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ABSTRACT o

The extensor digitorum longus (EhL) and soleus‘(SOL)u
muscles of forty mice were subjected to dlrect electrlcal
_stlmulatlon at 1ntenslt1es representlng 10 30, 50 70 and
-100%eof ﬁakiﬁal tetanic"tensi0n5~ }he glycogen depletlon |
pattern in the stlmulated muscles was evaluated qualltatlvely
by the PAS’ staln. Non—stlmulated, sham-operated muscles of;
‘the contralateral leg served as the controls . ~

. As stlmulatlon voltage was 1ncreased there was.anlr
overall reductlon in the PAS‘stalnlng 1ntensmty-1n both-EDLf:
and SOL muscles. Electrlcal stlmulatlon 1nten51ties 1n the
10 and 30% groups produced 51gn1f1cantly more. glycogen
depleted fibexs in the SO fiber type than FOG in SOL. . The"
depletion pattern 1n EDL at these lower voltages, was in-
con§1u51ve.

At stimulation intensities between 30 and’70% of maximal
tetanic tension, a significant trend towardszydge\Qlycogen |
‘depleted FG fibers was'observed in EDL compared-to FOG fibers.
" This marked-a predominant'shift to the glycolytic fiber'pool.’
in terms of recrultment of muscle fibers at hlgher 1nten51t1es
of stimulation: 1In SOL, however, neither the SO nor the FOG

fiber type displayed a specific recruitment pattern due most

likely to the absence of the FG fibertin this muscle.
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CHAPTER I.
THE PROBLEM

Iintroduction

Skeletai muscle fibers have been classified histo-

: chemlcally into dlstlnct fiber types characterized by

[

'dlfferences in contractile, metabollc and functional para-

meters {(Close, 1972). The histochemical mosaic in a given

r

muscle can undergo considerable change with various manistl-

—

ations such as nerve cross-union, exergise, electrical

stimulation, surgically induced overload and,during'the course .

of normal maturation and development (Burke and Tsairis, 1974}.

The determination of glycogen levels in skeletal

muscle by biochemical and histochemical means before and

.after bouts of exercise has suggested- that muscle fibers may

hl

be used diffefentiallf depending'on the nature of the ‘work
performed by the muscle {Armstrong et al., 1974; Baldwin,
et al., 1973, 1975). Stein and Padykula (1962) suggested
that variatione in glycogen content, -as reflected by the
Periodic-Acid Schiff (PAS) stalnlng 1nten51ty, 1llustrated

various phases in»g cycle of glycogen anabollsm and catabol-

ism. They were able to “show that the PAS stain correlated

‘highly (r= 0.87) with a quantitative glycogen aseey and. used

it to follow glycogen depletion in muscle fibers as an

indicator of muscle fiber recruitment.

P
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o Experimentation with animals has-demonstrate that

differential rates’ of glycogen depletion occur in the- fibers

[

of skeletal muscle during electrical stimulation and after .
-varyiﬁg periods 6f running on a rodent treadmill. In eleé-
‘trical'stimulation studies conducted by Kugelgqrg aéa
Edstrom (1968) involving‘indi&idual nerve fibers, theusﬂtire
nerve and muscle, a preferentiai loss of glycogeQ.w;;—found
in the fast twitch giycolytic'fibers (FG). Armstrong et al.,
(1974;- 1975) and Gillespie et al., (1974) showed that oxida—“
tive fiber groups wefe ;ecruited at léw to moderate exercise

intensities and that the glycolytic fibers were activated at

the higher intensities.

A

RatiOnale‘

.Many studies have been conducted using indirect sti-

- r

mulation £echniques, but.at present little information‘existg
concerning the role of the differen; muscle fiber types
duriné direct eiectrical stimulationl If it could be shown
that a selgctive:mecruitment of muscle fibers could be
achyeved through:direct'electricdl stimulation, it would.
rsérve as algseful model for muscle physiologists interested

"in studying the metaboliq_characteristics of the different

fiber types in skeletal muscle.

N

Statement 6f the Problem

The purpose of this investigation was te examine the
effect of selected electrical stimulation intensities repre-

égnting 10, 30, 50, 70 and 100% of maximal tetanic £énsion

., . -

w
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on the glycogen dépletion péttern in'the_fast extensor digi-

torum longus and slow soleus. muscles of the mouse.
o :

Limitations

" . :
_-This study is'limited to the. examination of two

-muscles:' fast extensor dlgltorum longus (EDL) and slow

soleus (SOL) muscles of the mou%e, and therefore, ‘does not
J

represent all myscles of the mouse. )

The range of direct stimulation intensities was re-

»

stricted to five voltages representing 10, 30, 50, 70 aﬁd

100% of maximal tetanic. tension.
.- [

The PAS ratings of the photomlcrographs were rated

by one evaluator

Definition of Terms 

Maximal tetanic tension: the peak tension p;oduced‘
in t?e muscle aﬁ max Ium voltagé‘at é‘frequency of 1Q0H=z.

PAS StaiﬁingllntensitieS: individual muscle flbers
%ere rated as negatlve, light, moderate or dark according

to the reference photomicrograph.
g
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CHAPTER II
rd . Ny )
' REVIEW OF THE LITERATURE

Introduction . jz o ' ’ '

This chapter outlines the\review of the related
1iteratu'e under " the fbllowing headings: . classification of
skeletal muscie fibers; glycogen as a fuel for muscular con-
traction; the PAS'stain for glycogen; eleetrical stimulation
of muscle; and the effect of electrical stimulation on gly-
cogen in.fiber types.

-\'
" Classification of Skeletal Muscle Fibers

«The criteria foﬁ classiﬁication of skeletal mqscle
fibers into distinct "typés" has been based on electron-
microscopicég physiological, biochemical and.histochémiéél
studies. Close (1972) demeétrated a variety of fiber
nomenclatures én animal skeletal muscles based on different
_histochemical procedures. Close employéé a three fiber sys-
tem: ‘red, white an% intermediate.?

Peter et al, (1972) aéopted a tﬁree fi@SF classifi-
bg}ioﬂ scheme based on the histochemical staininé response

. 4 . 5\
to é&hyofibrillar-ATPase stain and an oxidative enzyme stain

(NADH~TR). On the basis bf the colour intensity of the

-

ATPase .stain (pH 9.4), a differentiation between slow twitﬁh'

an? fast twitch fibers was made. An alkaline pre-incubation

resu{;ﬂé in the slow twitch fibers being light staining and

4

. o m e ey
TR
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the fast twitch fibers as dark staining. Ah acid pre-incu-
bation pfoducgd a reversal in stqining'intgpsity which was
éommonl& used as a check in histochemical procedures. The
oxidé£ive enzyme stain, NADHHTR,'was_used to separate the
fast .twitch fibers into a high oxidative and a low oxidative
category. Peter and his co-workers designéd a nomgfilature
system that reflectegzthe metébolié and contractile charaé—
teristics of the different fiber types. He classified the
slow twiﬁch fibers as SO0, ihdiéabive of their slow cbntract—'
ing and oxidative properties, and subdivided the fast twitch
fiberg into FG and FOG. fhe 7G were fast twitching fibers-
with high glycolytic capacities, but low in pxidé@}ve céba—

- gity. The FOG fibers, however, were fast contractigg fibers,
yet had high glycolytic and oxidative properties.

Thédclassification of huﬁén muscle.fiber types as'.

type I or II was adopted by Erngel in 1974. This ‘two fiber
) 1
system was based on the histochemical ATPase (pH 9.4) follow-
" ing an alkaline pre-incubation. Type I fibers were slow

contracting and type II were. fast contracting fibers. Other
: . / ' . v

rature and duration of the pre/incubation. They proposed a

four fiber system, using the type I, II classification,
[ ’ '

;
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subdividipg the type II fibers into three sub-categories
w

(¥Ia, IIb and IIc). The type IIa and ITb correspond to the

FOG d FG fiber respectively (Brooke and Kaiser, 1974).

The IFc fiber has been commonly referred to as the undiffér-

entiated fiber (Broocke and Kaiser, 19?4) which is prevalent
_lin developing muscle and rarely seeﬁ in mature muscle.
Dubowitz and Brooke (1973)'%howed that the four fiber system,

based on pH lability of the ATPase stain,, was 1dent1flable in

N ¢

other animal species.
t

Glycogen as a Fuel for Muscular Contraction

Muscle giycogen is a'substraée which serves és an
important energy saurce for muscular contractlon. Glycogen
and the two major enzymes. involved in 1ts regulatlbn, glyco—
gen synthetase and phosphorylase, have bee; repogted to vary
between the fiber types in the skeiétal muscle of several
species includiné man (Stein and.Paéykulé, 1962; Kugelburg
land Edstrom, 1968; Gillespie et al., 1970; and Peter et al.,
1972). Assuminé tbat g%ycogen synthetase and phosphorylase
acﬁivity reflect the ability-of‘the muscle fiber to synthe-
size and utilize_glycogen respectively, it can be coﬁcluded
that fibers with high ratios of the previously mentiéned
eﬁzymes Qould predominantly use glycogen as their source of
energy. Engel (1974), Stein and Padykula (1965) and Dubowitz
énd Pearse (1960) have confirmed that the type II fiber is
rich in glycogen and has high.enzyme activities for glyco-

. gen synthetase and phosphorylése.



