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) four grcmpe, sedentaty contrdl (cl},\cz. 03) exercised (E ), exercised “

~ aninle were progreée:lvely trained to run at 80 mlnin (302 1nc11ne)

\\ control (Ez) end t'reined (1" Exetcieed, exetcieed control and trdined

(for two weeke) Exercieed enmele (El) were encrificed et the end

g of this training progren. ’l‘rained aniule (T) vere' continuouely | N
‘ *’ tteined therepftet for 4 veeke (20 boute/day, 80 n/nin. 30% :lncl:lne) -
4 ;.” "xzxerciaed cbncrol exﬂ.-ele @re ‘tun only once a' veek (5-8 bouts) to i

b uintain the ability to perfom eptint running. Bgth groupe (T and

Pl

E ) were given.a petfomnce test at. the end of the training program,

‘ and were seurif 1ced 2& houre after a regular e‘ebeion. Husele

enzylee (ﬂ? LDH, B-HQADH antf T-ICDH) vete asseyed at phy‘ologioal N

Pﬂ lﬂd '1'o Tﬂinins decreaeed the effect of growth on the enetgy

2 supplyins -etabolim of the ekeletal mecle (gastroenemiue) Training .

i

toward high glucose phosphorylat:lon. Only HK activity 1ncreased

significantly (p<0 05, 941) after training‘ Hekokinase activity
’ L. bg. .~

. was correlated significantly v:l.th anaembic perfomnce (r- 0. 108, .

e‘ ‘-

e p‘g;OS)c 'l‘-reined rats ran. 1472 longel: than untreined aninals at ’

!

80 m/m:ln (302 1nc11ne) 'l'he mportance of hexokinase in the. enetgy ﬁ

2

) ' suvplying netaboliew after anaerobic work is d:lscuesed. VR N

N
.

. ' . . e -:_' ':\_' .'“,?:

Lleo caused an inportant ehift m the netabolic pattern of the nuscle . ‘

»



% . . "' I ) Lo
‘ ! - ’ ‘ .
L ~+ ' ACKNOWLEDGEMENTS

-

. -

1 wish 'to Ythank‘ Dr. R. B. J.. Hacnob for aé‘éepting me‘as a

: >
. student despite my. lack of proficiency in the English languhge.

» I want to thank Drs. S. W. ﬂendryck and J. Terauds for sitting on
the comittees I also want % iexpress a very special thanh to
Drn. H. A. Wengér'and J. Cc. Ruasell for their judicioua advice and
aupporc all along this study. I am especially grateful to

Dr. J. C Rua:?)ell for his cdilfidence and scimula};i.Jttitude

i
c .

lrwant a].ao\to stress that thia study would h&ve been

W 'inpossible vithout the' technical and some time critical help of

2

. Angelo Belcastro and Mr.. Nomnd Gionet.
To Dr. Glen E. Bailey. I Uant to exprees my thanks for his
friendshi: and for his moral and technicah support in the
| . laboratory uork as well as in the fproofreading of the manuscript
' Finally, I want to nhank Dr. A.: 'I'. Reed from the University

of Ottawa for acting as t:,he external examiner. "73'

I

e

vi.



A}
I

]
v

11,

III.

v.

CHAPTER —— — Sl

iy

o g

e : L

. : ’ .
‘ ’ TABLE OF CONTENTS
- . |

!

INTRODUCTION . « .« « « + + « - &

”

L

Statement of the Problem . .

,

Limitatiodé e el e e e e e e e

-

pefinition of Terms and Abbreviatiohs'.

REVIEW OF THE RELATED LITERATURE . . .

5. Environmental Conditions . .
D [}

METHODOLOGY . « « yie o o o o o =

1. Animal Care . . . . . .'.'L

.2, Ttainiﬁg Progtamme {.;. . .

3. ﬁkpéghnéptalipesign oo e

4. Anaerobic Performance Test .

6. Tissue‘Sampling and‘Sacfificing

-

7. Procedures for Enzyme Assays

7.1 The Homogenate . . .
7.2 The Enzyme Assays

8. FHistochemica1 fechn1ques . e

9.. Data Analyses

9.1 Calculacion of Enzyme Activity.

..9.2 Enzyme Ratlos .. . -
9,3 Statistical Analyses

RESULTS AND DISCUSSION o« e ee e e

.

——

Results e e 4l e s e e e s

‘Discussion:. . . - ; C e e e

SUMMATY . « o o o+ o o o 2t . .

Coniclusions ,. . « « .o .o o0

* : ‘ Vii

,
PAGE
Y
.4
.4
$ 2
. 8 |
.27
.27 u
28
.29
. 32
' N 32
.33
. 43'3
.33
.3
R
+ 31
. 37
. 38
. 38
. 40
e
« 55
: . 7'1_«
.12



: e et em——_ s s S —
{ . e . A

i REnRBNCES e o 'e o o o o 0- s o ® 8 ® @ l e o 8 o & o' 8 8 & @ .. 'o’ 3 74
APPENDICES ' ‘ —
A. LIST AND SOURCE OF CHEMICALS USED . . . . . . -
: . ‘ . . : .;’k‘«‘"_
B. DETAILS OF BIOCHEMICAL "ASSAYS .. . . e e e e ee v o 83
l>‘°8-ﬂydrox3’?acy1 CoA Dehydrogenase . . . + « s « & o o ¢ "8'6‘
_ NADP-Specific Isocitrate Dehydrogenase . . . « .+ § .86
Hexokinase L] . L] 'b »o'l . . . * . L] . . [ . . . . . ’ 88
Lactate Dehydrogenase . . . « . &+ ¢ « ¢ o o . o ® 90
C. RAWDATA.. v v v v v s e e v e e e 9L
D. SUMMARY OF ANALYSIS OF VARIANCE AND -NEHHAN- :
KEULS TES? e e. 4 v o s s 8 o o s = e'e » e’ e o v s e e e, 99
E. LABORATORY CHOW CONTENT . & « + « o < o = o o » oo » - 112
F. TRAINING PROGRESSION UP TO 80 METERS PER MINUTE R § IR
’ * ' i * ;
| ‘
L 4 e
!' ‘v
» ! ’
1 . 3 . )
¢ : ’ - oy
! \
1 o 2 b
,. ! o \
1 ! -



L b [RREEUSRUIWISIRINNS SR oY D v @ e ey e © Y0 8 t
. - 1 .

” 'r. . -
. . {
‘\ LIST OF TABLES « '
S . 7 -
S : ‘ » RO ,
0 - e PN
Table L - Descripddon . .\ .Fage
.. Assay Hethodl ‘ . , . ;%N} 36
2. Body and Muscle (GaatrocJ"weightrof Sedtﬁ"rj%fu 42
_ Exercised and Trained Rats ,,‘i~g L R <
3., , Anaerobic Perfornance oﬁ‘&ra
Rats ; _ ..u
4, Activity of Enzymeédgg)’ kﬁé@éy

'Metabolism of Sedehta;x.n
.Racs (Gastrocnemius su

I
Es # ’1'/ -
= .

' . 5. 3 Ratios of Enzymes.of the. Enetgy Supplying : 50
" Metabolism of Sedentary, Exercil.d and Trained ~~—
- Rats (Gastrocnenius Muécie) .
6. ‘ Correlation of Enzyme ActiVities to Anaerobic , "'53'
Performance : : T B
7. Muscle Fiber Type Diltribution of the T 54

Gastrocnemius Huscle of Anaerobically Trained Rats
8. ;Comparative Table of anyne Activities of - - 58"
' Skeletal Muscle in Sedeutary Animala from -
-Different ﬁtuﬂies - oL

9. ---Enzyme Activitiea of the Gastrocnenius mudele of 63
Sedentary Rats of about 2 Heeks‘Difference in Age .

10, , Raw Data for Body and Huscle Weights of Sedentary .92
: and Anaerobically Trained Rats :

1. Raw Data for Calculation of Correlation of . . . 94
.Enzyné'Activity to Anaerobic Perfornance , N

12, . Raw Data of Enzyme Actigities (Gasgroc. Huscle) .95
. of Sedentary and Anaeroiiitally Trained Rats S

13. : Raw Data of Enzyme Ratio;\(castroc. Muscle) . for - - 97 -
Sedentary and Anaerobically Trained Rats ’

14. Traininggirogression up,to 80 Metres per Minute - - 115 -

-3

" oix

"‘\'.



! - P t. ,\ ' ¥ ;‘&‘ ™ + "’“ﬂ'v
,} ‘ ." . : "\
‘ S . - ’
‘ o . P i RV
\ ‘ X
Tl X ‘
/ y 15T OF FICURRS .
. L e ’ |
o N o ‘ }} : bt .
Figure ’1# " L : ,v o Page
C 'H‘ R o -
1. !xpcrmn Ql est v SR S T )
7 : 5
2. Bpdy and llunch (i&p ocnuim)\ lﬁht o! Sedqntary, , 43 -
lterq.ud& and Train; "“- } D ; :
' 5 ¢ ,‘ n l “
3. Run ¥imeZBt 80 kx uu{g ,ne 30% gnde- lft'ect of" Y
' Ana¢obi ‘Train o o
%, - “4 ’ . - ]
o4, lctivtty of Enzymes ot‘ the Energy Supplying H-tabolin ¥ . 48
: ’ of Sedentary. Exercised, aud l'rnined lau A
: (Gutroenui\uc Muscle) * - , S ;
- z/; rv .
5. Ratios ‘of any-ea & the Bnefrgy Supply 8 Hetah@:lisl 51
- of Sedenury, Exercised and Trained Rats _ oo
(Gactrocneniu. Hu‘clc) o ‘ . b .
6. Interaction’of cmth and"’ Ttainiag on the Body chht 56
of Rats ' ‘ : '
7. any‘e Acti.vitiea of the Gaatrocnaiuq lﬁucle of R 61
Y. Sedentary Rats of Groupl C, and (Z3 ‘ ’
8. 'Control of Glycolynis in Huscle at the. HK-PPK Ructiom ! 69
., Tl
‘l
.. v ‘* % ’~
» ' , .
A |
.h.



~

@

U of tmuu s ‘of 3rnt ﬁlue. eq they detemine the rate M" tw

.

ye’

Bl .

‘3‘ ‘ ‘\_ \z.

Ietabolic ;nﬂunyp whore chey are involved, ﬂovevor en:m ntudtu do j

‘rd R “

not have -ugh phyniologfcal -unin; vhen individuu entm- nre o . .
!

cbnatdered. ‘the cdnditions P which one unyl vhen 1- very lrti'fiqtul

1

and does not _meet. physiologicel conditionp (pH, t-per.tuu md ‘ «'~|‘ ,

' cubstrpte concentrationo)» Sclnidt end Scbidt (1969) elau th‘t

" the only vay of keeping enzy-e onalyois 1n a physiologine:l context is
% J
| to expreu ‘them as rltto- of . enzy-u vlth:ln 'a nven -itabo:lic puthwny

or as retios‘between engymes repreoentative of dlfferent mum

v ..
- [
\ . - o

- . L . <,
L]

- supplying metabolisms., - o - - . : &

-~

' Pette (1971) as well as Bass et ll. (1969) uoed L - .

. i

enzyme ratioé "to differentiate -uscle typed.a ‘l‘heee utiol euihl;e

* one to evalmte the correlat:ion or" interrehtion betveen tba Aifferent )

\ (N
pathways and then\ to evaluate. the. physiological. fpplicatiom of one _/ ".

- -OF-.a-group of- eaty-er*hr the- mmme cdmte“d.

Thus the use of proportions of enzy-e u:.tivities enableu -one to :

| identify the charac:eristic -etabolic pattern of the tissue analysed. |

@

Because of the recogn:laed inportance of en:y-eo up
representacive of -etabolic rates and capecitiu, exercise . ;‘
physiologists rapidly developed an 1nterelt 1n this area in order to\

. . .
.l 1 \ i .
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considered in studies on exercise.'even though the animals used in

these studies are growing animals. Wilkinson et al. (1975) as well as-
Maxwell et al. (1973) have shown tht training interacts with the
histochemical changes taking place during growth in the muscle of

sedentary animals.
K4
The present study wdsjundertaken to continue the work
ENY '
fnitiated in the area of anaerobic exercise. It was designed to study

more c¢losely the encrgy supplying metabolism of the gastrocneqiué

muscle of the rats and its adaptation to repeated anaerobic work.

' .
Furthermore, this study was designed.to takeMinto account the effect

: v 3 .
of growth on the muscle metabolism as well as the interaction

between training and ‘growth.

A number of eniymesvwere identified as markers. of pathways
of the eﬁergy supplying metabolism and were used to evaluate the

capacity of th%§e pathways. The pathways of glucose phosphorylation,

15itate fermentation, B-oxidation of gatty'acids and the citric acid

‘cycle were selected. The enzyﬁes;hexokinase, lactate dehydrogenase,
f-hydroxyacyl CcA dehydrogenase and NADP-Spéciﬁic Isocitrate

B

dehydrogenase were chosen to represent these selected metabolic
pathways. Enzyme assays were performed under physiological -

conditions of pH &nd temperature to reproduce normi} conditions in

~ the muscle. _ - ’ : .

. s

4

Anothertpurposevof this study was to evaluate the relationship

between the different metabolic pathwayﬁ selected. The relationships

between pathways were measured by the ratios of -the enzyme activities.

This was carried out in order to estimate the effect of growth and

-



anaerobic exercise on the metabpiic patlern of the skeletal muscle.

The following relationships were studied and used to identify shifts

»
‘

Iin the energy supplying metabolism of the'mUHclv: .

. Lactate Ie:mentaLion./,ciLric acid cycle - I
Lactate fermentation / Glucosevphospho;ylation
Glucose phosphorylation / citric acid cycle
B-onidation.of fatty acids / citric acid cycle..‘ ' .

5 -

Stntement of the Problem

This study was desiéned to determine éhe effects of annefobic.
training on the metabolic pattern of the gastrocnemiJ: nuscle of |
growing rafs. Enzyme activities were used to measure ;he metabolic
capacity of lactate fernentation, glueose nhospho:ylation, the

citric acid cycle and the B-oxidation of fatrry acids under

physiological conditions of pH and tenperature.

Limitations ’ . .

Extrapolations‘to human beings as'wgil.ae to oéher'epecies .
“and other muscle groups must be done with resefve. bearing in mind
the differenpé; between species for factors such-as the fiber type
distribution of the muscle and the metaholic pattern of the muscle
studied.

The data on fiber typing (intensity of staining for ATPase

activity, a-GPDH activity and NADH-diaphorase activity) was

£

evaluated subjectively using an arbitrary scale.



of the observationq of Peter ‘et al. (1972)' - S

ATPase; High q-CPDH). - ..

§ .
~.

Definition of Terpsiandlﬁbbreyidtions' . o
i . C. ) '.7

AN

/////

The classification of muacle fibers will be made on the basis

o
. Fagt Glycolytic (FG) - Huscle Fibers with high glycolytic'

capacity, low Oxidative capacity, high ATPase activity ‘and fast twitch

e

contractile properties (Low NADH-diaphorasé¢>High‘AIPase;Higha-GPDH).

Slow Oxidative (S0) - Muscle .fibers with low glycolytic
‘ v N : .
capacity, high-oxidative capacity, low ATPase activity and slow twitch
.' { . e s

contractile properties (High'NADH-diapnorase: Low ATPase; Low a-GPDH).

Fast Glycolytic Oxidative (FOG) - Muscle fibers having high

glycolytic capacity, high oxidative capacity, high ATPase activity

and fast twitch cbntractile properties (High NADH-dfaphorase; High

.‘ s

e

Anaerobic training - training by repetition of anaerobic
- /

exercises: high intensity, short duration; ;Inteosity higher than

!

: - / ' .
MVOZ; speed” 49.5 m/min. in rats (Shepherd and Gollnick, 1976)v’

’ [C /‘. T -
Exercised animals - group of animals submitted to two weeks

of progressive training in preparation for anaerobic training (E ).

. :
Exerc1sed control animals - the group of animals submitted

to two weeks of progressive training in preparation for anaerobic

- training; and trained only once a week’ thereafter for four weeks (E ).

1 Sedentary control animals - ~group of animals handled every

day, put on the treadmill as for training but not exercised (Cl’ CZ’

C3). ' The Sedentary Control animals were force confined to their

cages (10" x 8" x 6").

“ih



. ' |
- Trained animals - group of snimals submitted Lo nnaerobic

.. B k N
training for four weeks after two veeks of progressive trsinin (T).
. { ‘% .

' Adenosine Triphosphatase (ATPase)ﬁActivity - denoted by\tre

L4

_intensity of staining procedures snd used ‘as an indicstor of \i

',contractile speed of the muscle fibers (Guth ‘and Samaha, 1969)

"“Reduced Nicotinamide Adenine Dinucleotide Disphorsse (NADH-

.

,diaphorase) Activity - denoted by intensity of staining andfused to

indieate oxidstive capacity of the muscle fibers (Dubowitz .and

Brook 1973)

a-Glycerolphosphate dehydrogenase (a-GPDH) activity - denoted

by intensity of staining and used to indicate glycolytic capacity .of
[

B3

the muscle fibers (Hattenberg and Leong, 1960) (u—GPDH)

Enzyme Activi;yp— activity of the enzyme under physiological

conditions (pH 7 37 C) messured as the amount of .substrate tqﬁqs-

1

formed per unit of time per gramme’ of wet muscle (v moles x min ~ x

gt waw.). ' | o ‘ - S

Abbré@iations: . . x o ' I ' -

a~GPDH: a-Glycerolphosphste dehydrogenase (E c. 1.1.99.5)
a,

B~HOADH or HOADH: B—hydrbxyacyl CoA dehydrogenase (E Cc. 1.1.
1 35)

- ¥

citrste synthase (E.C. 4.1.3. 7) ; B

K DfICDH: "NAD-specific Isocitrate dehydrogenase (E C. 1.1.1. 41)-
GAPDH: Glycersldehyde phosphste dehydrogensse (E.C. 1.2.%.12)

I S _ Hexokinade (E.C. 2.7:1. 1)r o : | ! /

) LDH:. Lactate dehydrogenase {E.C 1.1.1. 27) | &

M-ATPase: MyosiJ-Adenosine triphosphstase (E.C. 3.6.1.3) .

P



MDH: Malgte dehydrogenase (B.C. 1 1.1, 37)

_PFK:_ . Phosphofructokinaseﬂ(E C. 2.7.1.11) |

- I
ADH-diaphorase I Reduced Nicotinamide Adenine Dinucleotide
Diaphorase ;o

B
-
P

SDH: Succinate dehy?togenase (E C. 1.3.99.f)
T-ICDH: NADP-apecific Isocitrate dehydrogenase E.C..l.i.1.42)'
TPDH: Triose-phoSphate dehydrogenase (E. C 1 2 \fi)

MVO,: Maximal oxygen consumption per minute
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~ REVIEW OF THE RELATED LITERATURE

- - R
Enzyme'Ratios'and Muscle Differetitiation

a ' ! oy
N o )

Enzymes are catalysts of almost all biochemical rea¢tions
‘/ .

involved in the energy supplying metabolism Their activity is then

[
very important to determine the speed of the metabolic reactions.

