209879 L e o v.

)j | ﬁAﬂONAL LIBRARYM anauo*méou:—: NATIONALE
' T OTTAwA | ‘ -  OTTAWA
. | %;'ﬁﬁ : ‘ D . | o | ki3
NAME OF Alrmon.....»e.((—f?.'?. .,.A./’.f.l’.’./’.e.{...(..{‘.’?ﬂ; ..........
‘rm.s OF mesrs..?f'/.‘.f...(??”.c.f . ’.‘?f ......... f;: r’d//>3.<’/.‘.[./...

---------------------------------------

umvsnsmr ....... } . /‘L“Wﬁ e .(.?.&3{‘.‘??}.{? .".5. UTTTTS
DEGREE FOR WHICH THESIS WAS PRESENTED. .. .'{.{.;?. R
YEAR T1s pEGREE SRawtep.... /{70, . ... et

Per-1551on.1s hereby granted to THE NATIONAL LIBRARY
.OF CANADA toﬂn1crof11m this thes1s and to lend or sell copxes -
of the film. |
| The author reserves other publxcat1on r1ghts and
neither the thesxs nor extens1ve extracts fron it may be .
_:printed or. otherwzse reproduced w1t?out the author's - |

'written permxssion

g : : . |
o ""_(Signed) ,ﬁwkau.{'c{.?!ﬁ{(...éf.':' e

{J Z(. ’,""""M,} r"(a""ﬁ(gt

Q¢




'THE UNIVERSITY OF ALBERTA f B

. THE EFFECTS OF PAIR-FEEDING '‘AND EXERCISE ON THE UTILIZATION AND

rMOBILIZATION OF ENERGY SOURCFS OF TRAINED AND. NON—TRAINED RATS
: ¥

- « . )
SUSAN MICHAEL CARY :

Id

-

A THESIS L.

SUBMITTED TO THE FACULTY OF GRABUATE STUDIES AND* RESEARCH

"IN PARTIAL’FULFILMENT‘OF THE REQUIREMENTS FOR THE

-

'DEGREE OF MASTER OF/SCIENCE =~ '

S j ﬁ;,/ &
" ¥ PE
\ - »‘ B

DEPARTMENT OFAPHYSICAL'EDUCATION

IR SN SN
EDMONTON, ALBERTA,

- P sprinG, 1974

.



A

)
3

P
THE UNIVERSITY: OF ALBERTA - .

FACULTY,Q? GRADUATE STUDIES AND RESEARCH

v e

LY ) ’ N !
.

The undersigned.cerggfy‘that they have read,

: : o i
and recommend to the Faculty of Graduate Studies and.

-
o

Research for acceptance a thesis entitled "The Effect
: of Pair-Feeding and Exercise Upon the Storage and

Mobilization of Energy. Sources of Trained and Non-Trained

t

i Rats" subqitted by Susan Michael Cary in partlal fulfilment

Ddte

~of the reguirements for the degree of Master_of Science.

.J.Dggém¥3319li,..,..,

1 N



. ‘
~.'" ABSTRACT

Flfty -four male Wistar rats'ﬁére randomly assigned to a
pair—fed and an ad libitum feeding group with half of the animals' in

each group trained to run on a rodent motor—drlven treadmill five
)

,days per week for one hour. per day at 26.8 meters per ‘minute for - nine'
~ .- >

to thirteen weeks. Approximately half of the exercised animals were

13
‘

sacriflced immedlately following an exhigztive run. of ‘two to: tvo and

one—half hours. All other-animals were crificed At rest.

o

‘Analysis of results indicated that chronic moderate Vo
e .

v

exercise had little effect\ypon organ weights, glycogen storage and

FFA concentrations -Slightly increased adrenal and greatly decreased
epidldymal fat pad weights were found in chronically exercised rats.
»Ekhaustive exércise resulted in a- decrease in spleen and liver weights;’
decreased liver glycogen values and‘increased plasma and tissue FFA

concentrations. Pair—f €d animals demonstrated‘significantly reduced

" total body and organ weights compared to the ad- libitum fed animals‘\

)

'TNo additional dietary effec : were noted

AN



L}

DEDICATION -

2

To Mary. and "JoAnne for their blood}isweaﬁ and.téérs 
and to thoseilittle white rats for their bfood, sweat ’

and tissues.

¢



- ACKNOWLEDGEMENTS | "* SRR

"I wish to express a spec1a1 gratitude to my committee

members; Dr. A W. Taylor for his persistence, Dr

? . u,

o

D. C Secord for

. his faith and encouragement thrqugh0ut the year, Dr. E; Bucholz- f:'ﬂ

for his continual educational opportunities, and Proﬁesebr'f;.Conger”
for her additionéijsupport. P i N

In addition, I e;tend desperate gratefulhese to Claire.
Jaenbéen

EN

Phil Gardiner-and Gary Ness for their a551stance 1n

analysiS-of amp+es, data and-text. And;,special thanksjto Larry‘ };’ i
v S o ST, i ,

. : e . A
-~ Borysyk. /- . A i T . L o L




w

TABLE OF CONTENTS

’,,\2 o

\.—"" QR

Blood Lactate. . . . . . .';‘. < e

' TFree,Facty Acids . . . . . . R .

|11l METHODS AND PROCEDURES. ... . . . 1 . .

.

Glyc%gen D@Eermination SN e,

¢r>

. A k
e & Blood Glutose Defermination.'. - .
- :

\

BLood,Lactate Determ{na;ion. . e e

Tissue'Laciate Metﬁbd; R SN

, ‘Plasma Free Fatty Ac1d Determinatfon

1

Statistical Analysis . ;?. e e .

IV.  RESULTS . o o v i 2 v v vinwwn o

V.  DISCUSSION. . . . . .‘; S C e

\ ~ » “vit

Uiotal Body and Organ Weights . e et

*%lood G%ucose ‘and Tissue Glycogen. -

a2

- .



Chapter. o ' - .

Plasma Clucosé and Tissue

) Plasma‘and Muscle Lactate

?

Free Fatty Acids. . . ‘A
VI.  SUMMARY AND CONCLUSIONS. . .

Ebnclusion. . .'ﬁ « 4 e .
*© BIBLTOGRAPHY . . . . . . & ... .. .

I ‘ o
- APPENDIGES |

"A. Standard Curves. .

"gf Table pf ﬁeaps'; . L ..

e R
o7 C. Statistical Analysis ..
. . . 1 L

{‘ﬂ ’ 5. Raw.Data T . l . l o

Glycpgen.

N
-'- - -
.« . .‘\. N
Y

Page

&5
48
49
o
52

53

69

85

90



Table

¢

1. Growth Chart (Total Body Weighté

f/éiigts‘for the Durationgof Study .

)

2. 'Means for Total Body Weights .¢.

‘3._“ Means
4, Means’
5. ‘fMéans
6.  Means
7. ‘Means
8. Means
,9:4 ,%ﬁahs
10.  ﬁéans
11; Méang
‘12. ﬁéans
13. Means
14, Means
15. ﬁeaﬁs
16.  Means
17. Meaﬁs
18. ' Means
195:  Means
20,

for
for
for
for
for
fqr

for

for

for

for
for

“for

for

for

fof

for

for

Liver Weights. . . .

Heart Weights. . . .

Right deﬁey Weights

Spleen Weights . . .
Adrenal Weights. . .

Testicle Weight’ .

Gastrocnemius Muscle Weights .

LIST OF TABLES .

[

\

_Epididymal Fat Pad Weights . .

Biceps-Brachli Muscle Weights. .. .

Liver Glycgen . . .

Gastrocnemius Muscle Glycogen. .. .

Biceps Brachii Muscle Glycogen..

Gastrocnémius Lactate. « e ..
Plasma Lactate .f:'.

Epididymal Fat Pad Free Fatty Acids. .

o -G
Plasma Glucose N

Exerclée,Effeéts e e e e

ix

.

o]

el

Plasga Free Fatty Acids. . . .. ..

T ~ : -~ .
~Scheffe's Multiple Comparison Between Ordered Means:

. ..

Page

81 . .

L. 75
76
77
T
77
.. .78
.79
. 79
. .80
L
80
81
. 82
. 82
.83
. 83
.. B4
. 84
. 86



£23,

24,
5

25.

26.

-

29,

30. .

31.

33.

34.

35.

A

Page -

Anaiysis of Variance of Simple qain Effects for Diet . . 87

Analysis of Variance of Simple Main Effects for Exercise 88

Primary Main Effects for Signﬂ%icant Diet ahd Exercise

Interactions .

Organ and Muscle

———

nOrgan and .Muscle
Organ and Muscle

Otgan and Muscle

Organ and Muscl®

Organ and Muscle

- . L) .
. . . » v e LI . . .
. e
a

Welights for Groups PR .
Weights for Groups PF .

Weights for Groups PS .

N
Weights for Grohge AR ... .

N

WeightsQfor Groups AR ;

Weights for Groups AS ..

Blood Lactates, Glucose, FFA and Fat Pad

oA

_Groups PR. . .

y

" Blood Lactates,

Groups PF. . .. .

. - LI SR Y . . . LN Y

Glucose, FFA;and Fat Pad

.
S

Blood Lactates, Glucose, FFA and'Fat.Pad

Groups PS . .

Blood Lactates, Glucose,\FFA and _Fat Pad

Groupa AR. .- .

Blood Lactates, Gluco e, FFA i\a Fat Pad
‘Groups AF. < e .
Blood Lactates, Glucose, FFA and Fat Pad

' Groups‘AS. < e e

FFA for

.~ -

FFA for

o e

FFA for

FFA for

FFA for

L] - 89
Jooen
X
93

. . 95
.. 99
. 101
. . 103

: N -

.. 1077



Table

36.
37.
38.
39.

40,

41,

Tissue Glyc¢gen

TiSsge Glycogen

Tissue Glyéogen

T és%p Glycogen

Tissue Glycogen

Tissue Gl&éqéem

P

and

and

and
and
and

and

s

2

Lactate

Lactate

Léctqte
: a

Lactate

Lactate

'Lactate

v

e

By

for Groups PR .

for’Croﬁps PF .

for Grodpsf_.a;gs..

for Grodps A

! . .
'for\ﬁ;oups AE/ ..

for Grodﬁé/é&ﬁ.

)

g

. .Page

115

116

117

119

120

121

e W



Means

_Méans
.Means
.Means
Means .
Mean#
" Means
\Meaﬁé
Meéns
Means

Means

Means
Means

Means

Means

Means

“Heans
'Heans
Standard Curve for Glycogen. ,f

Srgmdgrd Curve for Lactic Acid .