Glycogen synthetase is the rate-limiting enzyme in
glycogen synthesis (Lehninger, 1975), This enzyme exists
in‘two fofms; the "D" and ﬁI“ forﬁ; The "D" form ?s.depen—
dent pn.glucése—ﬁ—phospﬁate'and the "I" form is independent
of glucose -6- phosphate. The two forms' are interconvertible
by mechanisms involving phosphorylation of the "I" form -and
dephosphorylation of the "D" form. Hultman et al., (1971)
and Danforth and Lyén (1964} demonstrated that the activity
of the "I" form was inversely relaied to the glycogen content
of the muscle fiber. Under most physio&ogical conditions,

-conversion to the "I" form of glycogen synthetase seems to

be the most important factor involved in glycogen synthesis

¥ ,

occurring in skeletal muscle (Saltin and Pernow, 1970). The
regulation of glycogen synthesis and'bfeakdown is illustra- ‘
ted in Figure 1.

| Glycogen is hydrolyzed to glucose -1- phosphate by
the enzyme phospﬁorylase. This enzyﬁe also exists in two
forms: the inactive "b" form and the active "a" form. Phos-
phorylase "b" may be activated to the "a" form by the acti-
vation of adenylcyclase which in turn activates a'protein
kinase. The "a" form can be converted back to ther"b“ form
by the enzyme phosphorylase phosphatase. Danforth et al.,
(1962) showed nearly a complete conversion of phosphorylase

“b" to the "a" form in electrically stimulated mouse muscle

in as short a time as three seconds.

The PAS Stain

The Periodic Acid-Schiff (PAS) stain has been widely

e
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used in histochemistry to qualitatively measure glycogen as
well as othervpolysaccharides, neutr;l polysaccharides,
muco-and glycoproteins and glycolipids (Pearse, 1961).
Periodic acid acts as the oxidizing'agent and breaks the

"C-C" bonds occurxing in the. 1:2 glycol groups producing
dialdehydes. The aldehydes-then combine with the Schiff's
Reagent to produce a r?ddish product which varies in intensity
of colour acqording to the number of aldehyde groups produced
and the type'and amount of polysaccharide preéent (Pearse,
1961) .

The depletion of muscle.glycogen, demonstrated
histochemically by the PAS stain, has served as an indicator
‘of muscle fiber.recruitment in exercise and electrical sti-
mulation studies (Edgerton et al., 1972; Burke et al., 1971).
The ‘reliability of the PAS stain as a technique for the
qualitative analysis of glycogen levels has been demonstra-
ted'by Stein and Padykula (1962). Théy were able to show
that the PAS stain correlated highly (r=0.87) with a quanti- -
tative glycogen assay. Edgerton (1970), as well féund a
similar correlation for glycogen measured in homogenatés of
étimulated muscles with the percentage of PAS-positive fibers
in the same musclgs.

The PAS‘stain, however, has several limitations.

Due to the subjective nature of fiber ratings, objectivity

L

and reliability coefficients of the rating procedure should
4

be established. It is also possible that resyﬂthesis of

4

glycogen within the muscle fiber may occur, which may mask

&,
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the true depletion pattern. However, Hultman et al., (1971)

a .
reported that rates of glycogen resynthesis are slow in com-
périson to glyéogenalysis. The last and most critical limi-
tation of the PAS stain is that the étaining intensity
appears éo'be at a maximum'at glycogen 1évels exceeding 80
mmol. glucose units:{l@fl. Therefore, changes in glycogen

-

'conten%)above this level cannot be detected as changes in
PAS sﬁ;iqing intensity, thereby making misleading”results
possible (Gollnick et al., 1972).

Despitg the limitations of'gke ﬁAS staiq, it has
‘Eéen\widely used in'exercige aﬁd-motor unit'recrﬁitment'
studies to show the fatiguability of the different muscte

fiber types.

Electrical Stimulation of Muscle

Under natural conditions, the muscle fiber action
potential is produced in responsé to transmitfer releqse
;t the motof end~plate. It is also possible, however, to
directly stimulate the muscle fiber through electrodes to
mimic the evenfs which occur at the post-synaptic site.

The electrical stimulus is employed to‘change the
muscle fibér membrane potential to a critical value so as
to allow the inflow of sodium ions into the cell. Aas a
résult,-a lateral redistribution of chargeigaaurs and a
.+ current flows out from the depolarized point (Katz, 1966).
This current flow depolarizes nearby regions of the membrane
and by local current flow, other regions af the membrane are

activated. This spread of the action potential down the
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muscle fiber is known as cable conduction in contrast to
saltatory copduction seen in‘myelihated nerve fibers.

Excitation—contr;ction coupling i; the seqﬁence éff
events which links the electrical activity of the mugcle
fiber membrane to the activation of the myofibrils and the
development of tension. Sandow (1870) describes the cdubling
phenomenon as a sequence of interliﬂked stages: (1) coupling
begins with the depolarization of the muscle fiber membrane
beyond the critical threshold value; (2) followed by a
transverse Spread of electrical activity into the interior
of the fiber; (Bf,the internal depolarization activates the
sarcoplasmic reticulum, leading to a release of calcium ions;
‘and (4} calcium ions diffuse to the contractile apparatus
where ih;eraction with the myofilaments, the initiation of
cross-bridge formation and .deneration of tension occurs.

The -amount of tension that a muscle fiber can develop’/
per unit cross-sectional area is dependent upon the volume
of contractile machinery in relation to the total fiber
volume an th;\;BQE of arrangement of the ﬁyofilaments within
the conﬁfactile cp %onent (Huddart, 1975). The tensioh in
electrically sti éiated muscle may'be varied by the voltage
applied to the mfuscle and the frequwency of discharge of the
eleétgical pulse%}

Studies conducted by Sandow (1970) demonstrated that
increasing voltage of stimulation increases the proportion

f muscle fibers that are excited. Voltages of a supra-

maximal nature were used in studies by Edgerton et al., (1970)



) 12
and Kugelburg and Edstrom (1965) which caused the fast
glycolytic fibers to fatigue rapidly.

Kjelimer (1964) demonstrated that contractions would

not be affected by iscHemia as makximal vasodilation is

v

reached at a frequency of 5/sec in skeletal muscle éna the
flow of blood is still high at a frequency of 10/sec.
Kugelburg and Edstrom (1968) notéd that fibers in rat
muscle fatigued earlier and was more mgrked wherr the fre-
quency of stimulation was increased from 5 to 10/sec. '

- The amount of sarcoplasmic reficulﬁm (SR) and the
development of the transverse tubular system (TTS) within
fast and slow ékeletél muscle has been shown to be different.
Luff and Atwood (1971) and Shafiq et al., (1969) showed that
in adult muscles, the SOL fibers contained,signif%gantly
less SR and TTS than EDL in.the'mouse. Falk and éatt (1964)
‘attributed the relatively high values for membrane capacitance
of skeletal musclé‘fibe?b to the TTS. Luff and Atwood (1971)
measured the total membrane capacitance in mouse EDL and SOL
muscle fibers and found a mean of 5.3 uF/crﬁ2 for EDL fibers
compared to 3.1 uF/cm2 for SOL fibers. fhey concluded that
.due to the difference in surface area of the TTS and SR, the
muécle fibers of EDL and SOL have different membrane
electrical propefties.

-Furthermore, Pease et al., {(1965) compared the
calcium uptake in vitro in EDL and SOL muscle and concluded
that more dalcium seemed to acgumulate in the fibers of EDL

than those in SOL. .



13

The Effect of Electrical Stimulation on Glycogen in Fiber
Types

Relatively few studies have:igvestigated glycogen
depletion patterns i@ electrically'S£imulated muscle.. iﬁ is
gpparent,'howeve;, that direét or indirect electrical stimu-
lation using supra-maximal voltages,seiectively deplétes
glycogen in the FG fiBer. Edgerton et al., (1970) and
Kugelbﬁrg and Edstrom (1968) demonstrated that glycogegl
depletion measured by the‘PAS stain occunied predominantly in -
the FG fibers in guinea pigs and rats respectively. In the
medial gastrocnemius of-guin%? pigs, Edgerton classified 97%
of the FG fibers as PAS negative after one hour of indirect
stimulation.to the sciati; nerve at a fféquenéy of 5/sec.

As well, stimulation was applied in a direct ﬁanner and the-
authors noted identical results concluding that the
neuromuscular junction did not plaf a role in the specific
fiber recruitment during electrical stimulation.

The study by Kugelburg and Edstrom (1968) utilized
the muscles of anterior tibialis and soleus of the rat. By
varying supra-maximal stimulation duration from 30 second;
to two hours, they were able to demonstrate different
B patterns of glycogen depletion. At a frequency of 5/sec,
-greater than 90% of the FG fibers were PAS negative in
anterior tibia}is at the end of 5 minutes of stimulation.
The FbG fiber showed less of a depletion effect, with very

few fibers classified as negative. The SO fibers in both

muscles showed very little glycogen depletion as a result of

1
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the stimulation indicating\that very'}ittle glycbgen was
metabolized under the experimental conditions;

Burke ahd hlS co-workers (1973) 1nvest1gated the
relatlonshlp between the phy51ologlcal propertles of stimu-
lated single motor units of cat gastrocnemius muscle and the
, histochemical and morphological properties-of the muscle
fibers making up the same units. They classified the
majority of muscle units into three categories: FF (fast
contrecting, fatigue sensitive; FR (fast contracting, fatigue
resistant; and S (slow contracting, very fatigue resistant).
Their work also demonstreted that the muscle units within .
each physiologicaf type had the same histochemical profile.