-

The different tissues have: different metabolic prOperties as. well ‘as

" some common ones. Enzymes can then. be used to identify the different

- metabolic pathways as: they represent these pathways and to

differentiate the metabolle characteristics of tissuea.

anyme ratios, introduced b! Petté et al , 1962a, were

- studied’ in many tissues and have been used to dﬂ‘ferentidte as well as .

'

to find constant characteriatics among them (Pette et al. ‘%}962b
. | !
.Kingenberg and Pette, 1962; Pette, 1966 1971 and Bass et a1., 1969)

The notioh of constant proportion enzymes has been used by
" Pette’ et al ’ 19623. 1962b, and Kingenberg and Pette, 1962 to

"
demonstrate relationships and interdependencies of different o

. metabolic pathways and the constancy of the organization within a

given pathway among different tissues.f: P N : af ,J
Pette etval (19623) found. a constant relationship between
'enzymes of the respiratory chain (cytochrome a) and cytochrome c in
! . tissues as. different as rat brain, skeletal muscle, liver, heart and

.'_1locusta flight muséle . The same phenomenon wag observed forvthev -

. BN 8-“! -A Y R r
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E enzymes of the pyruva!e oxidétion

different tThsges anaiyzed ) e
Pette et al.,»1962b found a constdnt pro ortion group in

,gqﬁhe Enbden-Meyerhof chain in different tissues as eli as between

NG

different species. On the’ ather hand, ;he specific ropo%tions of

‘other enzymes with this group could be used to charTcterize t‘e

different energy producing metabolism'of the smooth muscle (beef) and
' E

-

" the flight muscle of.the locusta (low oxidative—glycolytic and high

oxidative-high glycolytic respectively) N\

Y

"f.l Pette (1966) differentiated white (semimembranosis)‘and red

E A(semitendineus) muscle of the rabbit on. the basis of their specific .

1'glycerol 3-phosphate dehydrogenase (GPOX)/succinate dehydrogenase
(SDH) ratios, all the other mitochondrial enzymes studied being in -
constant proportidn with SDH However, when glyceraldehyde phosphate
_dehydrogenase (GAPDH) (extramitochondrial constant proportion group

.Z;marker of . glycolysis) Was used as ‘pe denominator, they noticed a ’

I
,congtant proportion between CAPDH and GPOX and a difference of 25 to

Tt

’

Iy-3ﬂ bet een the ratios glycolysis (GAPDH)/ citric acid cycle (SDH) in '

A
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"'The compsrisoniof'the energy supplying metsboiisms can
I

then. be seen as. an efficient way of differentiating the muscle’types.

: metabolic systems of glycolysis.vB-oxidstion of fatty scids; the -

- Dn_that_hasis,_Bsss_et_alL_LlQ6Ql_assayed_eight_enzymesmmm_w__M“,i_NM__“,W:

representative of the constant proportipn groups of . the different

-

2%

,eitric acid cycle and the respiratory chsin. Computing thE'different

ratios of the different systems, the authors fsﬂnd in all species
!

‘4 studied a constancy in the relationship of the following systems in

o

both muscle types (white and red):

O - Glycogenolysis - Glycolyhis

- Glycolysis - lactate fermentstion

Glucose phosphorylation -ecitric acid'cycley

3

Fatty acid oxidation - citric acid cycle

However, the two types were very different (White >-Red)

when the following ratios were considered

."Glycolysis - fstty acid- oxidation R .
L. N ! ) :
Glycoiysis —»citricéacid cycle

-

'Lsctate fermentation ~'eitric acid cycle

!

‘Glycogenoiysis —“glueose phosphorylation 4".< . : -

"Gluconeogenesis - glucose phosphorylation

AFor these five ratios, ‘the- white muscle appesred to be 55 to 175

ta

_fold the red muscle in the rabbit [soleus (red) and Psoas (white)]
It is clear thenjthat the.enzyme:ratios'furnibh a valuable means of

'differentiating muscie types on the basis'of'their'energy supplying.’

"netabolisn as the difference appears to be very well defined

between both types



the.enaymatie organization, contluded:

1

In agreement with Bass et al. (1969), Staudte and Pette

1

- (1972) obtained‘sighificant correlations between some enzyme

| ' o N\

'abfTVItiég*Eépféééﬁtafivé’of“:ﬁe”eﬁérgy'suﬁﬁlyihg'méfabblism;' Clycogen

phosphorylase and triosephosphate dehydrogenase gave a correlation

coefficient of 0. 85, B-hydroxyacyl-CoA dehydrogenase and citrate

- synthase, hexokinase and citrate synthase, creatine kinase and

'triosephosphate dehydrogenase, produeed correlation coefficients of -

0.85, 0.78 and 0.71 respectively. This study was done on 51 muscle

1

. specimens from different mammals and birds. These: findings show the

relationship of the different metabolic systems in the muscle

1

imdependemtly of the species and the -type of muscle.
i

However changes in the characteristic tafios of each muscle

-

‘_type can be modified:or altered under physiological conditions. //{

Pette (1971), in a review on the metabolic differentiation of - distinct

' muscle types using,en;yme r,atiosA and frqm a study where a slow

°

muscleé was cross innervated and became more like a faster muscle on

s

~* ... differentiation of energy subplying metabolism in

~muscle is thus the consequence of various factors.
Ultimately, .it may be understood as an optimum adaptation
of energy- stply to requirements of. muscle function

1Bass et al. (1975) observed modifications in the energy -

! i I
supplying enzyme pattern with ageing In old rats (28 - 36 months),’

fast twitch muséle‘(EDL) and slow twitch muscle.(soleus) undergo

enzymatic modifications. The former is‘chafacterized by'a decr%ase- of.

the ratios of glycolysis/oxidative metabolism and glycolysis/glucose

'phosphorylation, showing a lower capacity for anaerobic degradation

S S .f
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__ the metabolic pattern of the soleus stays pretty much the same with

»

. (/8

; . . .. .I v ) : f{ . ‘ ‘| . ' . R
of substrates. The soleus muscle,-on_the other hand, reduced its
o

oxidative capacity as well as its glycolytic capacity,' Nevertheless,

o

" an overall decrease in energy supplying capacity. In the soleus a

usually constant ratio in mitochondria (MDH/CS) ‘decreases. The

authors concluded,that.there was a clear trend of'dedifferentiation“
,49*,_.‘ . : " ) v ! i
with old age, as the soleus and the extensor ‘digitorum longus . e

resemble each other more in terms of enzyme activity pattern with

ageing{;

. Constant proportion ehzymes oOr enzyme'activity ratios then

appear to be an excellent way of studying metabolic changes in muscle
tissue under different physiological conditions. The study reported
by Pette (1971) as well as thé one by Bass et al. (1975) show that
the metabolic pattern of the muscle tissue can undergo modifications
to adapt to new physiological requirements. ' : igi‘k“
In the studies reported so Ear, little was ‘done on human“
skeletal muscle except for the erectqr tunci Bass et al. (1969)

o

Even though we know that humans do not have equivalent fiber type

s
\

distributions as found inJ’Lher mammals (Edgerton et al., l975),~we
assume that about the same metabolic pattern is present in human . | -
skeletal muscle. A study by Bass et al. (1975) demonstrated the
difficulty in eXtrapolating experimental results from laboratory
animals to the human subjects, as they found an unusual enzyme

: 1
pattern in the quadriéﬁps femoris of man. This muscle was

¢ !

characterized by a very high capacity for glucose phoaphorylation, a

' high aerobic regeneration_of‘cytoplasmic dehydrogenated NAD (GPDH),



'the partdcular thuscle metabolism of these athletes. It is worth

and a very low anaerobic regeneration (LDH). Th{is muscle 1s capable

IS

.of breaking down a very highvproportion of carbohydrates (glucose)

‘ ]

~maerobicaily;”ss;wasrindicated‘by‘the‘@?treﬁe1y high ratio-HxILDH

(Hexokinase/Lactate dehydrogenase) and the extremely low ratio LDH/CS

This 1s to be considered when comparing work intensity on lactic acid
|
production., Reardon (1975) obtained very high blood lactate values

after high intensity exercise in rats compared to what can be obtained

in humans. , L

.o

Enzyme Ratios and Endurance Training'J

!

Publications reporting the effect qf'trainihg on the enzyme -
ratios of the enefgy supplying metabolism are scarce. HoweVer Bass

{
et al. (1976) as well as Moesch and Howald (1975) reported differences
C

in enzyme ratios between sedentary subjects and endurance trained

athletes. Moesch and Howald'(l975) measured decreases in the

following ratios: HK/SDH, GAPDH/SDH and'GAPD}-l/B—HOADH 1n trained men.
' ‘ s

Bass et al. (1976) showed significant decreases in TPDH/CS HK/CS

GPDS/CS GPDS/B ~HOADH in trained men over sedentary subjects, while

LDH/HK was found higher in athletes and B HOADH/CS was not significant—

'

ly different in the two groups. ‘These two studies show the relative,

'importance of aerobic metabolism in’ trained men versus sedentary
i

individuals, as well as an improved capacity to utilize free fatty

acids as a source of energy. However these studies are unable to

-

differentiate whether hereditary factors or training was the cause of

‘mentioning the.differences in ages (means) between the trained and

' 1



sedentary subjects in ‘these studies. In Bass et al. (1976), the
R 'S ! . . . \ .
average age of the athletic géoup was 2&.7 (18-34) yeera vhile the

' sedentary gtoup averaged 39.2 (27-53) years’ and in Moesch and Howald

(1975) the achletes and the sedentary men averaged reapectively 23 2

-

'and 33.5 yeere of age. Thue the differencea shown, although fhey

are realistic, are probably over estimeied due to the age factor.

)

4

Aerobic Traihing and !nzyme Activity in Skeletal Muscle
P .
- Many enzymes- of the energy supplying netaboliqn were showm

to. undetgo changes in optimal activity "in vitro" after an aerobic

1

traiuing program (Holloszy 1967 Kowaleki et al., 1969, Baldwin et
al.u 1972, and Gollnick et al. 973 ). Enzymes'sgd co-

'_enzynes of the citric acid cycle‘and of the respitatory chain were

(

thoroughly studied as they are markers of the oxidative capecity of

“

the muscle cell.
Cittate synthase (CS) and’ succinate dehydtogenase (SDH)

are the most counmnly used to meaaure increased oxidative capacity

by the muscle~ee11. Citrate eynthase catalyzes the reaction . *

-

ACETYL-CoA = =

OXALOACETATE :

CoA-SH ‘

. and SDH ectivates the oxidation of succinic acid to funarate q

o FAD | FADH, f'; o
SUCCINIC ACID €—mmme___ FUMARATE
| SDH -

\ . '
. = 1

w
ll
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~$ﬁn The natuyre of the aerobic treining program (mild 1ntenaity.

long duration exercise) e%pses &daptation of che muscle cell ut the ‘

.aeppbig level as shown with labdtatOty enimals as well as hupans

‘Eﬁolloezy, 1967; Gollnick et all, . 1973) Almost any type of aerubic

'creinin.%ﬁgwimning or running) ngntained for many weeks (6 'weeksvto

5 nonths) ‘causes a 50% to two«told increase in the oxldative capacity
of the muscle as sshovm by SDH and C5 activities im the skeletal
muscle involveJ in the exercise, dependung on the 1ntensity aud dura-

_ »
tion (Holloazy. 1961‘pﬂowalski et al.. 1969; Holloszy et al., 1970'%

1971 Baldvin et al. 1972 Edgerton et al., 1972; Gollnick et al..

1 I '
1973 and Piehl et al., 1976. Harri and Voltola, &975J Terjuns. 1976).

" The most counonly used aerobic ttaining prpgrau {8 the one eusgested byt

Holloszy (1967) as it produces training effects. (increaeed work time

to exhauation and 1mproved oxidative’cepacity of thn uuacle) In

this program, the. aninals are trained on a treadnill at an intensity

.of 30 metets per ninute at level or 81 incline for one or two hours'

[ QL

~ per dey. forA12 ueeks. Ten to tuelve bouts at 42 meters. per minute,

i
1aeting 30 seconds, are 1nterspetsed chrough‘the workout. Heikkinen

\

et al. (1975) reported 1ncreases of 1B. 32, 6. 3! and. 7 az of the

__*_-—‘““‘“‘D=T€BH——¥-ICDB_and‘MDH activities respecé1Ve1y in skeletal muscle

"’.

@

of mice after 3 weeks of aerobic ttaining

Generally, only minor variations are nade to this typical

.program and the speed of " 30 metergoper minute is a canﬂpn factor as

wéll as the daily duration of exercise. Some 1aboratom1es uge

sw;nming which 1s}considered to be of mildeintenaity.




In hmno. the bicycle crgo..tor i. thl lou couonly uqqq )

lppnutul, the intensity of exercise vary!ng between SQ f’o Tﬂ of

' D-fructoae 1-6 diphocphate

. of the quadriceps stayed stable. Holloszy et al. (1971) obtained

4 l

the ‘lxinl o‘ygen conamption. 'l'he-subjecta work for ab_ont one

-

v

'trlining ptogru last's up to fiVe monthd. ‘ o A

‘ Ound and Narahtn (1965) ahowed the rate limiting effect of

L4

.' phOlp'hofru‘c.gokinue (PFK) in glycolysia. It is not -urptiaing. then, S

‘that phoaphofructokinau becane ‘of interest to researchers in the

"A ./
biachenistry of exercise. PFK catalyzes the traggt'er of orie

e
N

| 'phosphate from ‘an, ATP uolecule to the 'D-fructo-e 6-pmsp}mte to. t'or-

N

. . \ &
-, '.‘ A . . ) \ - X . . \A ,“E . f
#  Its'rate liliting .effect makes PFK'a key enzyme in the o A

%

" process. of, glyct.)lyeis. Theseffect of aerobic'ttaining; of the typﬁ A

- 8,
: delcribcd abpve, on the actiuity of PFK {8 not as clear a8 for SDH

nnd citrate syrithase.’ Results seem to.be dependent on the me of -
mgcieibvolvéd. o ' T . e .

Ba'hivin.et al.4~’('1973v), using.a typical endurance training

- .

_p'rogran 'found a significant decrease in the red part of the quadriceps

of rats while the soleus increased its PFK’ ‘activity and the vhite part

BN N

‘si-iiar ;esults for the gutrocnuiun i\ucle of rats as Baldwin had

“fmmd for the“quadricey&. J:larri and Voltola (1975) found a 13. 62 de-.

creage in PFK activity in gasttoeneniue nuscle of rats nftet 5 wveeks

hour per’ ddy. fout days pet' week (ﬁollnick et al » 1973) ind‘the' T e

” . : o - ‘@‘ v &

. o o *s ATP ADP + H ‘ ' : ‘
D-FRUCTOSE 6-PROSPHATE . - —» D-FRUCTOSE 1.,@-0;9305?&&

- ’ ’ Pn o !1:.'
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of swimming. The gas{rocnemius muscle is moaLLy Fast Glycolyti(
. "‘\ R
(=60%) in the adult -rat (Ariano et al., 1673)
J ) s
Gollnick et al. (1973) found a two—}uld-incrcasv in PFK

activity in the Vastus’laterélis of humans after f{ve mdnths of

aerobic training (75% Msz)-on a biéycie crgometér.> TﬁlsAresg}t is

in contradiction to the preceding, and Collnick et al. (1973)

explained these findings as an increase in'the‘g]ycolytié‘capacity

! . "

!‘\\ ° : Vo <
Jf the slow twitch fibers. Despite the fact that the fiber typing

3

in this study showed m higher percentage of Fast Glycolytic (&607%)

- fibers, the authors conclude that this type of cxercise especlally

mobilizés slow twitch fibers which would stimulate an adaptation of
these flibers ‘toward a higher degrdddtion of glycogen for energy

supply. This conclusion roally meang that the actual,increase in *

Y

the slow twitch is much larger than two-fold, as only 40% of the

whole sample, caused that increase. Contrary to these results,

/

Gollnick et al. (1972) reported no difference between endurance

trained athletes and untrained men in PFK'actibity of thé deltoid

17

and vastus lateralis muscles. Moesch and Howald (1975) found endur-»

ancg‘dthleteb to have GAPDH activity 19% lower thah sedentary men.

*

Moggan et al. (1971) found no significant dhfference in PFK activity

fn the trained leg of humang compared to the untrained one after
one mbﬁ?h of training at 300 to 900 kg-m ;/gi;_l

| Glycolysis can supply energy anaerohbically only; its end
product, pyruva:e is then either transformed to lactate, or is

oxidized and provides energy aerobically through the citric acid

cycle. Muscles that are not highly oxidative rely on glycolysis ///

~ 3



‘ aerobic swimming. ' Karlsson, et al. (1975) also found a highér ;

18

for energy with the production of lactate since pyruvate 18 oxidized
inefficiently. "’ These muscles are characterized by high lactate
dehydrogenase activity, the énzyme which catalyzes the pyruvate —

lactate reaction.

o . NADH+H+2AD+ S
¢ PYRUVATE \ » 1.~LACTATE

LDH

Lactate déhydrbgenase (LDH) is, then, an:impértant factor 1in
. . . i :

studying the aerobic and anaerobic capacity of muscles. The effect

of aerobic training on this enzyme seems to be very depehdént on the

type of mugcle'studied. .LDH adtivity decreases signifiéantly in high
élycolytic muscles (FG and:FOG),!while,it does»nqt change in high
oxidative, low glycolytic muscles (Baldwig‘et.al.,'1973;~Hblioazy et
al., 1971; Edgerton et al,, 1972; York et al., 19?4). This‘wés shown
by the absence of change in the’éoleds éndma éignific¢nt decredsé'in'
théj}ed and whit; parts of;the_quadriceps of ‘the rat or 1n.the.

goleus of Galago Senegalensis (Edgefton et al., 1952}.

d York et al. (1974) found that the decrease in the fast

(oxidative glycolytic aﬁd'glycolytic) muscle is due to a decrease in

the isoenzyme of type Muscié (LDH-M) while the 1soenzyme of type

Heart (LDH-H) stays constant after aerobic training. Morgan et al.

*

!(1971)1found no change in LDH activity after one month of training

§ . .
in h n quadriceps muscle. Heikkinen et al. (1975) obtained the

¢
b

 same Yesults for the rectus femoris muscle of mice after 3 weeks of -

percentage of LDH-H in a gréup of endurance trained athletes while

the E;rength tréined~athietes showed higher levelsg of thé M form.

