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’aging resﬁted 1n a signfﬁcant (p( os),'. '
ros fibres uith concai-\itant' increasés 1,.. 4

" (fT ) arrlmﬂs werg gmmﬂy N
| LE '1‘ 82 grade dfh smint trat. 3
(ST) group were snﬁwmy adapted fo an '_ nterval prognam of lo bouts of
15 stconds durwn foUowedijO seconfls_of .rest. at. 80 mimia’, 305 .
grade. Both groups uere trained twice deﬂy. 4 times per week Tor }0 :

o mks- B ° S .‘ o . * . \ . ‘* v'v- . - ’ . ) - - ;‘_H" ~é«‘ \

Aft,gr the 10 week program. the ET ard ST anfmals displayed a reduced
body weight 1n rela@ion to age matched trols.\but ongly in the ET grot(
. uas thqs d'lfference sigvﬁficant (p( 05) The wet wg'lghts of the plaa
| taris and. gastrocnemius from the ET rats were significnntly (P( 05) \
'lighter while the soleus and all; three muscles from. the ST group aig
“not dtffer sigptfjkantly Arom controls C‘-
" f‘”!e. fi_", A ,&;mposition in the ET group was not sig
', different (p )Mmm the 15 week controls a]though ’

. w.'i.._
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X ‘ Qi'oY%B ﬂb‘g 1ri the soteus and gast&mius;
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‘ 'Q _"1gn of POG ﬂbrés 1n meus but resulud mu further i%n-; S
t&ttop of the FOG & FG deve}opa'enta‘l sum aseen 1n ibe hétﬂrogeneous

»

9l$trocm1us,. ~ Naithd' tn‘lning ﬁ‘ogm alteﬁd the fibre type pro}ﬂle

S .of plamm n or ehe m'oport‘lon of S0 ﬁms m tn, medm ghstroc-
m‘“s.r -\ .- .'?

“'(’\’A ) L ., ~

pré%mya A réf‘lec fon of the mtor uhit M1Mt pattem ;Ach 13.
,‘ 1n turn. dequdent upon the stmlus a{ the fibre comosition of the
. cxerctsing muscle. The evidence' from thﬂ study tehds to support the L
B _:':;"~:vfnu that tra‘lning during a time whei'l develqpment*diffemtiation fs T
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" f: ’*sribed in- détaﬂ (Bamarq et al . r971 Burké et al.,am

research ms; in tur'n. %ly just; ¢
. & ,
Most mamljan sketetﬂ mscl
whose distinct biochemica'l anJ con ractﬂe prpert%es have :

4;,»—» "

o ?_et

o

— oxidative (SO). fast Mtﬂi—ox%da' L ) ‘ ,
g1yc0!y;ic (Fs) 1n ms sr,udy Fasgshd smw twitch ﬂms my be
distmguished by a qua’lita‘tive Mstochem cpl smm ng proceduvé for
_alkaline stabile luyosin adenosiﬁb triphosphctase (ATPase), an zyme:-\- T
. whose acti vity correlates highiy with the speed of contraction o‘f in-
dividual fibres (Barany __g,l_ v ' 1967). simﬂar assessmnt ?f Aeduced . :
nicotinamide adenine dinucleotide (NAW) diaphor_'%?e ando( g’lyoerOphOS- n :
phate dehydrogenase («-GPD) 6an. be used to further identify ?Mative

and glyccﬂyt'lc capacities respect1 vely The fibre® couposit\ion of a -

skeletal muscle is variable depending on the particular nuscle studied,

) ,;,the species of 'ammal. its age, or state of training. Of all these

| : L T
. o K | . . o .
- : - : . .
S : o \



‘sizgu‘g -Mgr,of nlochqndri V.-nndg b@:@tmme "0 't;"rp',m#y i
) oxfyue pm'ﬁe (mmn et aL;
by T

o;wafive emzyaes as succinai:e‘deh:hrogenut
:Qto rowa mﬂdne (ﬁaldwﬁi et al. . }3

b A s e

m.f.
G E T e
*ﬂ Sl
R

aut "'nd rssekm. 1967L dre si!-\

Gcholjt'lb eazyme adapta»ttons u‘e -les:e -cons‘jg;;_"‘:’
changes iu phosphorym. awolasé,--gnd pyfnvate "‘ '

‘duranceq@ trained len (Horgan t &;1. , ]9713‘ and rats {Holl‘bszy
fen) B

f!Hstocms-ical an 3 'yseh ha‘,pmided th{ lygic fgg soﬁ.g; o§ thg.

Wi .
incons!stencres"o&se ig both- the #i rectmn and degree. of adaptatidn

by elucidating the specifim ty of the training reSpOnse to dfﬁ{_gi‘nt L

fibre types.. . ;' e Rt ‘

The work of several researcfgers has verified thé ipcm&ﬁ' in'*’the“ e

. .
Jh e

pm@rt‘fon of fibres classifié'd as highly oxidatﬁewin exercised rat.,
mscle noted by Edgerton and Siupsm (1969) !n,mled #ucle. an ., :.'f'

‘ C e . . . R .. ) v, ';, ?‘/ . » . DI SN
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o

increment in the. percentage o$dFOG@fibres at the expense of FG fibres

-

“has been shown to occur in endurapce frainédiréfs (Kowalskj et éfj;ydvmh R
. : oY ’ T A
1969; Wilkinson et al., 1976), guifnea pigs (8arnard et al., 1970; —//,/“

Faulkner gflal., 1971, Maxwell et al., 1973), and the Ldsser Bushbaby

oleus, which contains only SO and FOG

fibres, doek'nétydispléﬁwany shift in its fibre population with a ‘
_\\fimilar program (Edgerton‘gg;gl:, 1969é~Maxwe]1 et al., 1973). |
~ The qustioa-of whether‘twitch- imes of fibres can be\a1tqred by .
t:;ining is a contentious issue. Most biochemicq}’fﬁgag;—gEzgjfi ]Q]é:\ _
Edgerton ggmgi.,.1972) and histochemiéal'(Bérnérd et al., 197ba; | ‘
,Edgertoh é}fgl., 1562} Edgert&hlggwgl., 1972§OSyrovyv§§;§l., 1972) .
év{dence j;%?zates'this is not the case in adult animals' Baldwin ef al.
(]975)‘disagrecx They have foubé\that myosin ATPase éctiyity incFeases N
207, ﬁn the FOG'portion 6f vastus lateralis, declines by an idenmtical
amofint in soléus agé reﬁath‘unéliered in the FG fibres of the vastus
‘v];teralis of endurance, trained:rats. The variagion in the &TPase res-
_ - o s .,
ponse may be dependent upon the age of Ehg éxper1migfal ?rq‘Pl ( n .

iand Hajek,.1971; Syrovy et al.,-1972) or the intensity of the xercise,
_program (Hilkerson and Evonuk;, 1971).

. o _ o B T
The literature on the effects of sprint training on the fibPQ com- < B

<position oEkeletal muscle is sdant. Staudte et al., (1973) have

shown increases in the enzymes of glycogenolysis and d]yco]yéis which
were. more pronﬂuﬁceﬁ in*the slow soleus than‘in the fast ;éé;:;\fémoris
of anaefobica]ly traineh'rqts. Histochemfcal evi&ence-has suggested
that the proporfiaﬂ of FOG'fibrés'increases at the expense of FG fibres’
in a fa;t‘muséle (white gastrocnemius) or mixed'muSc]e (plantaris: I11) |

and at.the expense of SO fibfes»in.soleus (Sauberf~ef a];;'1973;

”~
Ay

g‘; ~



- Wilk{nson et al:, 1976):*\fn\goa{?;§t;‘Thofsféﬁgsonef‘aT;'(1975)‘usfh§"f'

4

human ubjects could find po aﬁteration in the fibre'type populat¥on .

w, of the vas tus latera]1s after an 8- week spr1nt program

)

‘ _
Although there is ]ack of accord in many aspects of the 11terature, ,

the fact that ske]etal musc]e re onse to training is spec1f1c not only

to the nature of the stlmulus but also to’the anatomica] location or

| actlon of the.muscle in the exerc1se éNd to its fibre composition
(Edgerton et al., 1972) is repeatediy borne out. Tﬁ\s adaptation

Specificity is a function of the motor\ue+t:$gcru1tment frequency \\\\
gen

A .

e]icited in'tpe muscle by a p&(&icular.exercise. Studies of glyco
»

~dep]et1on patterns during s1ng1e bouts of act1v1ty 1n man (Go]1n1ck

et al., 1973; Go]]n1ck et a] , 1974, Thorstensson et al., 1973) and

various an1mals (Armstrong et a] R 1974 Armstrong et al., 1976; Edstrom

and kugelpé*g, 1968; G]llesphe et al., 197 ) have supported the v1ew c;
‘that the type and magmtud/e of trz::mng reﬂects the usage of each -

motor‘un1t. Low 1ntens1ty,exerc1se calls upon FOG then SO, and 1ast1y

Fe fibres wh1]e sho“T‘ﬁurat1on, sprint work recruits FG, FOG, an
‘ .finally SO fibres (Burke and Edgerton, 1975). Adaptatignigould be ex-

d.according to this sequence, if the fibre compos1 nlof. the

muscle an¥ fatigue factors are: a]so cons1dered.

7

\" many training .studies, the age of the experimental -

ahimal has beeyn overlooked or'iénored as a possible confounding,;:\iable.

ferentiation process in rat'skeleté1\qggc1e continues

The prenatal di

birth, al1 fibres are relatively s]ow in comparison to

e
. ~

the adult state YGutmann et al., ]973)1but contraction time increases

during the firsy 3-5 weeks of life (Brown et al., 1973). The twitch

time then st4G lizes iq$~9 fibres while: further increésing in FOG and FGy



c

. 7igmmltaﬁy;;hangeg;gxrﬂwos1n ATPase activity (Gutmann et al. 1973),

-1976) and o;;;een 18 week old traine& rectus. .fe j i

 va . IS
T . .