T

BAX

/ I

N

for Total Body Weights .-

foréﬁeart'ﬂeights.'. -

for Kidney Weighfs .

for Testicle Weights . .

-
*LIST .OF FIGURES

for Gastrocnemius Muscle Weights

for Biceps Brachii Muscle W&ights

for Liver Welghts. - 4.

for Spleen'Weights N
P . T

for Adrenal Weights. .. .-. .-

for’EpidiQymalQFat Pad Wéights.
s /o

L 2

for Lf%é; Glycogen Value§f-.

Y
.

for Céstrocnemius Muscle Glycog&h Vélugs .

for'BiEeps Brach&i Hu5c1e.619cogen,.

PN

for.Gastroé%eﬁTus Muscle Lactateralues.q

.féf Plasma Glucose Values. .
. : s = EEEE Y

fof Plasma'Lactate Valdes.

for Epidldymal Fat Pad FFA Values.

for~ Plasma FFA Values. .

‘Standard Curve for Glucose i ;

N

‘Standard Curve for Ftee Fatty Acids.

¢

. ?gge
. a9

.29

1 30°

30°
. 31
. ;31

. “‘32
.32
34

T 34
135

. '35
36
. 36
.. 39
.39
.. 40
.40
.. 70
.. 71
N £
.73



Y

3
el
%
ldd
Y
1

INTRODUCTION % * . . . Coe W I

. A .. ‘ . . : ‘a"
: : '. f ntg ‘ . . a ‘ ) R
A ¢ It is well established that ca;bohydrates and . fats participate

¢

,1n prov1ding energy for different intensities and durations of. exercise.
v

e

Although carbohydrates were long conSidered to be the waJo\ 1f notﬂ”
.

, %ﬁ
'the only, fuel for muscular exercise the importance of lipids during

’

") : .
muscular exercise has been substantiated within recent years (Cobb A

and Johnson 1963 Keul et al, 1967 and Taylor, 1972).

; ;
carbohydraté in origin, alth

In' brief, intensiv exercise,-the primary energy source' is \ :
%\ﬁ Pruett (1970) foung that, even at '
eﬁtreme exercise intensities probably ten pcrcent of the énergy is

" derived from 11p1d stores. During moderate exerCise in which thereja//'

<

-is no increase in fhe blood lactate level the utilizatlon of fat a%\
» "\
a fuel may provide 252 to QOZ of the energy for the aerobicallv v

working muscle (Gollnick et al, 1970: Issekutz et al 1970). 'ﬁt

»

N ithis exercise intensity, however, it has been shown that the fuel

>
[

substrate is in a tranSitory state from the beginning of exerCise to
LR

”

“a steady state condition (Astrand and Rodahl Pruett 19701%

K4

g .utilizing glycolytic resources while transferring to lipid metabolism.
f

The initial level of muscle glycog&& has been shoun to affect the

v

duration of the intensive exercise- (Hultman, 1967) while that

; glycogeén content in turn may be.altered;by'the carbohydrate intake -~

. T _.‘ . oo \;"_;.
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(Be;gstrom et al, 1967;'Saltinpand,Hermansen, 1967).

Leveille and Chakrabarty (1967) oetergined that a sedentary
rat fed ad-libitum may store ;hrexcessipe amount of muscle glycogen
‘ ifor energy.;.Normally,hrats feeo in small amounts alliday in order
to naintain an.essentiallpmoonstant availability.of nutrients for
abSorption'fromvthe intestine: ;The muscles innestigatedfuere smootn

muscle; none of the exercise effects were included in the study. -

A
i

‘ However;ﬂﬁith;an unliﬁitedkavailability-of food,.exercised animals'
are known'to restrict their intake to m31ntain a net energy balance
‘ w1th ‘their level of activity (Thomas and Miller, 1958). To date,

no concInsiVE\data exists comparing the energy sources. of exercised
g :
and sedentary frats with identical food intake levels.

Statement of the Problem

The porpose.of this study has to investigate the effects‘
_of pair—feedlng ‘and exeréise on the . energy sources, total body

-weight, and organ weights of trained and - sedentary rats. The

followlng parameters were measured:- tota. sod - ueigh‘, organ weights‘

muscle and: liver glycogen blood glucose, auscle and blood lactates

plasma and,fat pad free fatty ac1ds.

Rationale Behind the Study

In examining substrates available for-muscular'exercis N
_manyfauthors have discussed some of thelrelationships'of‘diet'to‘the




T

storage of- energy sources (Mitchell, 1926;“Hayer et al, 1954; _ A
Pernow and Saltin, 1971). The effects of training and diet_haVe
been examined by'Saltin and Hermansen (1967); Diets composed of

varying amounts of carbdhydrates have been' studied to determine

£

';hé effect upon muscle glycogen and fat deposition in.sedentary

animals (Bergstrom et al, 1967) In addition, a technlque of

' equaldized food 1ntake between different experimental groups has

<4

been employed in various investigations to determine differences in

utilifation and mobilization of ‘energy substrates. Chesters and

‘Quartt man (1970) researched the effects of .zinc def1c1ency

employing the pair feeding technique of food equalization on rats.

Leveille and Chakrabarty (1967) examined the absorption and

"utilization of glucose of sedentary rats on a pair-feeding program.

A

-HoweVerabno previous'investigations have been conducted to determine

-the storage and mobil .ztiom of energy source in exercise and .
St

sedentarY'rats'maintained on a pair-fed diet.

Limitations and Delimitﬁtions of the Study

-

Wi._ Theistudx was confined.to the_mAIedHistar rat‘bctbeen.

8 and 24 wveeks of égeu

>2. Food intake was equalized on a pair ~fed ba>1s determined

a

by the exercised animal

3. Only one intenSity of'endurance training was 0sed.' In -

).

addition,_some crauma could have resﬁf}ed from the electrical/

shocking devise on the treadmill



. CHAPTER ' II
" REVIEW OF LITERATURE R . |
Diet ‘ ‘ ' \. N ot o ’

y . v L SR

A numbenﬁ{f 1nve721gators have studled the basic physiological

\a§$ects of diet as

t is affected by exercise ( tchell 1926,
ﬂayer et al, 1954 Thomas and. Mlller, 1958 Bé%gstrom et al, ¥967;
: Hultman; 1967; Saltin an-. Hermansen, 1967; Gollnick and Taylor, 1968;
Y‘Parks,'l969). It is of 1nterest that Mayer et al (1954) noticed
that, within a sedentary‘range of activity, rats show no increase in

food intaker Additionally, no decrease in food 1ntakevis seen to

" follow a decrease,in'activity level. In support of this, Tﬁom35 and -
Miller (1958) found a decrease in food 1ntake, and in spontaneous

overnlght act1v1ty, in- rats given forced exercise during the day.

However, an lncrease ih food intake was noticed on Lhe rest davs.

“In this way, no over-all welght drop occurred due to the increased

-~ activity. It is not. known whether disruption in theé normal pattern

for the nocturnal {3: or a stress reaction from the cxcrci;excfusegg ~

the decrease in food intake. ﬂcne of the presentﬂhypothese
_regardfng regulation of food intake can explain this pheﬁomena

(gﬁEVenson, 1967). Parks (1969) malntains that rats w111 rogulate
N
téeir food intake nccordlng to thelr utlllzation, adiusting to a -
,) e

new "set" position with a hange in activity Mayer et al_(l955)

Lattributes this to the bloo lucose levels. -

»
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Mitchell and Beadlés (1930)' developed a method by which’
the effects of a variable food intake were: eliminated ‘to insure a
clear 1nterpretation of the results with reference to one deliberately
’imposed variable, in this cas& exercise. In‘the original o
experim@#&s Mitchell and Carmen (1926) found that, on the identical
diet, two rats may gain approximately the same weight during the same
o time lnterval yet their.bod;/comp051tions/gay~vary.i If the diets
.'of the same amount’ are nutritionally the same, the enérgy storage
differencc may be_explained by the differences in the ablllty to
utilize thc various nutrients. Lxercise variations are an example . )
of treatments cau31ng a difference in the utilization of the |

‘--nutrients (Gollnick 1963)

In determining the effects of exercise upon the energy

~

storage withln exercised and sedej{ary rats, the equalization of

food intake among comparable anim#ls may eliminate some of. the

o
dietary differences due to. differing food intakes However, as

the exercised animal tends to consume less food than a control
4

animal (Gollnick and Taylor, 1968) it is inev1tab1e that growth
will be restricted in fhe control rat (Mitchell 1964)

?ecord et al- (unpublished results) found that liver

By

glycogen content in chronlc uremic rats tended to be much greatcr
than that of normal rats in a pair- fed study. In an attempt ‘to

determine ether this glycogen deposit was normal or if the -
o

“'metabolic responses of the control animals were due to starvation .

or malnutrition, a study was undertaken in which one "’ group of ra&ﬁ

-~ ~
v
7
'
.
A
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was fed ad libitum andlgne fed the average amount of food consumed
by the chronically uremic rats (23 - 25 grams/daily). From this it
ni A )

was determined that the results were norma) with no starvation or

malnutrit .n occurring. In later studies, it was determined that

the chronic uremia in rats disrupted the normal metabolism an¥ .
’ _ N - ,

-,

storage of liver glycogen, causing a deposition of glycogen with a

*greater-~than-normal molecular weight .which was unable to be

mobilized by the animal.

Total‘Body and Organ Weights

.
v

’ N
The functions of various organs during a\erc1se have ‘been

>

i.of 1nterest to many 1nvest1gators (Donaldson, 1915 Barcroft 1927;

Asahina, 1959; Badeer, 1964 Tipton, 1965; Gollnick et al, 1967;

Bloor, 1968; Saville end Whyte, 1969; Reitsma, 1970). As early as

" 1915, DonaidSOn of the Histar;lnstitute published a review-bf the

totél bodyvand organ weight‘Ehénges due'to‘ekercise. This study

reports that exercise fails to produce an anlmal larger in bone

structure., ,Total body weight may be greater, though body size may
N .

not be larger, ‘as- fat content 1s less in the exerc1$ed anlmal.

These f1ndings have also been supported in more recent research +
(Gollnick and King, 1969a; Ostman and Sjostrgpd, '1971).

, ) . , ' L o
Stevenson et al (1964) found that the animals lost weight

v

pfoportionally to the amount'of‘exerciseﬂundergone. Running at

1 km per hour,cy hour'per day, for four days per weck was sufficlent

” o
¥

,\J\-/)'
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to depress the appetite of the rat. ' Ostman and Sjostrand (1971)
X . J » P

also noticed a weight loSs:hith‘éxercising animals.