<

Noan
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In this’study the higher the percentage of slow_twitch‘(okidative)
fibers the higher was the/percentage of LDH-H, fthus showing better

(
utilization of lactate and a lower capacity for fermentation. In

'
|

" mustle in which the proportion of slow twitch fibers was higher than

602. no trace of LDH-M'wae found. " However it is difﬁicult to

conclude that this is strictly due to training effects because of  the

cross- sectional‘nature of the study Nevertheless, Peter et al

_(1971) showed the predominance of LDH-M in the-: fast fibers (glycolytic

e
and oxidative glycolytic) of guinea pigs>while LDH-H was predominant

in slow fibers, and concluded that LDH-H characterizes a high
aerobic metabolism-and'LDH—M‘a high glycolytic metabolism,
Oxidation of free fatty acids is another source of energy
i

supply for\working muscle. Mole et al. (1971),’after a typical

endurance tﬁaining program, showed a two-fold increase in the .

capacity to o*idize free fatty acids_by a lOOAhincreaae in'the

activity of A-T-P dependent‘Palmityl-toA S&nthase, carnitine‘pamityl Y

/transferase, and palnityl ~CoA dehydrogenase in Che rat gastrocnemius

!
L] : o C et

and quadriceps musclea. Holloszy et al. (1971),;eported the same o

results. ) _ )

Unfortunately there is a scarcity of work on the enzyme
f B
complex of the B—oxidation pathway and its mbdification by training

Saville and Edington (1975) found a 412 increase in B~HOADH activity

'after 45 minutes of elechical stimulation of the rat gastrocnemius s

i i
muscle of trained rats compared to untrained animala, Moesch and -

‘howald (1975) reported 37% higher activity of the same enzyme in

: trﬁfned than in sedentary men. o o |

ot
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Glucose can be an important source of energy for the working

muscle. But before it enters glycolysis it has to be phosphorylated.
Hexokinape'catalyzes this phosphorylatiOn'to form glucose 6-

phosphate. As shown by Bass et al. (1969) and others, hexokinase

activity in muscle appears mo be in constant proportion with the .

,D

.citric acid cycle enzyme activities and the respiratory chain

(cytochrome c). It 1s not surprising then ko observe ‘increases in e
[

/
hexokinase activity following aerobic training, in order to maintain
I
the relationship HK—citric‘ac%d‘cycle, as this physiological st%ess

also stimulates citrate synthase and succinate dehydrogenase
* : e

activities (Holloszy, 1967 Kowalski et al., 1969;IBaldwin et al.,

1972; Edgerton et al., 1972). - .
The "protection" of, this constant proportion seems reasonable

\

when one considers the sparing effect of aerobic training on glycogen

. aa..
sta;es in the muscle (Baldwin et al., 1975) The~resu1ts obtained by

-

Piehl et al. (1974) could be‘interpreted that way as an increased

hexokinase activity (182) accompanied by a 352 increase of glycogen"
i i o
: synthase activity at restfln the . trained leg of humans over the

.

contralateral non—trained leg. The glycogenvcontenﬁ of the . trained

leg was found . to be 322 higher than the untrained leg at rest They
F .
concluded that hexokinase would favorize replenishment of glycogen
S i
by increasing the glucose 6—phosphate pool An. the muscle

However hexokinase seems extremely sensitive to the stress

;. of exercise ag it increases in activity with training periods as .

short as nine daya (Barnard and Peter, 196@) and increases in fast

'fv

(red and white)‘as vell as in slow muscles (Baldwin et al.,.1973; '

“
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’ .Anaerobic,Training and Enzyme Activity in Skeletal‘Muscle’»

| ;o o ks

Peter et al., 1968; Lamb, et al.. 1969 Barnard and Peter, 1969;

Holloszy et al., 1971; Heikkinen et al., 1975 Morgah et al., 19?1;
Harri et aﬂ., 1975 Huston et al., 1975) - Peter et al. (1968) obtained |
ceps of guinea pigs after 21 days of training _This. is!not“ﬁhe casefin
Baldwin's study, where the red quadriceps of . rats almost ripled its |
hexokinase ;ctivity while the white part of the muscle increased by 207
and thefsoleus by about 6SZ after twelve weeks of training. Barnard

and Peter (1969) also found that the increased hexokinase acgivity

e

stauiliaed after nine days of trainidg and decreased when the training
i

" time per day was doubled between day 15 and 18 to stabilize again

between day 18 to 24 Using three different work loads over'a period [
. I ! l

of four weeks, Baldwin et-al. (1973) observed the highest activity in
the running program of 30 minutes every other day, followed by a5
minute per day program and finally by a 15 minute per day program

(all higher than sedentary animals) Comparing these results to the

'l -

time to exhaustion for ' each group they observed a lack of relationship
I : . r

between the level of training and hexokinase activity. . LT -

i . L

It then appears that hexokinase activity increases‘.
differently depending on- the muscle type, the intensity and 1ength T

of training (from ZOZ to 2002) and is not related to. the training

o

y

i
{‘ slightly higher increaaes in"the white qudriceps than in the red quadri-n

-

»levela e e S N Nt _— ) v - o

"Compared to aerobic tiﬁ%@ing,banaerobic training' is not ‘very:’
well.documented in terms of its physiological and-biochemical effects

|
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_on the: skeletal muscle'as well as On the whole organism. ;This type
of training is characterized by high intensity exercise that can be
Uhstained for short lengths of time. fhe intensity is ‘close to or.

over the maximal oxygen‘consumption of the subject;?~6"’b 1501 MVO )
At’that intensity, the muscle depdnds on anaerobic metabolism.’ If_

the duradion is very shdrt the phosphagens (ATP, CP) (Karlsaon, 1971)

' constitute the main: source of energy, otherwise anaerobic glycolyais

g
s used and lactate levels rise sharply (Saltin and Essen, 1971)
!
Decrease of the pH and depletion of the phosphate energy rich pool

Y
causes the muscle -to fatigue rapidly ‘and to stop working.
;o
The difficulty in inducing laboratory animals ‘to exercise

J
anaerobically is probably the principal relason for the lack of

\
\

, .

investigation in this area. Lately, however, a number of T

researchers have succeeded in training rats anaerobically (Saubert
/

et al.,_ 973 Staudte et al 1973 Wilkinson et al., 1975, Reardon,

1975) and this area of research is now expanding rapidly. ‘The -
A

’ anaerobic characteristics of isometric qraining, due to 1imitation

of blood flow by sustained muscle cqntraction, makes it relevant. to .

,

our discussion.g The studiés on isometric training will ‘be

- I
considered along with those on isotonic anaerdbic training

' Enzymes involved in aerobic metabolism have been shown. to

increase their activity (optimal in vitro) following anadrobic
. | .
o -

training Staudte et al._(l9Z3) found significant increases in the

g .
activity of citrate synthase in the rectus femoris as well asiin the

soleus ‘muscle. This: training program consisted of treadmill
[

v

&

! running at 80 meters per minute (at the end of the program) against
. [
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a 30 incline. ;he rats .were trained daily, twice in the morning and
twice in the afternoon for 45 seconds with a rest period’of 60 SR '
, . o

minutes. The program lasted 21 days

The increase in aerobic capacity (CS) of both fast and slow

twitch muscles, found in that’ study is understandable as they are both

° ! ~

recruited during high intensity, short duration exercise as
¢ /.

.demonstrated in glycogen depletion studies (Gollnick et al., 1974)

However the lack of increase in glycolytic enzymes (in the

slow muscle) could be attributed ﬁo the short duration of - the actual : 1:

.
v

.anaerobic program, work done in our laboratory (Wilkinson et al., 1975

and Reardon; 1973) showed.that’a period,of about 15 days iS'necessary -
‘to induce the animals to train at such a high ind?ﬁsity (60 - 80
m/min. ) The actual anaerobic training appears then to be quite P

shorF (one week) in Staudte s study

Wilkinson‘et al. (1975) also showed an incréase in aerobic
AN . ls

1capacity of Fast Glycolytic fibers following ten weeks of anaerobic

-training ‘This increase in aerpbic capacity of the trained rats’ - .
It

~ compared to sedentary rats of the same age (15 weeks old) was in

.factla maintenance of the percentage of Fast Oxidative Glycolytic -

fibers that the sedentary rat as well as .the guinea pig (Maxwell et
al., 1973) usually loses thfough growth. This change however cannot
‘be quantified as the study consisted of histochemical measurements

RYER .
Aerobic capacity was evaluated by the intensity of the staining of .

tissue: for NADH- diaphorase activity (Wilkinson et al., 1975) The

'training regimen consisted of running at 80 to 100 meters per

minute against a 302 grade for ten bouts of 15 seconds wdrk/ZO

i
i



e

‘l

. . . - . R . -‘ + o . ‘
' seconds rest, in the morningrand in the a%ternoon (20-bouts/day).

T ~e

:repeated twice daily (12 hours apart).

' Exner et al. (1973a, 1973b) found a significant ihcrease in

/

the activity of citrate synthase (approximately 302) in the rectus '¢7

I

gfemoris of male-rats-efter an isometric training program, but no.

! : o [ _
change in females. The higher aerobic capacity of female muscle at

the beginning of the study seemed to play a role in the different
effect of the program on both sexes. The absence of increase of the

succinate dehydrogenase activity is not explained by the authors.' )

.'The training program consisted of one in which the animals supported

4]
themselves against a 60° incline with a‘weight of 90 to 200 grams '

attached to their stails. In each session the animals exercised
!

'until exhaustion. - Three sessionslnot,exceeding SAminutes were

Y . . L ! o E '

. ;e
, P . . “ .
- ' Saubert et al. (1973) showed no increase in aerobic capacity

I
of the red gastrocnemius, the white gastrocnemius, the red vastus

'and the soleus muscle of the rat after~anaerobic,training fori1l

¢

" weeks. fhe‘training;was run_progressively from 61 meters per

‘minute to 80.5 meters per minute’(llth @eek) for'S:to 18.bouts _

5(30 sec. eaercise, 30 sec; rest).. Changes in aerobic capacity were

determined by . assay of succinate dehydrogenase This absence of
|

ichange (increase) in SDH activity is in agreement with the previous

' studies reported as SDH activity does not appear to increasé

following anaerobic training _ S _ .
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.glycogen as well as glucose “can be catabolized (Reardon, 1975).

ftmaking giucose 6-phosphate available for glycolysis as well as'for

. . ©
- : . ’

'training are few (Saubert et al., 1973) Nevertheiess'the soleus

{

"muscle seems to increase part of its glycolytic capacity as shown by

’significant increaseq in phosphorylase activity (Staudte et al

S -

" 1973; Saubert et al 1973, and Exner et al 1973) and in triose-

phosphate dehydrogenase activity (Staudte et al., 1973) A

’ Enzymesqinvolved in_the Broxidation of the free fatty acids

do not appear to undergo an increase in activity after anaerobic

'training'as shown by<Staudte et al. (1973) and Exner &t al. (1973)

for. 3- hydroxyacyl ~CoA dehydrogenase

[ o o v : .
The effect of anaerobic training on fermentation nf pyruvate
/

to lactaé!sis undecided“since“Staudte et al. (1973) showed no.change

in lactate oehydrogenaseﬁof both fast ‘and slpw muscles (reCtus

' i

femoris and soleus) which is in contrasggto the findings of Exner

et a1. (1973). Exner found a significant increase in LDH activity

in the rectus femoris muscle of the rat.

b

In anaerobic exercise the muscle relies primarily on

‘glycolysis (if sustained more than 20 seconds) through which

ﬁy
Hexokinase activity would then appear to be an important factor in

V-
-1

regeneration of glycogen. -

_ Despite the scarcity of work in the area of anaerobic
ud

.

ratning, two studies report ‘the effect of this stress on hexokinase
| : '

- activity in the muscle of rats (Staudte et al., 1973 and Exner et al

¢ -

1973); Unfortunately'no‘discussionjcan be brought-to_bear on. the

results of these studies since-they involved.different~anaerobic
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training”programa giving different results. Staudte. et al. (19?3)

fOund a 50% increase in'hexokinase activity of the rectus femoris as

R l'o.‘

‘well as, of the soleus muscle of the rat after 21- dayauof training

i

'Exner et al. (1973&) found no differences in female “rats treined

isometrically for 25 days. T . ( L }ﬁ

For reasons mentioned earlier, the results of Staudte s
study are difficult to interpret in terms of the effe - due to

anaerobic training as the program is considered exém‘helﬂ'short.

-]

.
It 1s difficult to establish any conclusions regarding the

effect of anaerobic training on‘activity of.enzymes (HK, LDH, HOADH;f
et - R k . ; >
PFK, SDH) of the energy supplying metabolisin ‘as only one anaerobic ,

LA

training program (Saubert et al.,‘1973) ﬁas of sufficient iength to

cause possible changes. It is also difficult to compare Saubert s’
> N . o
study with the effects of isometric training, observed by Exner et

T

~al. (1973), since contractile events in isometric training are

|

BN

't

o increasingftheir'aerooie capacity.

~ alrrereﬁ;ftompered_to—tsotonio_work. However it-appears that fest'

_—

'glycoiytio,museles Benefit the most from this type of training.by



CHAPTER T11

METHODOLOGY
L 1
1. Animal Care

[}

Fifty—eight male Wistar rat:s1 (7 to‘9 weeka old)‘nere randomly,
,vassigned-to three groups: I Sedentary control I1 Exercised 111
Trained.. The animals we:f hdesed in individual cases and fed (ad
libituml a.regular diet of labOtatory chow (see appendix E for con-
tent) and water.; The chow was replenished regularlzlfo that the\khow.

holders were neéver empty. The water was: changed regularly (every 2. or 3

'days).depending on the needs of'each animal. ,Every animal wap weighg¢

_én.arrival'and“once'a week thereafter (on Thursday'morning,‘hefdre”

i ) ’ \ ,', :,l . X ) ) .i
praining). All animals were given one week of adéptaiion to the new:
-Aenyironméne and to the reVersed day—nighc cycle._ The day night cycle

\
[

was of 12 hours light - 12 hours darkness (dark 6 00 a.m.’ to 6:00
p.m;)._ All animals were handled daily from day one until death
When an animal was: obserVed to be sick or seriously injured

3

1t was isolated:and'sacrificed. This animal was aneh&héiiiia:qtfﬁfir-\_‘
:ether and the body deshroyed Non-runners and bad ruqners were
eliminated by the same procedures.' After'each training aessidh‘every A
animal was.individpally checked.for injuries, properly*treacedfand ‘ ‘

well dried with a paper towel befcre‘returning it to its cage.

’

R Woodlyn Farms;ﬁcd.,-R.R.‘B, Guelph, Ontario.

27 ¢



28

2. The Training_Programme,

™ '

\ . A '
: ,‘ At the end of the adaptation week, the animals from groups 11

and H1 were exerEIEEH‘Un*a—metnr,driygg_treadmiﬂl (Quinton o
‘ company) consisting of a wide endless belt on rollers dividedhinto‘lb““‘“*“

]

, compartments (75 x 10 cm) Motivation waﬂ provided by electrical

.stimulation by means of a shock grid loc‘ted at the rea;,of each

compartment. The voltage was about 50 volts + 5 volt45 All

t

animals (groups 11 and III) were submitted to the same training L

intensity and Schednle for the first two weeks (15 days exactly) .
These two weeks vere an oriedtation period to train the anitials to
perform adequate sprrnt running at a very high intensity. The R

______ animals were taken progressively from 20 meters per. minute at 3OZ

- o - .
_*___f‘*;::;;;;;nezziilﬂtjggggp~pet\minqte'at the same angle. The training was

' . E ¢ . .
N . Vo

initially aerobic and lasted~frdm three to six minutes, whereafter

~

the training became highly ana?ﬁmmﬁﬁ‘rl UU'IdLLUIl‘&;; The

t.,v&f.... [ " \

e progression used may be found in appendix"T"*flf“*“~¥k+“felih~;;;ﬁ;_ii;k‘_1

. The training schedule consisted of two: ttaining sessions per

day, 6 to 8 hours apart._ The morning session was - held between

i

6: 30 hrs. and 8 30 hrs. and the afternoon session between 3 and 5

Y
~

i“*t:“\““‘i-~"o clock “The animals wete trained four days per ueek (Monday, \‘t;..

Tuesday, Thutsdaf\:nd Fridax) Hohever, if an: animal was observed to 3\g;

. have a minor injuryor showed signs of fatigue it wvas left in its
cage for the following training session. If it did. not recover , {%5,

&

'withinltwotdays (48 houra) the animal ﬁas‘excldded’from the study and

N ~ sacrificed as mentioned earlier.
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" After e‘lS'aays.of orientation all affmals coild perform a

miHimumqu ten conaecugive'uotk/reet imtervals (l§_aec720 sec) at

ylabout‘BO meters per minute (+5 meterg/mfh). The treadmill was

automatically staxted and stopped b of interval timers and the

repetitions recorde an electric counter so as to free che trainer

J:appropriate care of the animals. At the end of the
orientation period ‘half of the exercised animals (group II) vere

aacrificed. The other half were then put on a special prograﬂpe to
\ . - \ .

maintain performance at 80 m/min without any further training effect
. A
This programme consisted of one series of 5 to 8 bouts (15 see. on,

/ ot

.20 sec. off) per week, each Thursday morning.

’

The trained rats (g:".qtil)ewere continually trained there-
\ " .
after for four more weeka at 80 to 90 m/min ac a 302 grade Thef

regimen included 20 bouts per day (10 in the morning, 10 in the

-
~

RENSRRVP Wﬂw& on, 20 seconds off. This

. : R b @ .
regimen was followed four days per week (Moqday, Tuesday,~Thursday

- - . .
k]

and Friday). = . 3

- 3. Experimental Design

-

Tbe expe:imental desigu is summarized in iigure 1 Group, I‘
‘(sedentary) was divided into three subgroups of 8, 8~and 9 animAls

respectively. -These control rats were sacrificed at the end of the

iy :

adaptation week (8\animals), two weeks and six weeks after the o
adaptation week (8 and 9. animals re&peérively) to allow for considera-

1

‘tiOn of the growth factor.

2

'

[ -
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/ Figure 1 Experimental design: | T

‘ ' VY | ‘Number of Animals
Groups - ", "¢ Sacrified at Different Times
. "v
Time after : ot o '
arrival (approx.) 7 days 3 weeks 7 weeks - Total,
e Sedentary control (
(Cl*‘Cz Cf) , o 8 : 8 12% 28,
‘L, Erercised e D S
S AR By T e B 9 1]
/’JW/ N . . I g
4 1wa/ . . '
A7) \ 0 ] 0 7 7
. TOTAL - ' SR | 52 .
" ‘ .