. M . '
¢ ’ . .
. (L

-,flbres unt11 the. mature’ state_ls reached_(BuJJer.et_als,_lQEO) Con- ."

g]ycolytic enzyme act1v1ty (BaSS‘et;al.,.1970,'Mann and Salafsky, 1970),

' and ox1dat1Ve enzyne act1v1ty (Bass'et'al.,‘1970;'Go[uspink, 1969; .

S~ .
Maxwe]l et al); 1973)-0ccur in close assocfiation with twitch time.dif-

ferentiation. These enzymatic chahgesnare reflected in the,fibre type
altera(idns such .as those noted in the'p1ahtaris and-soleus of young

gujnea'pigsa(Fau]kner et al., 19713 Karpati‘andiEngel, 1967; Maxwell

<

et al., 1973) and rats'(wiikinson et a] R 1976%r In each’ case, a loss .
' )i
of FOG fibres and a correspond1ng 1nCrease in FG f1bres in plantaris and

S0, fibres izso]eusm seen w1th agmg .

few studies t have re]ated ftbre type adaptat1ons to both

“"ng and-agﬁnguhRVe suggested that the exerc1se st1mu1usJ rather

Zthan causing f1bre type conversaons, may actua]ly preserve or ma1nta1n-

the fibre composition of non- mature musc]e (Mul]er, 1974; Wilkinson et

ali, '1976). Sta1ned sect1ons of the plantaris of 14 week old trained

e )

gu1nea p1gs have revea]ed a c]ose resemb]ance to those .of 6 week o]d

controls (Maxwell.et al., 1973). In rats, a s1m1Tar re]at1onsh1p has

been shown to exf§t~between both the,p]antaris I11/region/and soleus of

a 15 week old exercise group and 10 week old contrsys (w11kihson et al.,
‘ahd'9 week controls
(Mu]]er; 19 -General]y, trainthg seems to'partia11y oftset the'norfl_.
mal loss of FOG f1bresv6een during deve]opment

A further cons1derFt1on is that some researchers have put fonward ,:
the theory that young, deve10p1ng tissue has a greater potential for_
adaptat1on than the mature counterparts (Schiaffino and Bormio]i, 1973).

This poss1b111ty has been 1nvest1gated in human subjects as we]]

v
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weeks.

' 30 m/min in the fi

,ETHODS A\N\D PROCEDURES S .

- EXPERIMENTAL miLs o B ‘.’J'

- Th1rty male Nistar rats were obta1ned at 4\we!ks of age, numbered,

"~ and then randomly assdgned to one of three group% endurance trained,

sprint tra1ned- or control ~A fourth group f.4 week old rats (N 10)

- was 1ncorp0rated 1nto the study a week pr10r to data co]]ect1on Ali:ign .

' anlma]s were housed fn 1nd1vidual, self-clean1ng cages i an a1r co

d1t10ned room mawnta1ned at 22. 5 C.. As these anrmals are nocturna], a

reversal of the normal 11ght/dark sequence was 1mposed (]1ght 6: p m to
N

6 a.m. ) to allow tra1n1ng dur1ng the work’day Throughou' the experiment

‘R11y r1tua1 (’>

1nc]uded rotat1on of cages, replenishment of food and water, changlng

\

of 5011ed papers and the handiqng\of control an1mals

Pur1na Rat Chow and water wene prov1ded ad 11bitum The

PN

T,lgit:f PROTOCOL S

; , - -

L {

A exper1mental an1mals “were exerc1sed\_“ a motor dr1ven treadm11]

-divided 1nto 10 9 5« x 48 cm compartments each wlth ' shock grld at the

g

‘ back Aftera pre11m1nary week - of orventatlon to the laborat tra1n1ng-_'

sessfons were conducted 4 twmes week]y (Monday, Tuesday, Thursday:\\\s .
Fr1day), at approx1mate1y the same t1me morn1ng and afternoon for. 10

N

The ‘endurance program initially consisted of a 5 minute continuous

run at 15\m/min., 8% grade. The'speéd Was'gradua11y increased to o
t week after wh1ch the duratvon of the run was

systemat1ca11y lengthened by 2 mlnutes each tra1n1ng day to 30 m1nutes



. " s [T [N
" K te . -,"} AT
t,‘ "

‘v"' week of the program (Table III) -,L 3 ..‘f‘ff § 7;ﬁ‘2 f»e;u

”

.ﬁthe speed on]y was, . increased 5 m/min. daily to a maximum df 80 m/min

'}The animals were maintained at these respect1Ve trainlng 1oads unt11

The. sprint grohp began with 10 bouts of a 5 seﬁond run at 15 m]min.rfo1-tng#ﬂﬂ

"lowed b} a 20 setond rest at 2 30% grade At the enﬂlof the first week
a]] rats were completing 10 15 Second bouts at 30 m/min after which'-

dy welghts were recdrded upon arr1va], durtng the thqrd anq

seventh weeks of . tra1n1ng, and aga1n just prior to sacr1f1ce (Table I)

A performaﬁte tgst was - also conducted on both groups of ani‘

1nvo1ved a run to fat1gue at 40 m/m1n. at the beginnlng of the ninth

s
C T

nssus COLLECTION PRF.PARAT@N AND ANALYSIS L 3 - sl

A]] an1ma]s were sacr1f1ced by deca 1tat\on and the soleus, gas-ff
f

L trocnemlus and p]antar1s musc]es inned1ate1y exc1sed from‘:he r1ght hﬁnd

11mb.< The prox1ma1 one thtrd of each muscie was mounted lﬂ gummed cork
nd quick]y frozen 1n 1sopentane con]ed 1n 11qu1d n1trogen and stored

at 30°0 for subsequent analys1s In the caseﬂof the gaStrocnem1us,.

'ttthe med1a1 head was dtssected freehand that port1on only was uséd

| we1ghts of the whoie muscle were obta1ned from the contralateral 11mb

(Tab]e I) | c |

_ B Ser1a1 sect1ons 1();; th1ck were cut and mounted on mtcroscope
"sl1des in preparat1on for hlstochem1ca1 sta1n1ng The act1v1ty of NADH
"diaphorase was determ1ned accord1ng to Dubow1tz and Brooke (1973), the

d
act1v1ty of ATPase accord1ng to Padykula ‘and. Herman (1955) as modi fied

; vby Guth and Samaha (1969), and the act1v1ty ofchPD a6cord1ng to the

" method of Nattenberg and Leong (1960).‘ ';\ ' yoo

k4

e
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jadao?thefele ted 3neas Hbtéff below »

Borrmoﬁ;, 197?’ Syrovy et al .. 1972) , ) , ,
P‘antant II This, region of the ﬁ]intaris ik exclusive]y fast

reported fibre popu]atwn of 3.6% FG 48% FOG /hd 1
v»(Barnard et a‘l . 1970& MuHer, 1974) S

SOHf'lbr:es S

“An NADH d1aphorase and. ATPase shde for - each muscle \r.'ere s‘hnul-
: ' taneously pro.]ected onto’ awhite surface by two Tr1»S1mp1ex m1cropro,]ec~ S
; -’_-‘v‘tors (Bausch and Lomb) and. 1dent1cal areas of approxlmately 250 300
f1bres outhned= ‘F1bres were then counted and ciasmﬁed accorﬁmg to .

',Peter et. al (1972) as pnevmus’ly descr1bed F1bre popu]atwn was ex-. & N

rt'pressed as a percentage of the tota'l nunber of flbres counted The
- A-glyco]ytlc stam was. used as an adchtwna] aid in. 1dent1f1catwbn.i B RS

These three parhcular muscle areasiwere chosen because, a]though %
’*":"2'“T?'lthey,are aH 1nv01Ved in pTantar ﬂean of the foo't, the1r f1bre \J S

":"-.‘_opulatwn 1s d‘lSt'lnC ly dwerse._ In add1 tJon the1r gross structure

' t1~on 1n~q}‘ocomo “1on are di fferent The gastrocnemtus-p]antan

A"




T .‘f‘ IR “‘i ) \\

i ,a contract1on range ‘So1eus, dﬂ the other hand v

is a longitudinal muscle whichx enenames Jess tension but. d1splays a
N )
greater degree of shortenlng (Henneman and Olson, 1965)
The two gnnups of control rats/were 5 and 15 weeks of _age at Ehe i
‘_t1me bf sacr1f1ee. The 15 wEek oYd trained an1nmls were sacr1ficed 60
‘hours after the1r last exerciSe session to avoid any effects of acute

, _exerc1se on the data ‘} - L e | o

H

TATISTICAL ANALYSIS‘ . S j

»

A one way ana]y§1s of varlance was used to test the hypothes1s that

i there was” no 519n1f1cant d1fference among the four groups 1n the~meanq~u

? .
percentage of each flbre type in each of the three musc]es One sample :

ana]ys1s may be outllned dlagrammat1ca1]y as fo]]ows:

. ., R . , . _ : J ;.
(DEPENDENT VARIABLE)
- Fibre Txpe Percentage

, nﬂ:SzWeek~COntr01§' ’ e

 (INDEPENDENT - 5 week controls |

CVARIABLES) . Y |
B Endurance - .

Spmnt .

