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ABSTRACT 

Forty eight male Wistar rats with mean initial body weights 

of 163 grams were randomly assigned to one of eight different 

treatment groups. Two series of experiments were conducted on a 

Quintan (model 42-15) motor driven rodent treadmill. 

Series I consisted of exercise bouts performed at speeds 

of 25, 35, 45 and 55 m/min. at 0% incline. Series II consisted of 

exercise bouts performed at a constant speed of 35 m/min. but at 

selected grades of 0, 20, and 40% incline. In each series, the 

distance covered was equal for all groups in that series. 

Glycogen depletion patterns induced as a result of the series 

t exercise bouts were also reproduced generally in those exercise 

bouts of the series II group. From the results of the present study, 

it was concluded that glycogen depletion patterns are affected 

by changes in both speed and incline of a motor driven treadmill. 

Since this relationship has been shown to exist in running done on 

the level and with grade, it appears that changes in intensity 

are responsible for the different glycogen depletion patterns 

observed in these situations. The trend towards predominantly 

SO and FOG fiber depletion at low to moderate intensity work, and 

predominantly FG depletion at the higher intensities of work, was 

established but, this effect appeared to be more distinct in those 

groups of animals that ran at selected inclines. 
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CHAPTER I 

THE PROBLEM 

I n t r o d u c t i o n 

Mammalian s k e l e t a l muscle i s composed of f i b e r s which a r e 

c h a r a c t e r i z e d by d i f f e r e n c e s i n c o n t r a c t i l e , m e t a b o l i c , and f u n c t i o n a l 

pa ramete r s ( C l o s e , 1972) . I t i s g e n e r a l l y a c c e p t e d , a t t h e p r e s e n t 

t i m e , t h a t mammalian s k e l e t a l muscle con ta in s two major f i b e r type 

c a t e g o r i e s which can be h i s t o c h e m i c a l l y d i s t i n g u i s h e d on t h e b a s i s of 

d i f f e r e n c e s i n m y o f i b r i l l a r ATPase a c t i v i t y (Dubowitz and P e a r s e , 

1960; Edstrom and Nystrom, 1969; Gol ln ick e t a l . , 1972a, 1972b) . As 

myosin ATPase a c t i v i t y i s c l o s e l y r e l a t e d t o c o n t r a c t i l e speed 

(Barany e t a l . , 1965) , t h e s e two c a t e g o r i e s can be des igna t ed as con­

s i s t i n g of e i t h e r s low- twi t ch (low l e v e l s of m y o f i b r i l l a r ATPase 

a c t i v i t y ) o r f a s t - t w i t c h (h igh l e v e l s o f m y o f i b r i l l a r ATPase a c t i v i t y ) 

f i b e r s (Go l ln i ck e t a l . , 1972a, 1972b; Barnard e t a l . , 1971). 

Because o f t h e m e t a b o l i c demands and mechanisms i m p l i c a t e d i n t he se 

two p o o l s of muscle f i b e r s , o f t en t h e terms s l c w - t w i t c h and s low-ox id-

a t i v e (SO) a r e used synonymously, as a r e t h e te rms f a s t - t w i t c h and 

f a s t - g l y c o l y t i c (FG). Although t h i s s p e c i f i c t w o - f i b e r p r o f i l e has 

been shown t o e x i s t i n human s k e l e t a l musc le , much exper imen ta l e v i ­

dence s u p p o r t s t h e f a c t t h a t o t h e r mammalian s k e l e t a l muscle ( i e . 

p r o s i m i a n , r a t , mouse e t c J i s composed of , i n a d d i t i o n t o t h e s e two 

b a s i c t y p e s , y e t a t h i r d muscle f i b e r type (Edgerton and Simpson, 

1 
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1969; Armstrong e t a l . , 1974, 1975: Khan e t a l . , 1974: Gi l lespie e t 

a l . , 1974). This t h i r d muscle f iber type i s an intermediate type of 

f ibe r and has been termed fast-oxidative-glyoo l y t i c (FOG), as i t shows 

both high leve ls of myofibr i l lar ATPase ac t i v i t y (Burke and Edgerton, 

1975) as well as heavy s t a in ing for oxidative enzyme po ten t i a l (Peter 

e t a l . , 1972). 

This d i s t inc t ion between fas t - twi tch and slow-twitch f ibers 

with d i f fer ing enzymatic and s t ruc tu ra l cha rac te r i s t i c s i s basic to 

the idea or concept of motor uni t ( i e . spec i f ic f iber) recruitment. 

Furthermore, the findings of Henneman and Olson (1965), Grimby and 

Hannerz 0-968), Hannerz (1974) and Tanji and Kato (1973) with e l e c ­

tromyographic recordings of s ingle motor un i t s a lso seem to indica te 

the presence of two metabolically and cha rac t e r i s t i c a l l y di f ferent 

muscle f ibe r pools which, v ia the cerebral cen te r s , are capable of 

being se lec ted in advance with respect t o recruitment order tha t ap­

pears most appropriate for the work intended (Hannerz and Grimby, 

1973). 

Because of metabolic demand, a l l f ibers do, to some ex ten t , 

undergo exercise-induced glycolyt ic degradation of fue ls . Consequen­

t l y , each f ibe r type has been shown t o possess some s tore of carbohy­

dra te (glycogen) within the f ibers themselves (Beat ty^e t^a l . , 1963; 

Gil lespie e t al_., 1970; Dubowitz and Pearse, 19601. The loss of t h i s 

f ibe r glycogen, a subs t ra te which serves as an important energy source 

for muscular cont rac t ion , has been used as an ind ica to r of f ibe r r e ­

cruitment i n exercise and s ingle motor un i t recruitment (Edgertori^et 

a l . , 1970; Burke'et a l . , 1971; Edgerton and Hewitt, 1972a). This loss 

i n f ibe r glycogen has been demonstrated histochemically by the 
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technique known as the Periodic Acid-Schiff (PAS) reaction. The PAS 

reaction gives an indication of the relative glycogen content of spe­

cific fibers and has been important in the recognition and understan­

ding of glycogen depletion patterns induced as a result of exercise. 

This histochemical evidence suggests that the mechanism postulated by 

Henneman and Olson (1965) exists where, at low to moderate stimulation 

intensity, those fibers with the smallest motorneurons (SO<FOG) are 

probably predominantly recruited and where those fibers with the 

largest motomeuron size (FG) are called into play only at the higher 

intensities of stimulation. Support for this hypothesis comes from 

other authors who have shown that the effect of exercise on the glyco­

gen store is dependent on the work load employed (Hultman et al. , 

1971; Saltin and Karlsson, 19 71), and from the analysis of glycogen 

depletion patterns in exercising rats (Armstrong et al., 1974, 1975; 

Edgerton and Simpson, 1969), prosimians (Gillespie et al., 1974), 

guinea pigs (Edgerton and Simpson, 1969) and humans (Piehl, 1974; 

Edgerton et al. , 1975; Gollnick et al., 1973a, 1973b, 1974a, 1974b; 

Costill et al., 1973). 

Rationale 

Because of the many advantages that work with an animal model 

offers over the use of human subjects, many of the exercise related 

studies are relying on these experimental animals for their supply of 

'subjects'. However, in studies where a motor driven rodent treadmill 

is used little is known concerning the effects of specific exercise 

regimens on the skeletal muscle fiber recruitment patterns of these 

animals at different speeds or grades. Such a profile could be esta­

blished in an experimental situation by histochemical demonstration of 
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the glycogen depletion patterns in rat hind limb skeletal muscle 

fibers throughout graded work bouts of increasing intensity achieved 

by means of a change in speed or incline of a rodent treadmill. In 

this way, selected changes in workload can show their effects upon 

recruitment shifts in specific fiber selection. 

The need for such a profile in order to be able to establish 

specific high-intensity anaerobic or low-intensity aerobic exercise 

programs, as well as to pinpoint the intensity of work which seems to 

bring about the recruitment shift from the aerobic to anaerobic fiber 

populations, is immediate and will no doubt assist researchers in 

identifying an exercise situation which will more precisely induce in 

their experimental animals that effect which they are seeking. 

Purpose 

The present study was designed t o determine the effects of 

changing the i n t e n s i t y of a workload by var ia t ions in speed of a motor 

driven rodent t readmil l from 2 5 - 5 5 m/min. , and elevat ion from 0 -

40% grade, on glycogen deplet ion pa t te rns demonstrated histochemically 

in the p l a n t a r i s muscle of male Wistar r a t s . 

Definit ions 

Motor Unit - A motomeuron and a l l those muscle f ibers which i t inner ­

vates . 

Slow-Oxidative Fiber - Those f ibers which are histochemically demons­

t r a t e d by low leve ls of myof ibr i l la r ATPase a c t i v i t y , and high leve ls 

of oxidat ive enzyme a c t i v i t y (NADH-Diaphorase). (SO) 

Fast-Oxidative-Glycolytic Fiber - Those f ibers which are histochemi­

ca l ly demonstrated by high leve l s of myof ibr i l la r ATPase a c t i v i t y , as 
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well as high leve ls of oxidat ive enzyme a c t i v i t y (NADH-Diaphorase). 

(FOG) 

Fast-Glycolytic Fiber - Those f ibers which are histochemically demon­

s t r a t e d by high levels of myofibr i l lar ATPase a c t i v i t y , but low leve l s 

of oxidat ive enzyme a c t i v i t y (NADH-Diaphorase). (FG) 

PAS Dark Fiber - Those f ibers which s t a in darkest with the PAS react ion 

(see reference photomicrographs which follow). (D) 

PAS Moderate Fiber - Those f ibers which show an intermediate level of 

PAS s ta in ing i n t e n s i t y between those of Dark and Light c l a s s i f i ca t ion 

(see reference photomicrographs which follow). (M) 

PAS Light Fiber - Those f ibers which show very l i t t l e s t a in ing with 

the PAS react ion (see reference photomicrographs which follow). (L) 

PAS Negative Fiber - Those f ibers which show no s ta in ing with the PAS 

react ion (see reference photomicrographs which follow). (Neg) 
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Figure 1: Ser ia l Sections of Rat P lantar i s Muscle of Unexercised Cont­
r o l Animal. Note t h a t the SO f ibers are l i g h t in ATPase s ta in ing 
and dark in NADH-D s ta in ing , FOG fibers are dark in ATPase staining 
and dark in NADH-D s ta in ing and, FG fibers are dark in ATPase s ta in­
ing and l i gh t in NADH-D s ta in ing . Reference photomicrographs demon­
s t r a t e the system used t o c lass i fy the individual f ibers info the 
three types used in t h i s study. (xl!5) 
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PAS • 

Figure 2: Ser ia l Sections of Rat P lan ta r i s Muscle. Photomicro^axh 
showing PAS Neg f iber was taken from an exercise depleted animal, 
while the o ther photomicrograph was taken from a normallv fed, un­
exercised control a n i r a l . Reference •ohotomicropraohs (s tained by the 
PAS technique) demonstrate the system used to c lass i fy the individual 
f ioers as Dork (D), MDderate (M), Light (L), and Negative (Neg) in 
r e l a t i v e glycogen content. (xl l5) 



CHAPTER I I 

REVIEW OF RELATED LITERATURE 

Introduction 

Within t h i s chapter, l i t e r a t u r e concerning the enzymatic and 

s t r u c t u r a l p rof i l es of the different f iber types present in mammalian 

s k e l e t a l muscle w i l l be presented. Material dealing specif ical ly with 

the slow-oxidative f iber w i l l then be discussed, and followed by 

sect ions dealing with fas t -g lyco ly t ic and fas t -oxidat ive-glycolyt ic 

f ibe r types . In the f ina l sec t ion , evidence from studies considering 

glycogen depletion pa t te rns in r e l a t i on t o recruitment sh i f t w i l l be 

examined and followed by a summary. 

Enzymatic and S t ruc tura l Prof i les of the Different Fibers 

I t has been shown tha t mammalian ske le ta l muscle contains a t 

l e a s t two major f iber types which can be distinguished as fas t - twi tch 

and slow-twitch on the basis of myofibr i l lar ATPase ac t iv i ty (Dubo-

witz and Pearse, 1960; Edstrom and Nystrora, 1969: Gollnick e t a l . , 

1972a, 1972b, 1973a, 1973b; Engel e t a l . , 1974). These findings are 

i n agreement with r e su l t s from other authors (Henneman and Olson, 

1965) who have shown t h a t the different s izes of the motorneurons in 

the spine can have a functional s ignif icance, and t h a t the motor-

neurons are connected to different types of f ibe r s . These ce l l s have 

d i f fe ren t thresholds and t h e i r recruitment pa t te rns are r e l a t ed to the 

8 
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s t rength of the e l e c t r i c a l s t imul i (Henneman and Olson, 1965) and the 

organizat ion of the exci ta tory and inhibi tory synaptic systems impin­

ging on the in temeuronal ce l l s in question (Burke and Edgerton, 1975). 

