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“',’act1v1ty was studled histochemlcally to analyse the changes SRR .2 :

*‘taking place, in the fiber pr0port1ons. - ST
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Male alblno rats were subjected to 1nterval and AN

’:4'cont1nuous tralm.ng programs at 60% and 50%v 1evels of C 7

.‘,.‘

3 were 110 seconds J.n 1ength The number of J.ntervals swum ':\ /

,4\\‘, R

y.
3
- imal act:v:.ty over a seven week per:.od. ‘The intervals S {

: exhaustlon and then taklng 60% and 50% of the max1mum sw:.m

L . \_,, . . .o
. t::.mes to exhaust:.on., Th:\.s qave the number of intervals

and the length of{ the contlnuous swim periods to be used BRI
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s 'dUrmf'“the next five tralning days. o e ‘. : !“'.‘-"f 'Z‘ L

R I s ' - /,
; Lo A;_ L..,After seven weeks ofr traJ.n:Lng the med:.al gastrocnemlus

- f:__"_, o ; ,of the left leg was exéised and stamed to show succmic ° ,;

oo ".dehydrogenase and reduced m.cot:.na::ide adenJ.ne dinuc}eotlde

A ¢

s diaphora:-!e act:.vity.,. Microphotographs were taken of cross— -

‘ - 'sect:.ons of the med:.al red and penpher’al wh:.te regions of _":‘;-;
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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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Pl A
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

.
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ln the 60% 1nterval and 50% rnterval groups
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2. Continuous ’I‘ra:_nlng -
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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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S L whlch the ammals were subjected to short but regularly e
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o adequate penods of rellef
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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 ‘ .
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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 )




) ‘j‘
} “ » ~\ ~ . 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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: ' ' 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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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

)












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
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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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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




-
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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
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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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-‘:to léw lac i"

: :;'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

’ <45~

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

'

Ry

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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results qf the two tra:LnJ.ng methods ThJ.S J.S very
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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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e G D S i el G L L LR :
AN

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*-




o

— 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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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,
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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
















. 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







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










I Tt T e Ry A R N

roo T

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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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
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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.,







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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-~ ~‘,_sta1ned for NADH D actlvity._ G

e ! Lk . P

' 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

. - o T .'
"e - . . C o

t

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.

'
« N

N .between the 1n1t1al fJ.ber count of the researcher'x‘" \ '

Eva.ty of the Lo

- "<‘~'Re11ab111ty was determ:.ned by calculat:.ng 9 corre].atlon
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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. -

[ S Sy e
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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

s

3

F St TR

F5 5

Sa??

Fle
«

PRI

feeided

i







R O S S

ol e gL

.

,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

v . ~-,:

correlatlon Was observed between cytochrome c0ncentratlon :

'\

. ,_ . '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

".. ’ .

1n thls-research.' o :

P

Over\%l the . flndlngs of thlS research agree with-

: i "‘“:," .r:j;“ :x;;zw__gvlz_-:.if“- e

. SR . the many authors who feel that 1nterval tra1n1ng is: s.F - h ﬁ~

L }Q 7»;: the best type of tralnlng for developrng the endurance .:; IR N

L C;'J\v-""' e A o

o Uy \; capac1ty of an athelete (2 52 93) HoWever 1t must be SRR A
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“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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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~¢
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The résults of thls 1nvestlgatlon have led to the

I

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