The metabolic differences between the three fiber
types may account for the preferential use of one fiber: type
during electrical stimu;etion. The FG fiber has a high
"capacity for anaerobic glycolysis whereas the FOG and SO
fibers depend less on anaerobic glycolysis and more on
oxidative glycdlytie pathways fur ATP (Dubowitz and Pearse,
1960). Edgerton-et gl.,‘(l970) believed that glycogen was
spared in the SO and FOG fibers as a result of their capacity
for producing energy hy oxidative means.

On the other hand, the recruitment of the FG fiber
may indicate that muscle fibers have different thresholds
for activation. Recent research by Campion (1974) showed
that the different fiber types of guinea pig muscle have

different resting membrane potentials (RMP) as well as

potassium and sodium concentrations. Harris and Luff (1970)

i
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demonstrated that in mouse muscle fibers, the RMP appeared to
be a - function of the age of the ,animal. In younger animals,
the RMP in slow muscle was higher than in fast muscle. ~In
mature animals, the reverse was true indicating that RMP is
directly related to the age of the animal. They also noted

that slow muscles reached electrophysiological maturity at an

earlier age than did fast mﬁscles.

!
Summarz

Distinct muscle fiber types have been shown to have

different metabolic and contractile characteristics.
Glycogen depletion,, demonstrated histochemically by the PAS
stain, has been a useful marker to identify if a muscle

fiber had been contracéing. The histochemical changes in the
PAS stain in exercise and electrical stimulation studies
suggest that the metabolic nature of the different fiber

types may play a role in the recruitment of specific fibers
and the development of muscular fatigue. The deveiopment of
an electrical stimulation model which would selectively
recruit a particular fiber type would serve to greatly
increase our k%owledge of the propertieslof the various fiber

types in skeletal muscle.
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CHAPTER III
METHODOLOGY
Intioduction

This chapter outlines the methodology of the study
under the headings of sample selection, -experimental
protocol, histochemical procedures, phoﬁographic techpiques

and statistical design.

Sample Selection v

Forty male black C57 mice obtained from Bio Breeding
Laboratories of Canada Limited ranging in age from twelve to
sixteen weeks were used in this study. All animals were

housed in the Animal Care Services within the Faculty of

hl \ ¥

Medicine at the University o% Ottawa. Food and water were
made available ad libitum. Eight mice were randomly assigned
to each of the five experimental stimulation gfoups corres-
ponding to 10, 30, 50: 70 and 100% of maximal tetanic
tension. Within each experimental group, four mice were
assigned to the EDL group and the reﬁaining four comprised
the SOL group. Table 1 outlines the assignment of animals

to the various treatment groups.

‘

Experimental Protocol

In this study, muscles EDL and SOL of the mouse were

. . A
" directly stimulated at selected stimulation intensities using
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Table 1
) Experimental Group Classifications ~

Animal Number Stimulation Group Musc;e'

1-4 1 . ~—10% ' EDL

5~8 . - 30% . EDL

9-12 / 50% EDL

13-16 - 70% EDL

17-20 100% ’ EDL

21-24 108 SOL

25-28 30% . SQOL

29-32 ' 50% o S50L

. 33-36 - 70% SOL

37-40 ‘ 100%. SOL

e

a platinum-plated stimulating electrode connected- 'to a Grass

o

—

sD 9 Stimulatgr. The transducer was connected to a Grass
Model 7 Polygraph for the graphic recording of 1sometr1c
tension from the stlmulated muscle. The polygraph was-
calibrated before each experlmentvas outlined in Appendix A.
. The mouse was anesthetized with sodium pentobarbital
(60 mg/ml.) administered intraperitoneally, followed bf-
smaller doses as necessary. The hindlimbs were shaved and the
animal was immobilized in a supine position on a dissecting
board. In each leg, the experimental muscle was surgically
isolated, with care taken to avoid disruption of the nerve
and blood sﬁpply. A length of su;gigﬁl thread was attached
to the distal tendon and éhe tendon was cut. The‘thread was
then attached to the transducer. The contralateral muscle

was used as the control and was not.stimulated, but was

syrgically isolated and stretched to the same tension as the
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exgeriqental muscle. A pin was inserted through the pateila
:to-immobilizeLthe lower limb. .
The stimulating electrode was %daced on either side
of ‘the belly of the muscle and the muscle was stretched to
a length which produced maximél twitch ?enéion. Both
experiméntal and control muscles were b§thed in a mouse
Ringers solution as outlined in Appendix B.
With the muscle at oﬁgimal length, it was directly
- stimulated at one pulse every five seconds at a duration of
one millisecorid. The voltage was then stepwise increased
until maximum twitch tension was fecorded. At maximum
hvéltage, the frequency was increased to 100 H, and a brief
tetanus was administered and the t%zfion recorded. The
voltage was then adjusted so as to yield the required
percentage of maximal tetanic tension for the duration of
the experiment. Table 2 outlines the stimulation parameters
used in.thelstudy. The muscle was rested for fwo minutes
then repeatedly stimulated for 15 seconds and rested for 45

seconds. This regimen was continued for a period of one hour. ’

Table 2 !
v

Expefimental Stimulation Protocol

Muscle Frequency Duration o Stim. /Rest
EDL 40 Hz 1 msec 15/45
SOL © 25 Hz "1 msec 15/45
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Histochemical Procedures

Upon completlon of the experiment, the muscles from
the experimental and control leg were excised and weighed on
a precision torque balance. ' The scle was then embedded in
a piece of fresh liver to assure p opér orientation and
rapidly ffozen in:isopentane chilled in liquid nitrogen.

The muscles were stored in Pre—chilled°cbntainers at -60°C
until histochemical analysis was performed.

—

Six serial sections per muscle were‘cut at a thick-
ness of 10u in a cryostat at 20 C. The:sections were ‘
mounted on coverslips and left to air dry for a perlod of
fifteen mlnutes. The hlstochemlcaL analysis con51sted of ;
myofibrillar ATPase stain according to the method-of
Padykula and Herman (1955) modified by a pre-incubation at
PH 10.4 as .described by Guth and Samaha (1969) and Khan
et al., (1974}); reduced nicotinamide adenine dinucleotide
diaphorase-tetrazolium reductase (NADH—TR) oxidative enzyme
épain accordinéﬂto the method of Novikoff et al., (1961) and

the periodic Acid-Schiff (PAS) reaction for giycogen-conteht

(Pearse, 1961). . N
' AV

Photographic Techniques

Photomicrographs of the serial sections mounted on
microscope slides wére taken by a Canon F-1 camera through a
microscope adapter. Liéht intensity and shutter speed were
maintained identical for each'picturg.

Black and white prints weré processed for the
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' subjective ratings of the muscle fibers as PAS negative,
light,moderate or dark according to the method used by
Kugelburg and Edstrom (1968) and other investigators

(Gollnick et al., 1972).

Statistical Design -

Reliability in.the rating of musclg fibers for
fiber type én@_RAS staining intensity was established by a
test-retest procedure. A set of three photomicrographs,
'phosen at random from each muscle gfoup,’w;s used to establish
reliability. Muscle fibers were rated as either slow oxidat-
ive (80), fast Oxida£ZVe—glycolytic (FOG) or fast glycolytic
(FG) using -the myosin ATPase and NADH-TR stains; and within
.each of these classifications, each fiber was rated as
negative (N), light (L), moderate (M) or dark (D) with the
PAS stain. |
The Chi Square test was applied to determine if the
mean total number of muscle fibers was:significantly different
acréss the tenltreatment groups for'each of the two muscles.
. To test for hpmogeneity of muscle fiber tybes, a
Chi $Square test waS‘épplied to determine if there exists a
significant gifference between the groups when frequency
counts were expressed as'proportions'for edch fiber type
compared to the totél number of fibers. .
2 " Since the effeét of,incfeasiﬁg e;ectrical stimuiation
intensity would decrease the glycogen content of the musc}e

V.

fibers, a statistical test was notnggplied between the
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experimental and control muscles because it would be

assumed that there would be a sigrificant difference.

To determine if there was a significant difference

.in the glycogen depletion pattern in the experimental muscles

between the two fiber types, a Chi Square test for independence
was applied in which a correction was made for uneqgual sample
sizes according to the method of Snedecor (1956) which involves

changing frequencies into percentages.



CHAPTER -IV
. RESULTS

Introduction

The purpose of this study was to investigate the
efféct of selected electrical stimulation intensities
representing 10, 30, 50, 70 and 100% of maximal tetanic
tension on the glycogen depletion pattern in fas? EDL and
slow SOL muscles of the mouse. The results are presented
asaééllows: reliability; analysis of total fibers rated per
gfoué for each muscle; homogeneity of EDL -and SOL samples /
for muscle fiber type; PAS staining intensities of the
muscle fiber types in EDL and SOL expressed as mean
percentages for each group; and Chi Square aijlysis of

independence of fiber type in EDL and SOL accg;d%pg to the

" method of Snedecor (1956) using percentages. ’

" Reliability

The results of the test for reliability are presented
in Tables 3 and 4.

- The Chi Square test results foé reliability indicate.
thaf the method of rating of the serial photomicrographs had
a high degree of reliability as the largest X2 value of 4.868
is far below the critical Xz.value of 7.815. Hence, no

significant sampling bias was obsérved.
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Table. 3

Test-Retest Data for Reliability in Classification
of PAS Staining Intensities ?f Muscle Fibers

Treatment '~ Fiber Type EAS Stainlng Iﬁtejflt%
W
Test (EDL) FOG 0 4 58 i2
FG 0 15 44 21
. . —
Retest FOG 0 6 6l 9
FG 0 13 52 . 18.
Test (SOL) S0 0 22 86 2
: FOG 0 14 90 7
Retest S0 0 24 82 5
FOG 0 21 B85 6

* Random selé%%ion resulted in control muscle 4 of the 50%
treatment group of EDL and experimental muscle 4 of the 30%
~treatment group of SOL being used here to establish

reliability.