. uhere a'siénificant F ratio (p<.05) was found;’a Newman-Keuls test
was emp1oyed to 1solate the pa1rs of means whlch d1d d1ffer s1gn1f1cant1y

FSIm11ar ana]yses were performed on the data summar1z1ng the ‘wet muscle

welghts and. body welghts of the four groups of an1mals




R -y EO T
| RESUL”TS o <

Both the endurance and sprint tra1ned g{oups of runners adapted
'ea511y to the tralnwng reglmen in"the -initial stages of the experlment
" The spr1nters e{perlenced some dlff1cu1t1es at the highest speeds and,
conseqUently;;injuries~resulted in the loss of two animals from that
‘group. -'The 30 minute continuous run at 30 m/min. was well within the
| capab1]1t1es of the endurance group (Append1x B Tab]e III) but. one an-

.runner had to, be ellmlnated from the study
. . \“- ) : 'A . ‘ . .
‘BODY AND MUSCLE WEIGHTS o ' S

/ 'The data in Table I are a summary of the mean body weights and mean

wet weights of the Ieft soIeus, plantar1s and gastrocnem1us muscles for

-each of the four groa.s of rats at the t1me of sacrifice. . An ana]ySIS ‘

of variance (Appendlx B, Table VIII) and subsequent Newman KeuIs test on .

these means revea]ed that whlle both exper1menta] groups we1ghed sub-

' stant1a11y less than the 15 week controIs this d1fference was sig-
n1f1cant (p'< 05) only in the endurance tra1ned group. The body - we1ghts
. of the two trawning groups were not stat1st1ca]1y d1fferent from each
‘,other a]though the sprint tralned rats were on the average, 30 grams
'heaL1er '

" The wet weight'of the soleus muscle was not altered by, either

exercise program but the weights-of both the plantaris and gastroqnemius
"of the aerobi'c animals were significantly less (p<.01, p<£.05) than

those exeised from-controls_(TabIe 1). 'Sprint training did not affect

S I o o ,/ﬂ

~\
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any of the three huscle weights as compared te agelmarched'confrOIS. :

" MUSCLE FIBRE POPULATION
Fibre tzgi g. Fast and s]ow twitch fibres were easilyi,dstinguished hy
the ATPase stain 1n all’husc\e sect10hs (Appendix C, P]ates 1,2 5)

#

diSCrepaoc1es were resolved by referr1ng to the matching'ﬂﬁP01511de

¥

(Appende c, Plate 4). Further 1dent1f1cation of the oxidatlve cap-
ac1ty of fast fibres by NADH dvaphorase sta1n1ng 1ntens1ty was somewhat
more difficult. A dec1s1on was made to class1fy a]l fast twitch fibres

|
w1th a dark]y sta1n1ng perwphery fad1ng to pale blue ind%he centra] area

as FOG Umformly pale blue or wh1te co]ored fibres wQ des1gnated as

FG (Append1x C,. P1ates 3, ,6). These cr1ter1a were used consistently

throughout th¥fibre typ1ng process . : .

.

-Effects of aging A sign1f1cant decrease (pr< 001)\1n the percentage
e
“of FOG £1bres occurred in both the soleus and gastroenem1us ‘muscles of

" the 15 week o]d contro] rats as a resu]t of 10 weeks of ag1ng ‘In

soleus this Iossgu‘s coupled with a correspond1ng increase 1n the per--

centage of SO f1bres (Fig. I) The proportlon of SO fibres 1n\the med1al

"head of ‘the gastrocnem1us, on ‘the other hand, rema1ned‘unchanged while =

the percentage of- FG f1bres was sf§n1f1cantly (p«: 01) elevated in the
o]der animals (Fig. 2). The fast twitch portion of the . pladtarls did
not dvsplay any s1gn1f1cant change in f1bre composfition from 5 to 15/
~ weeks (Fig. 3) but the trend towards an 1ncrease in the . proport1on of
FOG fibres at the expense. of FG f1bres.yas d1rect1ona11y oppos1te.tol

‘that seen in the two other muscles investigated. A o

Effects of training, The endurance program did not significantly alter

the normal developmenta] pattern of muscle fibre types as'disp]ayed_by

g
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the ‘control rats from 5 to 15 weeks. This was the case i all three

~

muscles from the trained gﬁoupf However1 the tendency‘was for tho‘eh4
durance trained group to ma1nta1n a h1gher percentage of FOth1bres in
the soleus (qu 1) and. gaftvocnem1us (F1g .3) and FG fibres in plan-

taris 11 (Fig. 2): 'é‘ - . d \\\\

The fibre profiles of ‘the solews and gastrocnenrius mwsc]es were
significantly differenf in the sprint frained rats Bc comparéd.to their
age natched counterparts In soleus, the proportion of FOG fibres was
s1qn111cant]y croater (p< 01) in the sprint exercised gnoup (Fig. 1)
ref]ectlng a pres orvat1on of ‘the non-mature p@ptetn:~ In cQ\\fa;t, sprint
tra1n1ng served to further dccentuate’ the.FOG tc FG development shift ~.
{seea n the gascrocnemius (Mig. 3). | No changes occurred in the p]an-
taris I1I region.as a rdé:ﬁt of sprint training (Fig. 2).

The<on]y dlffeﬂent1a1 efgzcc of the two traininq ijgrams on fibre,
popu]ation was §ecﬁ in the'gascffcnegﬁus'wh ;f'the percentaae of FOG |
fibres Yas signfficahcly hiQher.ﬁ)Z.O]) and the pcrcentage of FG f1bre¢
10wer H)(.O]) in the endurance trained muscles. |

A sunmary of 51gn1f1cant d]ffercnces in the mean percentages of

each f1bre tyﬁe is contalned in Table II. The raw data from which mean

percentages ‘were ca]cu]ated appears in Appendix B, Tables IV-VII,

o - L -
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TABLE 11 = - 18

SUMMARY.OE/SIGNIFICANT DLFFERENCES IN MEAN FIBRE TYPE PERCENTAGES? /°

o

b..‘

GROUP & o GROUPS .
MUSCLE FIGRE TYPE % . Co Cys T ST
SOLEUS . N
C; SO 48.78(;0%88) 3 - * * *
-FOG 51:22(-0.88) /,/) ‘ * * *
Cie SO 80.38(12.63) ek NS *
! FOG 19.62(12.63) v\;d/lygh *
ET - S0 76.73(%1.84) o N Ty \
FOG, 23.27(%1.84) : NS i
ST . S0 71.08(12.38) B
- F0G-28.92(%2.38)
PLANTARIS N , . ‘
€, F0G 42.53(-1.72)  _ NS NS NS -
. F6 54.47(*1.72) - NS B NS //
o FQ6 48.07(f2.58) S NS
S FG 50.50(%2.92) - : NS NS
™ ET - . FOG 45.05(t2.78) 7 NS
- FG 54.30(%2.83). NS
TSt - Foa 42.16(%1.53) o
| FG 51.34{11.66) -
2N . o - -
GASIROCNCHIUS - . . *
- SO 18.37(-1.06) NS NS NS
o FOG 69.99(%1.96)  — * o *
- FG 11.63(%1.45) . * * NS *
- SO 20.63(%1.37) NS NS
, FOG 56.19{72.64) — NS - *
FG - 23.18(%3.03) NS - *
ET - so 18.82(f1.18) NS
. FOG 62.93(%1.95) — *
FG 18.24(%2.41) *
ST s0 18.02(%1.23)
“FOG 41.04(%1.80) _
FG 40.94(%0.93)

L

aPercentages are

means t SEM

C5 = 5 week controls, =15 week'controls, ET = endurance tréined,
ST = sprint trained ' : \“,/éfﬂ

* B
Significant at p<\O01

Cis



I DISCUSSION. \ _/
BODY AND WET MUSCLE WEIGHTS ’ L

The s1gn1f1cant1y reduced mean body we1ght bf - the endurance group

(339 g.) in comparison to age matched controls (407 g.) ‘has been .
“» . ‘ -
previously noted in rats (Hubbard et al., 1974; Syrovy et al., 1972;

Wilkinson et al., 1976) and guinea pigs (Barnard 't al., 19705) - Al-

—_——eae
‘ 4

though the §pr1nters we1ghed on the average 40 grams ]ess than contro]s, 5
this difference was not significant (p >. 05) (Table I). Th1s-f1nd1ng
is not in agreenedt with the data of Staudte et a] 01973) andeilkihaoh

et'alt (1976) both of whom reported a- decr%gﬁe in the body we1ght of
. -

rats exposed to a spr1nt tra1n1ng program. b

It is d1ff1cuTt to make conc]usive statements on the effects of
« .

- either type of tra1n1ng on body weight .as the groups were not weight
matched 1n1t1a1]y nor was food 1nta&e monitored or body compos1t1on

vassessed However, it seems that the calor1c expend1ture requ1red by

- .

regu]ar exerc1se does contr1bute to-a reduced we1ght gain equc1a1]y in
the endurance group where the total da1]y workload is probably greater

As Table 1 1nd1cates, sma]]er muscle size as we]] as a 1ower percent

o o

‘ body fat may account for the d1fferences ' a

The non- 51gn1f1cant1y different wet welghzs of the so]eus, p]an-
. - -

i
taris and gastrocnem1 of spr1nt tra1ned rats as compared to contro]s

-(Tab]e I) could imply a failure of ‘the tota] muscle to undergo hyper-

trophy.- Staudte et al. t1973) reported;a'simi1ar occurrence in the

rectus femoris and soléus of his sprint trained group. . The relative

19 ' .



