons follow1ng» both cont:.nuous and " -';,"‘“ ERRTRENN S '
el :.nterval tra:.m.ng. Coinc:.ding with the 1ncrease J.n .;'., T

ﬂ,_‘:red f:l.bers was a‘ s:LgnJ.f:Lcant decrease J.n thte fi'bers
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”Investigaticns ef aerobic enzyme activity'following

ndurance type 1nterva1 tralhlng are: few in> number.
.Green and Houston (70) attempted to compare interval

. , -
and continuous tralning progran through an enZymatlc
analy51s<of oxldatlve enzymes.\ fter 50 exerc1se bouts'
llttle dlfference in. the flber populatlons of the aer-'

oblcally stressed 1nterva1 and contlnuous groups was y7

'“-found Also no 51gn1f1cant dlfference was found ln T.“

' muscle flber percentage between t&e 75% and 50% of

N

3

Houston (70) 'In thlS study 1t was found that 1nterval ‘
" l trﬁlgrng st 551ng the aeroblc capac1ty of the muscle"'
l*féa&éed{'"” re slgnlflcant-alteratlon in- the mean o
percentage of red‘muscle flbers than dld conthuous /@:1;.;'H

,;f”},
P tralnlng of the same 1nten51tyr

/ThlB may be due to the

[ * .

flﬁiﬁﬁgi the anlmal,more than the runnlng program employed by

Ty e Zji Green and HouSton., In agreement wzth thelr second

e, X ' K

flndlng, no 51gnrf1cant dlfference was found ln the mean

”3 to the flrst flndlng of the research of Gfeen and :gfi.,;f;;»{‘

fact that sw1mm1ng stressed the aeroblc pathways of ‘f fv~*ﬂ;ﬁ EX
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¥ arid no §a.gn1ficant change in the mean perce'ntage of '
! 1ntermed1ate flbers.. Agaln thls'ls ih. agreement with
. the work of other researchers (9 40 41). e il

h}‘*win the' aerobic metabollsm of the. medxal gastrocnemlus

.‘«_' ] In v:.ew of the sigm.flcant J.ncrease J.n “the . mean '

. ¢alsc occurred It has become accepted that .red. muscle &1
R

v

percentage of red fxbers,'xt is: ev;dent that an 1ncrease

. n .
.u' « . - “'4 1'_,

-\‘~ ' . . . Sy
: s o % o e B 3 %

"fxbers have a greater capaclty for the qxxdatlon of

fatty acids than do whlté"flbers (54 94) Also red

‘s

.riglycerides.

n -.l

amounts (133).»»This would 1nd1cate anlincreased.aerobrc

' el '.'
)

metabolxsm 1n the medial gastrocnem}us due to ‘the. 1ncreased.. 3”

jf oxldatrcn of fatty acrda brought -abput . by the increase 'fff;.:
.ln red flbers in the ?astrocnemlus.;ﬁi,f%;tﬂfiif'ﬁé'éﬁn.~'?ff'}?
.f:j'f: hhmerone authcrs have usec' 'contlnucus tralnlng““ iy B
_ regime anc ;dehtlﬁ ed increased ae:ob;c metabolasm ;ni ;
;muscle £ibers‘(9 ;1 75{.‘ ' (74) has dentrfaea
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,because of the small dlfference 1n the severlty of

' enercmse—lnduced'lncreases 1n cytochrome concentratlon
FJW1th the 1ncreased endurance of skeletal muscles..
~:{“‘-:_found that an 1ncrease in the aeroblc capaclty of the
tmuSCIe 1s assoc;atede1th an 1n¢rease ln the performance‘ﬂ;"

‘capacxty of’the 1nd1v1dua1 muscle
Tf‘and runnlng tlme to exhaustion.'
.Z'SLgnlflcant lncrease was found 1n the aeroblc enzymes f‘ﬂ
“fstudled followrgg the two trazn;ng programs but ln only
-]sw1m tlme to exhaustlon (Appendlx D)

‘Peter (80) have stated that lt 15 almost 1m90551b1e to

: total organlsm.

'

e [} ' v !
percentage 1ncrease in ‘red muscle flbers between the

60% and 50% levels of 1nten51ty for both contlnuous .

and 1nterval tra;nlng. This can be accounted for

o

. exerclse used ‘in thls research for both tralnLng tephnlques.

Peter and Barnard (113) attempted to”co;?Elate

..7. N . Z

TheylA;'

. e N -

e : ,.x. - . l,\-‘\-

_.Aivery poor
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correlatlon Was observed between cytochrome c0ncentratlon :
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. ,_ . 'F)
e

In thlS study a

\

.