Table 4

Chi Square Test of Reliability Data

Fiber Type X2

Probability Level
Test-Retest

EDL: FOG ) 1.905 .59
FG ' - © 2.140 .53
/’
. N J‘/_\
SOL: SO . 4.868 -195
FOG 3.910 .275

>

« critical value of X’= 7.815 with df=-3, ¢.05
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Number of Muscle Fibers Rated

Chi Sguare analysis indicated that there were
significant differences .in the total number of fibers rated
across the ten groups in both EDL and SOL muscles. In the
EDL group, six out of ten groups were significantly different
whereas in the SOL group, five out of ten were éiénificantly

different {see Appendix C).

Homogeneity of Fiber Types

The results of the Chi Square test for homogeneity
of muscle fiber type proportions, expressed as frequency
counts, are presented in Appendix D. The test demonstrated
that there was no significant difference in muscle fiber

type proportions across all groups.

PAS Sgaining Intensities of Fiber Types ~
Freguency data pf mouse EDI and SOL muscle fibers
rated with the PAS stain is presented in Appendix E. The
histochemical‘glycogen dep}s}ion pattern of the forty
muscles in each of the EDL and SOL groups subjected to
electrical stimulation, expréssed as a percentage of the
mean fiber population, is illustrated in Figures 2 and 3

respecﬁgyely. y

\

Due to the fact that the number of fibers ‘counted

Flbef\gxﬁ‘ifndependence in EDL and SOL

was ‘significantly different but the proportions of .fiber

. types were not, frequency counts were converted to percentages

<t

A
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which requlred a special Chi Square procedure (Snedecor,

1956) for the purpose of ldentlfylng 31gn1f1cant differences

in the glycogen depletion pattern among the fiber types

within each treatment group. The combined Chi Square’

value and the source of the significance is illustrated in

Tables 5 and 6 for EDL and SOL respectively.

Table 5

‘Chi Square, Analy51s for Independence of
Fiber Type in Muscle EDL

Treatmeny Muscle Fiber $ PAS x2 Source of
Group (%) Type N L M D Significance
*
10 Exp. |FoOG 0 |24.7149.8/25.5/14.37 [D__.> D
FG 0 [22.0|41.6/36.2 FG FOG
Cont. | FOG 0 |10.0(55.2{34.8 3.83
FG 0" |12.0]58.7/29.3 ’
*
30 Exp. FOG 0 118.3{68.0(13.7|27.38 |p ). D
FG_ +0.57(22.6(54.7]|22.1 FG FOG
Conmt. [FOG 1.3 | 9.2(65.6]23.9 6. 25
FG 1.6 8.2(62.4|27.8 y
50 | Exp. FOG 114.6(52.9(30.3| 2.2l15.85 |p > D
FG 18.0[47.6/29.3] 5.1 FG FOG
Cont. | FOG 0 9.8[67.0[23.2 5. 99
FG 0 |13.1[60.5!26.4 :
41
70 Exp. |FOG [26.1{56.9/16.5| 0.5[13.59% |y ) N
FG__ [34.8|46.9(17.6] 0.7 FG7 "FoG
Cont. | FOG 2.4(10.2]59.2128.2 7. 79
FG 0 [12.3(56.3{31.4 .
. *
100 Exp. FOG |50.2(42.9] 6.9] 0 9.49 D
- FG 54.5[43.6| 1.9( o "roc? Mrg
Cont. | FOG 1.2110.5[54.4133.9119.66" L L
FG 3.2/15.1(56.5/25.-2 rG2 “rog

* Sig. at e¢= ,05.



Table 6

Chi Square Analysis for Independence of

Fiber Type in Muscle SOL

28

. Treatment| Muscle|Fiber % PAS ,Xz Source of
Group (%) Type | N L M D Significance
| * .
10 Exp. o) 0 |17.5|71.1T11.4] 8.62 |[D_..» D
FOG | 0 |12.8|/71.1]|16.1 roG? Pso
Cont. [SO 0 5.4[70.224.4] |
FOG 0 5.3/67.6]27.1 .
.’W‘
*
30 Exp. |SO 2.9 |45.9149.9| 1.3(11.99 |D_ .. D
FOG |2.7 |40.4|52.5| 4.4 FoG 7~ ~50
Cont. |SO 0 7.5[71.5[21.0 *|L L
FoG | 0 |12.4|54.8|32.8|3%°> MF°G>> 50
so 2 Mroc
. Ppog” Dso
*
50 Exp. |SO 22.0(53.2(24.2| 0.6| 9.84 [N .2 N_o
FOG |[27.9(47.3[23.1] 1.7
Cont., |SO 0.3118.3165.2[16.2| .4
| FOG 1.1{22.1|59.6(17.2] °°
70 Exp. . |SO [21.9(69.4} 8.7] 0O 2.36
FOG |[22.4[66.6|11.0| O
Cont. [S0. 0 9.7(68.7|21.61 , 5
FO 0 |12.2|63.I724.7 :
100 Exp. |S$O 69.6|30.4| 0 0 | 2.23
FOG |[65.8(34.2] 0 0 .
Cont. [SO 5.4(33.6/51.0|10.0 *D D
FOG | 4.7(28.5]51.3|15.5| 7-°° QF°G> 50
* 5ig. at e = .05.



3 CHAPTER V
DISCUSSION

Introduction

This section will be preseﬂted under the following
headings: reliability: number of fibers rated; homogeneity
of fiber types; glycogen depletion and stimulation intensity;
the significance of glycogen depletion between fiber types as
a function of stimulation intensity; and the éignificance of

’ -

stimulation-induced glycogen depletion in fast and slow

muscle.

Reliability

The Chi Square test for reliability established that
+he rating procedure was reliable since no significant bias
-
existed in the rating of the serial photomicrographs.

Number of Fibers Rated

although there were different number 6f fibers rated
pef group in each muscle, the proportioné of muscle fiber
types was not significantly different in EDL and SOL.

The unegual number of fibers rated in each
experimental group may.be attributed to different muscle
sizes, the field chosen to best represent PAS staining
intensity of the entire muscle and/or incomplete section of
muscle due to freezing artifact and/or tearing in the

microtome sections.

o
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Homogeneity of Fiber Types

The proportions of fibef types, expressed as frequency
counts, was found to be non-significant across all.groups in
both muscles as a result of Chi Square analysis. Therefore,
the fiber type composition within each muscle group was
considered to be homogeneous, despite the diggz?hnt number

of fibers rated across the treatment groups.

Glycogen Depletion and Stimulation Intensity

The application of selected voltages to fast and
slow mouse muscle resultedlinldifferent glycogen depletion
patterns as illustrated in Figures 2 and 3 respective;y.

The effect of increasing stimulation intensity produced an
overall reducti&n in the PAS staining intensity in EDL and
SOL. OQualitatively, this would indicate that, as stimulation‘
intensity is increased, more muscle fibers are activated and
the degradéfion of muscle glycogen is increased as noted by
the increasing proportion of PAS light and-negative-rated
fibers in the higher intensity stimulation groups.

The contralateral muscle, which was sham-operated,
.was used as the control. The PAS staining intensity was
fairly uniform across both muscle groups. Approximate PAS
ratings- were 25% dark, 60% moderate and 15% light. &an
insignificant percentage of fibers in th; Control group wer%»
rated PAS ‘negative. The small number{of negative fibers were
. found in the contralater#l muscles oflmice subjecteé to the
70 and 100% voltages. This 6bservation would tend to

* .
indicate that there was some "cross-over" stimulation effect

P
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present at theseepigher intensities. Since the afferent
nerve supply was not cut in the experimental hindlimb, the
high voltages that were directly applied to the muscle may
have triggered the afferent nerves thus causing a reciprocal.
reflex contraction in the contralateral hiqglimb. This
phenomena was evident more in the FG fibers in EDL and the
S0 fibers in SOL, however, its overall effeét was very
minimal, comparing the control muscles of the 100% group to
that of the 10% group. N; . Jﬁ

The glycogen depletlon pattern observed in this SEde
was not 1dent1cal to the depletion pattern found by other
investigators (Edgerton et al., 1970; and Kugelburg 'and
Edstrom, 1968) using direct and indirect stimulation
techniques. Experimental prétocol differences were most
likely to be the causative factor. Both investigators,
previously mentioned, utilized supra-maximal voltages in
their experiments. As well, their mode of stimulation was
via the nerve whereas in the present study, the muscle was
direétly stimulated. The results of both studieg demonstrated
that the FG fiber was selectively dep;eted of its glycogen
as a result of the stimulation which would indicate a
selective recruitment of the FG fiber population during
supra-maximal electrical stimulation. The results of ﬁhis
study, when compared to the findings of the studies of
Edgerton et al., (1970) and Kugelburg and Edstrom (1968)
must be made w1th caution as their experimental muscles

contained all three fiber'types whereas, in the present



32
[
investigation, two muscles were used because of the absence

of the FG fiber in SOL and the SO fiber in EDL. .