“

‘Heart weights, in general, were seen to increase

1] (Donaldson, 1932; Badeér, 1964;'Tipton,'l965).i_B$deer'(1964)
-stated this as‘being due to fﬂe.increase in.the length and the
thickness of myocardial fibgfs and the number of sarcomgresi ‘In_"
albino rats,,éonflictinébrésults have been'feportedvfor exercise
¢ffects upon the 1iverf Blogr et al (1968) noted an incfeasehin
liver weights with traiaiﬁg. Don#ldsonv(19325; on tho.nther hand;f

v

reported a decrease in'liveriweight due to the utilization of "fat

A

© - from liver storage. “Accompanying the lighter liver was a lighter-

* spleen. - Spleen weights of the rat show a significant decﬁsife

) -

following exhaustive exercise (Barcroft, 19253 Tipton et al;_1966;

»

Gollnick et al, 1967). This has been attributed to the expulsion ’
of blood with splenic contracticns and possibly to,a'decre§se in
pressure in the'portal vein (Barcroft, 1927). 'In addition, splenic

contractions are stimulated ne@rally (Tipton et al, 1966). Therefore,

" spleen weight changes associated with training may be credited to

alterations within "the autonomig neYvous -systenm.

.

Kidney and testicle weights increased with exercise.
| 2]

according to Hatai (¥9I;); ‘Asahina et al (1959) found similar
_'results in the kidney; but found”tﬁé testicle in rats to be very._

resistant to change due to cxercise.



I ' o _. : '. ) . > 8
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Montoye etial (1960) found no s%gnificant ifferences in

~

organ weights’between exercised and control animals. owever,
i i ) ‘

differences in training programs must be taken in to account in the

interpretation of results (Holloszy, 1967).
An organ reported to undergo cyclic changes with exercise
is the’adrenal. 1In rats, the stress reaction causes a liberation

of ACTH to which the'adrenals respond with ‘a-loss of fat from the -

adrenal'storage (Bloor, 1968). ’Upon adaptatioQ to the stressful

-

- stimuli, liberation of ACTH is lessened;7causing a return to normal

adrenal.weight. HOWever, a slight'change'in the training progran_

or a decrease in adaptation will initlate the recurrence of the

" stress of training (Selye, 1950)

AN
‘may be due to the 1ncreased cortical size as an adaptation ‘to the

adrenal weight loss (Selye 1950) . In contrast to this finding by

T

Selye is- that of - many other investigators that adrenals from

exercised animals are heavier than in sedentary rats (Gollnick et al

A

1967 Bloor, 1968; Ostman and Sjostrand 1971) Such an effect

I ‘o

-

- o S Z
Blood Glucose and Tissue Glycogen

~

Most carbohydrates in the diet form glucose or fructose

once digested. In the liver fructose is readily¥00nverted into

_glucose in man prior to utilization. In the rat, fructose can be

metabolized by adipose tissue, though its process is slower than

that of glucose. ,Glucose ievelslin the.blood are tegulated closely



by the liver, the extrahepatic tissues, and several horcones in an

attempt to maintain energy sources .of glycogen for muscular work. in
. . , Ratt = .

.

the liver and skeletal muscle. The concentration of blog gluiose-
is. an ‘important determinent in the fdte of glucose u?takc.in the

liver and other tissues. Glucogenesis occurs in almost cvery tissue
. . -

of the body, but fhiefly in the liver qnd skeletal uscle which allow

ceasy permeability of glucose and subsequent conversion to glucose-6-
. . N L .
. F - R . . .

phoéphate:_ This: substance is at’ the junction of glucogencsis,

H . . N . .

o : s .
glycogenolysiss.gluconeogenesis, flycolysis and the hexase-menophosphate
ishdnt.’_A complicated series of enzymatic reactions ensuc from this

junction depending upon the bodily requirements at the time. Reactioms:
are Eﬁ;ﬁ:lly]irreveréible, maintaining a balance between catabolism

! ! Y - e -." . .

and anabolism, and a relatively cOnstant‘blood glucose Jevel.

v
In fastlng anlmals, the blood glucose level is re?ulated

by the hepatlc glucose release and the perxpheral tissue removal ‘of
h) ” P ' .
glucose (Reichard et a ,f1961).- In man;'during_modetat¢ exercise

at less than 50% of the maximal oxygen uptake, blood glucose levels
4 . . ’I

are reported by Hetmansen et (1970) Ao remain rélativcly coastant.

“The incroaeed hepatic glucose rclease caused by svmpathetic Qtlnulatxen

v

is balanced by an lncreaqed uptako by porlpherql thquo\ ‘ﬁowéver,
ichristophe.and Mayqr (1958),c0nsider.this_balancévof'thc”hlood
élucosé levels to beAa Poor‘indication-Of the Ca;boh§Arafc‘metébolism'
during exerc1bc.duc to the magy 1ﬁconqisttnc1és oflg]ucoxu pcrreabxlltv

and the alteratlone ln the hlood flou.

‘.D . E - —_
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Dcring snprt—term maximal work, significantly increased
levels of blood glucoSe have been reported Hermansen et al (1970)
in a study w1th successive tatlgulng exercise sessions, noted an- .c
increasevé% up to 179.3 mg. per 100 mls. of blood after the flnal i
trial. Levels of up to 200 mg. per 100 mls. of blood have been ‘
foundrln glucose infusion studies, with a concomitant fall in muscle
glycogen thet is smaller than normdlgi Low-levels ot,muscleiglycogen

may faqilitate'the transport of glucose across the muscle cell?

membrenes (Huitman, 1967). ‘These.studies_invoived human subjects:
in pfolonéed exercise, blood'glncose leQels haﬁe not been
,foundfto be consistent. The supply of biood gldcose to the.central
\nervous system must be'contlnuous, thereby necessitatlng a blood -
vgﬁucqse level which does drop below 60 - 70 mg. per 100 mls. of
blood for an extended perlod of time (Harper 1971). Yet, in severe "
‘prolonged exerc1se, Hultmen (1967) erorts a quantltatlvtlv small-
productlon of glucose:from the Ilvet,jwhich is, thereforc, smalL‘in
‘comﬁerison to the total carbohydrate ytilization. This'g%enomena is
‘attributed‘to tne decteased hepatic blood flow‘during prolonged,
COntinuous seVere exercise. ,ollnlck et al (1967) also found a
decreased blood glucose ievel 1n rats after exhaustive exercise.
' Toward the endAof exerc;se, an anreese in the telease of livor
glocose iscseen continding,intoltecovety in humans (Bergstton end

Hultman, 1967). - . - . S :

Ptiett 0970b).xeoortéd_that pIasmagglﬁcoseileve]s in hnmAns

mey;be'dependent.upon_the.severity andidhratibn of 'the exercise.
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The'results of that study'snggest that exercise intensitiés»of less

" than 20% of the maximal oxygen uptake may not cause a drop in the

blood glucose level over a 6-hour exerc1se session._ However,
v
exercise intensitles of SO/ to 704 of’ the maximal oxygen uptake do

produce a drop. Hermansen‘et al (1970) also found lowered blood

glucosedleveYs following modérate-heavy exercise (507 - 70% of the:.

maximil oxygen uptake].
s

L1ver glycogen levels are observed to undergo diurnal.

varlatxons. For eight hours fer eating, liver glycogen content_ﬂf"

r“‘

increases linearly{ After that period a decrease in liver gl\CO&&n is

nearly llnear. It is suggested by Leveille and’ ChakrabarL» (l9ég

B D
that the 1ncrease and decrease may be du to the completxon d@ﬁ

-

intestlnal absorptlon of carbohydrates and\to the use of glygogen

~ X Y
as an ox1dat1ve fuel, ’ oL «f§§

<

is elevated with tra1n1ng (uolln1ck et al 1970~

This is consistent with the hypothe51s that the ca i t
exercise may be limited by the 1n1t111 muscle glycogen content

" (Hermansen -et al, 1967). HOW(ver, this 1ncteased~level-of glycogen’
does not seem to.be necessary for theé lncrcased‘efficiency obtained,
.from training, fof trained muscles may adapt to pré- traluxn& leles
of glycogen while mainta1ning the same exercise capaclty of trainlng
(Proctor and Best, 1932).

At ZSZ to 30% of the maximal oxygcn consumptlon ,IyCOgen f‘

_depletion would require eight to ten hours of,exercise@ Yet, at
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75/ to ‘857 of the maximal - oxygen uptake level, depletion would occur
in . one to .twd hours (Hermansan et al, 1967). ‘ Exercise intensity
does not secem to affect the degree of depletion of muscle glycogen.

Gollnick et al (1967) found restlng levels in man to be approx1mately

- 2.3 g/lOOg of wet tlssue and to approach 0.3 g/100 g wet tlssue at

fat1gue. Hermansen et al (1967) found restlng values of 1.58 g/lOO g

o -

wet tlssue in untrained men: with exhaustlve values of 0.06 8/100 g

wet tlssue. Tralned subJects had initial contents of 1.69 g/lOO g

wet tlssue-and-were exhausted at a level of 0.12 g/100 g of wet

-

_tissue  at exhaustion. ) ) f L

A0

The disappearance of miscle glycogen follows a triphasic

curve. Initially, there is a very sharp decrease,yfollowed by a

t

'&teady faliiwhich is ;aid_to be caused by a constant use of glutoseb

" and the productlon‘of lactic ecid (Bergstram and Hultman, 1967)

-

-Only at the point where glycogen content is very low does the final

slow use of glycogen occur. Thiq is due to the 1ncrea<e in the
hepdtlc glucose output paralled by an increased fat utillzation
Recovery from depletlon to the basal level is seen w1th1n one hour
post exerc1se (Bergstrom and Hultman, 1966b). |

Muscle glycogen concentration in man can bc anreaSLd

con31derably by’ége emptying of glycogen stores through exhaustive

work followed by a carbohydrate-rich diet. On a normal, mixcd diet
a glycogen content of l 75 g/100 g we% tissue was seen by Bergstrom and"