Zone group was there a. signlflcant 1ncreaSe 1n'the mean f O

-

Jeffress and

[
‘u ~' ot v

weod o

' chorrelate the blochemlcal changes occurrlng ln the muscie

. wl
‘,'3cell wmth the 1ncrease 1n the aeroblc capa01ty of the

' Th;s 15 due to the manyllntermedlary
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the performance and flber*typlng data.Were not correlated
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1n thls-research.' o :
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Over\%l the . flndlngs of thlS research agree with-
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s . s :
“ogi " "fgastIOcnemlus, the mnsc}e
;“ é i level of act1v1ty for longer perlods of tlme and the : ﬂ :
i i%j f{}ﬁlir—’muscle 1sAcapab1F\0£ u31ng the substrate? supplled 'ft.";~t?;ji3:f’l?ﬁf:}
j“;;,~;;h\*f$§ _) for aerobic purposes more eff1c1ent1y. "”'37;’ An _",f; ‘.ffi
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1 .. ' .'§UM;“I‘AR'§,‘.RECIOWQ-ENDATIONS AND'- CONCI.-USIO.NS o
1’ - :,_-'~ 1 ; ‘The central red r‘e%:.on.and the per:.pheral whlte Lt
yc- n-i :": N " _rng..eh of the med:.al gastror:nen;lus were analysed m :
: ‘: .male alb:.n‘o rats following lnterval'ahd cont:.nuous
; ’ ’ e tra:.n:.ng programs % .Succim.c dehydrogenase and‘:r..educed —'
/ t L -‘ hrcot1namide adenine d;.nucleotlde d ‘aphorase. Were ;‘ ;
.‘;h g ;:""'J,.:},..‘." analysed'hn.etechemlcally iR all the teet ‘g"-'c."oups: 7 gl 3y
}J : ;;'_f.. 5 A"to‘tal Of five érouztas.w:.th four ammalg in’ eac';h" : ’- _'”'.‘:
5 %\\' N qroup was.used J.n thle"r:esearch. 'l‘he groups Were : ;
ii . ' ‘ - ‘claesz.’:%ied‘nas contrel Ly, ‘60;&“ and_‘S.O% COhtlhuous tralmng‘; ‘ ‘ )

Sy e and - 60% and-- 50% interval tra:.m.ng. fThe: tra:.nmg groups- L N

PIEPers

.'. 3 ‘ ". " 4 .. g : .'-:. b .:,.“ .1'4
were exercn.sed at 60% and 50% of the:.r max:.mum sw1m tJ.me -
to exhaustmn us:mg e:.ther mntinuous or- mterval ,'
LN i ‘. o~ e e b e e e

"-training.j The cont:.nuous'traming groups swam wlth a" / LB

weight equaling 4% of their body we:.ght attached th" ' "_-: ', -l o
their ta:.ls.; The J.nterval group’ swa.m llO setond :.ntervals,. s SR,
" . w:.th a, wei.ght equalmg 10% of the:.r body we:.ght attached ‘ ':':-." |

':' to the:.r tail r.Rest penods between the intervals were

.
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R 120 seconds. in. length, Swim timés to 'exhaustion were
o .
W ‘
p . determ:.ned every- s:.xth traln:.ng‘day and the an:.mals weﬂre
. e \ - -
M .1: . rad
. N . _— also welghed on these days. Followmg thlS the length
Ly . ' . -

of the work bouts and the absolute load to be attached .

' to the animal were determined for the followinq flve/

.- '.‘- v

e h tramlng days. The tra:.nlng. program lasted a total of

. 50 das;s‘, 8 days for pre-trammg and 42 day-s for ’the
. ", ; actual tra:.nlng Proqram :"‘.:1 ) o
. , i 'ﬁaeh group ‘of animals 'was housed 1n Sedentary' cages
. ; Y and. fed eormnercial rat food ,!I‘he tehtperatur;} of the
§ ?_ ' ...'..,_' ot The r:.ght med1a1 gastrocnemlus ._was exc1sed frOm A ;
: each of the test ammals. Small b10cks were cut from '

each muscle and frozen mmedlately w:Lth carbon dxoxlde

— ) gas._ The tlss.ues were sectlone'd at a thie‘l.cness of‘ten . .. S
" mlcrons Mand stalned ‘;":'or SDH and‘ NADH D aotiv,:.ty, . -‘:-"H"'.,;; 3,