I’ .
%3 animals (CBA)ﬁfrom the second group axé included;‘ .

d “

l

. ‘ Gtoup II (Exercised) wvas divided into two subgroups of 8 and 9

anmls respectivelr 'I’he first. 8 animals were sacrificed after tho- .
-Z-Ueek orientation period. 'rhe rest of the grou‘p was kwept uncil the
.end of the training period (4 weéks) - The purpose of the ﬁirst o

: mbgroup (B ) was to analyze changes due to the orientation period 1n
which the training bouts were partly aerobic. The second aubgroup

: (B from now on will be called: axercised Contrdl) was used to

ey

compare the perfomnce of anaerobically trained rats to non-trained

 animals of the same age and cazﬂble of sprint running. Y

»



‘1ntensity, after two weeks of the anaerobic training,
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The trained group (T) (7 animals) wag anacrobically trained

for 4 weecks after the 2'week§ of orientation. Most of these animals
(3;% 100 meters pér minute for 10 }ntervnls (15 seconds

could run at a

’

on - 20 seconds off) at the end of the 4 weeks o[‘training;

*
- 4

" _The groups were formed at “random (numbers mentioned previously’
f ‘ .
represent the number of animals per group at the endrof the study)
N .
from the whole group of animals, the second day after thejr arrival.

As they arrived each animal received a number corresponding to the -

~order in which they were transfered from the transportation box to-a

cage. Two days later a random order of these numbers was obtained

from the computér. Thlé random_numﬁer list dcetermined which animals

"would be in each group. Thereafter each animal was {dentified by its

6 -

own number (holes punched In the ears).
Group irregularities: diswovery of an error in the training

forced the
!

investigator to'rejeci all exercised an& trained anfmals. This was

because overtralningvcffects Qere suspecc;d after comparison of muscle

Qéi;hts.between trained and(control rats. . ' /,
A ngw group of animals was ordered 'immediately to be pairgd

(on body weight)’ wigh,fhe control rats. Unfortunately, the animals’

~'é§11vered did not match &he controls on welght Becausé cosfi.hd

time factors did not allow for Qrdering of new animals nor for

4

#aiting for the weights to be reached (the control rats had not been

-
4 e B

exposad to the laboratory environment for as long), a random sample

of.tﬁfée animals was used as a control to compate with actual control

racg (group C,. ) These three aniﬁéls were sacrificed at the saﬁe

1
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time as the trained animal This group was identified by the

symbol C3A'

4. Anaerobic Perfo hnce Tcst>

Two days before éacrifice,.trained animals as well as

L ! ’
‘exercised control animals (EZ) were submitted to a performance test.
’ : l

¢
n

‘The test consisted of running at 80 meters per minute on a treadmill
at '30% 1ﬁgline, fdr 1ﬁt;rvals‘of lsfsecondS‘interspérsed by periods
of rest lasting 20 Seéonds, Qnti% exhaustion. The total running time
(sum §f 15 seconds) éetermined the performance level ;f the animal. -
Each animal was.lndividually Tun for the test. The anima; was

considered exhausted when it rolled on itgfﬁhcg or if it'refuseg to

» LT

run for a perjod of more than 10 seconds despite thd shock from the

grid at the back of the treadmill. ) / : ]
/ , /

f ' : ’
- . - ~

/) | ; °

5. Environmental/geﬁaZEXOns//
. i /
(el

~

Temperature and relative humidity in\}he laboratory where-

a

the ani;als were kept and trained was verifiéd regularly. The

-

temperature in the room (ZOOC) never varied by'more’than.oné degree ;
except'on t;o occasiong. At the end of the experimentxtﬂe air
lcirculatioh system of the whole building (on! two different

- occasions) did not work for.a period of 20 t6~24 hours, during which
fimés the tempera;uie rose éo about 250?. Tﬁe relative humidity;
however, varied from 35 to ?7.52 and never excéeded those values
even during fhe times when the citcﬁlation'system wég_notj ,

.
7
° .
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functioning. The barometric pressure aweraged 708.5 mm Hg.

i 6. Tissue Sampling and Sacrificing! Procedure s

Ty . . -
!

. !‘I N ] .
The animals were sacrificed by decapitation-(Guillotine)

L4

rapidly exsanguinated and the skin of the left hind leg removed

quickiy. The gastrocnemius muscle was then exposed and excised. Fgeep,
from connective and adipoee tissue, thezmuscle was separated into two
piecee\(cross—section). The samples Wfte weighed 1mmedi?tely end

frozen in isopenﬂane, cooled in liquid nitroge? and stored in a deep

¢

freezer (-80 to. -90 C) until subsequent enzyme assay. The right

L}

gastrocnemius muscle was removed {mmediately following excision of
the 1eft one, and prepared as thq'left one but separated into‘thtee
pieces, one being destined for fiber type determination The average

' time for the décapitatfon of the %pimal the excision, weighing and

'
1
' .

freezing of both legs was 12 minutes

I

°

7. Procedures for Enzyme Assays - 1

7.} The "homogenate''. The tissue sample to be assayed was
gfound intn é very fine'powder 1n\é mortar containing iiquid |
niffogen. The grounﬂitissue was then puf on theleurfacebof pre- |
ffoien, pre-measured phosphate buffer (0.2 M, pH 7;0) and aiiowed to
thaw in aniiee-ethanol bath. ‘Tne éqlution was then mixed and
centrifuged/at 1000 x & for lO.minutés (ro)f The eupe;nat;nt was
then noured in a test fube and stered in an ice—water.ﬁath in the

refrigerator. A second rolnme of buffer was added to the pelle;sv

! : . o .
. : - : /. 2 !
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‘

and both were mixed thoroughly, then centrifuged for 10 minutes at _ )
N
1000 x g (0° C) Thq same operation was repeated a third time with the

/
'supernatants being.added to each other'each time s
The total dilution was 1 15 (g ml) plus a few milliliters

used to rinse the tubes. The first volume of buffer added ‘was about .
I o
. 0 Slof the total dilution volume, the second about 0.3 and the third
£
about 0.2. The homogenate or tissue-buffer solution was kept in the

refrigerator in an ice-water bath until subsequent enzyme hssay. All

enzymes vere assayed on the same homogenate preparation.

The 52 samples were prepared over a period'of 24'hours: Because

of uncontrollable circumstances, B-HOADH and Hexokinase were assayed

.

within 3 dqys after homogenization, although B HOADH was found to lose

considerable activity after 2° days of storage of the homogenate- as

!

~ mentloned previously. T-ICDH and LDH were assayed subsequently,‘on
' .‘ ro ' o
daysz and 5. For homogenizatiOn as well as for enzymeqassays, the

/

- e.

samplesqure pooled‘so as to randomize the time factor effect. :Each—
group of six samples contained one from each group (C : 2, C3, qi, EZ
and T and C3A when it was the case) . . T :; ‘.
Pilot studies showed ‘no significant change in LDH activity,after
10 days of storage of the homogenate in the conditions mentioned here
:Alllthe other enzymes werelfairly stable within 5 dayslexcept B-HOADH.
7 2. The Enzyme Assays. All enzymatic assays were done under
the same conditions -- to allow direct comparisonbpf the different
enzymes under one given phyaical condition and to facilitate the

use of ratios of enzyme activities. The physical conditiona of pH

|
and temperature were maintained at 7 0 and 37 C respectively,

;Unpublished.results froqfthis 1aboratory. . }

L
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instead of optimal pH'sl and tempetatures as.uépaliy done in‘éézyﬁe .

assays. Theée specific‘physicallcovditions were chosen to approximate
'éé well a? poééisle the physiologicél qogdtt‘é&é}met u§ rest ih-tﬂo
'musclé7tdssueu'~1t $S’usuaily said-éhat'physiologiéaiwpﬂ:isAﬁroﬁnd -
7;6 (7.2 to:7.4).> Howeyer tﬁisgmeasgremeht ;s made in’the blooéu‘] .
Knowiﬂg.the'tremendous buffer Caﬁééiﬁy:oflthg.blood, the‘;;zsh:gf o

! _ .
6.93 reported by Hermansen et al (1972) seemed very realistic. Thus a

pH of.7.0 and ‘a temperature of 37°C could be considered as-normal

t

(resting) conditioné;under which theé muscle enzymes are functipnihg.

/ - :
It is important ®o note here that dgspite.tﬂe fact,thét'exercise

o : » . _ 7 _ ‘ .
physiologists (as well as physiologists in general) aLe reluctant to

éséay enzymes. at a pH and-témpeﬂature different from the optimal

f w”

/VValueétrepqtted by the biochemists for pure énzymés,.chere,is no major
problem. in doing it. In fact pilot studies performed in our labora-
: " . _
tory have showq that in many enzymes of the enlergy supplying 1
i N

metabolism the conditions maintained in the present study gave

~

equal or higher.activitieé compared. to optimal'conditions.'
S ' B “ o l .

In ﬁhe present study, the téﬁpera{hre was kept constant -
: during the assays by means of a circulating bath (Polytemp by
} : ’ o ' ' - .
Polyscigptel) directly hooked to the constant tempq#ature cellvholde;

~ . .I
. ' | Lo s
of the spectrophotometer (UNICAM SP 800). - Thq assay mixtures wer&w -

- modified from Ehefprigin$17techn;quesz as detailed in appendix.B so
/ ‘ e, . ' , _ b
‘ . o L

:;Poiyscience Corp., Nileé, 111. 60648, U.S.A. .

P ?ReferenCesﬂéf 6riginal techniques given in Iable 1.



as to give optimal results|under the conditions Tentioned,above. ‘In

all‘assaye»the mixtume was incubated for 15 minute% at about 37QC
| i .

*1 C) before the reaction wvas started and the cell placed in the cell

:holder which was kept at 37 C (in°the spectrophoﬂometer) All

‘_on all the samples never exceeded 12°hours in duration

cells were mixed by inveraion and the recording of enzyme activity

'began within 15 seconds of mixing. Recording was done over-lmi to 5

-~ 4

Rt

.mindtes dqpending-On the‘speed of each teaetion. Assays of one enzyme '

b S _ .

Table 1
o T
A ASSAY METHODS
.9 B . :
t : ! ‘ ”‘
. P - : S
< ASSAY - L o 'METHOD |
| ‘ S : S L — o
_ Hexokinase o Joshi and ' Jagannathan, 1966
g-HoADH ? " Lynen and Wieland, 1955
LDH R :&.; -Bernstein and Everse,'1975
. 'NADPQQCDH v _ o ‘ y; Lowry and Passoneau,'1972' '

v

All chemicals were frethy prepared;‘dnd‘kept'in'an ice-watet-
¢
bath (T <:5 C) When NADH was involved -no more than 15 to 20 assays

were done with the same prepatation because of the formation of T

~ T T . .

L o
. . . : R

1Only fteshly deionized distilled water was used in all

preparations. ' R L v .
: S ' '

CAna
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inhibitors (Fawcett‘et al., 1961). When assays were lenéthy,:fresh a"

‘NADH was prepared every 2 to 3 hours.

\

. In cases where background hctivlties were observed

5 JE— P

(B—HOApH HK) the reference cell contained exactly the equivalent of the
i .

' sample cell except the specific substrate so that non-gpecific
reactions were automatically subtracted from the total enzymatic

activity of the soiution (homogenate) ‘ ‘ -
D ! S S
. 8. Histochemical Techniques
/ S
" Thé’fiber'type distribution of the entire gastqocnemius muscle of
_ - [ .
seven animals was, determined using standard procedures. This‘small'
fsample was chosen because of the time  needed to evaluate all thé 52
. c? . . In

'animals and because this parameter was included only to estimate the-
/ .

A . X : . . . . i
. . . . . . P

type of muscle.aspayed:» Three and four animals were chosen (randomly)
| B
: inithe group C and T respectively The staining was done on serial
. o i .
;sections of 10 microns, prepared in a cryostat at a temperature of Sy

” -25 C. y051n ATPase stain ‘was done as suggesned by Guth and
Samaha (1969), o- glycerophospHate dehydrogenase as suggested by
lWattenberg and Leong (1960), and NADH diaphorase by the method of

Dubowitz and Brooke.(1973). ; . I ,ﬁ o '15

. . ) . v
9. Data Analysis ~ / }
9.1 'Calculation-of:eniyme activity.: All enayme activities

’ ’ . .o o t roe. o
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. '

. of tissue (wet weight); umolex min-1 X g“l WeW. The activity was

.

calculated from the.iollowing formula'h_m;“,__

"~ ACTIVITY =

where:

A0.D x v
B2 x v * g/ml

-AO.DV= change 1in/ optical density per minute at 340 nm

6.22 . extinction coefficient of NADH at 340 ‘nm.

V = total"’ volume &n the cuvette.l
v =" volume of homogenate added to the crevette."
g/ml = grammes of tissue per ml of homogenate solution
: i

measured after centrifugation. T <

g = weight of wet tissub immediately after excision.

9 2 Enzyme Ratios. The following enzyme. activity ratios

. were calculated LDH/T—ICDH HK/T-ICDH B~ HOADH/T—ICDH and LDH/HK

38

were reported in micromoles of substrate formed per minute per gramme

as

The ratios. were calculated for each animal and statistical analysis ,

lperformed on these values. It .was decided not to multiply some

activities by a constant to give bigger XGmbers as oﬂten done by '

!

Pette (1971) and Bass et al (1969) except for some ratios where the

‘ratio itself was multiplied to- avoid too many decimal points in S

: . - l - ’ L B .
,crouded‘tables : - - . : 3

(ANOVA) *(Winer, . 1971) ‘was run on the data of single enzyme activities |

(ainer,

9. 3 Statistical Analysis. A one way analysis of variance

R

- as well as the - ratios of enzyme activities. The Newman—Keuls test

1971) was qsed as an. a posteriori test to locate the -
}

significant differences between groups (DERS program documentation

_ 'ANOV15).

ot

Uhen the xz test revealed non-homogeneity of varianceta‘
l N . . ) . . i i N -
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more conservative a posteriori test was used, le. the Scheffé-test:
'(wiqe;,5197¥).
between trained and untrained. animals (T and Ez);groups'reSpectively
" " for the rdnftimes.(ﬁerformance,tesr) and ;ﬁe fiber type distribution.
The Pearson correlation coefficib@ts (Winer, 1971) were
calculated'befweenqenzyme activities‘and performance time. In ail
statistical analysgégra prébability of 9~05‘or smaller was required

i

for significance.

$

~ The Student's t test was used to check significant differences .



significantly- (1$< O.bS) with

. N T - -
‘ betweéq‘groups Cl' Czland’c3

C c

'RESULTS

The resu}tsVOE ;hid-étudy are mainly presented.4n "the form of
tables containing the mean and standard errors of the~meaq (S'E'i) for
each‘éroup,v De;a;iéd result

Appendix C contains all raw data for each variable considered in this

t

~,é£udyd Appendix D consistg
-variance as well as the resu

difference between. ordered m

HAPTER IV

AND DISCUSSION
RESULTS o

e f

s can be found in appendiégg C and D. .’

of the summary of eé;h analysis of'

lts for the Newman Keul's test of the:

i

eans.

‘ - » 1l  Body
THe data on body wei

variance and.therefore the §

‘significant differences amon

-

animal% gained weight due:to

betweei groups E, and T this

O L
statistically significant at

lusing the Scheffélt

aAd Muscl; Weigﬁt |
ght' shoved a 1a¢kRof homogeneity of{q
Chéfféltest‘wasvused ﬁo_find the '
2 meéﬁs{' Bodyfwéight.incfeased
Vg;bwtﬁ ég_shown~by the differences
(Table 2). 'Athough th;‘;taihed

- growth as shqwn by-the difference

"difference was found not. to be

the 0.05 levell. Despite-this ingrease -

est.

40
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. the trained rats did not grow as idrge as the' sedentary animals.

For the group in which training was discontinued after two weeks, '

body weight ‘showed -a- larger increase compared ‘to” the trained animals

at the'end of the experiment (Table 2 and figure 2a). Although

i
these differences were not found to. be- significant (Scheffe -

p>0.05), the group of exercised control animals were lighter than ...

the sedentary control (C ) animals of the same age.

Despite the fact that the Scheffe—test showed‘no difference

between the two sedentary groups C3 and C3A“ comparison between the .

‘exercised and trained animals and\the~sedentary .groups Cl' 2‘and C3
could lead to erroneous conclasions for the reasons mentioned in the
previous chapter. ‘The attrition rate of this study was 10% as 52 |
animals out of 58 were considered for final analysis..;

Muscle weight was used to decide if the second group of

-

animals c0uld be kept and compared with the first group, as mentioned
in the previOus chapter, on the basis that the nuscle tissuexitself
was of - intereSt in this studa ,The importance of this decision was

shown by the lack of signiflcant differencel between the group C3

o
and C3A' However this lack of difference could be due to the

size.of group.C (N=3) and it seems safer to compare the muscle

r

3A
: weight of the trained animals with the animals of group C3A toAshow .

the lack of overall hypertrophy due to the anaerobic training

\

lNewman—Keul“s’testg ‘ ’. N
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' . c T ey T
[ TABLE 2 I
‘ BODY AND MUSCLE (GASTROC.) WEIGHT .
wmme s - OF -SEDENTARY., -EXERCISED AND- TRAINED RATS - -~ o o
T TBopy 7 - . MUSCLE
_ WEIGHT | ~, WEIGHT ‘
GROUPS (grammes) ° « (milligrammes)
. o . > . ’ ,
' . - 2 R
C,  Sedentary Control ' 28_20”‘u ' _ 1253°* 0z
9 wegksl N =28 (+6) (+30)
C, Sedentary Control o 344° 1734,
11 weeks N = 8 (#5) | . (#54)
C3 Sedentary Control 402 ‘ 1862
15 weeks N=9 (+15) ‘ / (+80)
C3'A-S\edénta‘ry Control 358 1616
‘ 13 weeks N=3 (46) (+58)
: ' . %80 '
E, Exercised _2590-‘*ll 1260 ‘.n‘.z v
9 weeks, N=8 (46) (+65) .
B,y Exercised Control 338°- o , 1598 v
13 weeks N=9 ' (+8) : ’ (#65) .
T Trained A 307° } 1620
13 weeks N=7 #*7) S b . (+41)
. ( :Al"-' . «
(+ S.E ) , _ :
TR , o | ‘ | -
0,4,%8,Z P<0.05: o with C,, 8 with_'C3;\, * with c‘?_,.n;.,,wi:h; Eyp o
Z with T. , | . \
1 I .
“approximate age of animals. o
. . A = o }
" ZScheffé-test P<0.05.
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A s . .

By ' ‘ ‘ n

[programme. The muscle weights for' the different graups uppenr " -

_Table 2 and Pigire 2. - 1 AN i
P . . 4
2. Anaerobic Performance -

'

P -
!

o . The'trained groue petformed anserobically aighificantly
" longer compared to the exercised coutrol animals ai shovn by mean run
" times of 199.3 seconds (+10.2) and 80.8 seconds (+6.6) 8y groups T v
and E2 respectively. The q.perobic capacity, 88 e+presped by the '. ' ) ‘f

run time, of the trained rats was 1615 hisher thnnithe exerciaed

control animals (see Table 3 and Pigure 3). 'J

\ o o -
- 3. Enzyme Actimities; - %w .
o | . - T

The units used for enzymé activity are the {international -
units, ie.,.uﬁctghoies of auhstrabe transformed pe? qiuute. expreesed
"+ per gramme of wet muscle ( u moles x min -1 x gﬁl WiWa ).