S imi lar ly , work by Kugelburg and Edstrom (1968) supports these r e s u l t s 

and also indicates t h a t those f ibers in the same motor uni t s have 

iden t i ca l enzymatic p ro f i l e s . 

Because the d i s t inc t ion between fas t - twi tch and slow-twitch 

f ibers with d i f fer ing enzymatic and s t ruc tu r a l cha rac te r i s t i c s i s 

bas i c t o the idea or concept of motor uni t recrui tment , some of the 

proper t ies which characterize each spec i f ic type of f iber and best 

adapt i t for the function which i t must perform, and the type of meta­

b o l i c condition under which i t must work, w i l l be presented in the 

following sec t ions . 

The Slow-Oxidative Fiber 

When considering the environment in which a primari ly aerobi-

ca l ly metabolizing f iber must function, i t i s important for these 

f ibers to demonstrate r e l a t i ve ly high oxidative p o t e n t i a l s . From 

histochemical da ta , slow-twitch (ST) f ibers of mammalian ske le ta l 

muscle appear to have two to three times the oxidative capacity of the 

fas t - twi tch (FT) f ibers (Dubowitz and Pearse , 1960; Gollnick e t a l . , 

1972a, 1972b, 1973a, 1973b). A f ive-fold difference has been reported 

between ' red ' and 'white ' r a t ske l e t a l muscle by Baldwin and h i s co­

workers (1972a). The spec i f ic nomenclature used by the authors of 

these s tudies was born from the fact t ha t f iber type differences were 

only assessed an the one hand (FT-ST), on the basis of myosin ATPase 

and, on the other hand (Red-White), on the basis of physical 
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colour of the whole muscle. 

The difference in oxidative po t en t i a l seems to be due t o a 

number of contr ibut ing fac tors . Pa t r i a rca and Carafoli (1969) have 

shown t h a t in red muscle (SO,FOG) the amount of calcium (a p re requ is i t e 

for contract ion) in mitochondria i s high and the sarcoplasmic calcium 

low. This calcium re la t ionship seems to be a property of the sarco­

plasmic reticulum which i s cha rac t e r i s t i c t o t h i s type of muscle. The 

authors suggest tha t mitochondria may have a role in the i n t r a c e l l u l a r 

movements of calcium associated with contraction and re laxat ion in red 

muscle. The myoglobin content of red muscle also i s two to f ive 

times higher than t h a t of white muscle (Malekina e t a l . , 1966; Harth-

shome and Perry, 1962; McPherson and Tokunaga, 1967; Dawson and 

Romanul, 1964), and various inves t igators have reported tha t red 

muscle f ibers have a higher mitochondrial content and mitochondrial 

p ro te in than white f ibers (Porter and Armstrong, 1965; Pa t r i a rca and 

Carafo l i , 1969). 

The red muscle f ibers are considered t o be f a t - u t i l i z i n g , as 

opposed t o the white glycogen-ut i l iz ing fibers (Vallyathan e t a l . , 

1970) and contain not only l i p i d inclusions which white f ibers do no t , 

but a l so show five times as much hydroxyacyl-CoA dehydrogenase a c t i ­

vi ty and are able to oxidize ketone bodies a t a r a t e which i s two to 

three times higher than in white muscle t i s sue (Beatty e t a l . , 1959). 

Since the a c t i v i t y of hexokinase in red muscle i s higher than in white 

(Peter e t a l . , 1968; Bass et a l . , 1969) i t appears tha t tonic muscle 

f ibers b e t t e r u t i l i z e free glucose whereas phasic f i b e r s , because of 

t h e i r high phosphorylase a c t i v i t y (Dubcwitz and Pearse, 1960), r e ly 

more upon glycogen metabolism. 
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Golarz de Bourne and Bourne (1966) have demonstrated five dif­

ferent l a c t a t e dehydrogenase (LDH) isoenzymes in ske le t a l muscle c e l l s . 

Further observations of human muscle by other authors showed tha t 

white f ibers contain predominantly the M form of LDH which i s respon­

s ib l e for the conversion of pyruvate t o l a c t a t e in anaerobic glycoly­

s i s , whereas red f ibers are pa r t i cu l a r ly r i ch in the H form of LDH, 

responsible for the conversion of l a c t a t e to pyruvate in aerobic gly­

colysis i n the hea r t and l i v e r (Dawson and Kaplan, 1965; Karlsson e t 

a l . , 1974). 

F ina l ly , the work of Romanul (1965), Carrow e t a l . (1967) and 

Mai and co-workers (1970) es tabl ishes the existance of a g rea te r ca­

p i l l a r y to f iber r a t i o , with a subsequent increased blood flow poten­

t i a l , in slow-oxidative f ibers speci f ica ly . 

Thus, these findings would seem to favor the uptake and oxida­

t i o n of blood glucose and free fa t ty acids (FFA) by the oxidative 

f ibers and accentuate the 'oxidat ive p o t e n t i a l ' difference between 

both oxidative (SO,FOG) and non-oxidative TFG) f iber types. 

The Fast-Glycolytic Fiber 

I t has been shown t h a t FT (FG) f ibers of mammalian ske l e t a l 

muscle generally have a higher g lycoly t ic and lower oxidative capacity 

than ST (SO) f ibers as judged histochemically and by enzyme a c t i v i t i e s 

(Dubowitz and Pearse , 1960; Bass e t a l . , 1969; Domonkas and Lotzkovits , 

1961; Gollnick e t a l . , 1972a, 1972b, 1973a, 1973b). In support of 

these f indings , Dubowitz and Pearse (1960) have reported also tha t the 

FT f ibers of human ske l e t a l muscle contain more stored glycogen than 

the ST f i be r s . This same re la t ionsh ip between glycogen content of FT 
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and ST f ibers i s also supported by other authors (Gil lespie e t a l . , 

1970; Beatty e t a l . , 1963; Ogata, 1960). 

With respect to con t rac t i l e p r e r e q u i s i t e s , Pa t r i a rca and Cara­

f o l i (1969) have shown t h a t the calcium pool associated with the sa r ­

coplasmic reticulum i s higher in white than in red muscle, and reports 

ind ica te t h a t phasic (white) muscles contain about twelve percent more 

t o t a l protein (Taskar and Tulpule, 1964; Barany e t a l . , 1965) and 

twenty-five percent less noncollagenous protein than ton ic (red) 

muscle (Prewitt and Sa la fsk i , 1967). Thus, t h i s higher component of 

s t r u c t u r a l prote in found in the FT fibers could in p a r t be responsible 

for the capacity of these FT f ibers for the development of the grea te r 

tension which i s cha rac t e r i s t i c of t h i s pa r t i cu l a r f iber type. 

F ina l ly , Barany (1967) has demonstrated tha t the i n t r i n s i c 

speed of muscle contract ion, with and without load, i s a charac te r i s ­

t i c property of the ATPase ac t iv i ty of myosin in the ske l e t a l muscle 

of severa l mammalian species . Subsequently, Taylor and co-workers 

(1974) have shown tha t the ATPase hydrolysis in the fas t contract ing 

f ibers has higher maximal velocity as compared to the ATPase which 

predominates in the more slowly contract ing f ibe r s . 

This high glycolyt ic - low oxidative f iber i s in complete 

cont ras t to the SO f ibe r seen previously, and although i t i s capable 

of fas t contraction and rapid tension development, i t posesses l i t t l e 

of the oxidative q u a l i t i e s which could render i t fatigue r e s i s t a n t . 

The Fast-Oxidative-Glycolytic Fiber 

The t h i r d muscle f iber type which has been shown to ex i s t in 

mammalian ske l e t a l muscle (Edgerton and Simpson, 1969; Armstrong e t 
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a l . , 1974, 1975; Khan fet a l . , 1974; Gil lespie e t a l . , 1974) i s a type 

of f ibe r which has been termed fas t -oxidat ive^glycolyt ic as i t shows 

both high leve ls of myofibr i l lar ATPase a c t i v i t y (Burke and Edgerton, 

1975) as well as heavy s ta in ing for oxidative po t en t i a l (NADH-Diapho­

rase) (Peter e t a l . , 1972). 

The high glycolyt ic aspect of the FOG f iber p ro f i l e i s sup­

ported by work from other authors which has shown t h a t , in guinea pig 

vastus l a t e r a l i s , the FOG f iber has a higher glycogen content than 

even the FG f iber (Gil lespie et '^al. , 1970) as well as moderate LDH 

a c t i v i t y and high phosphorylase and alpha glycerophosphate de ­

hydrogenase ac t i v i t y (Peter e t _ a l . , 1972). This , as the authors sug­

g e s t , implies an important ro le for the alpha glycerophosphate shu t t l e 

system in regenerating nicotinamide adenine dinucleotide (NAD) for 

glycolysis in both the FOG and FG f ibe r s . 

On the other hand, much evidence also ex i s t s t o support the 

highly oxidative po t en t i a l of the FOG f iber . In f ac t , the oxidative 

enzymatic capacity of the FOG f iber type seems t o indicate t ha t i t i s 

b e t t e r equipped for oxidative metabolism than even the SO f ibe r . 

Cytochrome C content , an index of mitochondrial content , i s approxi­

mately nine times grea ter in guinea p ig FOG fibers than in FG, and 

even three times grea ter than in SO f ibers (Burke and Edgerton, 1975). 

Likewise, the oxidative enzyme ac t i v i t y of succinate dehydrogenase i s 

h igher in FOG than in SO f ibers in r a t ske l e t a l muscle (Nolte and Pe t -

t e , 1972) and a s imi lar re la t ionship has been shown t o ex i s t with r e s ­

pec t to myoglobin content in guinea p ig muscle (Peter e t a l . , 1972). 

F ina l ly , Reis e t a l . (1969) in c a t , and Mai and h i s co-workers (1970) 

i n guinea p ig have shown tha t FOG fibers have higher cap i l la ry t o 
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fiber ratios than FG fibers, and thus, the richer blood supply which 

they receive can enhance their aerobic oxidative potential and subse­

quent resistance to fatigue. 

Glycogen Depletion Patterns and Muscle Fiber Recruitment 

Although all of the physiological and physical characteristics 

of the individual skeletal muscle fibers presented in the previous 

sections have been reported by various authors, one might ask whether 

or not any direct evidence of recruitment at the fiber or motor unit 

level has been shown. Such evidence of the selectivity of fiber 

recruitment by type of work has been reported. The techniques invol­

ved in establishing the theories of specific fiber recruitment include 

electromyographic studies (Henneman and Olson, 1965; Hannerz and 

Grimby, 1973; Grimby and Hannerz, 1968; Hannerz, 1974), biochemical 

studies on homogeneous muscles (Bass et al., 1969), and histochemical 

glycogen depletion studies on human and animal skeletal muscle fibers 

(Armstrong et al., 1974, 1975; Costill et al. , 19-73, 1974; Gillespie 

et al., 1974; Gollnick et al., 1973a, 1973b, 1974a, 1974b). For the 

purposes of this review, only the latter evidence will be considered 

in detail. 

The loss of fiber glycogen, a substrate which serves as an 

important energy source for muscular contraction, has been used as an 

indicator of fiber recruitment in exercise and single motor unit re­

cruitment (Edgerton et al., 1972b; Burke et al., 1971; Edgerton and 

Hewitt, 1972a; Edgerton and Lehto, 1972c). 

It has been postulated by some authors that during normal act­

ivity, fibers are probably recruited in the manner outlined by 
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Henneman and Olson (1965). I t was suggested t h a t , a t low to moderate 

s t imulat ion i n t e n s i t y , those f ibers with the smallest motomeurons are 

probably predominantly r ec ru i t ed , and those f ibers with the l a rges t 

motomeurons ca l led in to play only a t the higher i n t e n s i t i e s of s t i ­

mulation. This concept supports the hypothesis t ha t a t low to mode­

r a t e work i n t e n s i t y , oxidative f iber groups are probably used to a 

grea te r extent and the g lycolyt ic f ibers added only when the work load 

exceeds the capacity of the oxidative f ibe r s . 

Gollnick and h is co-workers (1973a) observed t h a t a t the end 

of a work bout t o exhaustion on a bicycle ergometer, a t a workload 

requir ing s ix ty t o seventy percent of Max V0?, t o t a l muscle glycogen 

was very low. I t was determined by PAS s t a in t ha t the ST f ibers were 

depleted f i r s t , and, as the exercise progressed, the FT f ibers also 

became depleted. Thus i t seems t ha t a l l muscle f ibers are used at 

some time during an exercise bout to exhaustion and suggests tha t 

there ex i s t s a p re fe ren t i a l early u t i l i z a t i o n of ST f ibers during pro­

longed intense exerc i se , with a secondary recruitment of FT f ibers 

occurring as the ST f ibers become depleted of t h e i r glycogen s to r e s . 