— ¥ A_Both thef-centra; red!'— reglon‘-and j,he perlpherar -

. . "whit‘e"k reg:.on of the medial gastrocnemrus ‘were. analys§a o o

: ; ', for alterations :a.n the broportioh of red,,wh tq an’d"‘ O

y 2 x ahtemedarte muscle f:i'l:ers.j The red, wh:Lte and_l_ntemediate'

f:.bers were identlf:.ed as hlgh, low and intermed:.ate E
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. f 7 .. . In all the exercise gro'ups.,a s;\. ficant insrrease 4 -

" ?z' ‘ B . ' ' L . . 2

S . in' red muscle flbers and a 51gn1f1cant decrease in . R

. :- B e . ) . s 5 s - N . ‘;‘

e ; N whxte muscle \fiber‘s was found when compared w:Lth the . ’ 2

B eontrol greup.. No slgnlflcant change occurrkd 1n the :

..

Py mean percentage;of intermedlate flbers .1n the tramed

- anlmals whenl comparedﬁ w:.th the control animals. .
- \1.- _.. e L A__-'. a'v"' . ,‘“:..‘ "l \' a0
.. e 2 2

The 60% and 50% levels of mtensn:y were compared

"5' g for each traim.ng techn.‘l.que. No' s:lgm.fn.cant difference::‘ ‘
n-,.- ':Ln th mean pe;c’:en g" . of f1ber types wae mfonnd between i3 ]

3 the.60% and 50% cc'.-t;.i-:.nous groups nor- the 60% and 50% . ) /'- '
9 1nter\;ai groups. .' T '_ e ° .'-'_'- L ' ' ) e :

. The major {purpose of t.ha.s research was to determine s R ) :: -":
Awh:.ch type of train‘ing caused t?e g.reatest alterat:[on o m . :
in the mean percentage of réd and’ ;ihe.te flbere ln',the . ) \ £ .
¥ '?j two regz.cns pf the gastrocnemiu's\,that were analysed. l. o ': ", ‘
Pl 2 was found that the-hlteratlon in f:Lber typeec_adsed S ..'. * ' f

by mterval train:mt_; v;a,sl elgnlflcantly greater than Z ‘ s

-'that caused by contmuous training. ."_;” P s

= . o

=,.’1'pe red muscle fibers sta:.h intensely fér aerob:.c
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% enzzmes and th:.s staming :mtens:.ty, correlates Well wlth
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capaC1ty o the muscle.

j support to\the theory that ;nterval tralnlng promotes

'T’than does © ntlnuous tralnlng..

tlnuous type tralnlng.
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‘an increase in the energy forming mitochendria in the

muscl céel.

thus mean|an increase in the mitochéndrial populationk

The increase in. red, muscle fibers woulg

' N . - ,
of the mﬁgclg\whlch would brlng about a hlgher aerobic
ThlS weuld‘supply further -

a greater ,evelopméht 1n the aeroblc capac1ty of muscle H“”

Although thls study

.';

was undertaken u51ng rats as subjects,v t 15 thought«

A
tggt these -same changes take place.Ln'human skeletal

H

muscle and t%us 1nterval tralnlng can be assumed to

Y

cause a greater developmentlln the'a roblc capaclty Lo

(at the cellular level) of an athelete

Conclusxons \ '{ g \‘V.3" :wﬁj~ﬂ 'l~¢

-
23

The résults of thls 1nvestlgatlon have led to the

I

follow1ng conclusxonso '.x ﬂgA ”'}°f ‘?'.-H“,r.-“,¢uj“

EECTRE DT : - . st P

alters the pro%ortlon of red and thte muscle flbers 1n

the perlpheral "whlte" and central “red" reglons of‘the ”
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4';Exerc1se treatment as, used ln thlS s/pAy sxgnlflcantly
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medial gastrocnemius of rats.
T 2. Exercise treatment of this'nature doés not cause ° '
‘“ any alteratlon 1n the groportlon of 1ntermed1ate fibers
L ”1n the perlpheral whlte and central "red" reglons of
' . the medlal gastrocnemlus Qg rats. C . o .
) '3,1 Interval trainlng causes a- greater alteratron ln ';-
o the proportlon of red and white flbers than does con- oL
f ﬂu.ﬁ- tlngous tralnlng.A Thus 1nterva1 tra1n1ng causes a -
Dﬁ‘ T greater increase 1n red flbers and a’ greater decrease o
i . ‘. _ " . e - ’
t::f ln whlte fzbers than does contrnuous txalnlng.u In llght
. ; e S v
4? e of thls the proposed hypothesxs may be rejected
o S’* o . .
N A4. . Exercrse treatmentwpf thxs nature, us;ng 60% and 50% -,
f Lol levels of 1ntensmty, does not cngate any srgnlflcant .
- dlfference ,in the mean flber percentages between the .\
R AUEE two treatment 1evels.ﬂlﬁ ""? Lo ?7' ,
‘ . ' . " e ‘ ' ' ‘ 'll‘." .."."‘ :'.”' ‘:' ]':‘ ) .
A Reccomendatlons ujﬁ'¥1. 3~' |' }Jf - -'fllf:f:‘ S "
£ ’ l, A s1m11ar study of thlS nature should be conducted‘ﬂ’
el where the oxyqen consumptlon of tﬁ//anlmals is measured.’
N T e ’ Coes -