[

The analysia of the LDH activities for the}different groups

€

' revealed a nonhonogeneity of variance, as shown byaa aignificnnt
) |

. chi aquare of 19.9 (p<O. 01) 'I'his seemed to be dq“e to the 1urger

.

v varianees of groups. C3 as well as EZ 1 Despite a. éigniflcant F value

(overaiixdifference) the Scheffé did not show any eignificnnt

difference among means. The significant overall e fect 1a

L 1for enzyme activities as well as enzyue .
c3A was not included. - \ &

-,
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'!l

. ¥fferent groups.

| féuqd'to'have T-1CDH activity 15

_ TABLE 3

l ' ~
: ANAEROBIC PERFORMANCE OF
TRAINED VS. NON-TRAINED RATS

t

.

4 ‘ RUN
. ’ : TIME
! GROUP ) (Seconds)
‘ Exercised Control ! 80.8 -
E L (+6.6)9
2
Trained ' ©199.3. S

T (+10.8)7 _ / '

I — — — \

Ap<0.01 (t test) l
(+S.E. )N - R SO
1 ' -1

at 80 m x min —, 30X grade.

l'/v . " I | l
attributed to the ‘lack of hompgeneity of variance.

(See Tabie 4
and Figure 4a.) - ° . .

f The oxidative marker, NADP- speciflc Isoci}kate déhydrogenase

(T—ICDH) did not shew any significant (P>'0 05) change among - the

The trained groug (T) showed a 162 1ncrease

over the con;rol group C3f The exercised control animals (E ) were

1 lpwer thad the.trgineﬂ animals (T)

at the same age;v (Figure 48)

t’ ’



ACTIVITY OF ENZYMES OF THE ENE
OF SEDENTARY, E

( pmoles x min~

TABLE 4

XERCISED AND TRAINED

(CASTROCNhMlUb MUSCLE) _
x g wet weight

v_l‘

RGY SUPPLYING METABOLLSM
KATS

o

1

-

GROUP LDH T-1CDH HK g-HOADH
1 / a0 ,
Sedentary Control 1251 . 14.8 0.61 0.%3'
9 weeks N=8 (+76.4)  (#L.7)  (£0.05) (+0.05)
' , . o : *0b :
Sedentary Control 1251 © - 12.0 0.46 040 - 0.37 -
11 weeks N=8 (+46) . (#1.0)  (£0.04) (+0.02)
, Sedentary. Control. 1458 "11.9 0.42 o8l 5.32
15 weeks N=9 (+148) (+1.3) (i0.0Q). (iQ.OA)
Exercised © 1338 - 1.1 079 0.42
9 weeks N=8 (+45) (+#1.7) v_(t0.06)u, (i0.0&)
\ ) .
Exercised Control 1699 12.0 '0.6360 . 0.34
13 weeks N=9 (+119)  (0.9) (+0.04) (+0.02Y
Trained 1398 13.8 '0.82 0.32
13 weeks N=7 / (+53) (+1.8) (+0.06) * (0.03).
. o . l‘\
1 : .
a, o, *,0 P<:0 05" (Newman-Keuls) * with E,, o with c,,0 with E;
(+ S.E.) . s with T

Lot significané,_(p>0.05) Scheffé- test.

. | B
i ~
L4

! Glucose phosphorylation wds affected by the training R

programme asvshown by the differences in hexokinase (HK) activity 8md‘%

. the different_groups. The exercised animals (E ) averaged 0- 79 : IR

u moles X min l'x g_1 w.w. compared td 0.46' p.moles x min -1 x g-l W.W.

for the sedentary control animals (C ) and an increase of. 25% over the
. ‘_ A
The exercised,control animdls (E ) showed a - ? "y

!
/

“animals of group Cy
' !
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, : |
icompared to the exercised control animbls (E ). : . ; o

) significantly higher values for this ratio (p<:0 05) than the

.all exercised and trained animals had significantly

. - | )
Jecqease‘of 202'conpared to grouplEl; while‘the.trained animals‘(T)
had a significant increaseJof 4% over the'dhimals<of groupJEl. A
decreasevin hklactivity appeared with ;rowth.. That'is 3roups C1
-1

: !
..C _and.C .showed . activities of 0.61,.0.46. ahd 0 42 u. moles xmin = .x

2

B w.w. respectively, and these ddfferences were significantly

i
different (p<0.05) oniy between Cl and C2 and C1 and'Cj. The

exercised (El) as weil as the‘trained animals'(T) had significantly

b O.QS) higher hexokinase activity than the groups of sedentary

‘controi and exercised control (E ) animals. The ﬁrained animals (T)

showed an- increase og 942 in hexokinase activity over the sedentary"

Py
control animals of group C3

I

4. Enzyme Ratios
: S /
s foL 0 ' . T y

In Table 5, some ratios were nultiplied by a constant to/avoid ‘

.

too many decimal figuxes in the table. The ratio of LDH ‘over T—ICDH

did not show any significant group differences However a decrease
1

of llZ in this ratio was observed for the trained animals (T)

Training had an- effect on- the HK/T»ICDH rates as shown by- the e

< ! L—
results in Table 5 and Figure 5b 'The trained group had
|

/ . I, o .
sedentary animals of the control groups C2 and C3 ‘ Although

/

no other means were significahtly different from each other,




. | .
‘TABLE 5
RATIOS 'OF ENZYMES OF THE ENERGY SUPPL?ING METABOL [ SM
OF SEDENTARY, EXERCISED AND TRAINED RATS
(GASTROCNEMIUS MUSCLE) '
- s L - e ,.v.,,:,: /_f o |
GROUP C LW/ UHK/ —HOAmzl/ LDH/
- " . T-ICOH  T-ICDH", T-ICDH Hk3
;. Sedentary Control 95.3 4.5 3.0 - 214.6
9 weeks N=8 - (415.4) © (+0.5) (#0.2) ° (+23.8) ',
Cé Sedenkery Control 109.2 4.0 3.2 289.5
' 11 weeks N=8 (+9.2) (#0.3) - (40.2) (+39.08)
; Sedentary Gontrol ~ 131:1 - 4.1% 2.8 . 376.3
15 weeks N=9' - (#15.8) ; (io.s‘g . (#0.2).  (#58.7)
E, Exercised ' . _103.0 5.9 ' 3.1 | _174..7"’“
.9 weeks N-S% . (+10.4) g (+0 6) . (+0 2) (+11.8)
E, Exercised Control 153.4‘ . 5.5 2. 9- . 280.7
13 weeks N=9 =~ - . (421.1) @ = (+0 5) (+o 3) (+30.4) -
T - Trained 113.9 ' 6 6 2.6 . 176.9°
"+ 13 weeks N=7 (+17.4) ’ (+1 0) (+0.3) (1}6.6)
. ) | [ - ’ ' R . ol
T { |
x 102, %10, ¥ %107, Uscheffétest . p<0.02 ‘
* p<0.05 with Trained Animals, o with £3 -
(+ S. E.)" ‘ o )
. '/. ’ ].
| | e
fhigher Values than sedentary control animals with figures of. 0 059 ,'
0.055 and O 066 for El, Ez and T respectively compared to 0. 045
C, and C respectively. The trained animals (T)

- 0.04 0. :
0.0 Ov and .0.040 for Cl’ g and G5 ' O
also showed an:increase of 1I%  and °~ 20% over the exercised (El)'
| DA K . . | | B
and exercised -control (Ez) animals respectively. "

1
®



»

51

a

" SdNoYo -

1 3

: Am_um::rm:_EmcuobmmE sies voc_m.: n:m Em_uhwxm

120)

-

—..,Q .

i3 gy - ]
- £ c:_;” G00>d O ._.
| e
- SdNOYo _

-4

.4‘

-

~y
v

© -

pautes | yum goo >de

HH

900

(800

¢

ool

002

00¢

1010) 4

200

700

“HQDJ 1/3SVNINOX3H

-

| mn.:Omo

?.Ecmnwn jo Em_.onmumE mc_>_nn:m Abiaua mE »o moE>~:m Jo mbzmm S mhnm.u_

9

“Ey

-

HH

23

3

A

-V

waDOmw

ij

€y IH

-
O
QO

- R _J
-
O
pe of
=
I
A
X
b
Q-

1
)

-

s m)

N' P :
o Q
O (o]

o
o

.

HGDi-L/HAVOH - §

ool

0s1

00T

HAOLL/HAT



S a : 52
i I ¥ ‘: . .
The rstio B H ADH/TﬂICDH did: not show any qignificnnt ' T

. differences between groups. The group means ranged from 0. 26 for .
tHe trained animals (T) to 0. 3%01‘ the sedentary animals of group 02
“Detailed Tesults are presented An. Table 5" and Figure 5c..">' o

The LDH/HK ratio showed some significant differences despite

»

the fact that the homogeneity of variance was not met here (X = 22 6

.

p<0 01) The group of trained: animals as welll as the group of

exercised rats (E ) showed a significantl decrease in this ratio with

the control.group C3. The trained animals (T), thevexetcised animals'_ . y
{

(E ) and the sedentary control animals of grOup C3(;veraged o,

: teepectiveiy 176 9, 174. 7 and 376. 3

.

5. Correlation of Enzyme -
, Activities to Anaerobic Performance
. . »
The correlations of enzyme activities to anaerobic performance

. as expressed by the total run time at 80 meters x min and 30%
grade are given in Table 6.‘ Only one enzyme activity was shown to be
significantly (p<:0 05) correlated with anaerobic performance,‘that

. being hexokinase with an r value of 0. 48

1
.

'"6QF.Mnsc1e,Fibér Distribution L
-The muscle fiber diatribution of a total sample of seven

animals showed Aa’ significant increase in the Fast Glycoiytic fiber
‘ A .

-

IISc'heffe'-test' p<0.0_§. :



~1

TABLE 6 o S

CORRELATION OF ENZYME ACTIVITIES
TO ANAEROBIC PERFORMANCE ..

ENZYMES
LDH ‘ E o -0.33
S o - 0.1
; K o - .48
‘ B-HOADH | L -0z
. ‘ “&7‘
| %P <0.05

‘ portion (ZFG) in the gastrocnemius muscle‘of the three anaerobically
t:ainedlrats. The percentage of Fast Glycolytic fibers was 77 l and

"90.2 for the‘sedentary'control animals (C') and the trained animals

(T) respe’pively.‘ This increase is reflected by a decrease 1n

both Slow Oxidative (SO) and Fasc Oxidative Glycolytic fibers (FOG)

in this musele. "*1 . L e R . :

53

Aﬁw,jm” ——— — . v¢ S R

A
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)
e | : TABLE- 7
: MUSCLE.FIBER'fYPE DISTRIBUTION OF;THE:GASTROCNEMiUSV
MUSCLE OF THE ANAEROBICALLY TRAINED RATS- : ,

P

. SO FOG FG - ToTALl
GROUP E - & % ' % {
" I _ "
Sedentary 3.8 - 19.2 77.1 - 5575 o
(cy) 4 T +0.6 :+2.5 +3.1 . +510
Trained - 0.8 8.9  90.2 - 3654 . -
(T) 3 ©40.7 (41,8 41,1 7 #4640 .

'

1

TOTAL = Téral number of fibers counted
P<0.05 o o IR
[ g ,

+ S.E. ,f(group)N -
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DISCUSSION
1. Body and Muscie We ight N .

Figure 6 shows the steady increase in’ body weight in all

'grOUps as has been reported in similar studies (Exner et ai., 1973a

_and b; Staudte et aI- 1973, Houston -and Green, 1975). ’However Exner'
( L]

et al. (l973a and b) reported a non-significant lower body weight

for trained (isometric) animals while Staudte et al. (1973) found

' PP

trained* 'jk'significantly lower bodyrweights‘after 21 days

'''

-tent short -term exercise. The lack of

: « | .
n. thiglgtudyeis attrihuted”in part to the a‘poster-

S dord test (Scheffe) which 'is extremely conservative (Winer, 1971)

0’{'

Houstoon anlereen (1975) reported differences‘in body weight, after:

-

only 25 days,. Differentiation appeared after two weeks Of exercising

~1in the present'study (see Figure 6) " The body weight of the control

) animals of group C3 was plotted in Figure 6 to show the almost
. \ '
perfect parallelism in body weight with group C3A as well as the

.exercise control group Ez.\ After cessation of training (grOup E ), a

"body weight patterns appeared to increase, "in contrast to the trained

L3

T group (T) in which body weight did not incrqsse as rapidly

The lack of overall hypertrophy observed in this study is in

agreement with the-findings of Staudte et al. (1973) for male-rats
* and Exner et al. (1973a) for female rats. However Houston:.and Green

(1975) found a slower increase (p<0.05) of muscle weight (gastroc=

’

nemius) in trained animals from the age of 7 weeks to 12 weeks than'

e o L ’ -

.y i
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. Figure 6 Interaction of gowt,h and training on the'body weight of rats
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\

in control anihals. -Muscle weight increased constantly during growth.

1

2. Enzyme Activities. Growth Effect

: - : ~ : -
No attempt will be made to compare the results of enzyme assays
mofe extensively than was done in Table- 8. A brief overwiew of this

table shows the erormous discrepancy in- enzyme activities even between *

‘studies in which Eairly similar tEChniques were used The physical

condition of the assay (pH and T ). the type of myscle, as well as the

' species, and the age of the animal are very important_factors

affecting eniyme activity Gn the tissue. However, the’resulte of this *.

o

étudy will be compared to others on the basis of‘the rate of change

.
- o

-ceused"y the experimental condition; ) ] o o

The effect of growth on enzyme activity, as shown by the j’
. . . .
difference between groups el. C2 and C3 was significant bnly in- the
¥ v
cage of hexokinase. The decrease of‘ 26% in HK activity tobk place

between the ninth and the eleventh weekf Thereafter hexokinase
N a] . . . N

activity stabilized as there wag no significant change between the

groups Cé and C3.' This decreasé, as well as changee in the other

enzymes (even though they were not statisticaily'significant).show

the same‘ttends as measured ‘by others. Base et &1. (1970) reported
increased °LDH activiry aiong with a decrease 1in HK, BéﬂOAbH and the

cxidative .enzymes in the fast mdscie of chickens un to three weeks

0

after hatching Bernstein and Kipnis (1973) found a 302 decrease in

HK 1I iSOZyme in rats during growth (150 to 450 grammes), but it was .,
not_specified which’ Pupcle was assayed. Dalrymple et al, (1974&L

: B S ws
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] un increase -

, roporlvd an incrousc in LDH activiay, during growth in pigb. ;Howcvur.

' 6
lt was shown here that the growrh effect was very similar in thc case

of Hoxokindso und 1-[(DH, where there was a more or leiq stnbilizatldn

[

) uigur"lj,weekg;’.q§:che other hand. LbH actlvity changed (not
Co . Py LI - 4 - »

stutlsttcully signtticuntg.bnly between thé eleventh and f}fteenthﬁ

week. whilc B- HOADH showed. a progreqqivv decrcase (not Qibn&ficant)
»
[ ‘1

from‘week‘ﬂ to 15. 1ho absenge ,of signifl(nnt ﬂiffc‘encoq in tyo

-

case of LDH vnu}d be due to the use of the Scheffd test fnr-this‘(?st

PR &pv |

B vvx\ conschdttvv (w1ner. 1971).f Tho,g%erall metnhbllc sﬂénlﬁicuncc‘

[} , ‘ . .

t~thc v (hdngcs was not shown to be very meortant as there wnﬁbno

,
signlf’cant-dif erences with growth in the anyme_ratios: LDH/T-1CDH,
~1CDH, B-ﬁOqﬂg{T—lCDH and LDH/HK. However the trend indicated
. . -
hb-rvlatlve importanue ofe anaerobic glycolysis xgrsus

oxidative metabolf&m as shown by_d 157 and ZOZ Increase in the'

LDH/r ICDH ratio butween 9 weeks and 11 weeks and between 11 weeks_ N

and 15 ‘we;'ek”a_‘_rcspcctlveLy. Thia appeaﬂ to be in agrogoﬁt\with
Bass et al. (1990). The increase in Lhc LDH/HK rétio of §SZL” ’
0 . R l’. -

between 9 and‘ll wecks and of 302 bt;wecn 11 and IS'weeks is in
: : |pﬁ

N e

hurmun\ with a more pronounced capacity toward anaerobiulglycolysls S

' D PR

of the tissue. Aftnbugh B~ HOAnufrq;fou showed a slight increase

ﬂ72)'r betwéen 9, and ll weeks, and .& decrease between ll and IS weeks

"/ /
. . A -
(12%), . the two nletabolit pqthuays (B-oxidae*on of FFA and the !
. a
Krebs chlc) remainod in harmony during growth in the.ﬁastrocnemius
s . - . nd - [ 3
musclx of the ra:. The lnterdependence of the tw%,‘"'hways toward
. : - . - R e
'-m,“_-;zf~_____,ﬂp ' ,
Ty 3 ) ) t 3 4
‘l.$chef fé rest, p>:0.05. 'ﬁ:}? : &
. ) 1; ~- . " i 6’.‘ - ‘\; , P )
A » -~ . ;6/ ]

“‘~ A .: . \ ‘\VP 59'




' qignfiigint d‘fference betwéen groups. c and C

' /.
L' animnls and the control gibuﬁ C@ can be compared to

. T-1CDH act}vity‘ in the ga;
. '\1‘ : . ’ ] i

3. Enzyme Activities; Training Effect ‘ . 1

) 1
. © B

. The effect of training'ulone is more difficult to evaluate

compared to che ef fect of growth ulone (the trained animals wvere nll

growing) Thib is because of the marked intera«tion between the -
! &y

‘natural. wwncess %ilgrovth and the phyQiulogical atress of anaerobic

.'l poebom

exercise ,'fihe copaffﬁ-n‘of ‘enzyme activities between groups T and

3 3A ,(aee Table 9 and

*\'.- - . O : i'

AR IO
. ¥¥e‘ 7) ./i,z,; 7 h L ) . X - i Y
" b

g
The difference in. enzyme sdtiyimies between the trained

vf""“
esults from

other studies on high intensity short- term exerciser

Ly
b \

ﬂézthigher HK ractivity in. trained (T) over sedentary animals Qﬂb)

raining. The

measured in this study is much higher than what was f0und by Staudte:
>

et al ‘(1913) The authors reported a 472 increase in HK activity

J
!