The authors suggest a mechanism whereby such depletion pa t te rns could 

be explained. One in t e rp re t a t ion of these r e su l t s put forth by Gol­

lnick and h i s co-workers i s t h a t those f ibers losing PAS s ta in ing 

f i r s t were rec ru i ted i n i t i a l l y and, as they became depleted of glyco­

gen, t h e i r metabolic r a t e , and therefore a b i l i t y to develop t ens ion , 

was impaired to a point where addi t ional motor uni ts had to be a c t i ­

vated to sus ta in the work. Another i n t e rp re t a t ion involves a synchro­

nous ac t iva t ion of motor uni ts with a very in te rmi t t en t use of those 

containing FT f ibe r s . Thus, the FT f ibers might be ac t ivated in work 
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of relatively moderate intensity for only short intervals of time at 

the point(s) of peak tension. It is possible that both of these me­

chanisms are active in determining recruitment patterns in skeletal 

muscle fibers during activity. 

In support of these findings, Karlsson, Diamant and Sal tin 

(1971) observed a depletion of the ATP and CP stores relative to work 

load while the muscle lactate concentration increased faster at higher 

workloads concomitant with a tendency to an increased glycolysis. 

Likewise, Hultman et al. (1971) and Sal tin and Karlsson (1971) also 

have shown that the effect of exercise on the glycogen store is depen­

dent on the workload employed. The anaerobic energy output however, 

seemed to start when the phosphagens were lowered to approximately 

seventy percent of the basic values which occurred during steady state 

work at workloads in excess of fifty percent of Max V0„. These results 

tend to indicate that the body can use stored ATP and CP within the 

cells for some proportion of the initial work and that, after these 

reserves of high energy phosphates are depleted, the glycolytic ma­

chinery becomes involved at work loads in excess of fifty percent Max 

vo 2 . 

With work of an even higher in t ens i ty (pedalling a bicycle 

ergometer a t 90 or 104 rpm a t a res i s tance calculated t o require an 

energy expenditure of 150 percent of Hie sub jec t ' s maximal aerobic 

power), Gollnick and h is associa tes (1973b) showed t ha t the f i r s t 

f ibers t o become depleted of t h e i r glycogen s to res were the low-oxi-

da t ive , h igh-glyoolyt ic FT f ibe r s . This would seem t o suggest an 

ea r ly recruitment of these f ibers during heavy exercise . This pa t te rn 

i s in d i r e c t contras t to tha t seen during prolonged, moderately 
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intense exercise when the high-oxidative slow-twitch f ibers are the 

f i r s t to become depleted of t h e i r glycogen reserves . In t h i s way, 

even though FT f ibers were recru i ted a t the onset of exerc i se , ST 

f ibers were probably a lso u t i l i z e d in these exercise bouts , but be­

cause of t h e i r g rea te r aerobic capaci ty , they would not deplete t h e i r 

glycogen reserves as rapidly as the FT f ibe r s . Likewise, perhaps the 

lower g lycoly t ic po ten t i a l of the ST f ibers may also have prevented 

such a rapid r a t e of glycogen u t i l i z a t i o n . 

With work of varying i n t ens i t y and a t varying pedall ing r a t e s 

on the bicycle ergameter, the r e s u l t s of Gollnick, Piehl and Sa l t in 

(1974b) point to a primary re l iance upon ST fibers during submaximal, 

endurance exe rc i se , with the FT fibers being recru i ted a f t e r the ST 

f ibers are depleted of glycogen. During exert ion requir ing energy 

expenditure grea te r than the maximal aerobic power, both f iber types 

appear to be continuously involved in carrying out the exerc ise . This 

r e la t ionsh ip holds t rue in work by Cos t i l l e t a l . (1973, 1974) during 

distance running and during prolonged running on the level o r u p h i l l , 

r e spec t ive ly , and Gollnick e t a l . (1974a) with isometric contractions 

in man. 

Similar findings appear t o be the case as well in s tudies 

where animal models are used. Gil lespie e t a l . (1970), in a study 

involving a running and jumping program in a prosimian (Galago Sena-

g e l e n s i s ) , determined t h a t glycogen loss was r e l a t ed to the speci f ic 

type of exercise used. In the running program (a low in t ens i t y work-

bout) depletion in the SO f ibers was more pronounced than in the FOG 

f i b e r s , and even more so than in the FG f ibers (S0>F0G>FG). On the 

o the r hand, with the jumping program (a high in tens i ty workbout), the 
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order of the depletion pa t te rn was d i r ec t ly opposite to tha t seen as 

a r e s u l t of the running program (FG>F0G>S0). Thus, these findings 

would strongly suggest t ha t the recruitment pa t te rn of spec i f ic types 

of motor uni ts i s r e l a t ed to the nature of the spec i f ic movement pe r ­

formed. 

In support of these f indings, Armstrong and h is associates 

(1974, 1975) in two s tudies using highly sp r in t - t r a ined r a t s , showed 

t h a t t o t a l muscle glycogen decreased as exercise in tens i ty increased 

( in these two pa r t i cu l a r s tudies by increases in speed). At lew run­

ning speeds ( less than f i f t y m/min) the grea tes t decrease in PAS 

s ta in ing was demonstrated in the FOG and SO fibers whereas, a t higher 

running speeds (in excess of f i f ty m/min), the g rea tes t decrease in 

PAS s ta in ing was in fact shown to be in the FG f ibe r s . The authors 

suggest t h a t a t low work i n t e n s i t i e s , primary re l iance i s upon oxida­

t i v e f ibers for con t rac t i l e ac t iv i ty and t h a t the anaerobic f ibers are 

only rec ru i t ed a t higher in t ens i ty work leve ls o r when aerobic f ibers 

become depleted of glycogen in prolonged, low in t ens i ty work. 

This s i tua t ion also has been shown to e x i s t in r a t s which are 

exposed t o swimming as a mode of exercise stimulus (Armstrong e t a l . , 

1975). Armstrong and h i s co-workers (1975) do however speculate t ha t 

some high oxidative f ibers may be active a t a l l work i n t e n s i t i e s but 

t h a t FG f ibers are only recru i ted a t higher i n t e n s i t i e s where Hie num­

ber of these act ive FG f ibers i s d i r ec t ly proportional to the amount 

of tension necessary to do the work. This i s consis tent then with 

the Henneman and Olson theory presented in e a r l i e r sec t ions . This 

r e l i ance of FG f ibers on anaerobic energy production and the r e l a t i v e 

unava i l ab i l i ty of subs t ra tes from the blood would be expected to r e s u l t 



19 

then in a markedly higher rate of glycogen catabolism in the FG fibers 

than in either the FOG or SO fibers during contraction. For this 

reason, prolonged use of FG fibers would not be possible as glycogen 

stores are limited and complications arise as a result of metabolic 

acidosis. 

Finally, in a study conducted by Terjung (1976) using a motor 

driven rodent treadmill and a group of 12 wk. endurance-trained rats, 

training programs varying in intensity by changes in the percent grade 

of the treadmill and duration of the workbouts resulted in similar 

recruitment patterns as demonstrated biochemically by the assessment 

of the increase in oxidative marker enzymes (citrate synthetase) 

brought about as a result of these different training programs. In 

this study, speed was kept constant. At the lower percent grade (10%), 

the training regimen was of low to moderate intensity and increases in 

the oxidative markers occurred primarily in the FOG and SO fibers. 

However, with the speed unchanged, at a higher elevation of the tread­

mill (30%), predominantly FG fibers were shown to have increased their 

complement of these oxidative markers. This increase in elevation 

would seem to reflect a workbout of a higher intensity. 

Although glycogen depletion patterns have been used widely as 

indicators of specific fiber recruitment, it must be recognized that 

certain limitations do exist with this technique. In the first place, 

the PAS stain used in determining glycogen utilization indicates qua­

litative differences in fiber glycogen content but not quantitative 

differences. At dark staining intensity (high glycogen content) dif­

ferences cannot be determined as all dark fibers, whether some have 

more glycogen than others, appear to be as dark one as another. 
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Secondly, glycogen depletion in d i f ferent muscle f iber types depends 

not only on the usage of p a r t i c u l a r motor u n i t s , but also on the pos­

s ib l e u t i l i z a t i o n of o ther energy sources in addition to glycogen. In 

regard to t h i s f ac t , glycogen depletion pat terns induced as a r e s u l t 

of extended periods of submaximal work are probably even less precise 

as an index of f iber usage because of such factors as glycogen resyn-

t h e s i s , mobilization of fa t ty ac ids , and vasoregulatory adjustments 

(Burke and Edgerton, 1975). And f i na l l y , although examination of 

glycogen depletion pa t te rns gives us a f ina l p ic ture of the r e l a t i v e 

glycogen content of the di f ferent f i b e r s , nothing i s known about the 

order in which these f ibers are recru i ted . Yet, despite these l imi ta ­

t ions , t h i s technique remains one of the most widely used by resear ­

chers working in t h i s f i e ld . 

Summary 

Thus, in summary, the l i t e r a t u r e seems to indica te t h a t h i s t o ­

chemical glycogen depletion pa t te rns implicate the oxidative f ibers 

(FOG and SO) of mammalian ske l e t a l muscle as being pre fe ren t ia l ly used 

in prolonged, moderately-intense exerc i se , and tha t FG f ibers are pro­

gress ively recru i ted as the glycogen of the oxidative f ibers becomes 

depleted, o r when there i s an increase in i n t ens i t y great enough to 

require the use of these FG f ibe rs . 

The differences in the type of f ibers that are depleted of 

glycogen are a re f lec t ion of the f l e x i b i l i t y of the motorneuronal r e ­

cruitment seen e a r l i e r . The consistent pat terns of d i f f e ren t i a l 

glycogen loss r e l a t ed to spec i f ic types of muscle f ibers support the 

hypothesis t ha t the motorneuronal recruitment pa t tern i s not determi­

ned so le ly by motomeuron s ize and t ha t man, as most pr imates , has the 
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abi l i ty to u t i l ize those motor units that are best suited to the de­

mands of the movement to be performed. 

During an aerobic or long-duration low-intensity event, endu­

rance i s a more c r i t i ca l factor than tension development, whereas, in 

anaerobic or short-duration high-intensity events, high tension output 

is essent ia l , and necessarily endurance must be sacrificed. 

Although th is relationship seems to be firmly established in 

the l i tera ture at the present time, nothing i s known concerning the 

specificity involved in the method of increasing the intensity or 

stress under which a muscle must operate. Whether or not there i s a 

difference in fiber type recruitment specific to exercise intensity 

s t i l l needs to be determined. 



CHAPTER III 

RESEARCH METHODOLOGY 

Introduction 

The first section in this chapter deals with -the selection and 

grouping of subjects that were used in this study. Then, the acclima­

tion and training regimen imposed on the subjects are outlined and 

the testing protocol presented. Finally, the sacrifice procedures, 

histochemical analysis, and statistical methods are presented. 

Selection of Subjects 

Forty-eight seven week old male Wistar rats (Biobreeding Inc.) 

with mean initial body weights of 163 grams were used in this experi­

ment. Six animals were randomly assigned to one of eight different 

treatment groups (see Table 1) and acclimated as described below. 

Acclimation 

The animals used in this study were obtained at seven weeks of 

age and maintained on standard laboratory chow and water ad libitum in 

individual cages with a 12h/12h light/dark cycle. Animals were kept 

sedentary or assigned to one of the treatment groups described in 

Table 1. All of the experimental animals ran on a calibrated rodent 

treadmill (Quintan model 42-15) six days per week for two weeks. The 

animals ran only during their 12 hour dark cycle, as this is their 

most active period. The running program was designed to bring the 

animals to a level where they were capable of exercise of thirty 
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Experimental Group Classifications 

Treatment Group (n) Experimental Conditions 
Speed m/min Grade % incline protocol 

EX-C 

S-25 

S-35 

S-45 

S-55 

G-0 

G-20 

G-40 

(6) 

(6) 

(6) 

(6) 

(6) 

(6) 

(6) 

(6) 

0 

25 

35 

45 

55 

35 

35 

35 

0 

0 

0 

0 

0 

0 

20 

40 

continuous 

continuous 

continuous 

continuous 

intermittent 

intermittent 

intermittent 
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Table 2 

Accl imat ion and Tra in ing Regimen 

Ekv Exe rc i s e Durat ion Speed m/min. Grade % i n c . 
R e p e t i t i o n s Work/Rest I n t e r v a l ( s e c ) 

300 / 0 

300 / 0 

300 / 0 

60 / 60 

60 / 60 

60 / 60 

R E S T 

30 / 30 

30 / 30 

30 / 30 

30 / 30 

30 / 30 

30 / 30 

R E S T 

R E S T 

E X P E R I M E N T A L D A Y 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 

1 

1 

15 

15 

15 

15 

15 

15 

15 

15 

15 

0 

10 

18 

25 

30 

35 

40 

45 

45 

50 

55 

55 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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seconds duration followed by t h i r t y seconds of r e s t , a t a speed of 55 

m/min, over a period of f i f teen consecutive t r i a l s (see Table 2 ) . 