~~(mdsc]e-weigh.ﬁfw

~muscle weig}
-3

focnemius (4.95X10
' 3

. and gas
4.40x107% and 5.57x103 repoyked b Mul]er (1975) in 13 vieek old rats
which h;i trained isometrical]ly/for ¥ weeks. These re]atlve musc]e
,wefghts alsd d{d not differ sig fic-nt]y from:cohtrole= While the 1ack
of gvoss musche hypertrophy coulid be

1s poss1ble that a loca

dud to an 1nsuff1c1ent tra1n1ng
stlmulus, it ‘\

ved hypertrophy of FG f1bres on]yd(

has-occurred ith FOG and SQ fjbres unddrgoing no change or even a

_s]1ght decr 1 in size (§ don et al 967)72‘The net result woqld be

no chang

agrges with the flnd1ngs of Syrowy ¢ ‘1.'(]952), but caused a siga

' n1f1cant (p«. 05) reduct1on in the ‘et welllts‘oi both ‘the p]antar1s and
~.gastrocnemius. Th1s is 1n contrad1ct ba_to the 11 to 147 increases
freported by Hul]er (1974) 1n the ‘soleus, rectu; femor1s and. gastroc~
nemius of aerob1ca1]y exercised ratd. ‘ff 4; '

" The 1ack of we1ght lPSS in theﬁsoleus as contrasted to the 1oss in the-"'
other two muscles may be attr1butab1e to the h1gher percentage of SO fibres
- -and hence to a -more frequent contract1op-dur1ng the IOW'1ntens1ty exerc1se
-As a resu]t lthe;e act1ve motor un1;$fwou1d ma1nta1n ]arger fibre d1ameters
than unused motor un1ts Maxwel] et al: a] 1973) reached s1m11ar conc1us1ons
based on the1r observat1ons of ffbre areas in the soleus and plantaris of
endurance tra1ned ‘guinea p1gs compared to contro]s A]though hypertrophy
with endurance training 1s well documented Gordon et al., 1967) these
-:reduced muscle weights are d1ff1cu1t to exp]aln espec1a11y w1thout sup- :

' portxng p]an1metry data . . - ‘ < P
HISTOCHEMICAL RESULTS B -

The meanpercentage fibre populations -(Fig. 1,2,3 and Appendix B,
v ' ‘ : ;

.



- TabTes IVJVTT) of the so]eus (80‘1%_50,“19 6% Fdﬁ% p]antar1s IT (1 4% SU
48 1% FOG: 50.%% FG) and med1a] gastrocnem1us (20 6% SO 56.2% FOG . 23. 2”

~ o : - ‘ o

FG) of the /15 we' contro] an1mals in th1s study fa]l w1th1n the ranges

documented by othe’ researchers in mature rats (Ar1ano et et al. 1973 Edgerton f
_and Simpsen, 1969 M1 ler,1974; Saubert et al.1973; w11k1nson et al. 1976).

Unfort tty; there are very “few . sourcescofeeompar1son for the.

“\“*inQfg tYp data obtained from the 5. week controls. In the present study,".
the‘_s’o.leu's”wa found to be a]most equaIHy compr1sed of SO and FOG f1bres .
-~ while the plan ris II conta1ned on]y FOG &nd FG f1b1es, aga1n in ap-
proximate1y,equa1_pr ort10ns~ w11k1nson.g£~gl (]976) descr1bed sim-

week o]d rats. As_yet there is no

“ilar distribution patterns in
corroborating data available to;conf1rm the composition of the gastroc:WN_“
’,naﬁus |

A pronoﬁhct; ag1ng effect was seen 1n the so]eus and med1a1 gas-

trocnem1us fromd to ]5 weeks wh1le the f1bre compos1t1on of the p]an- L
tar1s II réglon remaIned relat1ve1y unchanged (Figs 1 2, 3 ﬁhe
deve]opmental 1n%;ease 1n the proport1on of S0 flbred at the expense of
- FOG f1bres in soleus was also noted by w1]k1nson et al. (1976) in rats

" and by Maxwel]fet a1 (1973) in gu1nea pigs. The' 25% decTine in’ b1ochem- o

' 1cal}y determ1ned ATPase act1v1ty in rat soleus from 30 to 365 days '
reported by Gutmann gg;qu (1974) wou]d a1so seem to support the
decrement in fasttw1tch fibres with age. ' o

The FOG to FG flbre sh1ft w1th no change 1n ‘the 50 component seen
1n the gastrocnem1us dur1ng the 10 week Jg1ng period comperes favorab]y
w1th the alteratlons reported 1n other muscles of m1xed fibre- com- .
pos1t1on such as the deep port1on of rat rectus femor1s (Muller,- 1974)

p]antar1s II (W11k1nson et al., 1976) and guinea p1g‘p]antaris .

“h,



,{Maxwell et al. 1973) Although\the precise contro111ng mechanlsms fOr
4 th1s d1fferent1at1on prooess are st11] unc1ear, it is apparent that \

i 1nnervat1on and neuraﬁ act1v1ty patterns p]ay cr1t1ca1 ro]es (hrown,_ _
'1973 Buner et at., 1960; Gith, 1968; Shaf1q et.al., 1972).

| “The fa1]ure of the flbre compos1t1on of any of the musc]es from a

| endurance tra1ped rats to d1ffer s1gn1f1cant]y fromkcontrols was somewhat

'{$urpr1s1ng A~A s1m11ar type of program has been. shown to e11c1t FG to

. .FOG f1bre type conver51ons 1n gu1nea ptg p]antar1s (Barnard et al. 1970a;

Max e]] et-al a] 1973), rat plantarls (Edgerton et al a1 »..1969; H1]k1nson

al., 1976) gastrocnemius (Mul]er, ]974) and quadr1ceps (Ba]dw1n et al

;”1972) It may be erroneous to refer to th]S tra1n1ng adaptat1on as an rj,.{”

‘actuav f1bre type convers1on as the ox1dat1ve sta1n is . str1ctly qua1-

,,1tat10e An e]evat1on of ox1dat1ve capac1ty above a cr1t1cal leve]

i

_resu]ts in the c]ass1f1cat1on of FG f]bres as FOG In add1t10n, th1s - jit

¥,

_"process has been shown to ‘be rever51b1e w1th detra1n1ng (Fau]kner et a]qj‘
y511972) : It shou]d be noted that the aerob1ca11y tva1ned gastrocnem1us
:y‘d1d d1sp1ay a h1gher percentage of FOG f1bres than d1d the1r control
:v counterpgrts but th]S d1fference wés not of suff1c1ent magnltude to be'
ns1gn1f1cant (;)) 05) It cou]d be that TO weeks of tra1n1ng, 4 of wh1ch
were devoted to gradua]]y accllmat1z1ng the rats to the f1na1 30 m/m1n
Tun for 30 nnnutes was not of suff1c1ent durat1on to e11c1t a s1gn1f1cant
hytra1n1ng response In add1t1on, the 30 m1nute sess1ons tw1ce per day
amount to a cons1derab]y shorter tra1n1ng t1me than used by other ”4
i researchers (Ba]dw1n et al , 1972, 1973 1975; Ho]]oszy, 1967) and as.
lperformance tlmes (Append1x B Table III) 1nd1cate might not be 2 "
"demand1ng enough st1mu1us to evoké adaptat1on | g o
The lack of change in the percentage of SO f1bres in. the gastrocnen1us

TN
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;;15 cons1stent with other f1nd1ngs 1n musc]es of m1xed flbre compos1t1on 'f"'

| f‘(Barnarg et al:, 1970a; EdgertOn et al 1969 Maxwell et a1 , 1973);
Thus, no overt transformations of fast to slow tw1tch f1bre types as’

-

' j"xrhscern b]e by the myos1n ATPase sta1n were shown, _- :
PreV1ous authors have. found no change in the (\bre conpos1t1on'of
,soleus and p]antar1s II in endurance tra1ned rats (Baldw1n et al a] 1972), -
gu1nea pvgs’(Barnard et al. 1970a Maxwe]] et a] )1973) and bushbables
vu(Edgerton et al. -1972) The resu]ts of the present study support these
:f1nd1ngs but are 1n contrast to the observat1ons of Syrovy et a] (1972) :
band Nﬂkmson et al. (1976)1 | o :
: An adaptat1ona1 response to endurance tralnlng of hypertrophy
::'rather than1f1bre type changes in the so]eus has been frequentTy notfd :
'.7'(Edgerton et a] , 1972,. Maxwell et al ) 1973) Stnce so]eus contawns r
'Ion]y SO and FOG f1bres, a]] motor unwts are probab]y equa?ly recru1ted\e

',1p Tow 1ntens1ty exerc1se w1th no qua11tat1ve changeS'man1fested : i/a‘f

- ‘as flbre type convers1ons occurr1ng Agaln, the exercise. st1mu]us
. I
~_ used in th1s experlment may not have been of suff1c1ent 1nteps1ty to

‘ e11c1t th1s response . g /

/

ez

. The 'FOG. and FG fibres of plantarkg 1I, on the other hand are ”'
| probab]y rexrklted m1n1ma]1y in endurance tra1n1ng and consequent]y no
__‘gra1n1ng adaptat1ons wou]d be expected R ?'f‘ ‘f"' » ': ;
v It shou]d be noted that h1gher percentqge of FOG f1brés in en- _v:'.
1v~durance tra1ned so]eus and gastrocnem1us, a1though not s1gn1f1cant1y
d1fferent from ]5 week’contro]s, may represent a- tendency to ma1ntaln 3
,the f1bre proflles of the younger an1mals as puggested by Mul]er (1974) SRR
'and N11k1nson et al. {1976) o '_ ,' —— %g, . (?

The spr1nt tra1n1ng program d1d not s1§n1f1cantly a]t§\‘the f1bre
/ o

- i é /.



compositidn offp}antaris~II This could be an ana]agous s1tuat10n to

the endurance trawned soleus where a]] f1bres are equa1]y act1ve in the

.