VHultman (1966b) © An exclusively fat and protein diet, however,_will

result 'in 0.6 g/LOO g caused by'a slow, 1ncomplete reSyntheéis of



‘uptake for 210 minutes. 80 minutes was the max1ma1 performnnce
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glycogen (Bergstrom'et'al .1967)r‘ A carbohydrate diet not preceded

v

by an exhaustion of previous 3lycogen stores will not alter(the,

»

normal concentration, but a muscle group exercised to fatigue prior

‘to this diet may show a storage( o l5g/100 g muscle or greaterj\\\\

(Astrand and Rodahl;~l970). This, seems to be due to the inter«

-

eonversion of the: two forms of‘glycogen Synthatase which is regylated
inaorder-to hasten glycogen synthesis when the- glycogen content 15’
low and to inhibit synthesisﬁbhen thg tissue concentratlon ‘is
- Mt ’\.,.’\ ’
elevated (Galtin and Hermansen 1967)
Bergstrom et al.(]967) found human.subjecrs on a hieh
carbohydrateé diet after-a severe exercise bout to be able¢ to

’

cont}ﬁue at a fixed load surp3551ng 75/ of their maxamal oxvgen

time at the same’ fixed intensity followingva_fat'diet; This  + . -

indicates that the initial glycogen content could be a limiting

factor in the exercise capac1ty of an 1ndiv1dﬁal

Blood Lactate

P K . -
During exercise, 4n intcrplay bctween oxidative dnd

1glyco]vt1c metabolism takes place.,’As the exercise intensity

increases, S0 alsoiﬂoes the importance of g]ycogen as an energy

substrate.. At rest and in low intensity exercise, the_oxidation of

.pyru¢ate is mainta{\hq W1th an 1ncreased utilization of glvcogen,

puruvxc acid becomes the fidal hydrogen acceptor throuﬁh n'redQCLion

Oy

ar
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reaction with NADHZ and lactic ac1d is formed (Stetten and Stetten,

l960). Dawsop et al (1971) consider lactates as an index gf anaeroblc

' metaboglsm and p0551b1y as-a 11m1t1ng factor in exercise. As 7 .

blood lactate levels rise, there is a concomitant reduction of both

’ ° Al

- plasma free fatty acid and glucose oxidation (lssekutz‘et al, 1964).
However, high blood lactate levels are not always parallel to ' ';‘

glycogen storage debletion, The two are often correlated in fatigue -
N . . j ! ' " o Coel
.following short-term severe exercise, although blood glucose levels
oA . h | . .

. . , : ' . B T
" show no close relation to the levels. of’laCtic acid in the blood

(Campos et al 1928/’9v Kaflsson et al 1931) - z
' LL ' Muscle lactates moce closely descrlbe the productlon of

p} energ§.dur1ng exerc1se.. Within 3 minutes‘of the—beginning of.
exe:clse,_bloodllactates appear (Stnoﬁ, 1949).'1T5ls is dqe td}‘ theu
formation of lactates ia.oiffErent tissues;‘the rate of diffusioo

from the muscles; and the rate df utilization and the excretion of

o4

} . . . Lt

Lacag;es. Bloed acts as a carrier forotheolactates transporting'
e o tissues which may utllize the ‘metabolite (Wasserman et al,

> th'

E9BS) Griggs et al (1966), for instance, suggest that'the myocardium

% .may be capable of dehydrogenatlon of lactates by a non—NAD llnked
ﬁ%-.lenzyme system. ledneys and lxver,'though primary locatlons for

R}

gluconeogenesis, may also be capable of ut111zing 15ctates

- At less. than 50% of \the maximal- oxygen uptake, blood
lactates show-a small 1nctease£?ERﬁttg§ﬁ 1962) However, as
exetc1se intensity- increases, so also does the. blood lactate con-—

N , L3,
-

centratlon initially. In prolonged exercise, the lactate COncentration
. \ " . :

< . L
. . . . | : | ! g
hd : : .
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" .7 resting levels (Costill et ai,o197l):' Endpof—exercise glycogeh

-,;me. splanchnrc- area at a rate of'_0.77 + 2.5Z of the total bodyv

lactate. 'Yglues of less than 70 mg. per 100 mlgq.

‘'stores’ may not bc a critlcai factor in dttcrmlnlnp work capat ty. .
ore

15

will &ecreaserafter.the ipitiaié(iée (Bang, 1932). The increased

blood flow over the extended. exercise session serves to distribute
& . -

' the blood lactates (Rommel ‘and Strom, 1949). Rowell et al (1966)

found that removal of blood lactate by gluconeogene51s occurred in®

reportediby Costill (1970) for exercise of 1 to 2.

intensity ‘associated with an increased'iactate pro

o

values, however, were determined with very highly trained subjects.

"In sﬁort—term exhaustive exercise, the blood lactate

levels rise steeply and may approach maximal levels of approxlmatelv

- 200 mg per 100 mls. of blood»w1th1n 3 to S mlnutes after a fat1gu1ng

"session of 3 minutes. (Hermansen et al 1970).

Evidence that.the acgumulation of metabolites may

terminate exercise is as yet unclear.‘-igg§hort—term severe exercise,

‘there is aiparallel of lou-plaema glucose and High bIood lactate

levels. However, in long-distance running for instance, muscle »
~ Y e . L B

'/

glycogen may be.depleted°ﬁhiie bload lactate levels }eturn’to near

It ib possible that the " 1nit1al muscle glycogen content may b

®

significant .as the immedxately avallable substrate for the metabolic

M ]

apparatus (Hermansen 1969) The critical blood: lactato level for

cessation of'exercise ié~dependent upon. many factors, soéh as ‘the k

relative work, intensity and the motivation of the subjects (Herm1nsen,

< 1Q71) : o \\\\

N



Free .Fatty Acids

:

At the less severe exercise levels,; muscle metabolism tends

to be oxidative, relying upon lipids for the energy source\(Pernow‘

and Saltin, 1971)4 This has-been only recently accepted’in’ iew of

\the relatlve part1c1pations of glycogen and fat as es%&mated by

\ values for the respiratory quotient (CO produced/O consumed)

2

(Wright, 1956). "In addltlon muscle tissues have recently been

. . D) : ‘
found to contain the necessary enzymes for the oxidation of lipids,

demonstrating_thewability;to:utilizeblong-chain fatty acids (Weinhouse.

)et'al, 1950; Wertheimvr and Ben—Tor” 1956).

At rest, the fat content of plasma in ‘humans is approx1mately ,

?

,ZZ to 3% (Carlson, 1967) Gollnlck et al (1970) reported plasma free

“my
fatty acid levels of 0. 30 Eq/ml of blood for normal sedentary rats.

Froberg (1971) found values .ranging from 0 38 to O 43 Eq/ml of

‘blood for a similar sample. _ o - Lot

'(The storage of fats is very efficient within tﬁe}humad

" body.. Each molecule of fat contains an energy'density. £ approkimately

RS

9 kcal/g,‘COmpared with carbohydrates‘ 4 kcal/g, uhlch .stored
wlth water, reduc1ng its eff1c1ency as a stored fuel (Krogh and

L1ndard 1920) w1thin the fat pad there is a continual turnover

of the trlglycerides into glycerol and’ free fatty acids, -while there
‘are ‘3 classes of transport of fatty acids, all of which affect the

plasma content ‘and also the storage of fatty acids.f These three

‘classts are chylomicrons lipoproteins, and free fatty acids (FFA)

1
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‘Chyiomicrons are the dietary fatty ac1ds which -are absorbed from
.\ 4

the ga‘tro-intestinal tract. Fatty acids transported from the liver
" to the ot r tissues are carried within the triglycerides of the

*wx o S % .
'1ipo—protelns}\ggf\second major class. FFA are the form'of fat

continually being mobillzed from the adipose tissue (Froberg, 1969).
Issekutz et al (1966) state that it is this third class of alhumln—
bound fatty acids which is the important metabolic fuel durlng

exercise.

| Ao |
During light exercise in the post—absorptive state, there
) :

is‘ah initi?l‘fall ang subsequent fisevassociated with the plasma'

FFA due to the.facilitation of'transcapillary exchange of the fatty
acids.v Such studies have been performed with dogs (Issekutz. et aly

. 1964) and ‘in humans (Havel et al, 1963).

~ The late rise in the plasma FFA level is probablx due to

the stimulation of” fatty acid mob l/zat&gn from the adipost tissues

~'by catecholam1nes (Havel et ai, 1963; Gollnlck et al. 1970; and

Taylor;“1972) and growthfhotmone (Basu, 1960), although various
' hotmones'of a nonadrenergic natufe-will aiso.affect lipolysis.
(Gollnick et al, 1970). ,

After continued submaxima} exercise, pIasma }FA values

above resting levels have been noted (Cobb and Johnson, 1963)
¢

'lssekutz and Paul (1966) determined that ox1dat1on of FFA alone
could account for a four fold 1ncrease in the energy expenditure of

Aexercising dogs. The authors maxntain that plasma FFAAis a major-
energy source at_any exercise leyel.‘IHowever, the-mobilizatiod
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, o (.. ‘ o . :
- maximal oxygen uptake, utilﬁzes littlecfat. Houever, a decrease in

T . o ;

Vi .
4 v <
of FFA dr}fers from trained to untrained subjects, as the untrained

T

subjects tend to incOrporate more carbohydrates'into metabolism at -

a lowcr exercise 1ntensity than tra1ned subjects (Issekutz et al,

1 1965a; Johnson et al 1969).‘

' ‘Maxima! «Xercise, determidéd as that ‘above 70% of the..
: / ‘ ‘

"plasma FFA concentratlon is seen with an 1ncrease in the presence
. <

of blood lactates (Issekutz et al, 1964). The release of the FFA -
is the system affected by lactates, and the presence of" glucose and .

)
1nsu11n alsd %Felt X 1964, Pruett 1970 Werthelmer et al I970)

Diet is n 1mportant consideration affecting the relatlve

partlclpatlon of fats and carbohydrates durlng exerc1se " The.

turnover of plasma FFA in fastlng and fed hur.:ns dlffers after'two
hours of treadmill walklng - The values obtained by Havel et al

(1963) were O 35 - 0.48 mEq/ml/mlnute and O 57 - 0. 64 mEq/ml/minute
respect1vely Thus the ~availability of fat as .an energy substrate‘

may be altered by the type and amount of food 1ntake Levellle and

Chakrabarty (1967) found that sedentary rats fed ad. 11b1tum stored

- -

"a great deal of muscle glycogen' as energy as opposcd to aulmals

fed once dally Starved rats (Fabry et al, 1963) mod1f1ed thelr S

‘stOrage of cnergy to accomodate greater lipogenesis aq a reserve.'