Significance of Glycogen Depletion Between Fiber Types

EDL: The Chi Square analysis for independence of
fiber type is' presented in Table 5. The source of signifi-
cance, is also indicated. 1In the lower intensity stimulation
groups (10, 30, 50%), it would appear, at first glance, that
significantly mogg FG fibers are PAS dark-rated than FOG
fibers. Ho%gver, when analyzing the negative and light PAS
categories, the complement does not occur, ie., a higher
percentage of FOG fibers would be expected to be glycogen
depleted. Consequently, it appears that one particuiar fiber

type does not demonstrate a‘glycogen depletion pattern that

"would indicate a selective recruitment at the lower intensi-

ties' of stimulation.
The glyéogen depletion pattern in the higher inten-
sity stimulation éroups (70 and 100%) demonstratels a trend

towards more FG light-staining fibers. The contralateral

control muscles produced a slight PAS lightening effect at

100% compared to the 10% control muscles. The effect was
seen more noticeably in the FG fiber populétion.'

SQL: The Chi Square analysis for independence [of

fiber type is outlined in Table 6. The sourcqg of signhifi-

cance is alsoqpreSEnted..[Iﬁ"the‘lo and 30% greups, there -¢:3

were significantly more PAS dark-rated FOG fibers than' 80 -

fibers. As well, there existed a greater percentage of
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light and negative staining fibers‘;n the SO population
although the difference was not signiﬁicaﬂt. This pattern
demonstrates a definite lightening trend in the SO fibers at
the lower intensities. .

At ®the 50% intensity, a shift in the glycogen
» s depletion pattern was obserjgd. significantly more FOG .
- fibers were rated PAS gegative than SO fibers. This trend,
however, was not evident at the higher intensigies in SOL. [
The depletion pattern at 70 and 100% demonstrated that both
the S0 and FOG fibers Qere affected approximately in the
same proportion. )

As occured in EDL, the high voltages of the 100%
group caused a mild "cross-over" stimulation effect in the
contralateral muscles in SOL. This slight lightening .
effect in the PAS stain was most noticeable in the ‘SO fibé\s}\ﬁ__h\_’

> The QQS étaining intensity of the 3Q% control
muscles demonstrated sign:ficant differences between fiber
tyées. - This signifigggce-may'be_attributed to a smgll number
of fibers~rétea_in this group. Tﬁé number of fibers rated,
from animals 2 and 4 were very dissimilar which may account

for the observed significance. Animals 1 and 3 showed a ;

similar pattern.

-

sigﬂificance of Stimulation-Induced Glycogen Depletion in
Fast and Slow Muscle

The depletion of muscle glycogen via direct electrical

stimulation in fast and slow muscle may provide valuable

insight into the relative frequency with which the three
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fiber tf%es éontract during exercise. Recent-studies by
. 4
Baldwin et al., 1972; Burke et al., 1971; and Kugelburg and
Edstrom, lQGB;coﬁﬁirmed that the FG fiber type‘is sglectivély
depleted of its glycogen stores when subjectgd-to prolonged,
intermittent electrical stimulation utiliziﬁg supra-maximal
voltages. The results of this study indicate that by *
varying stimulation voltage, fast'and slow skeletal ﬁuécfé
of the mouse produced a marked glycogen depletion pattérﬁ.

In SOL, at intensities of 10 and 30%, glycogéh-
depletion.was more evident in the SO than the FOG fiper'
population. In EDL, howev?r,.ﬁhe glycogen depletion pattern
was inconclusive as it appeared fhe FOG fibers Qid not
respond in a complementary fashion in the light PAS categbry
to the staining intensity in the dark:é?s category. Several
factors may account for this observed trend.

Firstly, the low voléages used at these intensities
would not cause a significanﬁ build up of intramuscﬁlar
tension which would tend to resﬁrict blood flow through the
musclé and hence deprive the fibers of oxygen for‘energy
produc%igp. 'kjellmer (1964) demonstrated tﬁat'makimal
vasodilatién in muscle is reached at a frequenéy‘pf 5-10/sec.
The possibility exists, héwever, that sincé'the freguencies
used 4in this study exceeded 10/sec in order to produce an
unfused tetanus, ischemia may have occurréd. at the cellular
level. . -

Secondly, during low le&el contractile activity, very

little lactic acid is produced. Although lactic acid . )
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concentration was ﬁot investigated here, previous studies
iﬁvolving rodents (Armstrong et al., 1974; Baldwin, 1973)
has shown that lactaﬁe accumulates exéonentiélly as-.a
"function of work intensity. Sindé the decline in tetanic
tension was not marked at these lower intensities, it can
be assumed that lactic acidosis was not occurring to any
significant degree in the fibers of EDL and SOL.

. The conditions created within the muscle as a result
of low intensity stimulation, ie., possible ischemia and |
minimal concentrations 0f lactate, would favour the function
of a fiber population metabolically designed for oxidative
phosphorylation ;hd mitochondrial respiration (Baldwin et al.,
1977). .The significant depletion of glycogen at 10 and 30%
in the S0 fibers of SOL would suppért the above statement.

Aside from the metabolic factors, the electrophysio-
logical properties of the different fiber types in skeletal
muscle may a;count for this selective depletion effect in SOL.
Campiogn(l974) investigated the resting membrane potential
(RMP) and intra-cellular potassium and sodium concentration
of guinea pig hindlimb muscles. He goncluded that fasE twitch
fibers have a hiéher RMP than slow twitch fibers which may
account for the SO fibers being more depleted because those

ﬁibers were the first to be depolarized py the electric
current. *

'At the 50% intensity, the trend was towards a

lightening in the FG fibers in EDL. The reducfion in PAS

staining intensity was more marked at the 70 and 100%
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intensities. -It appears that, as a result of the more
intense contractile stimulation, the oxidative fiber pool
(FOG) was unable to produce the étrength of contraction,
hence the muscle's other fiber pool, FG, supplied the
contractile force at. the ﬂigher loads. The possiblg‘
mechanisms.for this\"transition" in the glycogen depletion
pattern from 6ne fiber type to another will be discussed.

The larger increments in isometric tension seen at
‘intensities of 50% and above are a direct résult of more
muscle fibers being activated. As a fesult, the tension
intramuscularly may cause v350constric;ion.causing a reduced
bloocd flow and diminished oxygen supply to the muscle
fibers. Since the oxidative fiber pool is not favoured
undexr hypoxie conditions, the use of another fiber pool
which can function anaerobically would be beneficial. It is
_a;parent from the results of this study that in fast mouse
muscle, between the intensities of 30 and 70% of maximal
tetanic tension, the resbonse shifts towards a more
anaerobically specialized fiber type as supported by the
enhanced glycogeh depletién in the FG fibers in EDL.

The increased contractile activity would increase the
lactate output By the contracting fibers (Armstrong ég al.,
1974; Diamant, 1968; Baldwin, 1973; and Karlson, 1970, 1971).
"In a study involving rodents, Baldwin £19?7) éstablished a
high correlation (r = 0.99) between the depletion of glycogen
in the FG fiber and blood lactate. Furthermore, he noted

. that the FG fiber maintained a lactate concentration dluring
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exercise that exceeded the blood concentration. It is
-
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possible that at some point between 30 and 70%, the same
mechanism is occurting in the muscles—of _this_ study.

éa%RiiP (19;4) determined that superficial ﬁuscle
fibefs’pad ldwer RMP values than the deeper mgscle fiberF.
One may assume that the higher voltages used in-the 70 and
100% groups were sufficient to aciivate the deeper fibers
within the muscle as well as the superficial fibers. The
-glycogen'depletion pattern at 100% supports the view that
all fibers were éctivated.

The observation that more FG fibers are lighter-
stained than FOG in EDL at the higher intensities is
consistent with the metabolic properties of the FG fibe;.
The FG fiber has a greaéer capacity to store glycogen
(Gillespie et al., 1970; Beatty, et al., 1963; Dubowitz andi
Pearse, 1960) and for glycogenolysis (Baldwin et al., 1973;
and Peter et al., }972). Hence the increased rate of
glycogen breakdown within the FG fiber would accqut for
the significantly more light and negative PAS sta;;ing fibers
in FG than FOG. Due to the FOG fibers ﬁoderately high ’
glycogenolytic capacity (Baldwin et al., 1973; Peter et al.,
1972) and- a high capacity to oxidize‘pfruvate, it would be
the preferred fiber type to be used during prolonged stimula-
tion when the glycogen stores in the FG fibers are depleted
and the fibers are unable to produce significant amounts of .

. tension.

The depletion of muscle glyﬁgéen, which serves as an
N :
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important energy source for muscular contraction, has been
used by many investigators as an indicator of fiber
recruitment in exercise and electrical stimulation studies
(Edgerton et al., 1970; Burke et al., 1971; Edgerton and
Hewitt, 1972 b; Edgerton and Lehto, 1972 c¢). Assuming that
glycogen depleted fibers were those fibers th;t had been
éctively contracting, it is possible to make the following
conclusiens'based on the giycogen depletion pattern found in
fast and slow ﬁouse muscle of this study. .

Low intensities of electrical stimulation represen-
ting 10 and 30% of maximal tetanic tension resulted in the
recruitment. of significantly more SO fibers than FOG in SOL.
;n EDL, however, the glycogen depletion pattern was
incoﬁclqsive and hence no specific recruitment was observed
in fast muscle. ) ’

Secondly, in EDL, at stimulation intensities somewhere
‘between 30 and 70% of maximal tension, significantly more FG
fibers were recruited compared to FOG. This "transition" to
the fast glycolytic fiber poql was most marked at 70 and 100%.
The response of the SO and FOG fibers to these higher
intensities of stimulation in SOL was almost identical which

+

is predictable due to the absence of the FG fiber in SOL.



CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The purpose of this study was to investigate the
effects of selected electrical stimulation intensities
representing 10, 30, 50,.70 and 100% of maximal tetanic
tension on the glycogen depletion pattern in fast and slow
mouse skeletal muscle.