ST g;' 8o as to equate the workloads nmre accurately. o -
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2. A guantitative biochemical analysis should be :§
g
carried out following the same type of training programs. E%
’ This would give a more accurate;aqalysis of the activity 3% !
of the aerobic enzymes of the muscle. v . - : ;é ‘
f,,dmf %ﬁ;__ ;..J A study 51m11ar to. thls should be conducted maklng ‘A
8 > ;use of ‘a motorlzed treadm111 rather than u51ng ew;mmlng _ T
. r f' ' programs.. Thls would help greatly ln equatlng tﬁe work- '; P -
s E o B o Lo J . X
L T 1oads of the anlmals. “'tj‘f"‘,“",ﬁ : ceee o Tomes A .
. N o . . L . A‘ . ’ ."".- . B . .:‘ ‘ R - - ‘./
{'wf.LfT{;#_:4}. A study 51m11ar to this should be conducted uSLng ‘ - o
B U S . ’Jlnterval work perlods hav;ngu;engths of 30, 60, 90 120, e
. ’ A VR .
N 150 180 210 240, 270 an\\ﬁoo seconds. Thls would , .
;i T a in g1v1ng an accurate analy51s of the length of
? .iqterval‘whleh best develops the ‘agrobic capaclty of g f
. Lo ,thejexercieihglehimél. PR R S e ‘:ﬂn;;-”‘
o -5 Recently a. method has been descrlbed to dlssect out : e RO
. , . : - . N : "t "V L
- ,and ldEHtlfy 51ngle fastthLtch and slow—tw1tch f;bers e B I

o e o AR .

B AL e

~—

-
~le

.from freeze-drled muscle blopsy materlal (47)»“ Ihls T AU

. SR SR B
-.method makesrlt poésxble to perform blochemlcal analyses N E

1r:on pure samples of fast'“eﬂd.slow w1tch flbers.- Bj Lo T




. T -
f / e .
e - '{}“A “ .
\ » , .
. eSS~
——— % \
? V4 : .
: ) . /
\:, / ) ) & I . )
- . . . -98-~ . |
“ . . . : i
! . ! ' : - 4
,(. ) - Y% ,,-‘
' - . 53 N
, : : , y ! ;
] ° . - ™ WA
biochemical changes occuring in the muscle fiber can be - ' A
undertaken because in previous blochemldal analyses a m1Xed ' y LY

group of fibers were analysed Lather than a pure sample.

’ 6... A" study 51milar ‘to thlsfahould be carrled out o, . -
us;ng human sub]ects. Musc e blopsy samples wouldmbe. .

P ogfam g see 1f an alteratlon 1n muscle flber types,‘
",": N ‘ ..,“. e -'.‘Nn R o B . R .a e v
L v dia. occur. ST o s ;fwﬁ_-f;’ S ‘Z‘ ‘,Q ST
- / ' ‘< N I' e /,;7 N : Q.-,“ ..-',"-‘ . .‘. . . K . :“' . . ) d'...:‘

-i‘u57.j" T A study sxmilar to thls us;ng at 1east 10 anlﬁals SO
' per group should be conducted.. This would add greater
~ * * M \ B =

r stathtlcal valldlty to the analy515/
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MICROPHOTOGRAPHS

The following figures are microphotographs of a .

s cross section of elther the central red or the peripheral

o 5-,‘:“."- W -.aiL

5 " white regloniof the medial gastrocnemlus. The -

4; h S photographs are at a magnlflcatlon of approximately

!ﬁg. L “'f’~ 330 X: - The 1nt;n51ty of stalnlng and the ‘staining . P

"} :“j__;TQEf;-f patteru'e% the muscle flbers should be nottped Also .