Following t h i s two week acclimation per iod, the animals were given a 

two day r e s t t o allow for complete glycogen r e f i l l i n g of muscle 

(Terjung, 1974) and the t h i r d day, the experiment was concluded as 

described in the next sect ion. 

Testing Protocol 

Two se r i e s of experiments were completed. In se r i e s I , run­

ning on a rodent t readmil l a t a zero percent grade with increases in 

t readmil l speed was the exercise stimulus. In se r i e s I I , running a t 

a constant speed, with increases in the percent elevation of the 

t r eadmi l l , comprised the exercise st imulus. 

For se r i e s I , the animals performed the bout of exeixa.se which 

conformed to t h a t out l ined in Table 1 for groups S-25 to S-55 inc lu ­

s ive . These groups represented the se r i e s of work bouts done a t zero 

percent e levat ion but a t increasing speeds (25 t o 55 m/min). All r a t s , 

p r i o r t o t h e i r actual work bout , received a one minute preliminary 

walk on the t readmil l a t a constant speed of 10 m/min and elevation of 

zero percent . 

The s ix animals of the highest speed group (S-55) were then 

made t o run continuously, in groups of two, to exhaustion a t a speed 

of 55 m/min and elevat ion of zero percent . The c r i t e r ion for exhaus­

t ion used was tha t the animal f e l l back onto the shock grid (constan­

t l y s e t a t a d ia l reading of 55 V . ) , and remained there for a period 

of ten seconds or g r ea t e r , three consecutiw? times a f t e r being removed 

from the gr id and being replaced on the t readmi l l . Once t h i s occurred, 

i f the animal, when placed on i t s back on a f l a t surface , fai led to 

http://exeixa.se
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immediately r i g h t i t s e l f , i t was considered to be exhausted. The 

animals ran in groups of two because each animal was timed. This was 

done t o ensure t h a t the time and ac tua l distance covered for each 

animal was exact ( i e . the clock was stopped during the time the animal 

was on the shocking gr id as wel l as being checked for exhaustion). 

The distances covered by each animal were then recorded and the mean 

distance run by the animals in t h i s group was then calculated. The 

remaining 3 treatment groups ran t h i s same distance a t speeds of 25, 

35, and 45 m/min a t zero percent e levat ion. Upon completion of the 

exercise bout , the animals were sacr i f iced and the t i s sues removed 

and processed as out l ined in the following sect ion. 

For se r i e s I I , 1±ie animals performed the bout of exercise 

which conformed to tha t out l ined in Table 1 for groups G-0 to G-40 

inc lu s ive . These groups represented the se r ies of workbouts done a t 

a constant speed of 35 m/min but a t increasing percent elevations of 

the t readmil l (0 t o 40 %). Here a l so , a l l r a t s , p r i o r to t h e i r ac tual 

work bou t s , received a one minute preliminary walk on the t readmil l 

a t a constant speed of 10 m/min and elevation of zero percent . 

The s i x animals of each percent elevation group (G-0, G-20, 

G-40) ran in te rmi t t en t ly with t h i r t y seconds of work followed by t h i r t y 

seconds of r e s t u n t i l they had achieved three minutes and t h i r t y sec ­

onds of ac tual work time a t a constant speed of 35 m/min and a t e l e ­

vations of 0, 20, and 40% i n c l i n e , respect ive ly . Upon completion of 

the exercise bouts the animals were sacr i f iced and the t i s sues removed 

and processed as out l ined in the following sec t ion . 

The remaining group of s i x animals (EX-C) performed the same 

acclimation and t r a in ing regimen (Table 2) as the animals in the o ther 
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treatment groups, with the exception of the run on the experimental 

day. These animals served as exercised con t ro l s . All animals were 

sac r i f i ced and the t i s sues removed and processed as out l ined in the 

following sec t ion . 

Sacr i f ice and Histochemical Analysis 

Upon completion of the exercise bouts , the animals were 

sac r i f i ced by decapitat ion and exsanguinated. The p l an t a r i s muscle 

from both of the hind limbs of each animal was dissected ou t , ro l l ed 

in talcum powder, mounted on specimen holders in OCT embedding medium 

(Ames Tissue-Tek), and frozen in isopentane cooled in l i qu id ni t rogen. 

The t i s sues were then placed in to separate containers and stored in 

dry ice (-40 C) u n t i l histochemical analysis was performed. 

For ana lys i s , s e r i a l sect ions lOu th ick were cut in a cryos ta t 

(IEC Minotome) a t -20 C, mounted on clean, dry cover s l i p s without 

adhesive, and l e f t t o a i r dry for a period of a t l e a s t f i f teen minutes. 

Myofibri l lar adenosine tr iphosphatase (ATPase) and reduced n ico t ina ­

mide adenine dinucleotide diaphorase (NADH-Diaphorase) a c t i v i t i e s were 

demonstrated by the technique of Padykula and Herman (1955) as modi­

f ied by Guth and Samaha (1969) and Khan e t a l . (1974)(Appendix A), 

and Novikoff and co-workers (1961), respect ively . 

Muscle f ibers were c l a s s i f i ed as fas t - twi tch-g lycoly t ic (FG), 

fas t - twi tch-oxida t ive-g lycoly t ic (FOG), or slow-twitch-oxidative (SO) 

with the system described by Peter and co-workers (1972). The r e l a ­

t i v e glycogen content in the muscle f ibers was subject ively estimated 

from photomicrographs taken under the l i g h t microscope of the PAS 

reac t ion (Pearse , 1961). The f ibers were ra ted as dark (D), moderate 

(M), l i g h t (L) , or negative (Neg) using a system s imi la r t o t h a t 
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proposed by Kugelberg and Edstrom (1968) as described by Gollnick and 

h i s co-workers (1972c), and reference photomicrographs as described in 

the sect ion dealing with 'Def ini t ions ' (p. 5) . 

S t a t i s t i c a l Methods 

A f i e ld of muscle f ibers was chosen and photographed under 

the l i g h t microscope from histochemical sections of the r i g h t p lan ta ­

r i s muscle s ta ined for ATPase, NADH-Diaphorase, and PAS for every 

experimental animal according to the following four c r i t e r i a : 

1. tha t the f i e ld chosen contain a t l ea s t 200 f i b e r s , 

2. t ha t the f i e ld be chosen to provide the greates t number 

of SO fibers as pos s ib l e , 

3. tha t the histochemical s e r i a l sect ions be as clean as 

poss ib le , 

4. and tha t the f i e ld chosen be as representat ive as possible 

in PAS s ta in ing i n t ens i t y of the e n t i r e muscle. 

The muscle f ibers of each photomicrograph were then ra ted as SO, FOG, 

and FG from the histochemical s ta ins for ATPase and NADH-D, and as D, 

M, L, o r Neg in PAS s ta in ing i n t e n s i t y , using the reference photomi­

crographs (Figures 1,2). 

As the data c l a s s i f i ed in t h i s manner was expressed as f r e ­

quency da ta , the r e s u l t s were analysed using the following s t a t i s t i c s . 

In order to determine whether o r not the mean percentage of SO, FOG, 

and FG f ibers with respect to the mean t o t a l number of f ibers per 

group was homogeneous when compared across the eight d i f ferent groups, 

the t e s t of Chi Square was applied. The Chi Square t e s t was also used 

t o determine whether o r not the mean t o t a l number of f ibers per group 



was significantly different across the eight treatment groups, and to 

test for reliability and objectivity in the rating of muscle fibers 

for each of the fiber type classifications and PAS staining intensi­

ties . Finally, a One Way Analysis of Variance was performed on the 

body weight data of the experimental animals in order to determine 

whether or not there were any significant differences in this para­

meter across each of the eight treatment groups. 



CHAPTER IV 

RESULTS AND DISCUSSION 

1. Results 

The purpose of t h i s study was to invest igate the effects of 

changing the i n t ens i t y of a workload by var ia t ions in speed of a motor 

driven rodent t readmil l from 2 5 - 5 5 m/min. , and elevation from 0 -

40% grade, on glycogen depletion pa t te rns demonstrated histochemically 

by the PAS react ion in the p l an t a r i s muscle of male Wistar r a t s . The 

r e su l t s were analyzed as follows: a) the t ra in ing regimen, which i n ­

cludes t r a in ing performance and body weight data , b) r e l i a b i l i t y , c) 

o b j e c t i v i t y , d) homogeneity of f iber t ypes , and, e) PAS s ta in ing i n ­

t e n s i t y of the various f iber types expressed as means for each group. 

a) Training Regimen 

The t r a i n i n g program was of 12 days duration and was designed 

t o br ing the animals to a level where they were capable of exercise of 

t h i r t y seconds duration followed by t h i r t y seconds of r e s t , a t a speed 

of 55 m/min, over a period of f if teen consecutive t r i a l s (Table 2 ) . 

Animals 1 and 35 were eliminated during the t r a in ing regimen 

as they performed poorly on the t readmil l and received many shocks. 

Animal 39 was eliminated on the experimental day as i t could not per ­

form the bout of work assigned t o i t (S-45). As a r e s u l t of t h i s , the 

number of experimental animals in treatment group S-45 was reduced to 

30 
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five. 

Table 3 represents the statistical treatment of the body 

weight data for each of the treatment groups on the experimental day. 

TABLE 3 

ANOVA TREATMENT OF BODY WEIGHTS FOR 
EACH GROUP (g rams) 

ft 
Source Degrees of Sums of Mean F Ratio P 

Freedom Squares Squares 

Among Groups 7 2152.8 307.6 1.12 ns" 

Within Groups 36 9896.1 274.9 

Total 43 12048.9 

* 
P - Probabi l i ty ns - not s ign i f ican t 

There i s no s t a t i s t i c a l l y s ign i f ican t difference between the body 

weights for each group of animals on the experimental day. 

The individual data for the increases in body weight for each 

of the experimental animals over the course of the acclimation and 

t r a i n i n g regimen i s t ab led in Appendix B together with the graph r e ­

present ing the growth of the r a t s as r e l a t ed by the mean body weight 

(- SD) of a l l the animals for each day of the t r a in ing program. 

b) Re l i ab i l i t y 

Re l i ab i l i t y was es tabl ished by a t e s t - r e t e s t method on the 

same group of three photomicrographs chosen at random. A two day 

period separated the t e s t day from t h a t of the r e t e s t . On both occa­

s i o n s , muscle f ibers were c l a s s i f i ed as e i t h e r SO, FOG, or FG using 

the ATPase and the NADH-D s t a i n s , and within each of these 
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c lass i f i ca t ions , as D, M, L, or Neg with the PAS s t a i n . Tables 4 

and 5 represent the t e s t - r e t e s t data (frequencies) , and the s t a t i s ­

t i c a l treatment of these da ta , respect ive ly . 

TABLE 4 

TEST-RETEST VALUES FOR RELIABILITY 
IN CLASSIFICATION OF STAINING INTENSITY OF SKELETAL MUSCLE FIBERS 

Treatment Fiber 

SO 

FOG 

FG 

SO 

FOG 

FG 

Type 
D 

0 

0 

0 

0 

0 

0 

PAS Staining In tens i ty 
M L N 

0 

14 

37 

0 

12 

38 

7 14 

40 58 

5 0 

8 13 

36 60 

8 0 

TEST 

RETEST 

TABLE 5 

CHI SQUARE TEST OF RELIABILITY DATA 

F i b e r Type PAS Staining In tens i ty 
D M L N 

TEST-RETEST TEST-RETEST TEST-RETEST TEST-RETEST 

SO 

FOG' 

FG 
X2 = 0.16 

i 95xJ = 3.84 
,95X2 

X = 0 .97 

2 
5.99 

X2 = 0.06 

• 95XI = 3 - 8 l t 
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There i s no s t a t i s t i c a l l y s ign i f ican t difference among the c l a s s i f i ca ­

t ion of f ibers as PAS D, M, L, o r Neg in each of the f iber type ca t e ­

gories between the t e s t and r e t e s t t reatments . 

c) Object ivi ty 

Objectivi ty was es tabl i shed by a comparison of the r a t i ng 

r e s u l t s (using the reference photomicrographs) of the author and 

another experienced r a t e r on three s e r i a l photomicrographs chosen a t 

random. Muscle f ibers were c l a s s i f i ed as e i t h e r SO, FOG, or FG using 

the ATPase and the NADH-D s t a i n s , and within each of these c l a s s i f i ­

ca t i ons , as D, M, L, or Neg with the PAS s t a in . Tables 6 and 7 

represent the Rater 1 - Rater 2 data (frequencies) , and the s t a t i s ­

t i c a l treatment of these da ta , respect ively . 