The effect of increasing voltage iptensity applied

directly to the muscle of EDL and SOL was an overall

reduction in the PAS staining intensity in all fiber types.

Electrical stimulation intensities in the 10 and 30% groups
produced significantly more glycogen depleted'fibers in the
SO fiber type than FOG in SOL. In EDL, however, the deple-
tion pattern at these lower voltages was inconclusive.

In fast mouse muscle (EDL), at stimulation intensi-
ties between 30 and 70% of maximal tetanic tension, a
significant trend towards progressively more glycogen deple-
ted FG fibers was observed compared to FOG fibers. This
"+ransition" marked a predominant shift to the glycolytiz
fiber pool recruitment at higher stimulation intensities in
EDL. In SOL, however, neither fiber type (SO or FOG)

demonstrated a specific recruitment pattern. This is most

likely due to the absence of the FG fiber in this muscle.
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Recommendations

Further studies using direct and indirect stimulation
techniques in fast and slow skeletal muscle would be

recommended. Fjifper investigation to determine more

é&xactly at what \point this "transition" to fast fiber

recruitment oaccurs)in fast muscle would be useful. A more

extensive study ipto the electrophysiological differences in

the membranes Of fast twitch and slow twitch muscle fibers
may provide added information in the area of muscle fiber

recruitment. Finally, a stimulation prdtocol using a muscle

with all three fiber types present would be recommended.

—

\\“—q



ha

SELECTED BIBLIOGRAPHY



o

SELECTED BIBLIOGRAPHY

Armstrong, R.B., C.W. Saubert IV, W.L. Sembrowich,
R.E. Shepherd, and P.D. Gollnick. "Glgcogen Depletion
in Rat Skeletal Muscle Fibers at Different Intensities
and Durations of Exercise", Pflugers Arch., 352:
243-56, 1974. .

Armstrong,.R.B., C.W. Saubert IV, W.L. Sembrowich,

) R.E. Shepherd and P.D. Gollnick. "Glycogen Depletion
in Rat Skeletal Muscle Fibers During Exercise", In
'Metabolic Adaptation to Prolonged Physical Exercise:
Proceedings of the Second International Symposium of
Biochemistry of Exercise', Magglingen, Switzerland;
p. 397-401, Kirkhauser, 19%975.

Baldwin, K.M., P.J.Qéampbell, and D.A. Cooke. "Glycogen,
Lactate, and Alanine Changges in Muscle Fiber Types
During Graded Exercise". J. Appl. Physiol.: Respirat.

Environ. Exercise Physiol. 43(2): 288-291, 1977.

Baldwin, K.M., R.H. Fitts, and F.W. Booth. "Depletion of
Muscle and Liver Glycogen During Exercise. Protective
Effect of Training"; Pflugers Arch., 354: 203, 1975.

Baldwin, K.M., J.S. Reitman, R.L. Terjung, W.W. Winder, and
J.0. Holloszy. "Substrate Depletion in Different Types
of Muscle and in Liver during Prolonged Running”.
Amer. J. Physiol., 225: 1045, 1973.

Beatty, C.H., G.M. Basinger, and R.M. Bo ek. "Metabolism of
Red and White Fiber Groups", Amer. J. Physiol., 204:
939, 1963. —

4

Brooke, M.H. and K.K. Kaiser. "Trophic Functions of the
Neuron. 1II. Denervation and Regulation of Muscle. The
Use .and Abuse of Muscle Histochemistry", Ann. N.Y. Acad.
Sci., 228: 121, 1974.

Brooke, M.H. and K.K. Kaiser. "Muscle Fiber Types: How
Many and What Kind?" Arch. Neurol., 23: 369-379, 1970.

Burke, R.E., D.N. Levine, F.E. Zajac III,” P. Tsairis, and
W.K. Angle. "Mammalian Motoxr Units; Physiological-
Histochemical Correlation in Three Types of Fiber in
Cat Gastrocnemius", Science, 174: 709, 1971.

Burke, R.E. and P. Tsairis. "The Correlation of Physiological

Properties with Histochemical Properties in Single Muscle
Units", Ann. N.Y. Acad. Sci., 228: 145-159, 1974.

)




43

Campion, D.S.. "Resting Membrane Potential and Ionic
Distribution in Fast and Slow Twitch Mammalian Muscle",
The J. of Clin.-Invest., 54: 514-518, 1974.

Close, R.I. "Dynamic Properties of Mammalian Skeletal
Muscles", Physiol. Reviews, 52: 129-183, 1972.

Costill, D.L., J. Daniels, and W. Evans. "Skeletal Muscle
Enzymes and Fiber Composition in Male and Female Track
Athletes™, J. Appl. Physiol., 40: 149, 1976.

Danforth, W.D., E. Helmreich, and C.F. Cori.& "The Effect
of Contractions and Epinephrine on the Phosphorylase
Activity of Frog Sartorius Muscle", Proc. Nat. Acad.
Sci., 48: 1191, 1962.

Danforth, W.D. and J.B. Lyon. "Glycogenolysis during
’ Tetanic Contractions of Isolated Mouse Muscle in
Presence and Absence of Phospharylase a", J..of Biol.
Chem., 239: 4047, 1964.

Diamant, B., J.%¥arlson, and B. Saltin. "Muscle Tissue
Lactate Aftér Maximal Exercise in Man", Acta. Physiol.
Scand., 72: 383, 1968.

~— !

Dubowitz, V. and A.G. Pearse. "A Comparative Histochemical
study of Oxidative Enzymes and Phosphorylase Activity
in Skeletal Muscle", Histochimie, 2: 105, 1960.

Edgerton, V.R., R.J. Barnard, J.B. Peter, C.A. Gillespie, and
D.R. Simpson. "Overloaded Skeletal Muscles of a
Nonhuman Primate (Galago Sinegalensis)", Exp. Neurol.,
37: 322, 1972.

Edgerton, V.R., R.J. Barnard, J.B. Peter, D.R. Simpson and

: C.A. Gillespie. "Response of Muscle Glycogen and
Phosphorylase to Electrical Stimulation in Trained and
Non-trained Guinea Pigs", Exp. Neurol., 27: 46-56, 1970.

Edgerton, V.R., and H. Hewitt. "Relationships of Twitch and
Metabolic Properties of Muscle Fibers to Recruitment
Patterns in Various Kinds of Movements in Animals",
Society for Neuroscience, Proc. and Abstracts, 2nd
annual meeting, Houston, Texas: 157, 1972.

Edgerton, V.R. and S. Lehto. "Utilization of Skeletal Muscle
Fiber Typg§‘94§ing Exercise of a Nonhuman Primate",
Med. and Sci. Sports, 4: 50, 1972.

Engel, W.K. "Fiber Type Nomenclature of Human Skeletal

Muscle for Histochemical Purposes", Neurology, 24:
344, 1974. :

~__



7 ‘ 44

Falk, S., Fatt, P. ‘"Linear Electrical Properties of Striated
Muscle Fibers Observed with Intracellular Electrodes",
Proc. Roy. Soc. Ser., 160: 69, 1964.

Gillespie, C.A., D.R. Simpson, and V.R. Edgerton.  "Motor
Unit Recruitment as.Reflected by Muscle Fiber Glycogen
Loss in a Prosimian (Bushbaby) after Running and
Jumping", J. Neurol. Neurosurg. Psych., 37: .-8l7, 1974.

Gillespie, C.A., D. Simpson, and V.R. Edgerton. "High
Glycogen Content of Red, as Opposed to White Skeletal.
Muscle Fibers in Guinea Pigs", J. Histochem. Cytochem.,
18: 552, 1970.

Gollnick, P.D., R.B. Armstrong, C.W. Saubert v, K. Piehl,
and B. Saltin. "Enzyme Activity and Fiber Composition
in Skeletal Muscle of Trained and Non-trained Men",

J. nppl. Physiol., 33: 312, 1972.

Guth, L. and F.J. Samaha. "gualitative Differences Between
Actomyosin ATPase of Slow and Fast Mammalian Muscle",
Exp- Neurol., 25: 138, 1969.

Harris,%J.B. and A.R. Luff. "The Resting Membrane Potentials
' of 'Fast and Slow Skeletal Muscle Fibers in the
Developing Mouse”, Comp. Biochem. Physiol., 33: 923,
1970. :

Huddart, H. The Comparative Structure and Function of Muscle.
Pergamcn Press; Oxford. 1975.

Hultman, E., J. Bergstrom, and A. Roch-Norlund. "Glycogen
Storage in Human Skeletal Muscle", In 'Muscle Metabolism
During Exercise', Vol. 11, Plenum Paﬁss: 273, 1971.

Karlsson, J., B. Diamant, and B. Saltin. "MusQie Metabolites
During Submaximal and Maximal Exercise in Man", Scand.
J. clin. Lab. Invest., 26: 385, 197l1. ‘
™ )

Karlsson, J. and B. Saltin. "Lactate, ATP, and CP in Working
Muscles During Exhaustive Exercise in Man", J. Appl.
Physiol., 29: 1970. ' :

Katz, B. Nerve, Muscle and Synapse. McGraw-Hill Inc., 1966.

Khan, M.A., J.M. Papadimitriou, and B.A. Kakulas. "The
Effect of Temperature on the pH Stability of Myosin
ATPase as Demonstrated Histochemically”, Histochemistry, -
38: 181, 1974. .

Kiellmer, I. "“The Effect of Exercise on the Vascular Bed of
Skeletal Muscle”, Acta. Physiol. .Scand., 62: 18, 1964.