‘part1cu1ar exercxse and conscquent]y, no qua11tative changes occqr
The mean percentages of FOG fibres 1n the soleu(ﬂo?kthe 15 week

control and sprlnt groups were 19 6% and 28. 9% respect1ve1y,_va1ues

) 'whwch compare closely to those reported by Saubert et a] ,(1?1;),4q\\gi;;
fmatched contro] and - s1m11ar]y tra1ned experimental rats The preferen "1-

usage of th1s f1bre type dn h1gh 1ntens1ty exerc1se 1s a reasonab1e é;f
| planat1on for thws s1gn1f1cant d1ffercnce (p( 01) As the transfor-
,matlon of slou to fast tw1tch/}dh&gs is not cons1stent w1th the maJorlty

Vo

IQ of the 11terature, 1t may be eaSIQSt to th1nP of th1s occurrenie'as-a
fhpreservat1on of the non- mature paté%rn - N ‘_")

The: gastvocnem1us of’the spr1nters displayed. a s1gn1f1cant 1ncrease

t (23 2% to 40. ) 1n the proport1on of FG f1bres at the erﬂense of FOG |
| ‘f1bres but no change in the SO component Th1s sh1ft was appOSIte in

-.d1rect10n to the trend noted 1n the endurance tratned musc]e and a con-
trad\ct1on to the f1nd1ngs of Saubert etal a] (1973) and W1]k1nson et al.

A’(]976) Rather than serv1ng to ma1nt}1n the f1bre compos1t1on of the .

k younger group, the tra1n1ng program eemed to further accentuate o,

.8
raccelerate the deve]opmental pattern It could be supposed that the

preferent1a1 recru1tment of FG fol

of the spr1nt work (wh1ch re11es inly on anaerobjc metaboljsm as an.~

- energy source) resu7ted 1n‘a-decrease'in the . oiidative,capacity-of'the
f]atter type be]ow the cr1ter1on sta1n1ng 1eve1 It shou]dlaiso be o

,fremembered that on]y the heterogeneous medial head of the gastrocnem1us

[y

was sampled and these results may not ref]ect the adaptat1on of the :

muscle as a who]e : R ' : <

\

S

ed by FOG flbres in. the uerformance ;;ﬁ



'SUMMARY AND CONCLUSIONS . .. - ey
SR S , o ~ . L :
A summary of fibré population means and significant d';ferencés

veT)pmentaT pattern A

. ' . CoT -
" . between groups appears in Table II A signtficant

'was’Seen in-both the soleus and med1aT gastrocnem1us n rats as a. resu]t

of ag1ng from 5 'to 15 weeks, A Toss of FOG. f1bres w1' a concomm1tant

increase 1n-the p*oport1on of SO- and FE f1bres in the 'oTeus and gas-

~

trochemius'respect1ve1y was noted. B IR . \5,

’

Of the two training groups, onTy the spr1nters showed s1gn1f1cant
'aTterat1ons (P ( Oo)lfrom age matched controls in the f1bre compos1t1on’
B of the soTeus and gastrocnem1us muscTes The sprlnt tra1n1ng eTTc1ted'
a %‘Pn1f1cant.1nChease in the percentage of FOG fTBFB$ in soTeus and .
.FG-fibres'in gastrocnem1us ~ There was a. tendency, however, for the en- .

13

‘1 durance tra1ncd r%ts to ma1nta1n the hlgher proport1on of FOG f1bres

,seen in the soTeus and med1a] gastrocnem1us of the younger animals.

The propo:l1on of O f1bres dn the gastrocnem1usi¥ema1ned uncRpged in’ -

. both tra1n1ng groups

oo The homogeneous]y fast tw1tch pTantar1s ! showed ne1ther addp--
!

“tations to tra1n1n nor deveTopnentaT<a]terat1onsxin Tts fibre type

-:proflle . :.' |
These resu]tsfreinforce the principle of specificity'of the training»7
response , The magnltude 'Tocat1on and nature of the response seems to

¥ depend on the type of st1mu1us and the f1bre compos1t1on of ‘the. work1ng

-\\p i Both these factors determ1ne the motor un1t recru1tment pattern

’rn is refTected in the spec1f1c adaptat1ons (Burge and

e~

-Edgerton, ]975) In the present study,-an 1dent1ca1 st1md]us'such as
. 1o

the spr1nt tra1n1ng program %]TCTted two dis 1nctTy d1fferent f1bre

type aTterat10ns, a SO to FOG shift in so]e

and a FOG to FG shift in

.
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. deh ‘ . . . | |

(’fﬁgrhedial head of the gastrotnem1us Two different types of tra1n1ng
. st1mu]1 resu]ted 1n oppos1te trends 1n f1br;§gype a]terat1ons in the same
: musc]e such as was ev1denced in the gastrocnem1us .
. The asseSSment of chgﬁbes in mean fibre d1ageters and the total
. area occup1ed by each f1bre type in- the musc]es of tra1ned and controT

animals would he]p to more completely. exp]a'hjﬁhg nature of skeletal

A

musc]e fibre. type adaptat1ons to training. .Il" ,g;,
| Lastly, the need to re]ate tra1n1ng respon!%s in. ske]eta1 musc]e
to deve]opmenta] patterns when subjeﬁis ané non mature is re1nforced |
Rat muscle ‘does not atta1n an aduTt state until approx1mate1y 17 weeks‘
of age (Gordon et a] , 1966 Close, 1972) Consequent]y, adaptat1ons
to 1ntens1ve training conducted dur1ng th1s cr1t1ca1 perlod may well
d1ffer from those seen where tra1n1ng is begun after the deve]opmenta]
pattern is comp]eted ‘ The work of,Syrovy et al. (1972) and Sch1aff1no._>
and Bormioli (1973) suppert'this contentién If th1s is. the case, the.

; importance of commenc1ng tra1n1ng at an ear]y age in order to max1mlze:

the potent1a] tra1n1ng response may have amp11cat1ons for young

ath]etes and coaches

I
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REVIEW OF LITERATURE S
S ' !
INTRODUCTION |

)

Fibre type c]a551f1cat1on It has. long been kndwn that‘maMmalian

N

skeletal musc]e is composed of at least ‘two. d1st1nct1y d1fferent kTnds
of f1bres, a dark orred type and a pa]e or. wh1te type Neegham (1926)
_has comprehnnr1ve]y revmewed the early literature. concerningvthe'funcf
tiona] differenees be tween these twe types noting the slow twitch time; '
reSiétance to fatiQUe and 16wer-twitth tension.inAthe.red"ffhres and
the reverse charactet1°t1cs in wh1te fmbres ‘: o 4'i

S1nce that time, more soph1st1cated hwstochem1ca1 and b1ochem1ca1
technlques have revea]e¢ the ex1stence in the ske]eta] musc]e of most “
manma]s of three fibre types each of’ wh1ch exh1b1ts .a dlst1nct metabol1c .
"~ and contraculle-prof11e wares may first be categor12ed as fast or
s]ow twitch based on their contract1on txme or time to peal tens1on
re]at1ve to other f1bres in the same an1ma1 and then further 1dent1f1ed

by their ox1dat1ve and glyto]yt1c capacities.

The eontract1on tlme dichotomy is h1stochem1ca1]y demonstrab]e EZ—
sta1n1ng for the presence of a1k511ne stabile myos1n ATPase as the ac- '
tivity of this enzyme has been shown to corre1ate h1gh]y w1th the con-
traction speed of a musc]e f1bre (Barany, 1967). Oxidative and g]ycoly- ,
tic capac1t1es can be qua11tat1ve]y determ1ned in a similar fash1on via-
reactions 1nvolv1ng enzymes cr1t1ca1 to those two part1cu1ar metabo11c

pathuays (see Methods and Procedures)

Phys1o]og1ca] cr1ter1a have also been used by some researchers

B -



(Burke'et al., 1971) to classify individual muscle fibres with identical

_results to the h1stochem1ca] me thods,

To date many systems of nomenc]atu,{ﬁf'urke and Tsa1r1s, 1973;

Edgbrton .and Swmpson, 1969 Engel 1962 Steinand Padyku]a, 1962) have '
been proposed and used creat1ng cons%derab]e confus1on 1n f1bve c]as-;
s1f1cat1on. In th1s study, f1bres[w1]1 be typed accord1ng to Peter et:
.gl, (1972) The1r method is exp11c1t des1gnat1ng 1nd1v1dua1 fibres

7 twitch- ox1dat1ve (s0), fast tw1tch-g]yco]ytrc (FG), 0 fast

wftch—ox1dat1ve-glyco]yt1c (FOG) ’Numerical.data on specifi twitch

times and enzyme act1v1t1es are ava1]ab.e from several seaurces (Keu1,

2; Sa]t1n, ]973) o
E ” [ u : /, i . .» ‘ . &
F1bre'comdo:?tlon of»skelena] muscles The proport1on of each f1bre

. |

type present 1n any g1ven musc1e is dependent upon. several factors » f

. Comparat1ve surveys (Arlano et~a] , 1973 C]ose, 1972 Dubow1tz, 1968) -
have revea]ed that while fibre type. compos1t1on of one. musc]e does vary
among d1ffcrent spec1es, cons1derab]e cons1stency does eylst A much .

,¥greater var1at10n can’ be seen in the d1fferent muscles of the same
'an1ma] or even in d1fferent areas of the same muscle (Ar1ano et al.