In exerc1sed subjects, Bcrgstrom and Hultman (1967)-

“determlned different exercise durations resulting from varying diets.

i

A high—carbohydrate diet prov1ded increased muscle -glycogen levels L

vl



19
a

.

along with an-increased'cxercise endurance. A- hlgh fat dlet caused

T a decrease in both muscle. glycogen values and exerc1se‘endurance.

4
The high-fat d1et does not supply increased FFA for moderate

-
‘exercise and in an exerc1se session of 507 of the maximal oxygen

v

consumption, blood lactateb of statlstlcal 51gn1flcance were recorded

vby Pruett (1970b) in humans.

L™



CHAPTER TIII

METHODS AND PROCEDURES

R

Forty-six male Wistar rats (Woodlyn Farms, Guelph, Ontario)
with,initial body weights rangingvffom 160 to 250 grams at eight
weeks of age were used in thls study. The animaIS‘were housed'ih

individual 7 x 10 x 7 1nch suspended cages in an air- condltloned

0y

room. controlled for'room temperatﬂre](Z& i_l C)zjnd/fBIZ—hour

vlight—datk cycle (8 a,m; to 8 p.m.).

-

The rats were randomly divided into two equal groups:

Group' I was d1v1ded into sedentary and 9xerc1sed palr—fed sectlons,
5 ‘ .

.while Group II served as ad—libitum fed sedentary and exercised .

animals. Exerc15ed animals were trained to run en a motor-drlven
'treadmlll (Qu1nton Rodent or Colllns Treadmill) in daily exercise
' sess;ons‘tnatbwere progressively 1ncreased in speed and duration~-ﬁ§
until tne aninnié were able to‘rnn"continuously for one hourvat 26.8
meteis‘per'minute,:fivg day$ ner.woek, at the end df.tﬁovweeks;: ﬁacn
r03efcised animaldeoniinuedgat5this”ivtensi;y for‘a training'pfogram
“of 9 - 13vneeks.‘ Mild'eleeericdlIStimdlation(BS or ;Omv) was nsed
1n;t1a11y in tralnlng the rats to run. Paired cbntrdis.neceived‘
only thevexercise natural for nutrition and excretion.

A_unilateral excision of the tight epidideal fat ped was
_ petforned‘unde? ether anaestﬁesin:threughythe scrocnmiin five'animal$%

" three  exercised and two controls. Similarly; a bilateral lipidectomy

20

N
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_-was performed on six animals; two- exercised and four. controls Allt

animals were allowed suff1c1ent time to recover from surgery prlor'
to the lnitiation of the training regimen,

.

“UAlL rats‘received fresh water.ad libitum throughout the
study; Food was provided ad libitum’ only during the two—week
tralnln? sess1on, after which all exercise anlmals received crushed

%ﬁ' food,pelletg (Ralston Purlna Co., St. Louis, Missouri) in a plaster
feeder attached to each cage A maximum of 40 grams da11y set the

A

%w
fo%d 11m1t for the exercxsed rats. The amount of food for the control

_animals was then determlned by the exercised anlmals (Mltchell ‘and.
Beadles, 1932) . Any food spllled by the exercised animal was welghed
and- used in the calculations of food ezten | Thls feedlng schedule
was malntalned for the duration of the exercxse program |
El v One-half of the exerolse anlmals were sacriflced 1mmod1ately

‘hafter.a tatlgulng run.’ lhe other exertlsed animals.and all control

animals were‘saorlfioed at rest.r'ﬂontro] anlmals wvre s1cr1fi(ed

the day. following theit excrcise- paired an1ma1 Total body weights:h

2 st

. were measured on. a Triple Balance Beam.immediately prior to the
exhaustlve run lnvthe fatlgue rats and{nrlor to sacrifice in the
'vrestingvrats. - |
" At thevtime of saerifice the anlmals were lightly

;anaebthé?ized with ether, the abdomen opened, and 8 :/lﬂ_m\s;‘of
v PR N
- blood withdrawn 1nto heparinized syringes at the bifurcation of the

abdominal aorta. The blood 'was -centrifuged at 2000 rpm for 20

. 'minutes and the plasmn was then erOVEd and frozen in dry ice ‘and
' |' . ,)- X . ‘ B

[
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algohol. The whole ‘liver was removed immediately and weighed, a

small sample of approximately 400 mg was excised weighed 1nserted
.into a screw—top test tube and quickly forzen for glycogen.analyﬁis.
-The adrenals, spleen, heart‘ and right kidhey.were removed and
weighed. Testicles‘and epididymal fat pads,- when present, were
removed and’weighed. “The left.biceps brachii and the gastrocnemiusf
muscles were removed, weighed and frozen in dry ice and alcohol &il "

tissues and organ weights were measured on a Roller-Smith Precision

Balance.

Glycogen Determination

The method - developed by Lo Russell,‘and Taylor (19745 was
‘ used for liver and muscle glycogen analy81s Frozen'biceps brachii
muscles,‘gastrocnemius muscle,'and liver were® hydrolyzed with 0.5 mls.
of 30/ pota551um hydroxide contalnlng saturated sodium sylfate
(Na ). "In capped test tubes, the tissue samples weére b01led for
20. - 30 mlnutes until dissolved then cooled in ice{

; Glycogen was then precipitated\gz\the addition of . 0.8 mlsl
-of 9SZ‘ethanol.to:therdigeSted solution. After‘continued cooling‘ih-;
'iceyfor’one—half houryoriloeger, the samp@es were centrifuged‘at o
- 840 x g for 20. - 30 minutes. The supernatant Qas'removed and the
glycogen precipitate was dissolved in 10 mls of distilled water by
vigorous shaking From this glycogen solution, l ml., 0 S ml.

&

0.1 ml. of biceps brachii muscle, gastrocnemius musdle and liver



'respectively was pipetted ‘1nto a 150 x 20 mm test tube. One nl.

of a 5% phenol solution was added to the test‘tube. Then 5.0 mls. 6%
a 96% - 982 sulfuric acid (H SOA) were added rapidlv, with the ac1d
stream directed at the surface of the 11qu1d to insyre proper m1x1ng.
After standlng for ten.mlnutes, the tubes ueriﬂghaken and placed

in a 25 - 30 C water bath for 10 ; 20 minutes before colorimetric

[*8
ey P

o .
N

readingS'were taken.
| Triplicate'sanples uere prepared to minimize error due to
contamination. Absorbance readings were taken at a uaut length ot
490 mu on a Beckman DU—Z spectrophotometer.' Standard curves were
determlned daily. Tne~g1ycogen content of the standard ugs subjected:
to the same phenol -and sulfuric acid reactions as the muScles samples
and the averages absorbance readlngs were plotted against tbe amount ;

of glycogcn used to produce standard curves. Co -

_‘Blood Glucose Determinatfonv'

The GLUCOSTAT method (Horthlngton Blochemlcal Co., o
'_Freehold N.J:), a prepared reagent for the quantitatlve. colorim retric
.detcrmlnation of glucose was used for the anal\sls of l1sm1 vlucnse..
' After thawing, 0.1 ml. of plasma was added to 1.9 ml. water. To ‘

: that mixture was added 1.0 ml. barlum hydroxxde (Ba(OH) ), and then
1. 0 ml. of‘21n2{sulfate (ZnSo ) solution.  This mixture was th(n
shaken and centrifuged at 2000 rpn for 10 minutes to form the’ 1'40

'blood filtrate. Filtrate or standard was pipetted 1nto labelled a

. " | | -~



hydrochloric acid (HC1) added’ to stabili g{;ef;&og. The‘

b
<-rt
[

'absorbancy of the solutions was read at 400 - éES mu on a Beckman

bU-2 Spectorphotometer'after s ting zero with a reagent blank

Measured in milligrams per 100 1s. of blood, glucose was calculated

in the follow1ng manner.

- A x és ﬁi’Cu . where: A = Absorbance
. A e T : SR C - Concentration of
: ’ glucose
s = standard -

unknown

o SR
Blood Lactate Determination . B o '
The Sigmaixit method was used to determine blood lactate,
T (Slgma Chemical Co.; St. Louiq‘ Mo., 1965) Frozen plasua uas thawed
and 0 5 ml. transferred to a test tube containing 1 ml. of cold 8%
/perchloric acid (PCA) in order to precipitate the proteinst After
' standing for five minutes, the tubes wvere . centrifuged at 3000 rpm ;
_ for five minutes to. obtain a/trotein—ftee filtrate. A: reagent
containing a lactic dehydrogenase (LDH) suspension glycine—hydrozine
‘buffer, B—diphospﬁﬁpyridine nucleotide (B-DPN), ‘and distilled vater
jwas mixed in an erlenmeyer Jflask.

A series of tubes were_labelled, duplicate, for the

W\

samples and the- standards. To each tube was ‘d ‘a total of 3 0 mls.. . *

[

liquid. Animals sacrificed after a fatiguing run were tested with

2T
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1.0 ml. of the protein—free filtrate and 2.9 mls. of the reagent
mixture. All other animals were tested with 0.2 mls. ;of-the protein- -
free'filtrate and 0.8 mls. of the reagent The tubes were well
mixed and allowed to stand for 45 minutes. The optical densities
'were read on a Beckman DU=-2 Spectrophotometer at a wave length of
- 340 mu, The first tube of the . standard curve was used to calibrate
for zero optical density “The values for the unknowns were extra-
'

polated from the standard curve ‘to obtain blood lactate in m1111grams

per 100 milliters of blood.

Tissue Lactate Method

The method utlllzed for tissue lactate was that of Lundholm'
,et al (1963) Each muscle sample was homoéenlzed in 29 ml 67 perchlor
Tacid (PCA) per’. gram for five minutes at medium speed in a Vlttls
»/,Momogenizer. Then “the homogenate was spun down and 1 drop of methyl-
orange added to the decanted supernatant. 3,This was neutrallzed w1th
potaaaium carbonate_(K 3) to a pH of 3.5 and cooled 1n ice for ten ;
minutes; | |
| The following reagentq were brought to room temptrature
before use: 6% pcrchloric acid (PCA) 5 M pot ss1um 3rbonate
(K C03) glycine hydrozine buffer, lactate dehy rogsdgée (hBH} and
"diphosphopyridine nucleotide (DPN) . _ ‘
g / Cuvettes in triplicate,.for the UNICAM SP 1800 ultrav‘et

1Y . 1 RN T
Spectrophotometer were labelled control and experimental Contror’

cuvettes contained 1. 3
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EXpetdmental cuvettes contained 1.35 ml. buffer , 0.15 ml. DPN,

1,40 ml. distilled Qatef, and 0.10 ml. extract. (Cuvettes were read

"
}

twice (E ) at 340 mu, three minutes apart to insuré‘stabiliz@tion.