TABLE 6 

RATER 1 - RATER 2 VALUES FOR OBJECTIVITY 
IN CLASSIFICATION OF STAINING INTENSITY OF SKELETAL MUSCLE FIBERS 

Treatment Fiber Type PAS Staining Intensity 
D M L N 

RATER 1 

RATER 2 

SO 

FOG 

FG 

SO 

FOG 

FG 

0 

0 

0 

0 

0 

0 

0 

14 

37 

0 

13 

40 

7 

40 

5 

10 

28 

4 

14 

58 

0 

11 

69 

0 
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TABLE 7 

CHI SQUARE TEST OF OBJECTIVITY DATA 

Fiber Type PAS Staining In tens i ty 
D M L N 

RATER1-RATER2 RATER1-RATELR2 RATER1-RATER2 RATER1-RATER2 

SO 

FOG 

FG 
X2 = 0 . 12 

.954 = 3 ' 8 ^ 

X 

.95*2 

2 _ 1.71 

5.99 

X 2 : 0.89 

.9Sx2l = 3-m 

There i s no s t a t i s t i c a l l y s igni f icant difference among the c l a s s i f i ­

cat ion of f ibers as PAS D, M, L, o r Neg in each of the f iber type 

categories between Rater 1 and Rater 2. 

d) Homogeneity of Fiber Types 

The data in Appendix C represent the frequencies of r a t plan­

t a r i s muscle f ibers which s ta ined PAS D, M, L, or Neg within each 

f iber type category, for each animal as well as the mean frequencies 

per group. 

Homogeneity of the mean percentages of each of the three dif­

ferent f ibe r types with respect to the mean total number of f ibers for 

each group, was t e s t ed across the e ight treatment groups by the app l i ­

cation of the Chi Square t e s t . Chi Square was also used to t e s t for 

homogeneity in the mean t o t a l number of f ibers per group across a l l 

treatment groups. 

Table 8 represents the mean frequency data for each f iber type 

as a percentage of the mean t o t a l number of f ibers within t h a t group, 

as wel l as the mean t o t a l number of f ibers for each group, and the 
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TABLE 8 

MEAN FREQUENCY DATA FOR EACH FIBER TYPE EXPRESSED AS PERCENTAGES 
OF THE MEAN TOTAL NUMBER OF FIBERS PER GROUP, 

AND CHI SQUARE ANALYSIS OF THE DATA. 

Group Mean % Number o f F ibers / Group Mean T o t a l Number of F ibers 
SO FOG FG / Group (±SD) 

EX-C 

G-0 

G-20 

G-40 

S-25 

S-35 

S-45 

S-55 

10.9 

12.7 

11.4 

12.0 

12.9 

11.5 

14.5 

10.3 

77.3 

71.6 

68.5 

78.7 

67.4 

58.5 

66.7 

75.0 

11.8 

15.6 

20.1 

9.3 

19.7 

30.0 

18.8 

14.7 

238 

275 

273 

301 

264 

217 

297 

300 

X2 = 23. 
p^Q.05 

t56.2 

±47.9 

±42.5 

±33.0 

±69. 7 

±54.2 

±53.9 

±77.7 

97 A l l X2 = 1.02 X2 = 4.36 X2 = 16.04 
Groups p<0.05 

.9s4 = 14'07 

All Groups X2 = 6.5 X2 = 11.51 
except S-35 

.95 X? = 12.59 

All Groups X2 - 10.9 
except G-40 

. ^ = 1 2 - S 9 

There e x i s t s a s t a t i s t i c a l l y s ign i f ican t difference among the 

mean % number of FG f i b e r s , as well as among the mean t o t a l 

number of f i b e r s , across a l l of the eight treatment groups 

(p<0.05). In order t o find out which groups in the FG and Total 
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categories were responsible for these s ign i f ican t d i f ferences , 

each group, in t u r n , was dropped and the Chi Square t e s t applied 

t o the seven remaining groups. From the s t a t i s t i c a l analysis 

presented in Table 8, the s ign i f ican t differences in the % FG 

category were shown t o e x i s t in groups S-35 and G-40, and the 

s ign i f ican t difference in the mean t o t a l number of f ibers was 

shown t o be in group S-35. 

e) PAS Staining In tens i ty of Fiber Types 

Data in Appendix D represent the mean frequencies of r a t 

p l a n t a r i s muscle f ibers which s ta ined PAS D, M, L, o r Neg as 

percentages of the mean t o t a l number of f ibers within each f iber 

type category. Figure 3 depicts these re la t ionships graphical ly. 

Figures 4 and 5 represent the histochemical glycogen depletion 

pa t t e rns of one of the animals in treatment group G-20 and G-40, 

respec t ive ly . 
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Legend: - PAS i r a PAS W77X PAS 
Dark Moderate Light 

PAS 
Negat ive 

S t a i n i n g 100-j 
I n t e n s i t y 
as a 
Percen tage 9 0 
of 
F ibe r 
Popu la t ion 80 

70-

60-

50-

40-

10-

2 

& & 

2 
^ 
/ 
/ 
/ 

1 
/ 

Group (N) 
SO FOG FG 

G-0 (6) 
SO FOG FG 

G-20 (6) 
SO FOG FG 

G-40 (6) 
SO FOG FG 

S-25 (6) 

F igure 3 : - Mean Ratings o f S t a i n i n g I n t e n s i t y of Rat P l a n t a r i s Muscle 
F ibe r s Expressed as a Pe rcen tage o f t h e Mean F i b e r Popu la t ion f o r 
Each Treatment Group 
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Legend:- I H PAS E3SPAS IZ^PAS CZJPAS 
Dark Moderate Light Negative 

SO FOG FG SO FOG FG SO FOG FG SO FOG FG 
Group (N) S-35 (6) S-45 (5) S-55 (6) EX-C (6) 

Figure 3: - Mean Ratings of Staining In tens i ty of Rat P lan ta r i s Muscle 
Fibers Expressed as a Percentage of the Mean Fiber Population for 
Each Treatment Group 
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PAS SO 

FOG 

Figure 4: - Ser ia l Sections of Rat P lan ta r i s Muscle of an Animal (23) 
which ran for 3:30 sec , in te rmi t t en t ly with 30 sec, of work followed 
by 30 sec . of r e s t up an inc l ine of 20% elevat ion. Note the se lec t ive 
deplet ion of glycogen in the SO and FOG f ibe r s . (xl!5) 
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\ J j'*%M ...JL S 

y'PAS 

* • V» ! W * FG * 
\ ,. *• t , 

FOG 

i p « ^ 

Figure 5 : - Se r i a l Sections of Rat P lan ta r i s Muscle of an Animal (50) 
which ran for 3:30 sec . in te rmi t t en t ly with 30 sec , of work followed 
by 30 sec . of r e s t up an inc l ine of 40% elevat ion. Note the se lec t ive 
deplet ion of glycogen in the FG and FOG f ibers . (xl l5) 
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2. Discussion 

a) Training Regimen 

The acclimation and t r a in ing regimen designed was success-? 

ful i n bringing about the desired performance in the experiment 

t a l animals. The program did bring the animals t o a leve l where 

they were capable of exercise of t h i r t y seconds duration followed 

by t h i r t y seconds of r e s t , a t a speed of 55 m/min. over a period 

of f i f teen consecutive t r i a l s . The length of the t r a in ing program 

in t h i s study (2 weeks 1 was of a much shor ter duration than 

those programs used by Terjung (19761 G.2 weeks I with a group 

° f endurance-trained r a t s , and Armstrong e t ^ a l . (1974, 19751 

(10 weeks), with a group of sp r in t - t r a ined r a t s . The reason 

behind the se lec t ion of t h i s p a r t i c u l a r t r a in ing regimen l i e s in 

the f ac t tha t in most t r a in ing s tudies where r a t s are made 

t o exercise to exhaustion, or at high in tens i t ies - on a t readmil l 

o r in t r a i n i n g wheels, r e l a t i ve ly wel l - t ra ined animals are used. 

Very l i t t l e information exists- concerning acute studies of exer­

cise-induced changes in ske le ta l muscle in r e l a t i y e l y untrained 

animals. This type of information could help t o c la r i fy the 

ongoing, chronic changes t h a t occur in a t ra in ing program which 

r e s u l t in the physiological p rof i l e observed in those animals 

which are sa id to have achieved a t ra ined s t a t e . 

M Homogeneity of Fiber" Types 

In order to determine homogeneity within each f iber type 

across t h e e ight treatment groups, the t e s t of Chi Square was 

applied t o the mean frequency data for each f iber type expressed 
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as percentages of the mean t o t a l number of f ibe r s per group 

(Table 8) . As i t can be seen from the Chi Square values for 

t he SO O r = 1 . 0 2 1 and FOG CX2 * 4.361 populat ions, the re ex is ted 

no s ign i f ican t differences among the individual group mean p e r ­

centages of each f iber type. In t h i s way, the PAS s ta in ing p a t ­

te rns c h a r a c t e r i s t i c of each group, for the SO and FOG populat ions, 

can be a t t r i bu t ed t o a treatment effect upon each group and not to 

any sampling ef fec t which may have been introduced by- the se lect ion 

of the histochemical f i e lds chosen t o be photomicrographed. 

This however was not the case when considering the 

percent number of FG fibers as well as the mean t o t a l number of 

f ibe r s for each group. As i t can be seen from -&ie Chi Square 

analysis in Table 8 for the FG OT =5-16.041 and mean t o t a l f iber 

populations OT" - 23.971, there does ex i s t some s ign i f i can t dif-. 

ferenceCsl among the individual group mean percentages for H!c\e FG 

population and among the mean t o t a l number of f ibers per group. 

Upon fur ther analysis i t was determined tha t the FG f iber 

population differences were a t t r i bu ted t o the mean percentage of 

FG f ibe rs for the treatment groups S-*35 and G-40. In the case of 

the mean t o t a l number of c e l l types per group, the source of the 

s ignif icance was group S-35. 

I t must be kept in mind then , when discnssrihg the s ta in ing 

p a t t e r n s c h a r a c t e r i s t i c of these p a r t i c u l a r groups for the FG 

f i b e r population (S-35, G-4QI, aa well as t ha t fo r the mean t o t a l 

number of f ibers (S-35L, t ha t a sampling effect was introduced 

over and above the treatment e f fec t imposed by- the experimental 

day protocol fo r each of these two groups. 



43 

The reason for these sampling effects is, however, unknown. One 

possible explanation for this situation which might be put forth, 

is that one of the main criteria for field selection was that the 

histochemical field should contain as many SO fibers as possible. 

There was however, no requirement as to the FG fiber proportion 

in those same fields. This could account, in part, for the 

variability in FG population seen in some of these groups. 

Together with this, the fact that FG fibers are significantly 

larger than the FOG and SO fibers could also account for the 

significant difference seen in the mean total number of fibers 

(217) in the S-35 treatment group (ie. the higher the proportion 

of larger fibers in a field - the fewer the total number of fibers 

in that field). This sampling effect could help to explain the 

apparent inconsistency seen in the PAS staining intensities observed 

in the mean FG population of treatment group S-35. From the 

glycogen depletion patterns seen in group S-35, there seems to be 

less of a depletion in FG fibers at 35 m/min. than at a speed of 

25 m/min. This increase in staining intensity seen in the FG 

fiber population of group S-35 however, could be attributed to the 

fact that, because the mean percentage of FG fibers in this group 

is significantly greater (and the FG fiber population stains 

darkest of all the three fiber types in the control sections), 

the probability of obtaining FG fibers which are more darkly 

stained, is greater in this situation. 

Likewise, as the mean percentage of FG fibers in group 

G-40 (9.3%) was significantly lower when compared to the percent 

FG fibers for the other groups, this size effect could help to 
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explain the high (301) but nan-significant mean total number of 

fibers seen in treatment group G-40. 

c) PAS Staining Intensity of Fiber Types 

In this study, exercise induced histochemical glycogen 

depletion patterns were used to determine qualitatively the apparent 

involvement, in exercise, of each of the individual fiber types 

present in mammalian skeletal muscle. The qualitative assessment 

of relative glycogen depletion patterns was performed on histochemical 

sections stained by the PAS technique. 