1973 Bagby et a] 1972) These patterns dre: genet1ca]]y determined . |
and for the most part represent an evo]utnonary adaptatwrh*‘ated to
funct1on (henneman and Olson, 1965). | Thus, ‘pos tural musc1es s1tuated
in predomlnantly axial p051t1ons tend to - be\nore sTow twitch and more

h1gt1y ox1dat1ve wh1]e phas1c types are. found- per1phera11y and are

| Avpredom1nant1y fast twitch and more g]yco]yt1c in naﬂur (Keul, 1972)
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RESPONSE'S_.-,OF SKELETAL Mus‘cuzs TO ENDURANCE TRAINING !

[y

B1ochem1ca1 assessmmnt of ox1dat1ve adaptat1ons' “Many researchers have

shown that numerous b1ochem1ca1 adaptat1ons re1at1?g to energy sup- 1
~
plying mechanwsms can_occur in the skeletal musc]e of both man and

i

. an1mals as a resu]t of tra1d1ng In response to an endurance or aerob1c

’program a genera] 1ncremen in the ox1dat1ve capac1ty of the musc]es "*ﬁ

the -: ‘.."_l '.;A .

. ut111zed is seen * Goydon et al a] (1967) reported an 1ncrease i

"sarcop]asm1c prote1ns:of the. quadr1ceps -of endurance trained r ts wh11e

-no change in myof1br11]ar protein was noted Ho]]oszy (1967) found

that 12 weeks of treadm1]1 runn1ng resu]ted in an 1ncreaso in the s1ze“ B

and number of m1tochondr1a as we]] as a two fo]d 1ncrease 1n the1r f,

, ab111ty to'ox1d12e pyruvate 1n rats Ho]]oszy’s resu]ts_are supported'

3 by thoselof Go]]n1ck and King- (1969) Barnarq et al. (19709);‘and:"
'Baldw1n et al. (1972) Increases of: stm11ar magn1tude hﬁve»been'foUndd’

in'such 0xidattve enzymes as SDH, NADH d1aphorase cytochrome oyvdase,.: Mf
-cytochromes a and’cband cwtrate synthetase (Ba1dw1n et al a] » 1972 Edgerton :
Vet al., 1972 Kowa]sk1 et al. 1969 Ho]1oszy, ]967) Other adaptat1onse'_3:
_ to endurance tra1n1ng 1nc1ude s1gn1f1cant e]evatwons of hexok1nase ac--
t1v1ty'1n rats (H ol]oszy et al. ,,3971) and in man (Morgan et a] ; 1971)

Ias well as 1ncrease in the ab111ty of who]e muscle to ox1d1ze fatty .

|
_ac1ds (Baldwin et al al. 1972 Paul and Issekutz, 1967)
R i )
Histoqhemica} assessment.of oxidative adaptat1ons. .The previously

mentioned'studies~emp]oyed biochemical assays of whole ‘muscle -homogenates
to assess changes resulting from the training stimulus Histochemicalﬂ

I .
methods have further e]uc1dated the spec1f1c 10cat1on of these changes -

and the 1mportance of not1ng,the response of each fibre type to an



~exercise program - ‘; *”: | ’, T . )_

4. rat musc]e which is of.a mlxed f1bre type such a8 p]antar1s III

’(Edgerton et al a1 , 1969) or gastrocnem1us, endurance tra1n1ng has bee"

shown to e1|c1t an increase in. the proporU1on of f1bres c]ass1f1ed as
!

'V‘h1gh1y ox1dat1ve (Edgerton and S1mpson, 1969) Expressed in terms of '

o f1bre typea, an augmentat1on ln the number of FOG f1bres at the expense \3;

'7-i the b1ochem1ca11y determ1ncd resp1 atory capac1ty of tra1ned rat muscle

ph of FG f1bres is seen 1n exerc1!ed rats,(W1]!1nson et a] 19769 gu1nea _ ;ﬂ
p)gs'(Barnard et al 19700, Fau]kner et a] , 197] Maxwel] et al a] 1973)
- and the non human pv1mate,’GaIago senega]ens1s, (Leaser Bushbaby)

.(Edgerton et al.;, 197?) These f1nd1ngs are. supported by the worP of

Kowa]sk1 et a] (196“) who noted that the greatest 1ncrease 1n SDH ac- e
/o~ i

‘ t1v1ty 1n the quadr1ceps of endurance tra1ned rats occurred 1n ‘the

anaerob1c f1bre types 1mp]y1ng a FG to FOG f1bre conve|s1on had taken _g’ff

s

P

Ba]dw1n and coworkevs (]972) a]so found a sxgn1f1tant 1ncrement in

5 r”f\‘«¥<e~\\_
. ;_however, it was of the’ nature of 200% 1n muic]es Ybleh'po§§§§sed d]S- o

t1nct1y d1fferent f1bre type prof11es Thus,/pre tra1n1ng enzyme rat1oa

were preserved in the so]eus (SO), superf1c1a1 quadr1ceps (FG) and deep
'_.quadr1ceps (FOG) musc]e ardas coe -;' ' | | -
It is 1nterest1ng to note that Edgerton et al a1 (]969) foundvthat'l

'so]eus wh1ch 1s 80-85% SO and 15- 20% FOG at matur1ty in rats d1d not

"d1sp1ay any sh1ft in 1ts fibre popu]at1on in. response to endurance
.

® e

;tra1n1ng Rather, a uniform hypertrophy of a]] f1bres has been reported

-

(Maxwe]] et al ,-1973). .

It s quest1onab1e whether these adaptat1ons are temporary trans—

A portat1ons or permaneng\fonvers1ons.' The work of Fau]kner et al a] (J972)

+ e

[



.f' B . , ' " '
R . ' .

ndicates that a periodfofvdetraining,causes a regression of post- .

raining values towards control values.. ~ o~ T oo
action'time and myosih ATPasefadetations- There=is'Tess agreement'

f:Co

as . to whether changes in contraqt1on time of the who]e mu c1e or in. the

t"ihATPase sta1n1ng pattern of rnd1v1dua] ske]etal muSr]e flbros occurs, 1n : “f
':respon e to endurance tra1n1ng- After 19 weePs of such tra1n1ng,

J

;-e;yBarnard et al: (1970b) could not flnd dny changes 1n the céntract1]e
propcrt1es of the gastrocnem1u'.p]antar1s musc]e group -of. adu]t guinea. i. !l
f pigs. H1stochcm’ca11y this 14 supported by evadence ncgat1ng an' a]—' .
terat1on 1n thc myosln ATPase sta1n1ng patterns of the 1nd1v1dua] fnbres

Tof m#turc rats (Bagby et a] , ]972 Edoerton et a] s 1969' SerVy nt aJ,,
]97ZD ar. bushbables (Edgerton et a] 1972) The ma30r1ty of the '

ev1dénce wou]d substanLIate the view that a conver51on from fast to s]ow.

‘tw1th f1bres or v1cc versa, does not take p]ace However, these
.f1nd1NQs are contrad1cted by Ba]dw1n et a] (]975) who reported- '
| strenuous program of treadm11] runn1ng ]ast1ng ]8 ueeks or 1onger '

. 3
<-——~resu1ted in a 20% decrease 1n the myos1n ATPase 1n the FOG f1bte area

of rat vastus latera,f 'ha quant1tat1ve1y's1m1]ar 1ncrease in the SO

flbres of so]euc and no change in the "rt1on of the vastus

G]yco]yt1c adaptat1ons A]though ox1dat1ve enzyne ad‘,4i‘3

predomlnant response tocendurqnce exerc1se, the act1v1t1es of some g]y—

: co]yt1c énzymes can also be affected and, aga1n, a]teratlons are f1bre

» _v‘ type spec1f1c Baldw1n et al a] (1973) have reported that severa] gly- t 1h__
":2.7 ‘colytic” enzymes undergo changes whlch para]]e]’those prev1ous]y descr1bed ?
o for. ATPase act1v1ty The FOG portlon of exerc1sed rat quadr1ceps ex- i
". per1enced a 20 percent decline 1n the act1v1ty 1eve]s of such enzymes as

t K GPD, PFK,'pyruvate;k1nase (PK), LDH, and phosphorylase (Pase):wh11e

i



 the FG portion remained'unqiﬁered. rh contrast,- the SO fibres ot.the

\“*‘\ssalggs\underwent an 18-35 percent increase in these sane enzyies .

—
—

\
RESPONSES OF SK[LETAL MUSCEf\TO\S\RIJT TRAINING
\

There has been comparat1ve]y little researcT‘UL\the\ngclflc\effects .' B
- T —— o
- of spr1nt tra1n1ng on Pe]eta] musc]e fibre ‘types.. Staudte et al.(1973) T

tra1ned rats to run at 80 m/mln for 45 second intervals, 4 times dai]y

!

_ Th1s r1tua].was conducted da11y‘for‘3‘weeks Subsequent assajs of - the »
.s0leus - and’ rectus femor1s musc]es revea]ed that 1ncreases in enzymes of
vg]ycogeno]ysm and g]yco]yws were mos‘ pronounced in so]eus wnile :
rcreatlne k1na e 15 e]evated in that mu>c]e a]one These authors also
? fOund a 31gn1f1cant decrease in the 1sometr1c tw1tch contract1on t1m2 of
.the solaeus. These f]nd]hgs are in agreement W1Lh tho e of Saubert and -
coworker '(1973) who reported that on]y the - so]eus musc]e of the1r
spr1nt traxned rats shored a con51stent adaptatlonal 1ncrewre in Pase,
:PK, and PFK S1nce ne1ther the red and white portlons 0% gastrocnemius..
_ndr the red area of yastus ]atera]1s d1sp1a)ed any 519n1f1cant adaptat1on,-‘
"._they conc]uded that most ske]eta] musc]es possessed suff1c1ent anaerobic
°-~capac1ty to meet the demands of the hcavy but short-term 1nterm1ttant X
", work ‘1gad 1mposé3 However add1t1ona1 h1stochem1ca1 analyses revea]ed

h

an 1ncrement 1n the proport1on)bf FOG f1bres at the expe se of FG

i

--,~f1bres 1n aiﬁgst musc]e (wh1te gastrocnem1us) or’ at the expense of SO
=2 T .

f1bres ina slow: muscle ™
The ‘same responses’may not'occur tn$humans as the sprint trained

sUbjects,tested by.Thorstensson et al. (1975) showed.no a]terations in :

the'fjbre type composition of theiﬂ'vastus Jatera]fs muscle atter an

eight week program' “owevEr, further 1nvest1gat10ns where tra1n1ng 1n- o

tens1ty, durat]on and frequency are manipulated are needed to make



conclusive statements.