. in the rectus femoris musclq of the rat. The higher increase in

e

/ o N

**this study is explained by the fact that the intensity of the o

training programme was higher +and was: maintained for a ﬂonger period
The non-significant (statZsticjﬁQ;) higher ssiivity (162) in the i

trocnemius- muscle of group T is. for -some
‘ g N

i
1 »;ig . : b .
LT " age matghed with T and E, as nentionediearlier in

J'm:‘mooox,bc?‘.\ : 1‘ S 2 R

(to analyze the ifference between sedentary.

| | - .. 60
b . ' - : : 1
enérgy release is a necessity since B-oxidation does not directly
/ i o ‘ . i .
produce ATP, ; B .
"

Th

»
Lhy
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. . /‘ I : /
’reason. intermediary to the lOZ (p>0. 05) and 24% (p<0 05) increases

in SDH and'CS activities found by Staudte et al. (1973) while

\Saubert et al. (1973) obtained a 9% increase (p>-0 05) In SDH nctivity

" of ‘the white gastrocnemius muscle of ‘the rat. Thb higher activuty of

T-ICDH in the present study. although not statistically significant,
is attributable to thF four weeks of anaerobic training since no
difference in'thia enzyme waa observed in group.El, compared to the
sedentary control group (C ) of‘the same age. " Two weeks were

probably not enough to stimulate sn increase in this aerobic Entyme. '

-
Furthernore, the- results cou}d be affected by the fact that ﬁ—lebﬂkzt\
was shown ;o be less sensitive to aerobic training-thanQ~IcDu Cm :cf?

(Dohm et alﬁ, 1;?3) But it is not }nown if this could

anaerobic training; " , S v a T

. C .

The absence ofichange in LDH as well as BJHOApﬂ_is
'agreément with the findings.of.StTudte etoal. g;é73)_for‘bothe

and of Saﬁbert et-al. (1975) for LDH. The effect‘of anaerobic'

.‘training on individual enzyme aﬂtivities is thu shown to be very “'1 . s

different from aerobic training since the citricﬁacid cycle and ‘the
B-oxidation of fatty acids were not as markedlf affected." The

differences between aerobic training ‘and the anaerobic training of !

~e

this study can be s;ressed even better by comparing the direction of
™ .
change in enzyme ratios. The findings of Moesch and Howald * (1975) and -.1>

Bass et al. (197%) are in opposition to the cbanges reported in the

v

present study. These authors measured lower (atatistically »
significant) HK/CS.and HK/SDH ratios in endurance athletes |
conpared -to Qsdentary nen. shoving an increased‘inportance of the
¥
¢

T T N



\ .

aerobic, metabolism in trained men.
- ;
(T). on the contrary. were found to\have a higher HK/T—IFDH ratio,

The anaerobicaldy trained rats' r

\ .
than the sedentary animals of the same age (C3), showing a lower

capacity to; handle glycolyticﬂend products aerobically. %.
It is "°"h “°t1f\8 thaq the companisons made above do not

1 /

5
consider the growth fac;prs in whi@i none are made in most othen

. W M e . e
’ /

atudies.

training as mentioned earlier

A N

In the preaent atudy growth was shown to interact \Jith “':'"

\
/

. o« !“'\"' A :

: . B ‘ o ‘itb Lo
\ , , o \ |
mnm o
: . 1 ‘
- ‘ ENZYHE ACTIVITIES (4 moles x min = x g~ w.w.)
' ~ OF THE GASTROCNEMIUS MUSCLE OF,SEDENTARY"
: _ RATS OF ABOUT 2' wEsKs DIFFERENC; IN AGE
/
) . .
= : R L GROUPS S
i . . i . . “J, .
eanee - 0 L G R €3a
. (9) Y e,
4 LDH . 1458 1467
" I (414 8) - (£202)
= - 48 B
1 r-teon’ . 11.9 . 10,4
/ - (+1.3) Yh 6)
CHK 0.42 - o 6.39°
' : " (+0.04) © (40.01)
Sl . B~HOADH . .0.32 % 0.33 .
£ o (£0.04) (+0.04)
o : : k - :
i .a . x.i o . [ . v,
?.’/ , -
5:?:"’»‘41('))0 05 _ e '

_¢,--ﬂ o
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 (io sedentary animals) rate of decrease of T-ICDH actiJity and the

four wekeks younger (C ).

vpattern was observed iajsedentAry A4 trdl animals s C,, C and
: 48, 1t ©2

e T -
- A'Liif L

! : : . L i
5h’yme Actidities. Growth—Training Interaction .
,_.’\'n "'

Effects of anaerobic trainidg.&ahen, cannot be evaluated only

by comparison of the trained animals (T) with the sedentary control

: animals ‘of comparable age (C ).1 In fact the training effect appears to

!

influence the rate of change of enzyme activities during growth rather
\ .»- :
“than a real insrease in metabolic capatity of the muscle By comparing
K
the trained animals (T) with the initial sedentary control rats (C )

i

it is observed that only HK activity is: higher in the trained group..

/ b
For all other enzymes, the trained group (T) had either slightly

higher (LDH) or lower (B~ HOADH T-ICDH) activities than the’ animals

5 : , o o
| o SN -l
| [

Thus, it is difficult to tgﬁk about an increaae in enzyme
activity with anaerobic tralning (except for HK) The effect of 4;‘

|
exercise (anaerobic) appears to be a slowing down of ‘the normal"

"normal" rate of increase of LDH. activitﬂes (see figure 4). However,

1

training did notgseem to affect B- H activity since the same

exercised and trained animals (El‘ EZ’ T). Training (aneoxobic) v
. Kl }

appears. then. io mgintain some metabolic characteristics oY‘the
<+

xyoungbanimal Furthermore,/these effects appeared to be due to the

four weeks of intensive anaerobic ‘training in the case oflLDH and

:T-ICDH. This is because of the absence of change between C1 and . El

7

and the return to more sedentary values in the case of Ez Only L ‘

‘.

hexokinase had gained significant activity (291) at the end of the

B} . |
B | . J



o : o , ' : . SR
the gastrocnemius muscle appears td be a maintainance of the ‘

' characteristiCB of younger animals. Sinee‘none of the‘enzymit

\ .
the same-age'(see Figure 5);

ﬁfmetabolism are mainly

fa very good example of the e

, . ' S %5
! { ' ) :
: : C o e . . :
two weeks of orientation compared to sedentary animals of .the same
L B : i . . . . .

1 S : .
age (Cl)' In this case, it appears that the four wéeks of anaerobic

. ' o |
training just maintained this gain (see-Figur344c and Table 4).
TR T AR R T S A R P AT

The effect of anaerobic training on the metabolic Pattern of

..

atios

were found significantly different in grqup T as compared to group C1

ﬁowever, some trends are worth cons‘dering The trained animals (T)

./-‘r‘ 7o !
. \ /

showed Fo increased hexokinase/T—ICDH ratio of 462 over the
sedentary control animals (C ). Thq trained rats (T) also deCteased
the LDH/HK ratio by 182 as compared to group C1 In all cfses

group,E tends to go back to more sﬁ?entary values for animals of

e

Inesb effects of‘traiging over~the growth'chsnges on.muscle~
BN ' o

Al

.2.

6 |
.'to the sharp!increase {ﬂ HK activity
(611) of the trained group (T) over tﬂ%nsedentary control group Cl

Becaluge of the deqrease in HK activity with growth, this increase'

oy . -
is 962 when. comparing group T to groups more approximately the samé

~age at‘the time of sacrifice. 0f~significance~is ‘the 167 (p>0.05)

increase in T-ICDH for the trained animalsg as compared to the

\ ) ' o :

sedentarv controls 63. This difference no 10ngef exists when T is.
. . R . o

tead, This appears to be
. !

compared to Cl but a decrease is

[

an alteration_of’the rate‘&f change of lénzyme acgtﬁ?ties during

growth. ' o ‘ # i
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con_tained 58% FG, 37.5% FOG and 4,.51 SO fibers. H'q*r there was no

4
,.fermentation of the end-producte of glycolyfis. - SRR

E old) This percentage is greater than the findings of Ariano et al.

. jThe anaerobic training negimen'used in the present study
appears to cause a part}cular shift of the energy supplying .
\ .

- metabolism. The increase (p-<0 05) - ﬂn the HK/T~ICDH ratio-ds - o

1nterpreted as an uncoordinated adaptation between glucose phosphoryla-

tion and oxidative4enzypes. The increase in HK activity (94% for T

. H . ’ 1 . '
over C3) was not proportionally geared toward an improvement in ‘

 oxidative capacity.(T-ICDH increased only 16%, T over Cs). In

13 - \

} addition,atheégﬁcgeased LDH/HK‘fatio'(ﬁ over C3) indicated that the

augmentatdbn 1n glucose phosphorylation capacity was not accompanied

- .

by a. proportional increaae in the capacity of the. tinsue for

2
/ O
- - : P
[ Tl “;b

‘/ ’ ' ’ . . e
o "' R : o _ , '
5. Fiber Type Populetion_of the Gastrocnemius Muscle of the Rat
4 H L : i {
"y S N ‘ . ‘

'j}'! The geﬁtrocnemius muscle showed a high proportion of Fast
Clycblytic fibera.m 77X  in the sedentary animals’ (14 to 15 weeéks
. oo y -

a

1 (1973). These authors reportedlthat the tat gastrocnemius muscle .

»
]

Ry

- : : o s - Y
-y . N . \

'mention of the age‘of the animals (N=3) . Thfs'makeéicOmparisons

difficult since tbe percentqge of Fast Oxidative Glycolytic ﬁibers ‘ "

was shown Lo decrease in favor of SO dnd FG fibers with 3rowth in the
"K} Q‘
g
plantaris mﬁacle of rats (5.to 15 weeks old) (Hilkinson et al., 1975).

The same phenomenon could also be expected in the 3astrocnemius muacle.
4



muscle of the laboratory animals in this=study give us an insight

. 67
y |

i

The higher FG population in the trained animals (T) (90.2%
[

'FG 8.9% FOG, o 8%'50) is difficult to, intetpret since histochemical

'techniques are qualitative in nature. However, Prince et al (1976)

1

measured a higher percentage of FG fibers in weight lifters than in

runners (p<0 001) or sedentary men (p<O 05) No glycolytic enayme

- such as PFK or TPDH was included. in the present study Thus, no

1

estimation of the actual glycolytic capacity of the muscle could be

made.

6. Performance Time - " T

i »

. The large increase in ths performance time of. the anaerobic- -

" ally trained animals is the most .striking effect of this particular

training regimen.‘ Anaerobic capacity. or the capacity to exercise

[

longer anaerobically. increased a great deal by anaerobie training.

It is difficult:to apply these results directly to the~sprint

i
athlete. HoweVer it appears that’ proper training would make such an

athlete able to perform longer at optimal speed. The changes‘

observed in the energy—supplying metabolism of the gastrocnemius

E . '
iné::phe metabolic caus& of this increased performance.

% -
b e

§ L . . \

. cv .
7. General Discussion < R

..

Because the. asaays were performed at physiological pH and

temperature, it is assumed that the enzyme activities reflect the

~

-capacity of the muscle in normal" resting conditions. Such a shift

\

in{the metabolic pattern, then, suggests a special meaning. One

’
1
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L I A
s

would expect the different pathways to increase their capacity in a

N

coordinated fashion if the energy requirements could be considered to

- be- derived from the whole'syatem.{ The ratios of enzyme activities give

ST

the direction of this shift. Pette (1971) suggested that changes in

energy;bupplying metabolism 'may be" understood as optimum adaptation -

\

of energy-supply to requirement& of muscle functionr
The importance of hexokinase to the energy:aupplyjof muscle

after training is often underestimated The conclusion of'Baldwfn

et al (1973) that hexokinase activity 1s not related to the. level of

training (time to exhaustion) helped to back up this idea.* However,h

hexokinase appeared to be the key point for adaptive changes

following anaerobic training in the present study.- This was

‘ substantiated by the significant correlation between enzyme activtty

extension were probably also hdighly involved. .The aerobic ‘capacity of

\

and the run time under anaerobic conditions (r=0.48, p<0. OS).

However, hexokinase is only one of the factors in the realizatioﬁ of

-

optimal berformance. 0nly~one muscle‘dﬁs considered in ‘this study,

while most of the muscles involved in knee extension as well as ankle ’
l
&

other muscle groups could play a signifidhnt role. The gastrocnemius

i {,
was shown to be h@&!}y glycolytic Factors such as the removal of

1

' lactic acid and its oxidation by other muscles cannot be ruled out.

Hexokinase playa a significant role in the energy supplying

il

metabolism, and could ‘be conaidered as a rate limiting enzyme when

'glucose ia neceaaary to aupply a/sufficient level of G-6P, Newsholne

and Start (1973) propoag‘ this posaibility:‘ The aame authors a130

. made nention of the ‘highly syachronized relatipnship of PFK and HK

L

{ . C
. 1

-
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~ — 'f'i . T I . " . \\ N M 4“ “ Q I
Lo HK v “ PFK .-
GLUCOSE » GLUCOSE » G- 6P""'—‘F 6P se—i FDP
N . ’ . N
- o L e -
N PR . .
’ | s ” H ’ '
| \ | . . - ‘ . .
- i PR A
- Ld f 4 1 * .
- PR ; \
- L I | v ) L
” 4 .
, - - .y i
e’ PR V. Pyruvate.
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- ‘f — ¥
Y citrate ). Pyruvate
“ | co TCA Cycle ¥ '
4._2 - — Acetyl-CoA Lactate
HZO ; e transport chain : ‘
MITOCHONDRION v
o Lt e : !
g | Figure 8. CONTROL OF. GLYCOLYSIS IN HUSC PUAT THE
Adapted from Newsholme

ﬂ 3

N :\\

Y "HK—PFK concer ted control syscem provid
mechanism of control of glycolysis, pe
'synthesis whéi

@.

-

\HKfPFK REACTIONS.
and Start, 1973.

-

;a flexible . ©
ttiﬂg glycogen '
glycolysis is inhibited, and enabling

. the specific %ormona% and 'ne grvous control of phos-,
F

phorylase to mgdify

(Newsho

1

in the controI of glycolysis (see above diagram)

Phosphate condbntration.'

’

K acti&bcy through Glucose- 6~
1&» and Start, 1973)

‘HowéVef'Newsholme ‘

and. Start (1973) stace that the low activity of hexokﬁhase in ‘the

b .

musclg (compared to other enzymes; PFK/HK = 37) means that anqgrobic%

.8lycolysis from glucose‘wouid nétisupbly sufficient enefﬁy for

contraction.

3



. extreme .caution. Parameters such as bone ossification, heart

L) N N
, P o \

" Thé shift observed in the present study‘suggests°that : .

PN

-

hgggginase would ‘be important in the replenishnent of the muscls
glycogen stores during the hours of recovery between exerc‘.e sessions
and traihdng days. The changes in the ratios of LDH/HK as well ad
HK/T-ICDH support the id@a that the hexokinase activity increase is
involved somewhere else Lther than in the direct production pf energy i
through glycolysis.and oxidation of its end product—pyruvate. Piehl

‘et al (l974) have demonstrated a relationship between the incréasé in

hexokinase and glycogen synthaae following aerobic, training. -This

4 ‘ _ v v . \
‘relationship. may even be higher following”anaerobic training. v

Since glycogenolysus 1s the main source of energy in short

duration, high intensity exercise, hi&her levels of muscle glycogen

stores would be beneficial for performance under theae conditions.
A

The higher hexokinase activity measured in the resting musc‘. of the‘

anaerobically. trained animals wOuld enhance that function.

The major adaptation toyanaerobic trainingjappears to be.a

T

‘higher cdpacity to replenish glycoken stores in'the'muscle”and

-~

. probably to' increase these stores.

L4

' ]
In the present study none of the variables measur d showed

1

any sign of abnormality, and furthermore all adaptations were o ]

positive.and led to higher anaerobic work capacity. However,‘
extrapolation to growing children is difficult and should be done with

metabolism and functional capacity were not meaaured and are

€ .

i_inportant factors in growing children. Nevertheleas, the trained

.animals~appeared to be healthy at the end of six weeks of high

’ . ‘ , . . ( - .
intensity training.‘,of_more importance than the intensity per se
. . . k4 [ \
3

!"



¢t

"wquld perhepa be the ptogreésion towarp ie. |

Fa

.
.o .
~ e - . . ‘

SUMMARY,

- Fifty~two male Wistae';atso(180iﬁ60 gr) were'dividediinto'

sedentary c0ntfol, exercised, exercised control and tﬁained'groups. R

-

Animale were fed a regular chow diet ad libitum. .Exercised and

v

trained'animals were progressively trained to run on a treadmill at

.80 m/hin (30% grade). This graded ‘training period lasted 2 weeks.

The\animals were'running 20 intervals of 15 sec. on ~= 20 sec}'off,

10 in the worning, 10 in the afterngon, 4 days ‘a week (M. T. fr.gF.).

v‘The tragned animals (T) continued t: aining for 4 weeks at 80 m/min.-

(BOZ grade) while half of the exercised animals'(E ) were secrificed

aftet they reached the speed criterion . (80 m/min) . The other{half il

i
,(Exercised control E ) were exercised once a week for about 5 to 8

e ' L]

.bouts at the qame speed and angle as che trained animals 1) and were

sgcrifieed at the.same‘time<as the trained animals (T). At the end

Lob

. .of che_ttainiog programme, trained (T) and exercised'control~(E2)!

. - " 4/ .
animals were given a performance test (run'time at 80 m/min, 30%

‘inclfne) The gastrocnemius muscle was excised 24 hours after a

normal training session and kept -frozen. ( 90 c) uncil assayed for

- HK,*T-ICDH. LDH end'B~HOADH activities. -Assays yere performed at |

physiq}ogicai pH‘and;teﬁpera;ure on the]superdatanf of Whole homogenate.

4 ' - % . - : .
sz]ﬁiﬁg'uaé shown to alter the rate of increase in body weight with

oW

age Fnd the grovth patterns in muscle metabolism.‘ The tfained animals."

(Tf performed for 199. 2 sec. compared to 80 8 sec. for: tﬁa'exercised

[
:“-‘ 2

control en;mals (Ez). ‘The ttained animals (T) ﬁhowed a‘941 higher HK
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~.'.'.-’~*‘

younger (C]f) LDH/HK and HK/T-ICDH \(atios werz’ found” to be. N

“w N - N . .
'- . . .
. ‘\u | T f o
: ""‘\,,_\) T Ce
. A e :
. : .

e ‘ *

3 i

_g.‘f the aame age (C ) and 61. 192 higher than Sedentary animal;s 4 weekd

\

n.l

' activity (p<0 OS) compared to the sedentary animals of approxtmately

.

respectively, lower (p <0.05) anﬁhigher (p <. 05) in trainad anlmals

S

(T) ov%er sedentauy Lnimals of approximately tHe same age (CJ) No

bverall'muscle hypertrophy was f'ound wit,h training. I.t was shown
r‘ A} . N N . . ’ .‘ .