The first part of this section will deal with the glycogen 

depletion patterns brought about as a result of changes in speed, 

at 0% incline, and the latter part, with those glycogen depletion 

patterns elicited as a result of exercise at selected grades, but 

the same speed. 

From the work of Armstrong et al. (1974, 19751 with a 

group of 12 week sprint-trained rats, it was suggested that, at 

low to moderate speeds with no incline, the oxidative fibers 

(SO, FOGl support most of the work, but that when the intensity 

of work was increased (to approximately 39 m/min. 1 or when the 

oxidative fibers became glycogen depleted during prolonged low 

intensity exercise, FG fibers appeared to become involved and 

progressively, as the intensity increased, to make a major contri­

bution to the exercise. This hypothesis receives support from 

conclusions reached by Henneman and Olson 0.9651 about the 

mechanisms of motor unit recruitment in skeletal muscle. They 

found that the efferent neurons with the smallest diameter 
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CS0<F0G<FG1 are the most exc i t ab l e , and thus , tha t the pa r t i c ipa t ion 

of a motor uni t in graded muscular a c t i v i t y was a function, in 

addi t ion t o o the r f a c t o r s , of the s ize of i t s motomeuron. 

With the c r i t e r i on speed then of approximately 40 m/min. 

(which seemed to produce a workbout of suff ic ient in t ens i ty t o 

cause t h i s recruitment sh i f t in to the FG f ibe r poo l ) , the range 

of speeds was s e t for t h i s study t o include speeds of only 15 m/min. 

t o e i t h e r s ide of t h i s point (25-55 m/min.). This was done because 

i t was f e l t t h a t there was no need to include speeds of up t o 80.5 

m/min. (as Armstrong and his co-workers had done! t o show some FG 

f ibe r involvement. 

Generally, the r e su l t s of t h i s study are in agreement with 

the findings of Armstrong and his co-workers (1974, 1975). Some 

differences do however e x i s t . In this, s tudy, in the plant a r i a 

muscle of the r a t s sacr i f iced at r e s t , 39% of the FG fibers s ta ined 

dark for glycogen and the r e s t were ra ted as moderate. Likewise, 

32% of the FOG fibers were ra ted as PAS dark with 52% being moderate 

and 17% l i g h t . For the SO f ibers only 4% were ra ted as PAS dark, 

54% were moderate and 42% l i g h t (Appendix Dl. These res t ing values 

vary markedly from those reported by Armstrong and h i s group. 

The r e s t i n g levels of glycogen in the FG population in t h i s study 

are lower, and in the SO and FOG categories higher , on the average, 

than those reported by Armstrong and h i s co-workers 0.974, 19751. 

One possible explanation for these findings could be r e l a t ed 

t o the type of t r a i n i n g undergone by each group of animals. The 

animals used by Armstrong and h i s team were r e l a t i v e l y highly 

s p r i n t - t r a i n e d CLO weeks 1 as compared t o the animals t r a ined for only 
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two weeks, used in t h i s study. As the type of t r a in ing undergone 

by Armstrong's animals was of a very high in tens i ty ( in te rva l work 

a t 80.5 m/min.), in the l a t t e r stages of the program, i t can be 

assumed t h a t the major p a r t of the work done was supported by 

FG f iber involvement. As a r e s u l t of t h i s type of s i tua t ion the 

amount of carbohydrate s tored as glycogen in these f ibers due t o 

the t r a i n i n g ef fec t could be expected to be much higher than the 

s tored in the other two types of f i be r s . On the other hand, in 

the present s tudy, the animals were r e l a t i v e l y untrained with the 

l i t t l e t r a in ing they had performed t o t h i s time tending to support 

the r a t iona le for higher glycogen reserves being stored in the 

more oxidative SO and FOG f ibers . 

Points of s imi la r i ty which emerge however, when comparing 

the r e s u l t s of t h i s study with those of Armstrong e t a l . (1974, 

1975) concern the trends seen in each of the different f iber types 

with regard to the glycogen depletion pat terns induced a t increasing 

speed in exerc ise . At the slower speeds used in t h i s study in 

the FG f iber populat ion, there i s a depletion pat tern indicat ive 

of a r e l a t i v e l y minor involvement of FG f ibe r s . As the exercise 

i n t e n s i t y increased ( i e . as speed increased) the depletion pa t te rn 

observed in the FG f ibers indicated a t rend to a seemingly 

g rea te r glycogen depletion of t h i s f iber type in supporting the 

work done. The exception seen in t h i s pa t tern was group S-35. 

As out l ined previously (p. 42) however, a sampling effect which 

resu l ted in a s ign i f i can t ly g rea te r number of FG f ibers may have, 

in t h i s s i t u a t i o n , suppressed FG f iber depletion since FG f ibers are 

normally dark or moderately ra ted . This t rend was also substant ia ted 
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by Armstrong and h i s co-workers, except for the one point discussed 

below. 

The animals of the two slowest speed groups in Armstrong's 

s tudies (22 .5 , 28.4 m/min) showed v i r t ua l l y no difference in the FG 

relative glycogen estimation when compared to the res ted cont ro ls . 

The reason for t h i s discrepancy could be a t t r ibu ted to the fact t ha t 

f i r s t l y , the animals in Armstrong's study were much b e t t e r t ra ined 

than those used in t h i s study and secondly, t ha t the distance 

covered by those animals used in t h i s study was approximately three 

times the distance covered by the animals in the former studies 

(162.2 vs 471.0 m). Thus, the t o t a l amount of work done by the 

animals in t h i s study could explain the lower r e l a t i v e glycogen 

levels seen in the FG f iber population a t the slowest speeds. 

In the FOG f iber population, bas ica l ly the same r e l a t i o n ­

ship e x i s t s as tha t demonstrated in the FG category. At the 

slowest speed, (25 m/min) FOG f iber glycogen deplet ion, although 

markedly l e s s than the control s i t u a t i o n , i s not complete. But, 

as the i n t ens i t y of work increased, so too did the FOG f iber glycogen 

deplet ion - to a point where 90% of t h i s f iber population was 

ra ted as PAS negative a t a speed of 55 m/min. 

The t rend shown by the FOG f iber population in the s tudies 

conducted by Armstrong e t a l . (1974,1975) however, was not the 

same. The animals used in t h e i r s tudies showed FOG f iber glycogen 

depletion pa t te rns where 90% of the f ibers were ra ted as PAS 

negative a t the slowest speed (22.5 m/min.), and where t h i s same 

pa t t e rn did not change across a l l of the running speeds t e s t ed 

(22.5 - 80.5 m/min.)- The reason for the higher r e l a t i v e glycogen 
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levels present in the FOG fiber population of the animals used in 

the present study at the slowest speed (25 m/min. 5, could be explained 

by the fact that, as mentioned earlier, the resting control levels 

of glycogen stored in Mh.e FOG fiber are indeed higher in these 

animals, and secondly, that at this slower speed, the greater 

depletion of the FG fibers seen as a result of doing the work, could 

be, in part, responsible for the sparing effect of glycogen stored 

in the FOG fibers by reducing the load under which they must 

perform. 

Finally, the trend observed in this study, when considering 

the SO fiber population, is essentially the same as that seen in 

those studies by Armstrong et aL_. (1974, 19751. At the slowest 

speeds, the SO fibers showed the most depletion (indicative of the 

greatest involvement) with a tendency to a slightly lesser degree 

of depletion as the intensity of the work load increases. This 

slight sparing effect can presumably be attributed to the increased 

FOG and FG involvement at these higher intensities. 

In summary then, the data suggest that the more oxidative 

fibers (SO, FOG) support most of the work at the slower running 

speeds but that, when the intensity of work increases, or when 

the oxidative fibers became depleted of their glycogen stores in 

the more prolonged, low intensity exercise bouts, the FG fibers 

appear to progressively make more of a major contribution to the 

exercise in question. In short, some high oxidative fibers are 

used at all speeds, but FG fiber involvement is primarily seen 

only at the higher speeds. 

The literature avail able on studies using animals exercised 
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by Terjung (1976) and Baldwin et al. (1973) are the only two pieces 

of work encountered in the course of this review which have used 

the rat model and such an experimental protocol. Unfortunately 

however, the inclines used in the present study were based upon 

pilot work and not upon the inclines used in those studies mentioned 

above. (20, 40% incline). A comparison with the results from 

these studies will, therefore, not be made directly to those obtaine 

in the present study. Trends which have been shown to exist 

however, in those previous studies, will be mentioned and compared 

to those trends which have been observed in these experiments. 

The work done by Terjung (1976) with a group of 

endurance-trained rats (12 weeks) was not an acute study, but more 

of a training study where animals ran 6 days/week for a period 

of 12 weeks at a speed of approximately 27 m/min. according to one 

of the following four protocols: 

1. 10% elevation for 2 hr/day 

2. 10% elevation for 4 hr/day 

3. 30% elevation for 40 min/day 

4. 30% elevation for 2 hr/day 

They were sacrificed at the end of this period to allow for 

biochemical assays of specific muscles. 

The activity of Cytochrome C and Citrate Synthase (CS) 

(a mitochondrial marker enzyme) was assessed in muscles of 

markedly different fiber populations. CS activity in the fast-

twitch-red (FOG) fibers increased in all groups over the sedentary 

control and it was concluded that these fibers were used to a 
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grea t extent in a l l of the t r a in ing programs. In the fas t - twi tch-

white (FG) f ibe r however, there was only a s l igh t increase in CS 

a c t i v i t y over the control when the 10% programs were used, but 

a s t a t i s t i c a l l y s ign i f ican t increase in CS a c t i v i t y in both of the 

groups t r a ined a t 30% elevat ion . This increase was however, not 

as high as tha t shown in the FOG f ibe r s . In the slow-twitch-red 

(SO) f i b e r s , CS a c t i v i t y increased in a l l groups with the grea tes t 

increase occurring in the one t ra ined a t 30% for 2 h/day. Terjung 

(1976) thus concluded, in p a r t , t h a t more intense exercise (30%) 

bui lds upon the performance of previously used FOG f ibers and 

addi t ional ly involves the low oxidative FG f ibe r s . 

Baldwin e t a l . (1973) in a study where groups of r a t s 

were made t o run up an 8 inc l ine (approximately 13% elevat ion) 

a t a se lec ted number of speeds including 1 mph (27 m/min.), arr ived 

a t much the same conclusions t h a t Terjung (1976) did a number of 

years l a t e r . 

In s h o r t , the FOG f ibers are the main muscle f ibers involved 

during mild to moderate physical a c t i v i t y t h a t can be maintained 

for prolonged periods of t ime, whereas, FG f ibers are used to a 

much g rea te r extent during the more strenuous running required by 

the g rea t e r t readmi l l i n c l i n e . This i s s imi la r to the inference 

made by Baldwin e t a l . (1973) and Armstrong e t a l . (1974, 1975) 

for running a t increased speeds but with unchanged i n c l i n e s . 

This same re la t ionsh ip ( i e . increased FG f iber u t i l i z a t i o n 

a t higher inc l ines ) was a lso shown to e x i s t in the present study 

using r e l a t i v e l y untrained animals in an acute ser ies of experiments. 

When considering the mean PAS s ta in ing pat terns graphically 
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represented in figure 3, or the data in Appendix D, it can be seen 

that in the treatment group G-0, the degree of SO fiber depletion 

is very extensive, whereas, the FG fiber profile differed yery 

little from those of the rested controls. The FOG fiber population 

on the other hand, showed a moderate amount of glycogen depletion 

when compared to the rested controls. At the same speed but at 

20% elevation the greatest depletion appeared to occur in the FOG 

fiber population. An extensive amount of SO fiber depletion was 

still seen (although less than at the 0% elevation) as well as 

an even greater amount of FG fiber depletion when compared to the 

0% elevation group. At 40% elevation however, the mean PAS 

staining intensities for the different fiber types has shown a 

slight change. The SO fibers seem to show less of a glycogen 

depletion than at either of the two other percent elevation treatment 

groups. But, the FOG and FG fiber categories seem to be eyen more 

depleted at this elevation, than at the 0 and 20% eleyations. 

It must be remembered though that the sampling effect 

shown to exist in the FG population in this group (smaller percen­

tage of FG fibers), could render the staining patterns observed 

in this fiber type artifactual. It is possible that the reduced 

number of FG fibers could have resulted in an exaggeration of the 

glycogen depletion seen in this fiber type. It is unlikely however, 

because of the fact that no FG fibers were rated as darkly stained 

in the 20% elevation group (G-20), that darkly stained fibers would 

be seen in those muscles which had covered the same distance at an 

incline of 40% CG-401. It can be logically assumed then that the 

trend which can be seen in this fiber type as a result of increasing 
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intensity by increases in grade (ie. FG fiber depletion 1 would 

be substantiated. 