TRAI'r\lIN""REST‘i)I-SE AND MOTOR UNIT RECRUI'TMENT PATTERNS

S

The phenomenon of txa1n1ng response spec1f1c1ty has been succ1nt1y

’

5umnar1zod by Ma/well et al (19/3) who.state "there-19 no genera11zed

‘tra1n1ng reaponse Tho spec1f1c response in a g1ven motor unit s

o
)

dependent upon the vecru1tment pattern induced in that motor un1t by

e

‘the tra1n'
| v:'Sihteuthe motor;uhi‘ the true functionall element io.ﬁusc]e'con-
‘tracttoh_and a]]_its‘fibres ore Homogeneoqe'io‘nature (Edstrom.and
'-“KUgeloerg, ]968)}‘1t-mqy be_more app)opriate to speak of 'nolor un1tn

tybes rather than ’fibrc“types. Thus, any gﬁven type;of exerciée

- meet that demand. Surke-ahd-Edgertonf(]975).further infer that the in-
crease in usage of. eaclh unit will be reflected in the magnitude of the

| training effect.

G]xeogen dep]etion Studﬁec Studies'of g1ycogen dep]etion patterns

.,dur1ng s1ng]e boufs of exercise have_prov1ded support for the theory" of: :

select1ve recru]tment of motor un1ts Ina m1xed musc]e of the. rat

: such as rectus femor1s, Tow 1ntens1ty running calls upon FOG, then SO _

~and ]ast]y FG f1bres in that order (Armstrong et et al., 1974). As -the

| speed is lncreased FG fibres become se]ect1ve1y more dep]eted ”
(Armstrong et al., -1974; Armstrong gt_gl., ]976). Glllesp1e et al.
(1974) have also reported'that in a comparison-between runn1ng ‘and

) jumping,in a non-humaovprimate, the FOG fibres of a mﬁxed musoie'are

depleiedgof"their glycogen breferentjaily or, in other words, are used

‘most in the former exercise and FG fibres used least.. The reverse .

 requires a specific combinatioh~of motor units that are best adopted'to‘



’Pattern oCcurs in the latter exercise. S1m1]ar f]nd1ngq have been

documented in human subJects by Go]ln1ck et al. (1974) However, since -

FOG f1bres are scarce in man, submax1ma] and %upramax1ma1 b1cycle work

vpreferentna]]y dep]ete SO and FG fibres respect1ve1y

E]ectroqugraphy FMG) ov1denco Resu]ts from EMG investigations, are in
LD

agreement w1Lh the glycogen dep]et1on work. Smith et al. {1976)" stud1ed

: the.e]ectrical activity of cat soleus and gastrocnemius during various
types of activity. They found that[soleus'haéimost‘active in quiet.

“ksténding vhile slow running elicited nctivity7in both ﬁusc]o‘} As the
"f'speed-of4the run %ntreascd ‘the gaftrocnvm1u< became proport1ona11y nore
! o

active. In jumping 1t was this musc1<, wh1ch 1s 80 petcent fast twitch

that accouiited for almost. all of the e]ectr)ca] activity.

Summary. The literature cited emphasizes that exercisc is not a uniform -

stimulus to each -and every motdr dnit,in-a‘working skeletal muscle.’ The

degree to which. any g1ven un1t will be recru]ted ln contractld? depends

not on]y on. the type of st1mu]u>, that_msl1ts_1nten51ty,or duratjon,_but“

on the fibre c0mpds1tton of the whole muscle. Adaptatibnsvto repeated

stimu]dtion or training may be expected accordingly.
) _ . -

AGING EFFECTS ON SKELETAL MUSCLE FIBRE COI-'IP_OSI_TION;

-

Contraction tinn and enzymatie differentiation. It is poss1b4\ that

. some of the confllctlng results regarding the response of ske]eta]*ﬁtsc]e

fibre types to tra1n1ng may be due to the potent1a11y c0nfound1ng
variable of the age of the exper1menta1 animal. ‘ Most~mamma11an skeletal
muscle undergoes a deve]opmenta] d1fferent1at1qn after bjrth. The fgte
and degree of this process is ]afge]y dependent on the;méturitj of the

species at birth (Gutmann et af., 1973; Gutmann et al., 1974) and
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‘Dubowitz, 1968; GUtﬁandfot ai'.‘]973'-Gutmann et

these animals (Close, 1972).

/ * .o’ . W ‘.0
the spec1f1c muscle stud1ed (Dubow1tz, 1968 Gutmann anf Ne11chna, 1972)

1mmed1ate]y post natal]y, d1fferent1atfon is ev1dent to the extent

-1:

that f1bres may - already bc marktd as fast or s]ow tw1tch‘1n many spec1es
including the-rabh1t (Barany et al 1967) kltten (Hamnarberq and -
Ke]]erth, 1975 )5 and rat (Brown, ]973 Clbse, 1964; Shaf1q et ¢ a] , 197&)

|
but aT] fibres Jare - s]ow re]a€1ve to the adu]t tate (Clof&, 1972; Guth

ve

]968) in neonath] rat R both ﬁast and slow muscle f]bres undergo a ‘

. ..
o ’

decrcase.1n contract1on t1he dur1ng the first 3 to 5 woePs (Broun, ]9?3;.
.; . ' ¢ . a \ :
Gutmann et a] R 1973) Contract1on t1mc further decreafee in faQb
/- .

f]bres wh1le it ]evcls off or 1ncreases 1n s]ow f1bres until norma]
!

gdu]t va1ueJ are rcached (Guth 1968,.Gutmann et u] ]973)

A concommi tant. jncrea e in the b1ochnm1ca]1y determ1ned ATPa‘e ac- &

[

tivity hastbeen ehOWh to owcur ?ﬁ-deve]up1ng fasT f1b|cs Clqs%§?1§74;

~
- .

et al., 1974) andﬁhés been

conf1rmnd by h1stochem1cd] data as we]l (Tdmanér ‘1975) . ,.\f,;’;

Intreases in speed of contract1on are - para]]e]1ed by 1ncrements 1n
€ L4 L

the acttvmtles of such g]ycolyt1c enzymes as- Ph, a1d01ase (Mann and

Sa]af;ky, ]970) LDH and g]ycera]dehyde 3- phosphate dehydrogenase (Bass

et al ai 1970 Margreth et al\é 1970) Bass et a] (1970 found decreases"

in the activities of Some oxldat?:j enzyre ]evels 1n develop1ng fast

musc]e of ch1ckena wht]e Go]dsp1n/ (1969) reported a similar pattern,for"

SDH activity in 1aboratory m1ce" Mann and Salafsky (1970) however,‘
N J
found no a]terat1on in: the ox1d%t1ve enzyme act1v1t1es of develop1ng

k1ttens These contrad1ctory observatlons may be attrlbutable to the

fact that. d1fferent experlmentaT aﬂ1mals were emp]oyed in each case or

o -

,re]ated to the dlfferent rates of maturation of the nervous system of -
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‘ 'Aging and fibre. type chahgég' Thus, 1t is not surprls1ng that the fibre

\\ .

f type compos1t10n of a g1Ven musc]e 1s often not consLant durlng the
developm'ntal per%od In. the gu1nea p1g, age dependent changes in the
T fxbre populat1on of the plantaris (Fau]kner et al., 1971' Marwellvet al.
1973) Rave been obserVGd “In both Muscles, a decrease in the percentaqe.
- of FOG f1bres wids seen w1th a torrespond1ng 1ncrea e in the FG fibresg
of the predom1nant]y fast p1antar1s and in the SO f1bres of the slow
so]eus A s1m11ar trend was destr1bed by H1T!1nson Ct a] (]976) in the
same mu.cies of two groups of contro] rats sacr1f1ced athb and 15 weeks: .
of age Hu1]er (1975) found‘no change in rat soleus musc}e from 9 to 18
weeks of age but neted ‘that both the h1gh and low ox1dat1ve port1ons of
~reetu, femor1s dw*p]ayed the FOG to FG f1bre sh1ft dur1ng those 9 weeks -
" of growth / The s1Jn1f1cant FOG fo N f1bre convers1on seen - by P11L1n°on

et a] (]976) in'developing rat soleus. was probab]y due to thc 1n1t1al]y

- younger age of the an1mals It is 1nterest1ng to note that no age ‘f o

related changec were scen in the psoas of gu1nea p1gs (Maxwell etual.i:

'11973) o)‘nn the plantaris II réglon of rats (Nﬂiig;n‘son a 1976), R

' " two musc]es,whxch_conta1n on]y fast tw1tch.f1bres.

gtngfand training' It would seem cr1t1ca1 therefore, in light of the -
' 11terature Just cited, to relate data froh exper1menta1 an1mals to that
from age matched _contros throughout any tra1n1ng study and yet th1s has
been done in on]y a few 1nstances 1t is also of 1nterest_to view adap-
tat1ons to tra1p1ng'1n relation to normal developmenta] patternsn‘vit
has been suggeSted,that the exercise stimu]us, rather than causing fibre
A type'con&ersions,'may actu§]1y preserye or majntain the fibre composition

of non-mature muscle (Wilkinson et al., 1976).. Muller (1975) agrees .
. _ . o



‘stating: ., . - . ' A

’fdaptdtion takes place along the pa&hway of m1n$ha] . "' ‘

‘expense’... The proportional adaptation of morphome{rical

'

parametcxs and the tonservation of a Juven1le state - - .

probably requ1r§91ess information‘than the removal of flbres
or quantitative @nd espeC1a11y qua11tat1ve transfonmat1on ‘

of.fibres.' . e <. L &

Thc lnmltod experlmenta] agidence ava11ab1e would. tcnd to support

-

th1s hypofhes1s " The sta1n1ng pattern in SQCtIOn; of 14 uook old en- vrlp

-

}
" durance trained guinea pig plantarls muscle C ouely resemule thai of .
© 6 weck - old controls (Hi&we]] etal., J973)

s1m|]ar-type of program

preserved the pattern of a9 wé‘i old roctus weﬁoris.in-ié week'experé E

imental rats (Mul)er 1974) . Wilkinson et a

(1976) . found thas fﬁéa'.