45

Kugelburg, E., and L. Edstrom. "Differential Histochemical
Effects of Muscle Contractions on Phosphorylase and
A-Glycogen in Various Types of Fibers: 1In Relation to

Fatigue", J. Neurol. Neurosurgery and Psych., 31: 415,

Lehninger, A.L. Biochemistry. Second Edition. New York:
\ Worth Publishers Inc., 1975. .

Lillie, R.D. "Simplification of the Manufacture of Schiffs
Reagent for Use in Histochemical Procedures" Stain
Tech., 26: 163, 1951. ‘

Luff, A.R., and H.L. Atwood. "Changes in Sarcoplasmic
Reticulum and Transverse Tubular System of Fast and
Slow Skeletal Muscles of the Mouse during Post-natal

Development“,:Z;ngﬂ.Biologz, 51: 369, 1971.

Novikoff, A.B., W. Shin, and J. Drucker. "Mitochondrial
Localization of Oxidative Enzymes. Staining Results
with Two Tetrazolium Salts", J. Biophys. Biochem.
Cytol., 9: 46, 1961.

Padykula, H.A. and E. Herman. "The Specificity of the
Histochemical Methoed for adenosine triphosphatase",
J. of Histochem. Cytochem., 3: 170, 1955.

PeagSe, A.G.E. Histochemistry- Theoretical and Applied.
Second Edition. Little Brown Comp., Boston, 1961.

Pease, D.C., D.J. Linden, and J.N. Howell. "Calcium Uptake
in Glycerol- extracted Rabbit Psoas Muscle Fiber",
J. All. Comp. Physiol., 65: 141, 1965.

Peter, J.B., R.J. Barnard, V.R. Edgerton, C.A. Gillespie,
and K.E. Stempel". Metabolic Profiles of Three Fiber
Types of Skeletal Muscle in Guinea Pigs and Rabbits",
Biochem., 11: 2627, 1972.

Saltin, B., and B. Pernow (ed). Muscle Metabolism During
Exercise", °New York, Plenum Press, 1970. _
' PR '
Sandow, A. "Skeletal Muscle" Ann. Rev. Physiecl., 32:
87-138, 1970..

Shafiq, S. A.; M.A. Gorycki, and A.T. Milhardt. "An Electron
Microscopic Study of Fiber Types in ‘Normal and
Dystrophic Muscles of . the Mouse", J. Anat., 104: 281, 1969.
Sher, J. and C, Cardasis. "Skeletal Muscle Fibers in the
Adult Mouse", Acta. Neurol. Scand., 54: 45, 1976.

Snedecor, G.W. Statistical Methods Fifth Edition. The Towa
State University Press, 1956, A 3




46

Stein, J.M. and H.A. Padykula. "Histochemical Classification
of 'Individual Muscle Fibers of the Rat", Am. J. of '
Anat., 110: 103, 1962. ‘ -



APPENDICES




APPENDIX A
PROCEDURE FOR CALIBRATION OF

GRASS MODEL 7 POLYGRAPH



\

49

_ Proceaure for Calibration of Grass Model 7 Polygraph \x

1. Séiichrrecordgf "ON" and set the amplifier channel to
"Standby". : ’ ’

2. Allow .20 minutes before switching amplifier to "Oﬁ“.

3. Set Driver Aﬁplifier to "Calibrate" and adjust bageline
with "Baseline" control. Press CAL button and check
that dq@%&tion is 2cm. If not, adjust "Sensitivity"

{(and baseline if necessary) so that 2cm. is achieved.

4, Set Driver Amplifier to "Use". Adjust to baseline using
"Balance" on Preamplifier. (with stepwise "Sensitivity"
control at lmv/cm.). Press "CAL-2MV" button on Pre-

amplifier and check that the deviation is 2cm. If not,
adjust with left "Sensitivity" control {adjust baseline
with "Baseline" if necessary). Once calibrated, recheck
that the baseline does not change when the "Polarity"
sﬁitch on the Driver‘Amplifier is switched back and
_forth from CAL to USE. If it does move, adjust with

N _

"Balance®.

5. Set to "USE" and proceed with experiment.
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'APPENDIX B

PROCEDURE FOR MOUSE RINGERS SOLUTION




NaCl lZ]_-.OmM
KC1 . 4.75mM -
NaHCO, 25.0mM
H,PO 0. 5mM
\ KH P94
CaCl2 1.5mM
MgCiL2 . 9.,23mM
e /\\. glucose | 2 .0g/1
,") ' Bubble with 95% oxygen and 5% carbon dioxide.
-~ ) | !
y
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APPENDIX C
CHI SQUARE ANALYSIS OF TOTAL FIBERS

IN EDL AND SOL
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_Table 7

Chi Square Analysis for Total Fibers

‘l' EDL
Group o e (o-e) (o-e) 2 (o-e) 2 x2
e

10X FOG 215 261 46 2116 8.1 16.0"
FG 245 293 48 2304 7.9 .

10C 221 261 40 1600 6.1 .
225 293 68 4624 15.8 .

30X 278 - 261 17 289 1.1 118"
349 293 56 3136 10.7 .

30C 314 261 53 2809 10.8 6.6
380 293 87 7569 25.8 .

50X 314 261 87 7569 29.0 —
338 293 45 . 2025 6.9 .

50C 264 261 3 9 0.03 04
291 293 2 4 0.01 .

70X 243 261 18 324 1.2 -

273 293 20 400 1.4 .

70C 255 261 6 36 0.14 5 47
268 293 25 © 625 2.33 .

100X 237 261 24 576 2.2 ‘6
257 293 36 1296 4.4 -

100C 248 261 13 169 . 0.65 1 42
278 293 15 225 0.77 .

* sig at e = .05




Table B8,
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Chi Square Analysis for ToTal Fibers
-
SOL :
Group 0 e {o-e) (o-e) 2 (p—e) 2 x2
e
10X SO 330 336 . 6 36 0.11 1.00
FOG 379 361 18 324 0.89 -
10cC 349 336 13 -169 0.50 0.52
358 361 3 9 0.02 *
30X 381 336 45 2025 6.03 11 64*
406 361 45 2025 5.61 *
30C 267 336 69 4761 1l4.16 24‘81*
299 361 62 3844 10.65 -
\
50X 323 336 13 169 0.50 0.59
355 361 6 36 0.09 )
50C 322 336 14 196 0.58 0.98
349 36l 12 144 0.40 '
70X 425 336 89 7921 23.57 32 89*
419 361 58 3364 3.32 *
70C 329 336 7 . 49 0.15 0.95
344 361 17 289 0.80 *
100X 372 336 36 1296 3.86 9.72
- 407 36l 46 2116 5.86 *
100C 259 336 77 5929 17.64 28. 63
298 361 63 3969 10.99 )

* sig at €= .05




APPENDIX D
CHI SQUARE TEST FOR HOMOGENEITY
OF FIBERS IN EDL AND SOL

(PROPORTIONS EXPRESSED AS FREQUENCY COUNTS)
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‘. ) Table\é
Chi Sguare Test for Homogeneity of Fibers .
{Proportion of fibers expressed as freguency counts)
EDL FOG - 47%, FG - 53%
Group o e (o-e) (o—e) 2 (o-e) 2 qu
— P
10X FOG 215 216 1 { .004 008
FG 245 244 'f\\ 1 7 .004 .
locC 221 210 11 121 . .58. 1.09
225 236 <11 _ 121 .51 '
30X 278 295 17 289 .98 1.85
349 332 17 289 .B7 .
30C 314 326 12 144 .44 83
380 368 12 144 .39 ’
50X 314 306 8 64 .21 39
338 346 8 64 .18 )
50C 264 261 3 9 .03 06
. 291 294 3 9 .03 )
70X 243 243 0 0 0
273 273 0 0 0 0
70C 274 269 5 25 .09 17
298 303 5 25 .08 -
100X 237 232 5 25 .11 20
257 262 5 25 .09 ot
100C 248 247 1 1 .004 007
_ 278 279 1 1 .003 *

* gig at e<= .05




Table iO

Chi Square Test for Homogenelity of Fibers

{(Proportion of fibers expressed as frequency counts)

57

* gsig at o< = ,05

SOL SO - 48%, FOG - 52%
-
Group 0 '/e (o-e)} (o~e) 2 (o-e) 2 X2
e
10X SO 330 340 10 100 .29 56
FOG 379 369 10 100 .27 -

10C 349 339 10 100 .29 56
358 368 10 100 .27 .

30X 381 378 3 9 .02 04
406 409 3 9 .02 .

30C 267 272 5 25 .09 ig
299 294 5 25 .09 .

50X" 323 325 2 4 .01 T o2
355 353 2 4 .01 .

.50C 329 322 0 0o 0 0
349 349 0 0 . 0

70X 425 405 20 400 .98 1.89
419 ' 439 20 400 .91 - .

; & fal

70C 329 323 6 36 AL
344 350 6 36 .10 -

100X 372 374 2 4 .01 02
407 405 2 4 .01 .