;i&;;'J '/1 . to be taken 1nto CQnSLderation should be the populat;on '_'3'1f:i

iE% 5‘?'1_}a¥; : .of :ed’ ghlte andalntergediate flbers:.:%ff‘ j_‘,{:J.” " ';;‘ :; ' x?
}1 s ':';_. e The mbmphotograéhel Will be 1dent1f:.ed accord' : : - ' i .
23.%-1 S :3":'; to the test groups (CON, 60C 500, 601, 50117 enzyme: S ey 'uazu
lﬁ.,‘- S o i stalnzng used (SDH or NADH-D) and the reglon (red or - .“. ‘;.i:@

...% i . . Ial . ~N K] ',' . N
: Whlte) of the medial gastrocnemlus from whlch the . . N
t ; . o - . Lo : T ’
I - sample was photographed. - o - . . - E
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FIGURE III CON, SDH, RED

FIGURE IV COil, SBH, WHITE




FIGURE VII 60C, SDH, RED

FIGURE VIII 60C, SDH, WHITE
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FIGURE V CON, NADH-D, RED

FIGURE VI CON, NADH-D, WHITE
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FIGURE X 60C, NADH-D, WHITE
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FIGURE XI 60I, SDH, RED

FIGURE XII 60I, SDH, WHITE
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FIGURE XV 50C, SDH, RED

FIGURE XVI 50C, NADH-D, WHITE
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FIGURE XIII 60I, NADH-I/, RED

FIGURE XIV 60I, NADH-D, WHITE




~129-

FIGURE XIX 501,

FIGURE XX 50T,

SDH, RED

SDH, WHITE



FIGURE
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XVII 50C,

-

FIGURE XVIII 50C,

NADH-D, RED

NADH-D, WHITE
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FIGURE XXI 50I, NADH-D, RED

FIGURE XXITI 50I, NADH-D, WHITE
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ANIMAL
NUMBER

W 00 N 60 O o W N =

H o e
s W N B o

SWIM TIME

TO

EXHAUSTION

1170
520
1890
417
2387
720
1565
395
control
960
647
2371
4353
control
2354

SWIM TIME

TO

EXHAUSTION

1479
368
1895
295
1869
701
1634
476
control
1220
917
1937
1879
control
1770

PRETRAINING DATA

TABLE IX

MEAN
TIME

1324.5
444
1892.5
356
2128
719.5
1599.5
435.,5
control
1090
782
2154
2116
control
2062

ANIMAL
NUMBER

16
17
18
19
20
21
22
23
24
25
26
¥
28
29
30

SWIM TIMES TO EXHAUSTION IN SECONDS FOR THE
PURPOSE OF THE INITIAL GROUPING OF ANIMALS*

SWIM TIME
TO
EXHAUSTION
785
852
control
308
control
1501
1527
522
620
437
2187
912
1545
1650
1270

* 4% of body weight attached to the tail of the animal

SWIM TIME

TO

EXHAUSTION

1005
1038
control
561
control
1222
1563
403
914
489
1536
723
1022
1222
1455

MEAN
TIME

895 .
945
control
434.5
control
1361.5
1545
462.5
767

463
1861.5
817.5
1283.5
1436
1362.5
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SWIM TTIMES TO EXHAUSTION IN SECONDS FOR THE

PURPOSE OF. DETERMINING THE LENGTH. OF THE
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-TABLE XXVIII: FIBER ANALYSIS DATA OF THE SDH STAINED RED REGION OF
THE MEDIAL GASTROCNEMIUS OF THE 60% INTERVAL GROUP

ANIMAL TOTAL % TOTAL % TOTAL % TOTAL
NUMBER RED RED INTER. INTER. WHITE WHITE FIBERS
FIBERS FIBERS FIBERS FIBERS FIBERS FIBERS ANALYSED

5 17 56.67 5 16.67 8 26.67 30

7 19 59.38 4 12.50 9 28.13 32
13(1) 31 59.62 8 15,38 13 25.00 5
13(2) 29 60.42 6 12.50 13 27.08 48
13(3) 28 57.14 6 12,24 15 30.61 49
26(1) 28 60.87 7 15,22 11 23,91 46
26 (2) 27 56.25 6 12.50 15 31.25 48
26 (3) 26 59.09 6 13.64 12 27427 44

Mean 58.68 13.83 27.49

o L
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THE MEDIAL GASTROCNEMIUS OF THE 50% CONTINUOUS GROUP
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C TOPAL - & &
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