‘ compon1t1on of the p]antar1s III reg:on of boj: ae:oblcally and

. .
anaerobically pxevc1sed rats at 15 wee‘g of age was-not 51gn1f1caﬂt4y

d1ffercnt than the 10 Week controls. The samJ Jas true for the so]eus
muscle but only in the aerob1c an1m*1s . 5 .

i

nveath case, tra1n1ng tended to malntaiJ the proportlon of FOG _.

!

“fibres |

/ /.

4 A flnal cons1dei:5lon is dhat tissue may possefs a greater potentlal for
(

*‘adaptat1on during the deveIOpmental perlod (Shfaff1no and Borm1011,

- 1973). In support of th1s theory, Syrovy et . (1972) have noted an

—ﬁi

iincreaée of 17% .in the ATPase att1v1ty of the ;oleus muscle of h1s
young group of training rats only The change took place in f1bres
a]ready Tow in ATPase act1v1ty « As this .is a 3‘a deveqopmental occur-
'rence these authors suggested this relatvons p was more than Just ‘

co1nc1dental Their observations are in agrez;ent w1th those of
.
. Gutmann and’ Hajek (1971) who found a decrease }n contract1on time and

- concommitant elevatlon of ATPase act1v1ty 1n the extensor d1g1toiﬂg

,

- . . ’.'
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orvto partially offset'theif Ioss norm 1y~seen du?1ng development
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Yongus of 20 day old rats forced to swfm 4 to 6 hours daily for only

“r

<4 day} Aga1n, more ‘extensive raﬂearch va:y1nq “the age and spec1es of ’

V)
the animal as wv]1 as the 1nren<1ty of thp Tra1n1ng stimulus is nnoﬂed

b
§
4
t I3

to cnnflrm tmv hvpo hesis. ,
X

o
L o

. y )
> P <



’\L.APPH:DI X 8"

N



RE T B
o ~ TABLE 111 s
RUNKING TIME (MIN.) TO LXHAUSTION AT 40 M/MIN|
IN PERFOFI{P‘n/\f‘JCE TEST
TRAINING /\.NIW\.L ’ w—mf-‘fz’tﬂri "G“T_I_l;l: -
GROUP NUMBER ~ (iin) o
' . T T T T e e e T I
" ENDURAKCE 49 o |
50 85
" 5 o6
. 52 \az';
53 0 68
150
73
e §
T ;

R

NEAR. -
SEM ° -

D




48

Sp°L 9671 901 izl 2l 0 0, ' 880 8870 W3S
£9°IT 66°69. (6781 LS gty 0 0 eS| 8Lsy T
e €€7€9 - wm.,N_ 13°05 6L 6b o 4o,. 05°€5 . 0§°9Y 1zt
€08 S2WL €Ll e 0z'2s 08y 0 S0 szres ey 0zl
2l L€l S3EL 2019 S2EE O 0 . NN.Nn_ 81725 | 6LL
szl sl'6s 09l G8'ss  SL9r O ) 096705 %06 8Ll
(9712 §9°95 /9712 EWY9  [97CE 0 o.l.._@m.omw Y6 LLL
%70l 02°0L .18 VE09  59°6E .0 - 0. 86z 20°Lh 9l
(6 69790 ESEL. . €SS 1570y R A A SL
956 18°59 . 65712 . ~ €29 L1068 . 0 88715 . U8y _v__
Lol e2zL 094U 856y 2v°05 0 0 - sev s9zs - el
oLt 8L _@sel vE29 99°LE O 0 0z'es 089y 2l
94 504 0S . o5 o4 08 94 904 0S YIGWNN
SNIWIN0YL Sy | STa¥1Ny1d sN310S © IWWINY

SLYY TOMINOD @10 ¥3IH § NI.

.

AL 318Vl

NOILISOdWOD 3¥gI4 LNIDYId



49

: __ﬂé.,_om;ou Q70 %331 S1 NI NOILISOQWOD 3414 INIDYId-

o oo NI

- ﬂ A, e
€0°€ 92 6L 26°2 8z 850 0. €97 " E9'2 ° W3S
BL'EZ 6195 €9°0Z° . 05705 (0°8y -€v'l . 0 29°6l 85" 08 NVIW
. 3 . . * . , .
66741 - 29°89 ~ 6E¢gl 19719, €0°8E . ££°0, 0 £8°€C  /1°99 89
920 ey 09°SL. . Ol'tS. 06'9Y O~ < 0 - 6ppg 15°5L 9
80°2¢ - 9.5y 8lzz . 88°25 COL'9F 2000 0" €8°0L /L'68 99"
(292 9L°€5- 00702 - 51709 9g'6e 0 0 p'6L _ Lb6L 59
€882 SE'VS 89 zesr slbs o 0 816 /5706 v9
99°6L (0719 lv'6L 20°56 1129 0ez 0 €9°6L° c£°08 €9
9/°v2 'S9°ES - 65712 . BETSY BSTIS  80°E .0 1£°0L 69768 29 -
8Ll jOL'vS 2582 P96S  €9°6E (L7 0 58°0z Sl6s 19
o= N ST . - , LT T . :
PLL BB 862 1670V $9°€S  Sb'g T - 0 €Lz [z 09
6Lt 29'89  eeiel o~ — - _ — 65
94 904 - 0S . . 91~ 904 0s 94 904 . 05 “YIGAN
O SMANdO¥LSYY SIVINIe © = sn370s | TUWINY



%.

1wz

v2°81

8L L

| Nm»w”; .

.

€87
0E b5

8.2

180°Sh .

69°7
09°0L
¢86

t6°81
LL722

0gzz

6505
§.°¢€2

S€°/1

GE €9
25725
6" 55

SE° 49

2Lz

88" b2

5522
80°GL

S8 EL

57°91
€02
6271

prezg
CoL6L - - Tg9tig

YA N

vssE

2672
191

o o o

o o o o o

BTNl
10°€2
2581
+05°0€

etz

LS
0%
6v

94

904

0s

SN TW3NJOUL SYD

5
B2l

94

904
STHVLNY1d

294 gwou :
| EEN

" ¥IGNN -

- TWINY

7 SLY¥ Q3NIVEL 3ONVERONI G0

TIA T9vL

°

¥33% SL NI NOILISOANOD 3¥EI4 LNIDY3d



5%

£6°0

570y

0871

RORT

€2l
2078l

- ge"2
80"t/

Was, .
NI

£870€
6976
12°6¢
92°cy
S6°¢v-
69°ct
IR
Ty

‘oonmq

16°8€
26°0%

L9°¢EY

.nmeWm,

02°LE
Qﬁo»mv
10°vE.

L9yl

ot iz
086l
907¢l

1902
160

. geUEl

12°22

;..NNw,m.

1876
Sv°2p
SL°1s
Npuwn_

...."..,.,,m_. mm ,
“oWJNN
_“owou
.Nm.mM,
2991

04" 8¢

99759
0°€9

bh.
£t
2y
v
oy
6f

8
e

94

504

0S

SNIWNI0YLSY9

93~

904
STYVLHY1d, =

. 904
£ $N310$

0S

NEETI
THINY -

@..

 SLvY QINIQUL LNINAS Q10 %33

S{ NI NOILISOdWOD 38814 IN3IDY¥3d
39V .

- -



K

.
196°¢

6€4:0

S snes
€082 - {7249

| p0222
2066° |
£09Y "1

5€90°0.
0T ~ge9p70

180170

0£00°0 -0££0°0
91070 "15€0°0
o 111076
£000° . 1/10°0

£500° 90000

vioL

1HOI3INM

N3IMLIE  LHOIIM ACOS

LWi0L
NIHLIN -

NIIMLIE  SNIWINIOULSYD

W10l -

NIHLIM

NIIMLIE

V101
NIHLIM -
N33ML3g

L)

| STHVINYId

. $n310S

OLLYY 4

SIYALS S2YvNLS
w30 wns

N EELE I
-4 $33¥93Q

A0UN0S

3I8VIYYA.

-

.

4 v

LH213H K002 GRY SLHSIZA 305N 134 Ny

IITA 3gvi

TIONVIYVA 4O SISATYNY.

i

/

i

/

.o



APPENDIX C

ES

i



Dot !

Plate 2 - Mydsi‘ri ATPa“'se staining pa'ttem in 15 week control soleus
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