Thus, it can be seen that the general recruitment pattern 

demonstrated in the series of experiments done on the level at speeds 

of 25 to 55 m/min. (ie. SO and FOG fiber depletion at the lower 

intensities of work with FG fibers being called into play mainly 

at the higher intensities of work), has also been reproduced in 

the series of experiments at selected grades of 0, 20, and 40% 

elevation. In the present series of experiments however, FG fiber 

depletion came about primarily as a result of a greater load (ie. 

treadmill, incline) and not because of an increased speed. The 

reason for this recruitment shift from the more oxidative fibers to 

the fast-glycolytic ones could in part be due to the fact that 

the 40% incline experimental protocol required a power output 

in excess of the capabilities of the FOG fibers, and in this way 

resulted in the greater FG fiber recruitment. 

Though the actual mechanism of the recruitment shift is 

unknown at the present time the question still exists as to whether, 

after this recruitment shift has occurred, the more oxidative fibers 

(in particular the SO fibers) are still recruited, or simply that 

their metabolic rates are greatly reduced. If this preferential 

selection of fiber types in exercise does indeed exist, and at the 

higher workloads the SO fibers become less utilized or tend to 1drop 

off , a glycogen sparing effect should be seen in these fibers and 

a histochemical picture not much different from the control sections 

should exist. 

It has been stated howeyer, when comparing the mean 
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s ta in ing pat terns for each group, t ha t t h i s recruitment sh i f t was 

not c lear ly demonstrated, even though the progressively grea ter 

deplet ion of FG f ibers at the higher inc l ines was substant ia ted . 

But, i f a c loser examination of the histochemical glycogen depletion 

pa t t e rn of several of the individual animals used in the grade work 

i s made, several s t r i k i n g re la t ionships do emerge. 

Figures 4 and 5 represent s e r i a l photomicrographs for 

muscle sect ions of animal 23 belonging to treatment group G-20, 

and animal 50 belonging t o the treatment group G-40. I t must be 

pointed out he re , t h a t the distance covered by each of these animals 

as well as the speed a t which t h i s distance was covered, was 

i d e n t i c a l . The only difference between the running protocols 

assigned to each of these animals remains the grade a t which they 

performed the work. I t can be seen when examining the individual 

frequency data for PAS s ta in ing in tens i ty for each of these animals 

in Appendix C, as wel l as the photomicrographs in figures 4 and 5, 

t h a t a s t r i k i n g reversa l in the PAS s ta in ing pat tern seems t o 

have occurred. In animal 23 (of the G-20 group) the histochemical 

glycogen depletion pat tern shows a SO f iber population which i s 

qu i t e depleted, as i s the FOG f iber populat ion, but a r e l a t i ve ly 

undepleted FG f iber population. 

In cont ras t however, with animal 50 (of the G-40 group) 

the SO f ibe r population i s r e l a t i v e l y unchanged as compared to the 

con t ro l s , but both the FOG and FG f ibe r populations show qu i te 

extensive deplet ion. These r e s u l t s would seem to suggest t ha t in 

t h i s animal (50) a sh i f t in recruitment pa t te rn of f iber types 

used t o do the work has indeed occurred, and caused a sparing 
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effect of glycogen in the SO fibers that is indicative of either a 

possible use of other substrates, a shut down in utilization of this 

fiber type, or at least a very marked reduction in their metabolic 

rate. Moreover, there was a tendency, although not as distinct, for 

animals 2 and 17 of the G-40 group to show a similar pattern to that 

of animal 50, in glycogen depletion. The reason for the lack of such 

a distinct 'reversal' in the other animals in treatment group G-40 

could be associated to the phenomenon of individual threshold levels 

of fiber recruitment. It is possible that, in those animals which did 

not show this type of selectivity in fiber recruitment, the stress 

imposed on them by -the running protocol used for this group was not 

quite intense enough (elevated enough) to elicit this type of skeletal 

muscle response. 

In conclusion then, a similar trend in glycogen depletion 

patterns to that seen with running at increasing speeds on the level, 

seems to have been reproduced with work at selected grades. 

With the grade running however, specific results establish the 

possible existence of complete recruitment shift from SO to FG (and 

FOG) fibers with an apparent disuse of the SO fiber type, or at least 

a very marked reduction in metabolic rate. More work hcwever is needed 

to clarify this point. 



CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 

Conclusions 

The purpose of this study was to investigate the effects 

of changing the intensity of a workload by variations in speed 

of a motor driven rodent treadmill from 25-55 m/min. , and elevation 

from 0-40% grade, on glycogen depletion patterns demonstrated 

histochemically by the PAS reaction in the plantaris muscle of 

male Wistar rats. 

Glycogen depletion patterns induced as a result of the series 

I exercise bouts were also reproduced generally in those exercise 

bouts of the series II group. From the results of the present study, 

it was concluded that glycogen depletion patterns are affected 

by changes in both speed and incline of a motor driven treadmill. 

Since this relationship has been shown to exist in running done on 

the level and with grade, it appears that changes in intensity 

are responsible for the different glycogen depletion patterns 

observed in these situations. The trend towards predominantly 

SO and FOG fiber depletion at low to moderate intensity work, and 

predominantly FG depletion at the higher intensities of work, was 

established v but this effect appeared to be more distinct in those 

groups of animals that ran at selected inclines. 

55 
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Recommendations 

Because training programs of different work intensities and 

durations represent a potentially useful technique for assessing 

the extent of fiber type involvement during exercise, further studies 

of the effect of varying these two parameters in exercising animals 

are recommended where, in particular, the range and selection of 

grades at which the work is to be done, should be made more extensive. 

Based on the results of this study, it is recommended that 

variations in the incline parameter be used to induce the more 

specific recruitment of individual fiber types in exercise. 
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MYOSIN ADENOSINE TRIPHOSPHATASE STAIN (ATPase) 

- Procedure of Padykula and Herman, as modified by Guth and 
Samaha. Exp. Neurol. V 25, p . 138-152, 1969. 

SOLUTIONS: * volumes are ind ica ted , concentrations are f ina l 

I Fixative - * made up t o 20 ml. 

a) 5 % Formaldehyde (analar chemicals) 
1.0 ml. in to 20 ml. 

b) Sucrose (m.w. 342.3) 
2.3276 gr . in to 20 ml. (340.mM) 

c) Calcium Chloride (m.w. 110.991 
0.1509 gr . i n to 20 ml. (68.0 mM) 

d) Sodium Cacodylate (m.w. 214. Q21 
0.856 gr . i n to 20 ml. (2Q0.0 mM) 

** make up t o 20 ml. with d i s t i l l e d water. 
**_ pH taken to 7.6 with HGL. ( in cold - 4°C1 
** To be made up fresh. 

I I Fixat ive Rinse: Cold (4°C) D i s t i l l e d Water. 

I l l Pre-incubation Medium: * made up t o 25 ml. 

a l Calcium Chloride 
0 .1 gr . i n to 25 ml. (36.0 mMl 

b l 2 , amino-2, methyl-1, propanol (m.w. 89.141 
12.5 ml. of 0.2 M stock buffer i n to 25 ml. C0.1 M) 

** make up t o 25 ml. with d i s t i l l e d water, 
** pH adjusted t o 10.4 with H d , (in cold) 
** To be made up fresh. 

IV Incubation Medium: * made up to 25 ml. 

a) Propanol Buffer 
12.5 ml. of 0.2 M stock buffer into 25 ml. (0.1 Ml 

b) Calcium Chloride 
0.0499 gr . in to 25 ml. (18.0 mMl 

c l Disodium ATP (m.w. 551.2) 
0.062 gr. i n to 25 ml. (4.5 mMl 

** Make up t o 25 ml. with d i s t i l l e d water. 
** pH adjusted t o 9.4 with HC1. 
** To be made up f resh. 
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V 0.2 M Buffer Stock: * make up t o 75 ml. 

a) 1.3371 gr . of 2 , amino-2, methyl-1, propanol buffer i n to 
75 ml. (0.2 M) 

VI, 0.1 M. Buffer Rinse: * make up t o 10Q. ml. 

a) 50. ml. of 0.2 M stock d i lu ted with 50. ml. of d i s t i l l e d 
water CQ.l M) 

** pH adjusted to 9.4 with HC1 
** To be made up fresh. 

VII 1% Calcium Chloride: 
1.0 gr . CaCI9 in 1Q0. ml. of d i s t i l l e d water 

VIII 2% Cobaltous Chloride: (m.w. 237.95) 
2.0 gr. CoCl2 in 100. ml of d i s t i l l e d water 

IX 1% Ammonium Sulphide: (assay 23.4%) 
1.0 ml. CNHjO-S in 99. ml. of d i s t i l l e d water. 

NB: Above solut ions VII , VII I , and IX must be stored in brown 
glass bo t t l e s a t 4°C i f made up as stock. 
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MYOSIN ATPase PROCEDURES 

1) Fixative - 10 min in cold (4 C) f ixa t ive medium 

2) Wash - 4 x 3 min cold d i s t i l l e d water r inse 

3) Pre-incubation - 15 min. in cold p re - inc . medium 

4) Incubation - 45 min in 37 C incubation medium 

5) 1% CaCl2 - 3 x 30 sec r inse 

6) Drain and blot 

7) 2% CoCl2 - 1 x 3 min wash 

8) 0.1 M buffer r i n se - 4 x 30 sec r inse ( re -es tab l i sh pHl 

9) 1% QfflL)2S (Ammonium sulphide) - 1 x 3 min 

10) Tap water r inse (cold) - 1 x 5 min 

11) Ascending alcohols - ethanol 

95% alcohol - l x l rain 

99% alcohol - 2 x 1 min 

12) Xylene - 1 x 2 min 

13) Mount - Permount 



APPENDIX B 

BODY WEIGHT DATA 



Table 9 

Body Weights of Experimental Animals during Acclimation and Training Regimen* 

Day Animal Number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

In 175 160 165 174 151 165 159 165 149 162 170 177 154 167 171 173 165 169 163 165 168 156 162 161 149 
1 212 198 198 211 184 201 195 205 181 195 205 208 186 203 212 21Q 197 205 199 202 205 189 197 191 176 
2 214 198 205 213 189 205 198 208 183 206 209 212 192 203 215 215 197 206 203 204 206 193 201 191 177 
3 221 205 212 215 194 207 203 213 185 211 213 217 196 207 219 220 201 210 205 205 212 193 203 196 182 
4 225 204 214 215 196 211 206 218 187 217 216 217 197 208 222 221 203 210 211 207 216 195 206 199 183 
5 229 210 221 220 202 216 211 223 191 223 221 223 200 213 226 228 209 212 216 210 220 199 212 206 189 
6 240 218 233 228 209 224 221 234 199 228 228 232 208 220 233 236 214 221 221 214 226 204 218 212 192 
7 R E S T 
8 257 237 248 239 223 239 230 252 216 245 239 244 219 235 248 250 224 233 239 222 237 219 232 221 205 
9 271 245 260 245 233 247 240 263 227 253 248 253 230 244 257 262 239 244 254 239 248 231 241 237 214 
10 273 244 263 247 233 248 239 260 227 258 246 256 228 243 258 263 236 245 254 235 248 229 245 237 219 
11 279 251 270 254 243 256 246 268 236 264 255 264 236 253 262 270 240 250 261 244 253 233 251 244 226 
12 287 257 279 260 247 261 252 272 243 269 257 268 242 257 265 275 246 254 268 247 256 236 258 247 230 
13 293 266 283 265 254 266 261 279 253 275 261 275 248 264 268 281 248 258 278 250 265 242 261 257 238 
14 R E S T 
15 R E S T 
16 E X P E R I M E N T A L D A Y 

Key: In - Day on which animals were received 
* _ Weights of a l l animals are expressed in grams 

CD 
CO 



Body Weights of Experimental Animals during Acclimation and Training Regimen* 

Day 

In 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Key 

26 

160 
187 
191 
193 
194 
201 
205 

216 
226 
228 
231 
235 
243 

27 

172 
206 
205 
211 
213 
218 
227 

241 
250 
254 
25 8 
266 
264 

28 

149 
178 
184 
185 
188 
194 
198 

207 
217 
218 
224 
230 
234 

29 

174 
204 
208 
212 
216 
218 
222 

234 
246 
240 
247 
251 
258 

30 

167 
195 
200 
211 
208 
210 
216 

226 
2 36 
238 
245 
249 
256 

: In - Day on which 
-t- r T • i • 1- -l 

31 32 

151 170 
176 
178 
183 
188 
194 
198 

213 
226 
226 
232 
239 
242 

200 
201 
203 
206 
209 
216 

225 
239 
238 
243 
251 
255 

animals 

33 

169 
211 
215 
218 
223 
226 
233 

247 
261 
259 
267 
272 
277 

34 

175 
208 
213 
221 
225 
229 
237 

255 
270 
271 
279 
283 
291 

35 

155 
193 
198 
202 
206 
214 
221 

235 
243 
244 
251 
259 
261 

Animal Number 
36 37 38 

166 152 149 
206 189 176 
210 194 178 
215 199 183 
221 208 189 
227 211 195 
233 218 200 