TFo each experlmental cuvette wa‘haﬁded 0.02 ml. LDH. On

completlon of the reaction (10 - 20 minutes), the optical d nsity
1)

(EZ) was read twice at three minute intervals, The facter ¥or the
calculations was 158. Thérefore,-the mmoles of lactate per gfam of
tlssué was calculated‘in:the following manner: mmoles lactate gram:

of tissue = (E2 —,El)_x 158.

Plasma Free Fatty Acid Determidgtion

Plasma Free Fatty Aci?/contentvwas assayed by the method
bof Dole and Meinertz (1960) " In this assay, duplicated 1.0 ml.
'samples of fresh plasma were removed and, added to S.O.ml. of fat
extraction mixture composed of heptad@ isopropyl alcohol, and 1 N 3

',-sulfurlc ac1d (HQSO ) (10:40: 1) The tubes werevshaken and allowed

to stand’ for about five mlnutes;v Subsgquemygy, 2.0 ml. of water and

3.0 mls. of heptade.were added, the contents shaken, and the tubes
' allbwed'to standvfor‘ten minutes. Three—milliterﬁaliquots of the

. r - RN
upper phase was taken and placed in 15 ml. conical centrifuge tubes
with 1.0 ml. of Nile Blue A. Nilé Blue A‘was used as the.titration

indicatotlin place'of'Thymol‘Bluc as it gives a more reproducible

T

3end;point. The standards were made from recrystallized palmitic

9

acid@in heptanegvith a concentration of 0. 200 ueq/ml. .\ blank_-

N
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extract‘contaiﬁigg 1.0 ﬁl. of‘water was employed in.plage of plasma:{‘
» Nitrogen was bloﬁq thféugh a tolumn céntaining sodium hydroxide
‘(NaOH) to eliminate parbon:dioxidé'and deli;erqd tobthe bottom of
thé-titrétioh tube thfough a ;apillary tﬁbe as a meags'qf agitation
and ﬁo.p;evenf the.solucion‘ffom absqsbing atméspheric C02; T ‘ R

anyey

Statistical Analysis | g . .

" These data were analyzed usinglaj/gaéiysié of variance
i( : \ ‘ .

technique with the two-way classificationy_ Differences between
mean scores wére tested with the Scheffe's Multiple Compari'son

Between Ordered Means (Winer,v192}§. Differehces at the (.05)

- level were‘consideréd.tb‘?e significant.
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~; RESULTS
'~>A;' Sedentary rats fed ad—11b1tum wére 51gn1f1cantly heavier
’ than the sedentary ‘pair-fed animals at the time of sacrifice.

_ Regular endurance exerc1se retarded ‘the welght gain of the trained
animals (x 402. 6 - 417.1 gl) so that the f1na1 total body welghts
' of the paLr—fed sedentary anlmals (x 391, 6 gm) were s1milar to the
ad,l1h1tum tralned_anlmals (Fig..l), N

The weights of several spec1f1c organs (Flg 2 to 6)

(heart kldneg, testlcleﬁk gastrocnemius muscle and b1ceo brachii
. 9&}‘ - .

o muscle) uere not affected _by the exerCLse Mlldly restrlcting the. -

X
‘food intake of"bhe pairwfed sedentary animals had no effect upon

v

the f1na1 welghts of the testlcles, epldldymal fat pad or gastroc—
o . . \
nemius muscle. Palr-feedlng did, however, result in decreased

- liver welghts (P < 0. 05) Exhaustlve exerc1se.caused a further
decrease in 11ver weights in anlmals in both feeding programs St
(i*ig'; 7 ) | | |

Anlmals fed ad- llhitum dcmonstrated éreater heart and
kldney weights (P < 0. 05); (Flg 2 and 3) than the p1ir fed group. |
uChronlcally exerc1sed anlggls did not differ signiflcantly from the
rsedentary antmals in heart and kldné&\yelghts., The ad- libltum |

feedlng program produced larger spleens than did the pair-feeding

)

reg1men. Exhaustlve exercise resulted in sign1ficantly lower spleen

. .28
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weights (Fig. 8). Ad-libitum fed animals had Significantly larger.
adredals than did the pair-fed rats.' Animals engaged in regular

endurance training had adrenals greater in size than the sedentary

1

animals, although exhaustive exercise Had no eﬁfect upon the adrenal

{

size (Fig. 9) Neithet ad- libitum nor pair- feeding programs-
,produced ‘any Significant effect upon the’ epididymal fat pad weight

(Fig.‘lO) Trained animals,vhowever demonstrated lighter fat
.d

pad wieghtgrfﬁix/a 01) than the sedentary animals. Exhaustive,

"

: exercise did not affect the weight of the trained animals fat
ﬁads. Bicep brachii muscle weights were Significantly lower for
the animals ‘an the pair—feeding program (Fig.'6) : though neither

lchronic nor exhaustive exercise effects were Significant pair -fed
,animals exercised to fatigue tended to have greater bicep brachii

o weights than either the trained, sacrificed at rest or the sedentary

s . 8
A -

animals - (Fig. 10)

W

. Pair fed animals exhibited lower liver glycogen levels than
o animals fed ad libitum, alth0ugh the differghces were not. Significanff?'

No differences occurred between trained and sedentarv animals (Fig.

‘.ll)i Exhaustive exercise produced significantly lower liver glvcogen

'levels than thos found in the trained animals sacrificed at rest.

Gastrocnemius muscle glycogen levels were . not affected by diev¥5r ‘,

. t '

v chronic exercise however, exercise to exhaustion tended to decrease
.‘the gastrocnemius muscle glycogen concentration (Fig-fl7) The

pair fed animals de nstrated higher bicep brachiiAmuscle glycogen S

////leV' 's than did the animals fed ad libitum (Fig. 13).' Training, in

- botsi diet:” programs, produced higher biceps brachii glycogen levels,a
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e

Plasma glucose levels were not affected,by_diet (Fig. 1&3. Animals

sacrificed at rest were not significantly different from sedentary

animals with respect to plasma glucose. However, aniﬂals sacrificed:

. , e
after exhaustive exerc1se had signlficantly lower plasma glucose

levels than did the trained animals sacr1f1ced at rest or the
sedentar§ rats.. | ’
‘Castrocnemius‘muscle lactates Here not significantly
altered by either diet or exercise programs (Fig. 15). Plasma
lactates were not affected bv the ad libitum diet program (Fig. 16)
However, the pair—feeding program did produce sxgnificantl\ higher
plasma lactateblevels for animals exercised to exhaustion with.

: respect ‘to sedentary or trained, sacrlficed at rest animals.

Diet did not affect

he.epidideal fat pad FFA levels

~(Pig. 17). The {FA levels in the fat pads of animals_exercised to -

exhaustion vere significantly gr .ter than‘those of sedentary or':

trainéd; sacrificed atirest'animals. ‘No plasma FFA difierenc

gwere noted between resting, trained animals and sedentar\’animals

on the pair- feeding program (Fig. 18),_although e\haustixt e\erCLSe,

produced much greater plasma FFA levels than d1d recular training

i‘alone.. The-ad libitum feeding program produced the follduxng
significant differences in plasma FFA:

a): resting trained animals hadvlouer FFA leuelsfthan_

those exercised to exhaustion.

b) animals exercised to exhaustion produced higher levels -

>

than the sedentary animals. RS

although no differences occurred as-a result of exhaustive exercise.
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c) trained énimals sacrificed at rest had higher levels

“than the sedentary animals.
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. CHAPTER VvV L

o,

i

DISCUSSION

' Total Body Welghts and, Organ WEights.

Research on the alterations'of total body weight resulting
from’ different diets and exerc1se programs is conﬁdictlng Gollnlck-
(1963), Stevens n et al (1964) and Bloor et al (1968) have reported

~ that train animals galn less weigbt than sedentary control anlmals.

Hatai (1915) found that exerc1se produced a 1arger heavier

Howeyer
rat. Stevenson et al (1964) determlned that the animal . lost weight_
proportionally to ‘the amount of severe enerc1se. Runnlng one km
‘for one hour dally, four days per week was sufflclent to markedly
depress the appetite of the animal : However, accordlng to lhomas and
Miller (1958), an: increased food consumption on rest days was found
to stabilize the weights of-chronically exercised rats..

The results: of this study concur with the. fxndrngs of
Gollnlck (1963), Stevenson et al (1964) and Bloor et. al (1068) that
a decrease in the total body weights of the exercised animals*occurs-

‘ .
Cin comparison to the ‘ad- libitum fed sedentary rats—- The pair-fed

',.sedentary animals were found to’ have weight lgss than gﬁoso of thev
'a trained animals. ”Gollnick (1963), employini\the‘nroup pair-feeding -
technique, found similar results and suggested that although the |
'diets were theoretically isocaloric, the weight discrepancy was

dfprobably due . to q/difference in the available mobillzable energy

’ / - . - o ‘ e ‘ |
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sonrces. The retarded ueight gain in the exercised animal body

weights were due to a decreased caloric intake and an increased
calorie expenditure.
Mitchell and Carmen (1926), in some of the earliest studie

involving  food equalization among different groups of animals, '\\

‘maintained that animals of the different,groupsvmay gain approximately

similar weights over a specitiedlperdod of tlme; resulting in‘varied
body compositions.depending upon the energy requlrements‘of~the ,-
organisms. _In this experiment; the pair—fed’Sedentary aninals were
found to ueigh less than'their exercised pairs; Donaldson (1932)
found exerc1sed anlnals to have less total body fat than the seddntary
rats. Sim11arly, thls experiment found epididymal fat pad weights to
be’ sign1f1cant1y greater in sedentary rats of both feeding programs. :
The pa1r—fed sedentary rats had ep1d1dyma1 fat pad weights 51m11ar

to those of the ad—libitum:fed sedentary rats, although their total
body welghts were less._ The storage and composition of adipose
trssue in ad-llbltum sedentary animals may dlffer from that of palr-v
fed sedentary an1mals Aas a result of tlssue’requirementé. Anlmals

on a dietary program limiting feed1ng to a restrlctcd t1me period

H

}daily (approximatelj;;ne to two hours) are found to have qp increased

adlpose tissue (Hollifield and Parson, 1962-

‘Tepperman and Tepperman 1964 and Allman et al, 1965) In addition

Tuerkischer and Hertheimer (1942) have reported an increase in adipose

tissue glycogen dne ‘to so-i-starvation in laboratory rats. These

’ flndings may explain the proportional rncrease in epididymal fat pad

weights of pairqfed sedentary .rats in relation to the ad libitum

B}

.sedentary aninals.,v
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Liver weights may be altered as a result of diet and