- that anaerobic training stimulated glucose 'phpsphqx';ylatibnl.’ -

.

»

'Perfo?‘umce (anaerobi‘c) was found to be related t‘o‘HK activity in the

_:four weeks ‘ -

.~

‘gquvth‘. ' A o ‘ '

gqatrocnemius wuscle of the. rat (l"'O 48, p<Q 05).

a L

TR 'CONCLUSIONS -~ - '°

. ,Analye@ e{'the results obtained in this.}'t,udy resulted in

L "

the following conclusions: - B ..‘ ' : .

' : l“'cg : ,

Anaerobic training for six weeks caused a “élower weight gain

-

- . - .- Ky} '

“of .growipg tats'after two weeks. - Cesgation ofu rfinlng after-_ t’wo‘

.

_;-,-:'.«week&‘ did ﬂh& af% the rate of weight, increasel fqr the follpwing

d«-:
o -

- .

W,
LY

Anaerobic training during growth- alcered e ehange in -
: Q- t
we

enzyme activity and in the metabolic g‘aetem of .tlﬂ rat skeletel:; .

# g

"muncle as compared to sedentary animat’ \:'Traini“ (six weeks)'
Y

o

-., ,...

. caused an }mpottant ahift in the enev&y s‘(xez yl qmetabolism Qf

L

skeletal muacle toward higher glucq*,ﬂbﬂbho y ation.

'I\vo weeks of graded exprpise“toward anaerobic training

: o
) . ﬁ ) i
_ naintained the initial level of T-ICDH in the skeletal muscle” during

Y
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ATP (Najy* Sﬂt) from equine muscle

DITHIOTHRETOL

L GLUCOSE

T a-GLYCEROPHOSPHATE DH f TRIOSF*P ISOMERASE .

PYRUVATE (Type II) (Na Salt)

i

1

i ~'v'c}'mucAL

N-ACETYL S~ACETACETYL—£YSTEAMIN
RN

FRUCTOSE 6*PHOSPHATE (K SaltD (Grade VI) e

PHOSPHOFRUCTOKINASE (Type 111, Rabbit)

' {
- r

V-

GLUCOSE—6-P—DEHYDROCENA$E (Type XI)"

(Type X) ( a~GDH-TPI)

' B HYDROXYACYL =CoA DEHYDROGENASE (Grade I11)

y

T

. -

SOURCEl

SIGMA A-3127

' SIGMA D-0632
SIGMA F-1502
- SIGMA F-6877

'SIGMA 'G-5500

1}

R
SIGHA G-8878
. S _

“ e

" SIGMA G-6755

SIGMA H-4626

ISOCITRATE '(; Salt) (Type I)  SIGMA4I-1252
.Isoctm'rr: .DEHyDRWAss (Type. . SIGMA 1-2002
- i - ‘r" ~ A ‘. ‘ I A N
MgClzveu 0  f ¥ Vi . - SIGMA M-ozso,‘
' o o < g
8~NADH (Na salt) 3 - . SIGM)\-NQIZ‘)
. ' 'u!'-“ ¢ . ,.“ yv ) *
© NADP (Na Salt) B R, sicuA'N-osos.
MnCl, -, \ N . Slioma 150-2
. N | 9 ’

‘SIGMA P-2256,

) SIG& C‘hical' gompaqy'ﬁtf,;Lsi‘*,- M‘::,"ji USAI 'L
- ' T : P o 7
L4 3 A . .
\ ' ’ . -( N .
! - o L . .
e .
’ ’ ‘

'SIGMA-A=5011 - -
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Y B-HYDROXYACYL COA DFHYDRO(‘ENA?P. (B-HOADH)
"o ~(E.C. 1.1.1. 3%5)
' (L—3-hydroxyacy1-CoA NAD oxid?reductase)

- , e . . \
. . i \ B ‘
e o Mod if fed fromy Lynen F ‘Bnd‘O"Wieland R
.B-Ketoreductase '
: in Meéthods in Enzymology .
. o D Ed. S.P. Colowick and N.O. Kaplan
\ ‘ Vol. 1, p. 566,. 1955
- » and ‘ , .
: o Sigméﬁchemicpl Test ' . ‘ .
T T NADH#H Ap T
Principle:  ACETOACTYL-CoA A——-‘J—L » 8-hydroxybutinyl-Coa® =~ =
L ' B-~HOADH " e S
] Pl v,
B-hydroxyacyl CoA dehydrogenase catalyyeq the reversible oxido—
, X SO ' .
reduction between acetoacetyl coA or homologouq B-ketoacyl CoA oot
) * Y : R o e
T derivatives anvaADH L e e Lo S
" yThe rate at which NADH disappﬂ’cs in- this reaétion is »
followed at 3&0 nm . Howﬁver\in this technique (ds in Lyneh et al) ’
" instead of aceuoacetyl CoA we use Aiglﬁ N—ACEf&L«S-KﬁETACETTL— ‘L .
.'g . ’ N . . ol
cvsrwml (smm A-SOll) ST
4 S
Reagents: - \ W T
K v . "‘. X . ﬂ"ig L] T"
1. AAC 0.} M
! : ST S
.. 2. Potassium phospiate buffer i
- ‘« 3. NADH=¢0.025 M § .. '
3 R
S L € F 3 A
\' F) , v.I
- > L) P~ ) . \
: g v, ' v -
. Y X E B '-". ! . ¢ ’
. , A : P ,
no ~\ L . s ! : '
. The neason for which AAC was preferred to Acetoacefyl CoA L§4{$'
' the cosf oF’AﬂC compared to Acetoacetyl CoA e
L] . - e . »‘ . ' ‘1‘ . ,,- '_l‘ \'t"‘\:“'" o ..“ RS o it e

» - . . RN . o \ o



T \ oot
<+ ) . .
- A i
. | \? \ . : 85
- . - \n e e “. N ‘1 N
Procéddure: S o . ' I R
1. To a 1 cm gcuvette ‘add 1.92 mllof Reagent 2
‘ A e ) .
" 0.03 ml of Reagent 3 .
) . . and R ‘ \ oo
‘ W CEE . I
o ' : 0.2,ml qf“HomogeAate solution ..

T (aame for 'reference and-sam’ple cuvettes,)

- o 2. Incubatq both cuvet.tes for 15' at 37 c (+1 C).;
g": Add 0.05 ml of Reagent 1t the samp{e cell only. and

. - \ o record NA‘aisappeqrance with Tinmg (cell holvdor ds kepq
' s ’ P ' ‘ VT . RN - ’ . ' F'

- o
. oWy .

“' . ,N'.-B.. The backgronnd Q?Myuy due to oxidltion of\ rtADH in

S s i e . —
e abun&ev AA(: ;i compensar.ed foQ ?y having the N
i '.«“.""3 ’ ! . 4‘\ L
o TR e ’ ° . | . -'Q\\ . LN
R T homogenate soluuon iu both’ celb but: MC oaly {4 the -
“ 4 ' ‘e . v, y »." -" "_~: . ',-..i"'- . A._t»' I N ."- g
L sample cell. A PR T - .
. R & . . N o '.' - : , .- N . Tees,
M Ve ‘ i ' '~ ) . .
S e e 3 ' w ‘
ECR .o \ % \"1. .
3 : 4 w L :
. e P e AR |



Y,

el

""tlﬂgf_{jj_iii(i]_‘i__’fji(ﬁj{:“ TOowry’, (? o and” T, \" Favsonneiu,

o, -'~2.':Trxbaurl buffer 0.2 M pH 10 e T ey

Y . } o -'?. : 4' .- “- N . :,v ..‘
NADP~SPECIFIC ‘1S0C1TRATE; DEHYDROGENASE (T-I1CDH) IR o
o 4 (E.g. 1.1.1. 42) . oL ¢
< . o “ . . oo
Ly . e 5 e !
A A Flexible qutcm of Eazymat Analyui«;
New ang. 1932, pp. 95-96, A€ndemic Press | -

q

\
«

- . S v
o , . ;. NADP DPH 4+ 0 R
-Principle: ~ I8OUITRATE: »  o-Ketoglutarate - ~
- S L T-ICDH o L

L 24

« . v
v . ’ s (“ ‘ .
lsoaitn‘te dchydrogenase Lntalyzes thc oxldutlon of (socﬁtrace

to a-Ketogxutarate. The nctlvity of I(DH is measured by rbcording
‘the amount of NADPH fnrde per unit of time. i A jf= - "

9 -f:@; s “ S e - LT
“ e SR o ’

,)"‘

r
T
o
3
Y
bt ]

&

R 'l.,‘D~lSOCITRATF 002 M:;.' ' - R
\ - s ,’ v - .

3. NADE 0. oM gﬁ S B

: A . s ST e o
& 4 omery eocozM o T® vggf; - e

= v - “ .*.. '
3 ALBUMEN L Q02X et gl e

o ' . . C“ . R - A ] - . ] Yl

;7. cProcedurer = g | g -7 T oy e A

k. :Scd;k'sdlbtion 2'yf EEREE .. ‘j_: ""K‘J S \~f;‘?%'b.

o"i'/’c'e,u# W
assay)it i o

“Mi% togethier ‘the fol 1~dw1hg~,‘,x3eagen t.‘s,, (vog is

L 1"”“%'.?‘?f','~% b ; : _ ..
) ) n R R ; .‘t . M - . '-. ' .
2. 0 Xpl of Reageht\? . 1;;~’fh s

0% o? rnl ol Reagent 3 L TP
- '. . N N M x. - ,(/
0:01 ml of Reagent a .; ) R .
) ‘2;0 01 uliuf Reagent 1 v oy
. TR .“ ' /-; W
. ."\ ‘l\ p T_L S .- ’ . “7-\,‘, i :‘.‘: hd -
BN Sto K aolution is prepared for many g: 7 -assays and kiipt: .
7. : 2 -

Cold (‘»5 C) : L _3\ . e RN A : ;
e - . PR . -

.‘!-‘"'



. *
*1, .0.05 ml of Reagent 5 : N . e
2. Add 2.2 ml'of stock soldiion (A) to a-lccm cuvette
(bogh reference and sample): ‘ .
8 : U U

o 3." Incubate for 15 min at 37°%¢ (11°C); RN
4. 'Add 0.0} ml of Hohogenate sokution’ to the sample cell only.q

5. . Record rate of_NADPH formdtion at 340 nm agalnst time. ;

RIIf background actiﬁity is observed in absence of isocitrate
it must be subtracted from total activity. S :

H



s

,Modificd from: Joshi M.D., and V. lagannathnp

7
.

) Princigle

Glucose 6 phosphate formed by hexokinase

: ¢
HEXOKINASE (HK) (E.C. 2.7.1.1) a
(ATP D-Hexose 6- phoﬁphotransferasc) |

A

- in Methods 'in_Enzymology :
, Ed. S.P. Colowick and N. 0. ‘Kaplan
" Vol. IX, p. 371 1966

HK . , v -
4—) HEXOSE-6-PHOSPHATE 4+ ADP

HEXOSE + ATP -

-
. L]

NADPH formation. The method minimizes inhibit¢ion due to glucose

. ‘ ~. " ! ,f&
1. 'plucgse L 0.15 M : '/;Y - /\\ﬁ;
2. MECI *6H,0 0.2 M ; B R
3. Tris-HCl duffer 0.2 M, pH.7.0 <

NADP 0.0013 M . oo (’4/;,5‘,»"?;

EDTA -o.oo,oé M C - P

" ATP (Na Salt) 0.3 M pH 7.0 |

7.'701ucose 6~ph;sphaté déh;dfogegase 2 units/mil it sh?uld

.

6-phosphéte by oxidizing it to 6-phosphogluconic acid.

“have negligible amounf of glucose 6- phosphate, NADPase,,

rvxﬁﬂ'oxxdase. %#okinase, glucose NADP reductase and .

6= phosphogluconlc dehydroged&se.

»

" ’
reacms measured
o

B} adding glucose_6—ﬁhosphate dehydrogenase and-ngP nnd following

e

1



! .
) Procedufe.
S
. 2
"0.3 ml of reagent 7 J o '-, -,
| and 0.1 ml of Homog%nate solution (aample cu
.> ,and 0.1 ml of teagenk 3 (r;ference cuvettel.
3. Incubate bdth cuvettlﬂ for 15 minutes at 37°c (+1 °c).
4. Add 0 1 ml of reagent\6 to both cuveftes and éotd rate ‘:”:
of formation of NADPH at 340 against tiue (Cell‘hqlder
5 kept at 37%). | | \ -
5. vasoﬁe background_acti&ity 1; ;éasured due ;o giucosg-
1 NADP reductase and the Héxokinase activity of glucose
6-phosphate d;hydrogenase correction must be made by .
’ measuting NADP reductiqr iglcontrols withoutNATP and
vithout Hexokinase re;pbctively. ‘
/ \‘
_ ' i
» - . ‘ - - I
™~ lPrepared for about 20. assay; and - kept cold (<5 Cc).

"N.B. €heck for’ background activities needed to be done and proved

to be nonexistant with this Cechnique. : .

|
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o, oihpo © SR T -!- ' .

i N e SR Sl

g e A L, ' T e

S P 5 BE W : R AR U I TE N TE SRR .Y, BESN

g UV T BT VRS R

4.ty ?  LAGTATE DEHYDROGENASE awmw T

Cothe Yy R 1L 27y g
e & i (L-antate. NAD oxidoreductase) ‘ . I |

i Principle:: PYRUVATBf 3-—-(' 3 LACTATE .~ ¥

‘?gggifiedﬁﬁian: ‘Bernstein. L H. And J. Evdrse’ v ”\ . B
. - ’ i’ . ’ N R, SlNE SH g

r-,u
)

[ . . , . , e ‘ R .

in Methods in-” Eq;yqplqu ) : . o T ,”é, ‘

A S Ed. S.P. Colowick and N.O. Kaplan N

‘;s‘)f’J Pyruvate is oxidized to lactate by lactatq%dehydrogenase and L "

Vol. XLL, p. 47,1975 7 © - e v,

e X T . - e L . .
. B . Lol LI

6 : ¢

NADH+H IV T

) . LDH ¥ , ® Ty
: : . PR ot 'l *}‘

d : ,

;} the coenzyme NADH makes the/n' - available to do,s&vlm T ' 4 
- \
_ Rel3gents: ‘ ,\‘ ‘ X
" ' 1. NADH O0.0I3 M .
P =
e 2. PYRUVA+E 0. 10 M .
!?- > 3.i Potassium Phosphate huffer1 0.1 M, pH 7.0
4 | |
S ’ t !
- Procedure: . ' ”HFH: ' ' : ‘ o S
) f ‘ o ) ¢ ’ ' : ’ . . o
- 1. Toal cm.'cuvette-add?2.ﬂ'ml of reagent 3 and 0.005 ml
R ': of Homogenate solution. ' :
- ' . . : cw 4
. -2, Incubate for 15 min at 37 C (#1 C) 'jxg

3. Add 0.06 ml of reagent 1 mix thoroughly. ,
S ! /
. 4, Record rate of disappearance of NADH against time at-340.

© . . s

, lBeéause‘ of the absence of. any background activity at this °
low concentration of enzyme reading can be made against distilled water.

\ .' .. .‘ - ' ! “‘ .
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Y., RAW DATA. ma BORY "AND MUSCLE cw?tcutrs S
.q.;-u‘ OF SEDENTARY.' AND ANAEROBIC@LL: TRAI
A b7 R

- no

:
[ -1 v ] t 4

s ‘,'_.4 &
eqﬁﬁuvs‘~"' BODY\WEIGHT @y MUSCEE wnlcum (mlﬂ

. N -
)

' R CEP 276 7Y e ‘ 1109 _ Lo
S L e 299 "':" . \‘ 1307, T .
o 293 L1266 L T T
" DRIRUEEE: § U RS 4 4 e
1+ B Coo11s o el o
Ao 29Ly . 1388 o
AR . 256 S, o 1234 - : ‘
e et 271 2 ' 1256.
%‘;:~‘i oS 0363 T 1836 T . .iég.
o, . . o .- : » 34 2l 1863' . L o e :
T Wﬁsz L1890 L o e
L, Co 340 0 AW 1684 el .
OIS & | w . 15220 DR
o © 324 L S99 o
o 325 L., 1186
- ;f 367 . <1808 -
T T 386 - . -, 1917
TR Y B 2068 . - AR
T s T T | Q B o
T ‘iol343 S 1438 L e
L e, U s L
L ‘ oo 392 T 1764 . - . . SR
e 3260 . 1639 ,
B P U A Ca T 1837 sl s
e 450 - . 1980
262 N 1297 . ¢
S 25y . ~o1190 -
b ; 7230 SN 117 U
CEp -2 . 1504 L
SR e ke s
S S 285, o 1273 e L ,
261 | - 990 A
S R & SRR C T2 e L
- T T, 339 : 1546
: h Ceo 340 , Coae72 0 T
353 . Lol 1e9ec o T
337 . < . 1445 S

. ] . ., . . . N v . | : | | 3
o R A L R V7Y A F éﬁ?

N 304 - 5 ‘

a0 0 1588 s 8
e 344 ¢ T 1635 - LT
) - 376 _ 1831 #e




. RAW DATA FOR BQDY AND
OF SEDFNTARY AND ANAEROBICALLY TRAINED RATS

o

KO

wn.n)q. cont W

yuscLE WETGHTS .

9.

[}

o

e

.GROUPS" .

_BODY WEIGHT (g)

MUSCLE WEIGHT (mf)

295
317
. 277

i

326

-.302
s mg

T

1638
1638 ,

1505
1645
1478

1810 -

1629

366

361 .