'100C 259 267 8 64 .24 s6
298 290 8 64 .22 -
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Table 11

PAS Staining Intensity of
Mouse EDL Muscle Fibers (Frequency Counts)

& STIMULATED MUSCLE ) CON;TROL MUSCLE
PAS- STAINING INTENSITY ’ .
FOG FG FoG , FG

“Ir\l L M D|N L M D{ N L M- DJ|N L M - D

iol 0O 7 10 18|0 5 16 ﬁiﬁ 0 "7 25 13|90 327 5

10, 0 29 170 31 24flo 3 35 29|0° B 48 23

10,0 28 31 9(0 36 27 7o 6 21 29{0 11' 23 16

10,0 12 37 110 9 28 35[0 6 41 6{0 2 29 22

30, 0 16 42 11{0 28 57 8fp 15 52 15/0 18 73 21

30,0 7 35 s5|o 25 54 12 63 14|0 61 32

30, 0 10 55 0 3 51 23fp 38 30{0 59 26

30, 0 18 57 142 23 29 34|4 53 16|6 11 44 27

50012 47 29 011035 31 8|p 13 73 4o 66 10

50, 9 36 20 3|12 41 28 2|j 27_ 38]o0. 42 29

50, 11 56 13 412049 18 7l 4 19 7|0’ 24 17

50, 14 27 33 0|19 36 22- Ol 4 58 12{0.15 44,21

. .o

70,1731 5 0|3419 1 ol 6 15 21j0 7 33 16
70, 19 52 17 0|27 36 13 2(4 7 51 0 a6 21

70, 2335 7 1[1926 17 ofp 8 53 5/0 14 47 5

70, 930 14 01547 .17 ofg 5 32 37|0 9 25 42

100, 2835 3 0 3240 4 olp 21 26|0 36 14
100, 26 43 5 0(3933 O olp 23 160 38 14
100, 24 9 7 0[3714 1 o|p 44 9o 19 31 13
100, 3913 .1 03225 0 o3 12 47 33}9 16 52 29
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'Table 12

PAS Sfaining Intensity of

Mouse SOLEUS Muscle Fibers (Frequency Counts)

STIMULATED MUSCLE

™

CONTROL MUSCLE

60

50 FOG 50’ FOG’
N L M D|N L M Dy IN L M D|N L M D
0o 6 75 1310 10 79 22| 74 26(0 3 67 39
0 27 52 110 17 77 16|lo 67 10|05 61 14
0 10 43 0 14 56 3|0 46 22{0 3 51 30
0O 8 37 0 3 32 14fjo 11 58 27{0 8 63 14
2 40 43 3|0 3761 7lo 4 56 180 7 41 26
0 62 35 oo 7029 4lfo 12 40 16{0 19 32 27
9 51 26 0 (11 43 33 oflo 28 9|0 31 23
0 22 86 2]0 14 90 7|l 67 13|0 60 22
2133 6 0 [32 2711 o|fo 9 43 24[4 20 39 17
21 46 17 2 |24 5213 o|lo 18 45 14|0 20 49 17
18 54 27 0125 46 32 5|fo 12 56 2|0 23 49 0
11 39 30 0 {18 43 26 1|[L-20 67 12|{0 14 71 26
46 74 0{51 6613 o|jo 7 8L 13{0 11 69 15
14 73 0|19 64 3 o|lo 16 84 7({0 12 77 15
1963 7 o013 7111 ol 25 -29i0 19 27 24
14.85 16 0|11 78 19 oo 0 36 22{0 0 44 31
67 22 0 0 (7L 31 0o ollo 28 16 3|o 19 23 12
5126 0 .0(66 20 0 °ollo 16 64 0 22 58
7323 0 0167 31 0 oi[7 27 10 of11 23 24
68 42 0 064 57 O 07 16 42 15| 3 21 48 29
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MYOSIN ADENOSINE TRIPHOSPHATASE STAIN (ATPase)
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- Procedure of Padykula and Herman, as modified by Guth and

Samaha. Exp. Neurol. V 25, p. 138-152, 1969.

SOLUTIONS:' * volumes are indicated, concentrations are
final
!
I Fixative - * made up to 20 ml.

1T

I11

Iv

a) 5 % Formaldehyde (analar chemicals)
1.0 ml. into 20 ml.

b) Sucrose (m.w. 342.3)}
2.3275 gr. into 20 ml. (340 .mM)

c) Calcium Chloride (m.w. 110.99)
0.1509 gr. into 20 ml. (68.0 mM)

d) Sodium Cacodylate (m.w. 214.02)
0.856 gr. into 20 ml. (200.0 mM)

** make up to 20 ml. with distilled Wéteré
** pH taken to 7.6 with HCI. (in cold - 4°C).

** T5 be made up fresh.

Fixative Rinse: Cold (4°C) Distilled Water.

Pre—incubation Medium: * made up to 25 ml.

a) Calcium Chloride
_ 0.1 gr. into 25 ml. (36.0 mM)

b) 2, amino-2, methyl-l, propanol {(m.w. 89.14)
12.5 ml..of 0.2 M stock buffer into 25 ml.

** make up to 25 ml. with distilled water.
** pH adjusted_to-10.4 with HCL {in cold).
** To be made up fresh.

Incubation Medium: * made up to 25 ml.

a) Propanol Buffer

(0.1 M)~

12.5 ml. of 0.2 M stock buffer into 25 ml. (0.1 M)

b) Calcium Chloride
0.0499 gr. into 25 ml. (18.0 mM)

c) Disodium ATP (m.w. 551.2)

0.062 gr. into 25 ml. (4.5 mM)

** Make up to 25 ml. with distilled water.
** pH adjusted to 9.4 with HCI.
** To be made up fresh. -
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0.2 M Buffer Stock: L.* make up to 75 ml.

o
a) 1.3371 gr. of 2, amino-2, methyl-1, propanol buffer
into 75 ml. (0.2 M)

0.1 M. Buffer Rinse: * make up to 100. ml.

a) 50 mi. of 0.2 M stock diluted with 50. ml. of
distilled water (0.1 M) .

** pH adjusted to 9.4 with HC1
** To be made up fresh.

1% Calcium Chloride:

1.0 gr. CaCi, in 100. ml. of distilled water

2% Ceobaltous Chloride: {(m.w. 237.95)

2.0 gr. CoCl2 Tn 100. ml of distilled water

1% Ammonium Sulphide: (assay 23.4%)

1.0 ml. (NH4)2S in 99. ml. of distilled water.

NB: aAbove solutions VII, VIII, and IX must be stored in
brown glass bottles at 4°C if made up as stock.
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//f MYOSIN ATPase PROCEDURES

Fixative - 10 min in cold (4°C) fixative medium

Wash.- 4 x 3 min cold distilled water rinse

Pre-incubatioh = 15 min. in cold pre-inc. medium °

Incubation - 45 min in 370C incubation medium

1% CaCl2 - 3 x 30 sec rinse
Drain and blot oo v
2% CoCl2 - 1 % 3 min wash

64

-0.1 M buffer rinse - 4 x 30 sec rinse (re-establish pH)

1% (NH S (Ammonium sulphide) - 1 x } min

4)2

Tap water rinse (cold) - 1 x 5 min

-Ascending alcohols - ethanol

95% alcohol - 1 x 1 min
99% alcohol - 2 x 1 min
Xylene -~ 1 X 2 min

Mount - Permount
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APPENDIX G
ELECTRICAL STIMULATION DATA

OF MUSCLES EDL AND SOL



Table 13

Electrical Stimulation Data - Muscle EDL

e

e
Animal Body Max Max Max Exp..
No. Weight Voltage Twitch ' Tetanic Voltage

(gr) (Volts) Tension Tension
. (gr) (gr)

10 -.1 23.0 60 5.0 12.0 2.0
- 2 20.5 40 6.0 . 24.5 1.6
- 3f 26.0 40 7.5 27.0 1.3
- 4 23.0 60 4.5 1l6.0 3.9
30 - 1 17.0 60 6.5 14.5 1.8
- 2 19.0 70 7.0 20.0 3.1
- 3 19.5 - 40 4.0 10.0 3.0
- 4 23.5 40 6.0 16.0 3.8
50 - 1 21.5 50 6.5 22.0 14.0
- 2 22.5 50 7.0 23.0 8.0
- 3 20.5 30 7.5 20.0 9.0
- 4 25.0 70 6.5 27.0 8.5
70 - 1 26.0 50 4.5 1z2.0 32.0
- 2 - 20.5 50 7.0 21.0 28.0
- 3 23.5 50 6.0 15.0 40.0
- 4 24.5 60 5.0 22.0 41.0

100 - 1 27.0 50 5.75 23.0 50

- 2 24.5 60 6.0 14.5 60

- 3 29.0 60 5.5 16.0 60

- 4 28.0 30 7.0 24.0 40



Table 14

Electrical Stimulation Data - Muscle SOL

-

Animal Body Max Max Max Exp.

No. Weight Voltage  Twitch Tetanic  Voltage

(gr} (Volts) Tension  Tension
(g) (g)

10 - 1 24.5 50 2.7 9.0 2.2
- 2 23.0 50 3.0 10.0 1.8
-3 23.5 70 3.3 8.0 2.0
- 4 21.0 70 3.4 10.0 1.3

30 - 1 25.0 60 3.1 11.0 4.6
- 2 23.5 50 2.3 7.3 3.5
- 3 - 24.0 60 1.7 4.8 3.0
-4 27.0 70 2.4 8.5 3.9

50 -1 23.0 70 3.2 9.0 16.0
-2 25.5 50 2.8 9.5 24.0
- 3 26. 0 60 2.0 6.5 20.0
-4 29.0 60 3.0 9.8 28.0

70 - 1 27.5 60 2.5 9.3 50.0
-2 24.5 60 3.3 10.3 55.0
-3 27.0 70 2.6 9.5 54.0
- 4 23.0 * 50 2.8 10.0 42.0

100 - 1 +26.0 50 2.4 8.4 50.0
-2 28.5 60 3.1 9.2 60.0
-3 30.5 60 2.5 10.0 60.0
- 4 27.5 60 2.2 7.9 60.0