. i . - ’ A } :
exerclse. Donaldson (1932) reported a decrease in liver weight due
to‘fat‘utiiization after chronic exercise. Bloor et al (1968)

converselggnoted an increase in liver we1ght4 which was 1nterpreted '

\g-¢7

as an increase ir iae. liver glycogen content Hatai (1915)'also

- . found an increase in liver weight due to exerc1se. In this study,-
decreased liver weights were noted for all pair fed groups in
relation to the ad—libitum fed group. There was also ' a decrease 1n
the weights of heart kidney, spleen adrenal and bicep brachii “
musclew It is possigie that the alteration in feeding pattern from
: ad-lihitum feeding during training to pair—feeding throughout the
experimental period disrupted the normal feeding pattern to a |

i

Houever Florence and Quarterman (1972) maintain

Yol

-»‘a c‘

'permanent exte%i

&}y two to three weeks is sufficient time for a ¥

laborvatot&%%& ;} adjust to a newly-—imposed feeding pattern Also,
“it is possible that the random gggision of rats 1nto feeding groups
f;as unintentionally biased toward lighter rats in the pair- feeding _F
group.. In this study, liver weights were lighter in animals sacrificed
”after an exhaustive run than ir odentary animals and a significant
_decrease may be due’to the acu xercise. kowell (1971)'suggested
that this’ may be due to the decreased hepatic circulation during
' exhaustive exercise. As well, hhe decreased glycogen stores could"
account for a proportion of the weight loss with exhaustive exercise.
. ) 1

Heart ueights in these engerimental animals ‘were not -

'significantly different among the groups. Kidney and testicle

»
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"weights, as reported in the literature were found to extremely
.re51stant to exerc1se—induced change (Hatai, 1915) ,shf_—
Spleen weights have shown fairly consistent decreases with
exhaustive exercise (Barcroft 1925 Gollnick et al, 1967) | ln‘ ' f
this study, both groups of,animals sacrificed at exhaustion had
51gn1f1cantly lower spleen weights than did the animals sacrificed B
' at'rest: The changes due to training alone seem to be un1mportant
"Ho;ever, exercise to exhaustion does cause an expu151on of red blood
_cells and the spleenzmay“remain'contracted for a considerable period
plof time following-exercise‘(ﬁarcroft,_19é9/30).

‘_Adrenal weights wereﬁaffected by exercise. ACCording to

~

lthe Selye stress theory, stress produces an increased ACTH secretion
which ﬁn turn causes ‘a loss of cortical lipids .and a hypertrophy of
corqical ceélls during the adaptation to training (Selye, 1950)

,rHearn and Wainio (1956) and Ostman and SJostrand (1971) both found an

4 L et

increase in the adrenal ueights of trained animals. Significant

e
‘yaf“aifferences between the resting trained and gﬁdentary animals were

also noted in the present study, however, trayﬁed exhausted animals

were 1ntermed1ate to . these groups J not 51gn1f1cantly different_'

o

. from either; o

Castrocnemius and biceps brachii weights were not. affected
N , s TR
by training or. by exhaustive exercise. ' The results in this study

concur with thos.'of Hurray et ‘al (1973) who found no increase 1nr_

9

carcass muscle of exercised pigs and with Hearn and Hainio (1956)
24

" who reported no hypertrophyﬂﬁf gastrocnemius muscle in rats running i

’ , ”
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S

on a similar program. Savflle et al (1969), however, found both an

" increase in bone density and muscle hypertrophy induced by exeroise

'training in rats. The lack of skeletal muscle hypertrophy in the >

present study is undoubtedly due to the continuous type of exercise’
(Lsotonic) which.does not result in muscle hypertrophy. Whereas the

difference in the,exercise regimen in Squille s study could explain

e t

1

for the increased size of the musculadure.

. //—\

Plasma Glucose and Tissue Glycogen S ST . -
v . ,

Variations in‘plasma glucose are due to the differences in,
-rates of hepatic glucose release and peripheral tissue removal
(Reichard et al, 1961). Difficulty occurs in determinlng the- turnover1
'vrate of glucose as the plasma concentration remains fairlv constant.
However, it seems lilely that peripheral removal of glucose is the
limiting.factor in determination.of plasma glucose levels.,'Ihe
increase in circulating catecholamines with exercise according to

@

Hermansen et al (1970), may also contribute to the increase in plasma %»J

glucose, although catecholamines are not necessary for the’ control of

glycogenolysis during exercise (Gollnick et‘al) 1970)

of energy sources during exercise fluctuates depending
severity and duration of the exercise, it is important to con31der

lthe ffects of exercise upon .the mobilization and interactions'of o

the var;ous substrates. The commentement\of moderate exercise

-...» . A

pr- duces t ansient increases in plasma glucose and lactate concomittant

'with the inhibition of FFA mobilization. Glycolysis provides the

‘ major energy source. ' As moderate exercise*continues;'blood.glucose S
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\

and lactate 1evels\are»shown to decrease (Gollnick et al, 1970:
Hermansen et al, 1970 and Dawson et al, 1971) as the exercise becomes

increasihgly okidativ‘. ;Hermansén et al (1970) found marked changes_.

in plasma glucose levels in hurans; prolonged ‘exercise at 50% to
N

- ,-.\

7OZ of the’maximal oxygeh-consumption was'séen to decrease. the blood

.hglucose concentrations.‘ Prolonged,exeréise:of'7SZ to 80Z of the

-'maximal oxygen‘consumptiod produced no change iniblood glucose

Y
“\
EREAY

. -
levels in humans. Results from the present study indicated a

51gnificant decrease in plasma glucose levels following exhaustive
exerc1se,of two to two.andla half hoursv duration.A In relation to
'the values of those animals sacrificed at rest the valuesffor

a . -'!- N .
animals sacrificed following exhaustive exercise are in the proper

‘proportion However the raw data’demonstrates 1ndividual values for

?

?'anlmals sacrificed at rest in thelrange lOO to 200 ng It is more T

-

;likely that'these valueSfar

i \
he result of‘incorrect measurement,

o) "‘ . . \

" as the 1iterature is consistent in its rep rts of values fcr this

_(,, .

condition being approx;mately 30 mg% regard ess of the training

" program. S .41é<v ' : = \ : .

. yumorallyﬂacross the sarcolemma with increased energl

B b ot . L .
LoFE s -
»This;e*erpiseeinduced‘hypoglycemia is\caused'by the

/l‘

increased upgﬁke ofvglucose in'the‘working muscle. Goldsteinv(196l)

\ .

T N ) o . O ' e :
reported that an increased glucose transport system seems to .exist.

X

requirements

('

'duefto wmuscular c°ntraction. The release of glucose from the liver sl

: 1s increased as exercise becomes progressively more difficult.'

97;

yultman (1967) and Hermansen et a1 (1970) have both suggested that
\

S o RIEEETE I U SR
De C s N . J’: - R SN
) . . L ik
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this could be due to the conversion of lactates to glucose within

the 1iver;as'an adaptation to long-term exhaustive exercise..
, -, ’.‘ ui .
Liver glycogen stores are in a state of constant flux due

1
"

to the process of plasma glucose homeostaéis (Mitchell 1964) ' Liver
f

¥
glycogen stores serve as the immediate source of energy to maintain

LY
v

'necessary sources of available energy supply. Mobilization of
glucose from liver glycogen is stimulated by the c1rculat1ng
'catecholamines during exercise %Harper,’197l).l Results from this
lexperiment correlate well with the literature,iindlcating a decrease'
in the liver glycogen levels.following prolonged'exhaustive exercisefh;
Animals sacrificed at exhaustion in this study demonstrated liver *
glycogen values approaching depletion as has been preyiously observed
~(Taylor et al - 1973). ‘ g
‘ Muscide glycogen values ‘were. not affected 51gn1f1cant1y
a A
;bybexercise.b Recent literature with human subJects‘has reported
that the resting muscle glycogen values may be dec151ve in determining .
the maximal exercise time (Ahlborg, 1967 _and Hermansen et al 1967),-
Glycogen depletion occurs in a triphasic pattern. ‘A rapid 1n1tlal :
utilization associated with an increased production of lactate is 'ég_
,folloued immediately by & plateauing in the utilizatlon of glycogenrl
’ The final phase is a slow, steady fall to a very low glycogen
content: (Hultman, 1967) ~ This . final slow depletion of muscle

glycogen may be due to a decreased blood flow tthhe working muscle

_due to the increased contractions and ﬁressure upon "the capilaries.»

¢

//fn/add%fion, there is an ‘increase in lipolysis in the working muscle .. = -
. @1 . .
In the current study, gastrocnemius muscle glycogen and blceps ‘ -
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brachii muscle glycogen showed no significant decrease due to
eahaustive exercise. However, a tendency toward depletion was
noticed for gastrocnemius‘muscle glycogen. Glycogen content of

the bicep brachii muscle of sedentary animals tended to be less:

* than that of the trained,animals. Taylor et al (1971) have reportedv
- that chronically exercised humans incorporate‘more glycogen in the
trained muscle»tissue than_do untrained hunans.‘ CoStill et al (1971)
stated that subsfantial quantities of muscle glycogen were found

B Y

in highly trained runners after either prolonged or short exhaustive

Q
exerc1se séSSLOns; 1t vas suggested that glycogen depletion was .

an unlikely explanation for the fatigue experiehced by these subJects.v‘
The dlfferences.getween humans and rats may be due to: genetic
differenceS'/the.metabollsm of FFA by the rats during steady state
exercise; and the differences in skeletal muscle fiber types being
' utilized.ﬂ ‘ | ) |

‘Plasma and Muscle Lactate

Plasna and muscle_lactate Ievels are indicative of the
extent ofvglycoltic metabolism; In moderate exerc1se, an initxal
period of 1ncreasxng lactate followed’by a net utilization is seen
(Davson et al, 1971). Increased muscle lactates precede the 1ncrease
in plasma lactates due to the tinc lag,betveen muscle lactate P ":

production and diﬁfusion of lactate 1nto the circulation. The

v'decline of plasma lactate is prolonged moderate exercise can be N

' interpreted as a utiLdzation of lactate by the myocardium (Griggs et al

t
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1966) and’ the metabolism in the Cori Cycle in the liver (Hultman,
1967 and Hermansen et al, 1971)' The disappearance of: lactate from
‘the blood during prolonged exercise is a function of time (Crescitelli

¢

and Taylor 1944) ‘The present study found no differences in plasma
or muscle lactate between the sedentary or trained animals on the
_ad- libitum feeding program However, the pair feeding program
produced signlficant differences between the trained animals sacrificed
at rest and those sacriflced at exhaustion. Exhaustive exerc1se
- caused a significant increase in the plasma lactate level of pair-fed
animals. Technical error may account for the unusual incon31stency
in the preSent data...If‘the extremely divergent‘values are excluded

.from the analysis,)the results would more cLosely approxlmate those

‘ Free Fatty Acidss'

The importance of FFA .in exercise has been well- documented

(Gollnick et al 1970 and Pernow and Saltin 1971) Changes in the

.

plasma FFA levels 1ndicate only an imbalance between FFA mobillzation

from‘adipose tissue and the removal by the working muscle (Issekutz
5. ', r
et aL,‘1966) i Plasma FFA levels Seem to be controled by the release
: rather than the uptake of. FFA (Issekutz 1966) L1p01y51s is
. regulated in, part by tonic control by the- nervous system° 1n all
likelihood the norepinephrine is released from the nerve end1ngs
J(Engel et al 1960 and Taylor. 1972) Tay]or (l972),also supported .