R E S T 
244 233 215 
256 243 227 
257 244 227 
263 254 235 
271 259 241 
275 264 246 

R E S T 
R E S T 

39 

157 
191 
195 
201 
202 
205 
210 

221 
231 
234 
239 
243 
249 

E X P E R I M E N T A L 

were r e c e i v e d 

40 

172 
213 
218 
221 
226 
230 
239 

255 
265 
268 
279 
286 
293 

41 

171 
211 
216 
218 
225 
232 
236 

252 
269 
270 
276 
284 
288 

D A Y 

42 

171 
205 
207 
213 
219 
224 
232 

242 
252 
252 
257 
263 
271 

43 

165 
195 
203 
207 
212 
216 
225 

242 
251 
253 
262 
269 
271 

44 

152 
178 
180 
184 
185 
188 
193 

202 
210 
212 
217 
221 
225 

45 

15 8 
187 
190 
195 
202 
208 
216 

232 
236 
238 
247 
252 
257 

46 

170 
206 
211 
213 
219 
223 
230 

237 
243 
246 
250 
255 
256 

47 

154 
185 
187 
191 
194 
200 
206 

211 
220 
220 
228 
231 
239 

48 

152 
180 
185 
191 
191 
197 
204 

215 
225 
229 
235 
241 
244 

49 50 

164 162 
194 180 
199 194 
206 195 
211 200 
214 211 
222 212 

238 231 
244 234 
251 245 
257 250 
262 254 
267 257 

* - Weights of a l l animals are expressed in grams 

o 
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Figure 6:- Mean Body Weight (4SD) of Experimental Animals during Acclimation and 
Training Regimen 



APPENDIX C 

FREQUENCY DATA OF PAS STAINING INTENSITY 
OF MUSCLE FIBERS 



Table 10 

PAS Staining Intensity of Rat Plantaris Muscle Fibers following Treatments 

Identification Protocol PAS Staining Intensity 

Group Anim. Anim. Speed Grade Dist. Work/Rest Work Time 
# wt.g. m/min % inc m. interval sec. D M 

SO- FOG-
N D M 

•FG-
N D M N 

G-0 
G-0 
G-0 
G-0 
G-0 
G-0 

3 
11 
33 
38 
41i 
47 

297 
276 
293 
266 
304 
251 

35 
35 
35 
35 
35 
35 

0 
0 
0 
0 
0 
0 

122.5 
122.5 
122.5 
122.5 
122.5 
122.5 

30 J 30 
30 J 30 
30 / 30 
30 J 30 
30 / 30 
30 / 30 

210 
210 
210 
210 
210 
210 

N-6 281.2 122.5 210 
T o t a l o f F ibe r s (275) 

5 10 37 46 79 36 73 21 
15 27 43 49 43 58 23 
18 42 52 32 51 111 9 

1 31 3 78 82 
1 38 8 123 82 

19 23 52 93 

4 
20 
11 
3 

6 
12 
7 
7 

30 25 

7 28 22 27 71 77 18 15 10 
(35) (197) (43) 

G-20 
G-20 
G-20 
G-20 
G-20 
G-20 

6 
10 
13 
23 
32 
45 

284 
294 
260 
280 
271 
270 

35 
35 
35 
35 
35 
35 

20 
20 
20 
20 
20 
20 

122.5 
122.5 
122.5 
122.5 
122.5 
122.5 

30 / 30 
30 / 30 
30 / 30 
30 / 30 
30 / 30 
30 / 30 

210 
210 
210 
210 
210 
210 

N-6 276.5 122.5 210 
T o t a l o f F ibe r s (273) 

5 
2 8 

23 
1 16 

11 
1 5 

1 11 
(31) 

20 
2 
26 
35 
15 
13 

19 

19 
25 
20 
8 

19 

15 

70 75 
55 88 
29 152 
63 124 
43 183 
30 120 

48 120 
(187) 

27 
27 
12 
33 
9 
21 

22 

36 
25 
40 
26 
48 
12 

31 
(55) 

11 

3 

2 

Key: SO - Slow-Oxidat ive FOG - F a s t - O x i d a t i v e - G l y c o l y t i c FG - F a s t - G l y c o l y t i c 
D - Dark M - Moderate L - Light N - Negat ive 

CO 



PAS Staining Intensity of Rat Plantaris Muscle Fibers following Treatments 

Identification Protocol PAS Staining Intensity 

Group Anim. Anim. Speed Grade Dist. Work/Rest Work Time SO FOG FG 

# wt .g . m/min % inc m. in te rva l sec . D M L N D M L N D M L N 

G-40 
G-40 
G-40 
G-40 
G-40 
G-40 

N-6 

S-25 
S-25 
S-25 
S-25 
S-25 
S-25 

N-6 

2 
17 
21 
25 
49 
50 

7 
14 
34 
29 
42 
48 

289 
270 
280 
257 
288 
282 

277.7 

286 
2 89 
312 
278 
292 
268 

287.5 

35 
35 
35 
35 
35 
35 

25 
25 
25 
25 
25 
25 

40 
40 
40 
40 
40 
40 

0 
0 
0 
0 
0 
0 

122.5 
122.5 
122.5 
122.5 
122.5 
122.5 

122.5 
T o t a l 

471 
471 
471 
471 
471 
471 

471 
To ta l 

30 / 30 
30 / 30 
30 J 30 
30 J 30 
30 / 30 
30 / 30 

of F ibe r s 

con t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 

o f F i b e r s 

210 
210 
210 
210 
210 
210 

210 
(301) 

1130 
1130 
1130 
1130 
1130 
1130 

1130 
(264) 

1 1 

24 

6 

17 
20 

9 

1 

8 
(36) 

5 

1 
(34) 

16 
24 
12 
38 
41 

22 

33 
47 
12 
17 
47 
40 

33 

2 

43 

50 

16 

2 51 
21 

7 14 
4 

23 
4 24 

2 23 
(2 37) 

25 18 
7 75 
1 51 
2 38 
9 114 

21 15 

11 52 
(178) 

189 
179 
243 
289 
226 
143 

212 

29 
113 

76 
212 

65 
98 

99 

28 
10 

14 

9 

1 
5 

5 

2 

9 
33 

2 
1 
7 
8 

10 
(28) 

2 
51 

3 

5 

10 

23 
41 
24 
50 

23 
C52) 

4 
12 
28 
12 

4 
34 

16 

2 
6 

46 
4 

10 

Key: SO - Slow-Oxidative FOG - Fast-Oxidative-Glycolytic FG - Fast-Glycolytic 
D - Dark M - Moderate L - Light N - Negative 
contin. - Continuous run 



PAS Staining Intensity of Rat Plantaris Muscle Fibers following Treatments 

Identification Protocol PAS Staining Intensity 

Group Anim. Anim. Speed Grade Dist. Work/Rest Work Time SO FOG FG 
# wt .g . m/min % inc m. i n t e r v a l sec , D M L N D M L N D M L N 

S-35 
S-35 
S-35 
S-35 
S-35 
S-35 

N-6 

S-45 
S-45 
S-45 
S-45 
S-45 

N-S 

5 
20 
22 
26 
36 
44 

9 
12 
24 
30 
46 

279 
272 
264 
269 
298 
246 

271.3 

287 
299 
283 
280 
275 

284.8 

35 
35 
35 
35 
35 
35 

45 
45 
45 
45 
45 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

471 
471 
471 
471 
471 
471 

471 
Total 

471 
471 
471 
471 
471 

471 
Total 

contin. 
contin. 
contin. 
contin. 
contin. 
contin. 

of Fibers 

contin. 
contin. 
contin. 
contin. 
contin. 

of Fibers 

807 
807 
807 
807 
807 
807 

807 
(217) 

628 
628 
628 
628 
628 

628 
(297) 

1 
3 

5 

2 
(25) 

26 
2 
5 
1 
7 

8 
(43) 

13 
23 
30 
19 
20 
35 

23 

25 
52 
47 
26 
23 39 

35 8 

4 

5 
11 

3 

49 
45 
62 
43 
43 
49 

49 
(127) 

14 

3 

43 
17 
30 
50 
38 

36 
(198) 

29 
99 
59 
99 
50 
111 

75 

148 
147 
161 
243 
57 

151 

6 

6 
11 

4 

34 

7 

39 
49 3 
51 
82 2 
56 
74 5 

59 2 
(65) 

5 
7 38 

51 
2 55 
26 2 

7 30 
(56) 

Key: SO - Slow-Oxi dative FOG - Fast-Oxidative-Glycolytic FG - Fast-Glycolytic 
D - Dark M - Moderate L - Light N - Negative 
contin. - Continuous run 

Cn 



PAS Staining Intensity of Rat Plantaris Muscle Fibers following Treatments 

Identification Protocol PAS Staining Intensity 

Group Anim. Anim. 
# wt.g. 

Speed Grade Dist. 
m/min % inc m. 

Work/Rest Work Time 
interval sec. D M 

-SO- -FOG-
N D M 

•FG-
N D M N 

S-55 
S-55 
S-55 
S-55 
S-55 
S-55 

4 
16 
19 
28 
37 
40 

290 
308 
306 
254 
287 
320 

55 
55 
55 
55 
55 
55 

0 
0 
0 
0 
0 
0 

357.5 
574.8 
682.9 
394.9 
405.2 
410.7 

c o n t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 
c o n t i n . 

390 
627 
745 
431 
442 
448 

N-6 294.2 471 514 
T o t a l of F i b e r s (300) 

Ex-C 
Ex-C 
Ex-C 
Ex-C 
Ex-C 
Ex-C 

N-6 

8 
15 
18 
27 
31 
43 

283 
255 
293 

277 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
T o t a l of 

0 
0 
0 
0 
0 
0 

F ibe r s 

0 
0 
0 
0 
0 
0 

0 
(238) 

1 

1 
2 

1 

4 

1 
9 

2 
(31) 

13 
41 

8 
15 

9 

14 

14 
8 

11 
6 

19 
10 

11 
(26) 

22 
24 
35 
30 
38 
25 

29 

5 

1 

91 
11 
68 
62 
65 
52 

58 

4 

14 

3 

18 

6 
24 

2 
49 

17 
(225) 

108 
169 

89 
78 
91 
32 

95 

53 
53 
18 
19 

9 
32 

31 
(184) 

117 
167 
233 
260 
222 
227 

204 

9 

2 

1 
13 

2 
6 

22 
20 

11 

2 10 

1 1 
5 16 

20 27 

5 9 
(44) 

7 1 
22 
31 
27 

16 

17 
(28) 

54 
60 
11 
40 

28 

Key: SO - Slow-Oxidat ive FOG 
D - Dark M - Moderate 
c o n t i n . - Continuous run 
Ex-C - E x e r c i s e d - C o n t r o l 

F a s t - O x i d a t i v e - G l y c o l y t i c FG - F a s t - G l y c o l y t i c 
L - L igh t N - Negat ive 



APPENDIX D 

PERCENTAGE PAS STAINING INTENSITY OF FIBER TYPES 



TABLE 11 

PERCENTAGE PAS STAINING INTENSITY OF FIBER TYPES 

PAS S t a i n i n g I n t e n s i t y 

SO FOG FG 

Group D M L N D M L N D M L N 

EX-C 3.8 53.9 42 .3 31.5 51.6 16 .9 39.3 60.7 

G-0 20 .0 80.0 11.2 13 .7 36.0 39 .1 41.9 34.9 23.2 

G-20 3.2 35.5 61.3 8.Q 25.7 66 .3 40.0 56.4 3.6 

G-40 16 .7 22.2 61 .1 Q. 8 9 .7 89T.5 7 . 1 35.7 57 .1 

S-25 2 .9 97 .1 a.Q 6.2 29.2 55.6 1 7 . 3 19.2 44 .2 19.2 

S-35 8.0 92 .0 2.4 38.6 59.0 6.2 90.8 3.0 

S-45 18.6 81.4 4 . 0 1.5 18 .2 76 .3 12.5 12.5 53.6 21.4 

S-55 6.5 93.5 0.4 1.3 7.6 90.7 4 .5 11 .4 20 .5 63.6 