346

1731
1577
1541

. . C'3~A_ .
o~ '
fy o0
& a

v
3
vy
e prp
L]
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* TABLE I
. . RAW DATA FOR CALCULATION d;’EORRELATION
“w’.TOF ENZYME ACTIVITY# TO ANAEROBIC PERFORMANCEX* o
Vo . I ' L - » °
. A - N \
. . _
T g | X o RUN
GROUPS LDH . = B-HOADH - ICDH HK  TIME
= — - X : — - ) - .
. RE
- 71599 . 0.33 10.8 -, 0.7 83
oot R 1426 ©0.33 o d6.1 . 0.5 - . 75
e . 2232° - 0.27 - 11.0 . 0.55 90
‘ o 1169° . 0.40 16.2 . 0.3 . . 90
[ E, - " 2176 0.38.- . 7.7 0.51 . | 120 -
1397 0.36 11,5 T 0.71 - 45
. 102 - 0.32 . 12,9 ' 0.80° 75
s 1790 ‘0.3 . . 11.0 0.82" 75
1900 . ' 0.26 A 10.6 0.53 75
. / . . :
. @ 1233 0.26 185 0.92. 195
1487 0.46 21.1 0.79 195
1279 0.39 ° 10.5 0.65 1150
T - 1382  ..0.27 . - 10.9 0.95' 195
' , 1311 .- 0.26 15.8 0.92 \ . 210
-, 1454 " 440.35 11.2 0.56 240
1640 ©0.27 . 8,3 0.9 ¢ 210
i - ' -
— — : J
; *Activity in um/min-gram :
# sxPerformance: Run time in seconds
. Q'}
AN - A



", TABLE 12

RAW DATA OF ENZYME ACTIVITIES i(GASTROCNEMIUS MUSCLE)

95

P “OF SEDENTARY- "ARD™ WERUBTCKLEY_TRKIRD RATS
(4 moles x min“l x g wet weigh' )

.3
A
-~

S
[ = - » !
_Gkoupﬁlné LDH ,ICPH‘ HK B-HOADH
'v " At
1176 122,29 0.55 |- " 0.55
1672 15.45 0.51 0.26
1276 14.29 0.53 . 0.53 .
c, 1029 18.48 @ 0.66 0.53
1470 ~7.84 0.52 ° . 0.26
1122 r11.21 0.70 0.35
1123 10.64 0.53 0.33
1136 17.99 , 0.90 . 0460 .
1219 11.26 0.42 ~ ' 0.42
993 13.49, I 0.54 0.40
1256 . 10.55 0.39 ©0.26
c, 1235 10.87 0.54 0.41.
1378 ©10.19 g.25 0.32
1231 : 18.51 0.53 . » 0,46
\ j 1435 (- 10.61 0.53 - 0.40
1259 ©10.34 0.51 Y. 0.32
1171 9.47 0ls4 0.27
1255 12.88 0.26 . 0.26 - Y
1172 16.24 . 0.54 . 0.54"
LGy 2144 11.32 10.42 . 0.28
_ 1780 48.22 0.41 - 0.27
750 5.54 0.41 T 0.21
. 1581 v 11,02 0.55 0.27
1310 15.79 - 0.39 0.39°
1960 16.47 0.27 10.41
1136 ° 10.50 - 0.65 " 0.26
. 1320 11.35 0.71 " 0.42
1474 21.78 0.95 1 0.41"
E, 1255 10.08 0.50 0.38
1548 ".11.00 0.96 - 0.34
1363 © 7 10.95 T 0.82 0.41
1322 16.29 0.95 - 0.47
1286 21.13 0.79 _ o.Fs
~‘59’9 10.75 0.67 0.33
1426 16.14 0.54" 0.33
E, 2232 11.00 0.55 . 0.27
) 1169 - 16.20 - 0.54 - 0.40
2176 7.73 0.51 - 0.38
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‘ MR TA&LE 12. cont'd
[4

AW DATA _EnzIHE_ACII!IIIE§E£§ASIRQCNEHIUS HUSCLE)‘”"“%

" OF SEDENTARY AND ANAEROBLCALLY TRAINED RATS

\ - (n moles x min X g wet weight™ 1y g g .’. B

/ : ; : ‘ :

, GROUPS LDH
E, . 1397
. 1602
o 1790 .
\ I 1900 19°
o o123y ?ﬁtéaf;ﬁf o.éz 0.26
" 1487 . . 21.14 - ;0,79 . 0.46
T 1279. " 10.50 0.65 ©0.39
. .1382 10.86 - 0.95 0.27
o 1311 “. 15.80 " 0.92 0.27
, . 1454 : 11.20 0.56 0.35°
L 1640 : ~ 8.26 ©0.96 .27
1481 10.9% 0.41 0.41
Cia . 1809 7.37 - . 0.37 0.24
o 1112 12,84 .. 0.38 0.32




0.025
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~ b ) . 97
. l’ . ‘ i
.- S ‘,'_.;w‘- . .
. _ TABLE 13 )
- ) — AW —OF EN R RATIOS (GASTROCNEMIUS MUS E) .
1. . FOR SEDENTARY AND ARAEROBICALLY TRAINED'RATS
| SEOENTAL D ARATRORIGALLY X RATS. )
L": 4\_ N "" - . 3 — " *‘
GROUPS, LDH/ICDH =~ HK/ICDH e-ngillcnn LDH/HK
. o R ] ;
P . , : ; . v — T
52.8+ . 0.025 . # 0,025 2120 - |
108.8  :0.033: 0.017 3266 °
- 89.3 .- 0.037 - 0.037 2392 :
. 55.7 . 0.036 * 0.028 1566°
' . 187.6 0.066 0.033, 2827 &
- 100.1 . 10.026 ., 0,031 . 1609
’ ©105.5 - © 0.050 .+ 0.031 22
RN © U 63.1 . 04950 10,033 T 12690 .
W © 108.2 0.037 - 0.037 - . 2900.
T _ . 7136 0.040 . +0.030 1848
o0 119.1 0.037 0.025 3189
c, . 113.6 . 0.050 1 0.037 2283 -
. : 135.3 1 0.025 ;0.081 5436 -
SRR ' 66,5 0.028 . - 0,025 2339
. 1353 0.050. 10,037 2717
121.8 0.050 0.031, L 2646
- 123.1 0.057 0.028 o J2174 -
X - 97,4 0.020 L0020 W Tdess
C T 2.2 ©0.033 " 0.033 42115 - D
c, ~ 1894 "0.037 0.025 5073 -
- 216.5 0.050 0.033 . 4350.
135.3 0.075 . 0.037 1812
143.4 0.050 « %7 0.025 2881 )
83.0. . 0.025 ~0.025 3334 ;
119.1 . 0.017 . 0,025 174
' p8.2 . . 0.062 0,025 1739 '
‘ 16.4 0.062 0.037 - 1870 -
67.7 0.044 0.019 1554
E, . 1245 0.050 0.037 2500
: '140.7 0.087 0.031 1615
ot 124.5 0.075 0.037 16671
81.2 0.058 0.029 © - 1398
° 60.9 0.037 0.031 - 1631
148.8 0.062 0,031 . 2390 -
) 88.4 0.033 0.021 2663
202.9 0.050 - 0.025 4077
’sz. © 72,2 0.033 0.025 2175
281.4 - 0.066 0. 050 - 4240
' 121:8 0.062 0.031 | . 1958
124.5 0.062 2000
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3

" LDH/ICDH ' HK/ICDH B-HOADH/ICOR

. 'GROUPS .
"E 162.4 ° T %074 . = 0,031 |

2 1786 0.049 - © 0.025

. N 0.050 . ‘ 0.014 -
0.3 . 0.037 0,022
T ' .121.8 . 0.062 . '0.037-
©127.2 ¢ 0.087 - - -0.025
: . 82.9 0.058 [ 0.017
- . 129.9 © 0.050 .  0.031 , -
. 198.4’ 0.116 : 0.03} - .

13503 ¢ 0.037 - 0.037 -
C3A ' 2"5'3 ) _‘é : 0-050 - 0-033
- " 86.5 . - 0.030 Y 0.025
e o J '







bUMMARY OF THE ANAIYQIS OF VARIANCE FOR BODY WEIGHTS~
OF. SEDENTARY, EXERCISED AND TRAINED RATS ’ 4-

| N -
. . / <
SOURCE OF ) SUM OF o N
VARIATION - DF SQUARPS { MEAN SQUARE F
U e
GROUPS 6 L0.113 . 18915.000 * 28.660
S B
ERROR oo 45 0.297 ,659.870 L

A

_ HOMQGENEITY OF . VARLIANCE

01

. :
: CHI SQ = 15.103 P< 0.05
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SUMMARY OF THE ANALYSIS OF VARIANCE FOR MUSCLE WEIGHT

101

o

OF SEDENTARY, EXERCISED AND TRAINED RATS i
. L
- yam
souRCR OF + = - . - SUMOF . !
VARTATION . DF " SQUARES .,  MEAN SQUARE' F.
GroUPS . _ 6 0.258 430245.310 , 14.890
r ) . N i .
ERROR 45 0,130 | 28895.640
P <0.01 - § E
'HOMOGENEITY OF VARIANCE ~  CHI SQ.= 9.446 o £ > 0.05
' e T | "o ,‘
' . AS - .
q .
o ! : @ !
| e R
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K ' . . | : . . ) . ) '
. B . . \
. . SUMMARY OF THE ANALYSIS OE VARIANCE FOR LDH ACTIVITY,
* IN GASTROCNEMIUS MUSCLE OF SEDEN%ARY, EXERCISED AND TRAINED RATS

'

[ 4

" 'SOURCE OF -~~~ StM@F _
VARIATION . . DF SQUARES =  MEAN SQUARE

-

Y

. GROUPS ‘ 5 S 0.122 1244198.380
ERROR® .- 43 . .. 0327 76158.130

W7 : - . i

(CHI SQ = 19.945, P < 0.01

i
1
:

' HOMOGENEITY OF VARIANCE
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.« SUMMARY OF, THE ANALYSIS OF VARIANCE FOR T-1CDH ACTIVITY
IN GASTROCNEMIUS MUSCLE OF SEDENTARY FXFRCIGED AND TRAINED RATS
e }A - e L
 "SOURCE oF ~ . SUM OF | ' - _ :
» VARTATION . DF ' SQUARES . MEAN SQUARE O F .
. . : : . . . . l . ' - \\ - S _\ - ' —
GROUPS 5 0.684 13.68 0.84
, L ' ' ) : : !. . o
ERROR . . . 43 0.698° - 5 16.24
. . , l- ) . . ‘, . . P i . ‘ .
T Y . S \o” ‘ .
. P >»0.05 ' o ' .
'HOMOGENEITY OF VARIANCE CHI SQ = 4.568 P> 0.05
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% SUMMARY' OF 'I'HE ANALYSIS 'OF 'VARIX‘CE FOR HEXOKIMSF ACTIVITY
lN GASTROCNEMIUS MUSCMAE OF SI"I)l'.NTARY I'.XERCISFI) AN1) 'FRAINED RATS .

L ' - ! } . .

SOURCE OF .~ ' - -~ . SUMOF .= , . .

VARIATION | DF ~ . SQUARES - EAN SQUARE. = F.
GROUPS - | 5. 0,106 ' 0.21 ¢ 12.10
ERROR 43 0755 0.02

p<001 I o ' -

HOHOGENEITY OF VARIANCE . ’ CHI SQ = 2.504 l'. P >{0.65 . ‘

"™~
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AT u : C " "’ L . o ” 2z ]
 NEWMAN-KEULS -COMPARISON BETWEEN ORUERED |MEANS 'FOR HEXOKINASE ACTIVITY =~
" | . IN GASTROCNEMIUS MUSCLE OF SEDENTARY,.EXERCISED AND TRAED RATS. .
) T i } .. [} ‘,.4

. ' o . A .y L .o - ¢
r e it : £ P A A
S — r 2

i :;,‘,__., T . Ff_1 N ‘IQ. EA: Cl . C2 C3 |
oialjv_r 0.464 | p.422

~ 0.191 0.043 . 0.0

©0.148 . 0.0 '

/- ,

MEANS 1 0.821 - -04790.. " 0.630|
i-io.afz " 0.399 ‘“_'0:368, 0@208

Op6s 0357 0.326 . 0.166

- 0.630  0.191 ) Q.19 0,0

.00.790 - 0.03L - 0.0 . ‘

T co0.820 0.0 S '/ A

m o o
N R W

o
—e

Faed

. . . S B _ S
R= 6. . 5 . T4 l 3 L2
— ‘ ‘ ~ . - . L ,.!\ — ~ - N
| The Multiplier is 0.04653, P o :
y N ! ’ o e .
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'SUMMARY OF THE ANALYSIS OF »
! VARIANCE FOR g -HOADH ACTIVITY
A

SOURCE OF -
_ VARIATION DF
- L

S i/
SQUARES -

MEAN. SQUARE

'0.889

1 0.401

3

.'ckoups o ;5"
ERROR < | 43 .
a _.‘._; | .
“P"> 0.05
h HOMOGENEITY OF VAéIANCE"
. . . ’ !
\("
i .
" I ~

y
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SUMMARY .OF THE ‘ANALYSIS OF VARIANCE FOR LDH/T-ICDH RATIO
‘ DF GASTROCNEMIUS MUSCLE OF SEDENTARY,

N ' EXERCISED AND TRAINED RATS ‘

. . SOURCE ‘OF ", SUM OF ‘ .
VARIATION DF, J SQUARES. MEAN SQUARE F
GROUPS s T 194955 3899. 100 1.93°
ERROR 43 . 86999.4 £ 2023.240
. ) ’ L} . . ‘ ., ' v

. P > 0.05 - . ’ v \ ) . ’ .
. HOMOGENEITY OF VARIANCE CH1 SQ = 7.0576 P'>0.05
A - ,
& - ! b e
v N - L1

@
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SUMMARY OF THE ANALYSIS OF VARIANCE FOR HK/ICDH RATIO ,
OF GASTRQCNEMIUS MUSCLE OF SEDENTARY, : . - |
EXERCISED AND INED RATS - SR . .
e R . '
- ,:I: = _—
SOURCE OF SUM OF - .
VARIATION .o DF SQUARES - MEAN SQUARE " F
. GROUPS - = . 9 0.005 0.00 . 3.02
ERROR SR B 0.001 0.00
. . : X ¢ 4 [
P
P $,0.0S - 1 -
HOMOGENEITY OF VARIANCE CHI $Q = 7.197 P >0.05
" . I ] I ‘ )
.
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* NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR *
HK/T-ICDH RATIO OF GASTROCNEMIUS MUSCLE OF SEDENTARY, .
EXERCISED AND TRAINED RATS .
— : = =
T éli' E, €, Cy c,
.MEANS 0.066 0.059  ,0.055  0.045 0.040 . 0.040
C, 0.060  0.026  0.020 0.015°  0.005 - §.001 0.0
C, 0.040  0.025 0.019 . -0.015 ' 0.00% 0.0
c, 0.055 0.021  0.014 0.010 0.0
E, 0.055 0.0l 0.005 0.0
£ 0.05? 0.006 0.0 . 4 o
T  0.066 0.0
© R= 6 . 5 4 3 2
L
The Multiplier ¥s 0.00610 ’
SIGNIFICANT DIFFERENCES
. , -
- ] .» "; . ‘r ' ; A .' .
GROUPS ¢, &, Cy. E, E, T
. . . -
, T ‘ - * * - -
E, - - N -
By - %, N 2
! - - h )
<5 : !
€2 o .
. cl '. ¢ .. ) ’, "Q’ [
o Y 3 -
[ *» <o0.05 ‘ _
- N.S. .?
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SUMMARY OF THE ANALYS1S OF VARIANCE FOR §-HOADH/ICDH RATIO
IN GASTROCNEMIUS MUSCLE OF SEDENTARY, ;
.EXERCISED AND . TRAINED”RATS
. L] . ..‘ ) ‘ . } \. ‘
i et % : : : l[ ’
T A ’ -}
SOURCE OF : SUM OFY \ - L
VARIATION - DF  *  SQUARES ) -~ MEAN SQUARE F
GROUPS - 5 0.0002" ~0.00 - - 0.75 '
ERROR 43 0.0002 0.00 '
i 3 ) : v } . N ) » k. ‘.‘
, . L \'" .
Pl ’ O. 05 ‘ - ) v © I 'i" . l v : ' \‘\
. HOMOGENELTY OF VARIANCE = CHI SQ = 3.056 Pp>0.05 }'\ .
. . B ’ . . - \I‘R'
' h
X1

- S . e
'; /) _. - ;o o ]
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'APPENDIX E '~
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LABORATORY CHOW CONTENT™
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['choline chloride. follc acid. riboflavin Supplement

breuers

.

@
yeast. thiamin, niacin, vitamin A supplement. D adtiupted plant

!

o

sterol, vitamin E supplenent calcium carbonate, dicalclum )

ot 3

fcoLalt carbOﬂﬁte. conper oxidg. zinc oxide.

phpsphate. iodized salt, lron sulfate, iron oxide, nagnesiun oxlde.

-drié_d

't [ .« - USTS
~ . , . [ [ . '.\‘ .
-’ . . \ V?r “ . R . "_‘.lt‘;’:.';. %h‘ ‘. ..b ﬁ' R
R PURINA CHOW: S L "

e v . e ﬁ‘ o 1 - -

o . P ,} | -
Créde p{utein not less than - . . 23.0% T .
-CruHE.fa¥ not less tham™. . .'. .. 4.5% MR R
N ' Crude EibeY not .more than . . . . 6.0% ) N pl e

' o oo ‘ R

Ash not more thdn . .'. Cae e e 9.0% - -, A
] . N
.. .. o ' Yy
- Meat and bone meal, dried skinned m&lk, whent germ noalk fish ueal, /.
1 ’
‘ snimui liver meal,* dried beet pulp, ground extruded*torn,.ground oat ,
groacs, soybean ‘méal, dehydrated alfalfa meal, can noﬂlsses. animal .J
- md \
" fat preserved wich BHA, Nitamih B12 supplemeht. calcium pan;othﬁgate.
‘ N

-
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APPENDIX F

TRAINING PROGRESSION U'P TO 80 METERS PER MINUTE
(! WEEKS OF ORIENTATION)

At i sc Somprefon s NV N - L L.
- .
. J
v
-
°
F
.
.
/ i -
L]
N
Y]
i
. N
2 1
[\ L]
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TRAINING PROGRESSION UP TO 80 METERS PER MINUTE
. (2 WEEKS OF ORIENTATION)

TABLE 14

o

1

115

TIME OFF

NO. OF

i

TIME OF

SPEED TIME ON ‘
DAY gymin min:sec min:séc INTERVALS DAY
B !
5
1 18 3:0 2:0 AM
2 N 22
25 6:0 3:0 7 P.M.
(‘3 2
35 4:0 4:0 A P.M.
4 45 2:0 3:0 ag AM.
45 2:0 ‘ 3:0 AR P.M.
7 45 3x(1'on 3'off) 3:0 45 AM.
. ‘50 Ix(1'on 2'off) 3:0 5¢ P.M.
8 60 . 3x(30"on 2'off)  3:0 "sg' CALM.
60 3Ix(30"on 2'0ff)  3:0 4 P.M.
- 10 - 65 ‘5x(15”0n 20"0ff) 3:00 2 A.M.
' 70 5x(15"on 20"off) 3:00 4 P.M.
* > . L -~ .
1 — . P
75 3x(15"on 20"off) 2:00 "2 P.M.
14 "75 5x(15"on 20"off) 2:00 2 A.M.
80 S 0:15 0:30 b P.M.
.15, '80 0:15 0:25 7 AWM.
) 80 : 0:15 9:25 6 P.M.
16. 80 0:15 0:20 5. AM.
17 80 0:15 _0:20 6 A.M.
.80 0:15"° 1 0:20 7 P.M.
N
20&%Wiﬂtervai - 15 sec. on, 20 sec. off
. .
b

at ‘30%Z incline
Y‘ .
| i