3

Ithe finding'that catecholamines-arc rapid mobilizers of FFA. As
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lactate levels rise there is a concomitant reduction of plasma

FFA turnover (Issekutz, 1964) Initially in exercise, a decrease

-in the plasma FFA concentration is often reported This‘results from
an increased blood flow to the working muscle and'the consequent

: o N

removal of plasma FFA; therefore, a decrease in mobilization is not
‘necessarily.the cause of the initial lag in plasma FFA concentration
:(Carlson and Pernow 1961) Pruett (1970b) reported that exercise f~
ninten51t1es of up to 70% - BOZ of the maximal oxygen 3ptake activate
agents increa51ng the plasma FFA level, thus increasing the substrate
availabilit;'as exercise. " Increases in exercise intensity result: in

a larger proportion of the energy derived from the glycolytic pathway,l
| thereby inhiblting the mobilization of FFA. However, even at.
maximal intensities, energy provided by lipolysis may still produce
. 10%Z of the metabolic demand (Pruett 1970a)

Ta

| 'I‘aylor et al (1971) determined that FFA oxidation is the '
primary energy source for exercise intensiti s up'tO'SOZ of theb
»subJect s maximal oxygen uptake. Gollnick et al (1970) suggest -that
FFA 1s utilized as a primary energy source between 25% and 90/ of
\

the max1ma§a5xygen uptake. ‘Engel and White (1960) found ev1dence that
under certain conditions, excessxve or persistent accumulation of
FFA within thc adipose tissue may eventually lead tolan 1nhibition.

- of glucose uptake, perhaps by altering the pH or the,physical -
properties of the cytoplasm.f The results of this study concur with

\the literature (Issekutz 1966 and Taylor, 1972) that the plasma and

fat pad FFA 1evels were significantly elevated by exhaustive exercise._



CHAPTER VI

/

S - | ‘o )

| SUMMARY AND CONCLUSIONS | . v

Fifty-four male,Wistar rats were used to deternine the
effects of pair—feeding upon the storage-and mooilization of energy‘
sources of trained end‘sedentary'rats.'

The animals were randomly divided into two equal groups.

Group I was divided into exercised and sedentarv pair—fed groups

whlle Group II served as ad—libitum fed, exerc1sed and sedentarv

animals.v.Exercised animals uere‘trained to run on a motor-

-~

treadmill by progressively 1ncre351ng the speed and du tion of the

'daily exercise session until they were capable/of runnlng contlnuously
fat 26 8 meters per minute, for one hour, five deVS Aueek. .Each
exercised animal continued to run at this 1ntens1t§ and doration forv
.van'additional nine to thirteen weeks. Approximatelv ode—hali of the.
~‘e‘.n(ercised animals uere sacrificed immediately after an exhaustive
run of two to two‘and half hours- duration. All,other aniﬁals were
o an

sacrificed at rest. ‘ - o -

;Anélysis of reSults indicated that chronic.noderate.exercise
nad:little eféect:opon organvueights, gl;COgen'storage and FFA
.concentrétions;c Slightly increased adrenal vexghts and greatlv‘
decreased epididymal fat pad weights were found in the <hronically
.iexercised rats. Exhaustive exer:ise resulted in a‘decrease in spleen'

/ignd liver weights decreased liver glycogen levels, and 1ncrered

plasma ‘and tissue FFA concentrations.

51
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# 1 ‘
Pairq?ed animals&demonstrated significdhtly"

bddy and otgan weights as compared- to the ad- libltum e}ganimals.

No additional dietary effects were noted.
. ﬁéj'f
Conclusions

o

)

Within: the 1im1tations of this study, it can be concluded

'that pair—feedlng of exerc1sed and. sedentary rats does not significantly

alter the storage and mobllization of energy sources.’
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" 'GROWTH CHART
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Weight (g)

" Initial. *  Yeek 5 9 13

Final

b

.<_7{. '.'x'-iz .
Pair-fed, exercised
Pair—féd, sedentary .
Ad-libitum, éxercifed

» Ad=14b1tum, sedentary

3
v

- 192.7 - %308.1  360.1- 394.9

194 4 .. 3145 343.9. 365.6

~ B v \ : & -

208,60 30009 +381.5 u28.9

3

B
o

~

206.0° 7 311.5% 414.1 . u48L7-

405.6

392.0

416.2

471.5




means + standard-error of the mean .
R e &
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&\, TABLE 2
)
. MEANS FOR TOTAL BODY WELGHT ¥
’ v T . IN Gms A L
EXERCISE
Diet T o Fog S
: N ’ Tk "‘~ ‘ o L.
P 402.6 408.1 391.6
+28:8 » + 8.1 +10.4
A o 416.6 417.1 471.5
415,17 +22.5 +11.0°
* . ! o
means + standard error of the mean -
 LEGEND FOR ALL TABLES N APPENDICES B, C, D \\‘Ls-
S EREEe
Diet: P —»palr—feed ) . '
a - ad-libitum '
Exegciée: ‘R - ttained;'sacrffleed at ‘rest - .
o F - ‘trained, sacrlflced at fatigue v,
oS- sedentary
TABLE 3
' L S
4. " 'MEANS FOR LIVER WEIGHTS R
. R IN Gms : e
- R o D ! Y ‘.m
B N - A . .
, -+ 7. EXERCISE . "
~eDiec T T g o p $
' -~ "ok I‘ o -
P 12.4 11.5 13.4
l +1.2 +0.6 +0.6
A 14.7 13.3 18.4
+0.8' C 0.9 10.5
*



loe 4

©°Y . MEANS FOR HEART WEIGHTS'
A L R N Mg

-

&, / .

\ . - ¢ EXERCISE

A o 110151 1120.8

. ’ ) . . A 3 Ve .. . . )
- s ' #34.3 + 48.6
C . ’ 'f": " L ’ -
gl ’
* o o :
' - means + standard error of the mean.
w .. § . o , ,
. L T ’ -
Lt . o o v

< <

. © . TABLES o

374]";'~ . * MEANS FOR RIGHT KIDMEY. WEIGHTS
< } -~ IN Mg

' . EXERCISE
Diet © L o me T Ee

%

; ST e e
P D301 1312.48
ST L f R meLSI + 25.88°
: : L T1411.45 . 1393.68-
| . B | :
‘ T I T+ 43,14 + 77.84

* . . - . : . .
" means + standard error of the mean

A i

[
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TABLE 6

' MEANS FOR SPLEEN WEIGHTS
- IN Mg

- EXERCISE
Diet R F S

\

- *. o
P . e17.2 464.9° 627.6
| 4128.7 #54.1 +138.0
AT 667.0 - 4841 - - 708.1

- e | +48.8 +24.1 421.2

LA

~

* , ' ) :
»means + standard error of the mean

o
. TABLE f

N MEANS - FOR ADRENAL WEIGHTS'
o IN Mg ‘

- EXERCISE

Diet . . o, R . R s

P 26,38 22,

%

S N g\-iig.01 1209 41,38

1
Y BN 3

T #0790 . #24r L +0.88

v

22.19°

29.62 - 25.16 . 23.17.

o an's + standard error of.the mean™

N



TABLE 8 -

MEANS FOR TESTICLE WEIGHTS
' IN Mg : .

o T EXERCISE .
.. Diet' . Y, v 'lb_. ‘ . ° R .. v F ) ‘S

.;', A‘} "‘_ ' ~l' ““ * .
I 1474.1 . 1483.4 1477.4

A 154667 ' 1363.4 159107

+V§EQ3'@“Z' + 85.1 + 22.9
- : — - —

. *' s
means + standard error of the mean

TABLE 9
" MEANS FOR FAT PAD WEIGHTS &
: CIN Mg . .
e - . , "\. & . .: . ) ] - N

| | EXERCISE
~piet . . SR . F s

. LT ’ Cx e -
P L o 1564:0 « - - 1723.7 o o090
o S .+ 759 - &l62.2 . H1534.03
A 18940 © 4153009 L 2asil0

S . : .

. " . .
vj}O«.S +240.10 T +133.8¢

L w

"means + standard ‘error of the mean
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TABLE. 10

' . ’ _2{. ‘ :’ !
“MEANS FOR GASTROCNEth§ MUSCLE WEIGHTS
e «
-""iyj’tﬁ .

e

P.S

EXERCISE
Diet R F .S

. , ) —
P | 1936.07
+109.09 + 53.97

A 1991.69 2112.08

.+ 83.63 + 67.91

o,

1951.09

* Loa ~ ‘ . . .
~means + standard‘error of the mean

A

TABLE 11

.., MEANS fOR BICEPS BRACHII MUSCLE WEIGHTS
» ~IN Mg . '

L s

- . e - . - EXERCISE *
Diet . o fh':ﬁyﬂ___vR ¥ -

v

. S — ‘
A _ B T

B * o S .
. » ’ ; - - v22727l_ -244 .56 o 224.?3

5%

-

T sas | e Ly + 6.14

AT 240038 . 261.00 . - 266.53

L 45.48 . 420.56 ©+9.74

* . ’ o .
means + standard error. of the mean &

4



: . .- TABLE 12 o

! » ‘Z . W :
'~ MEANS FOR LIVER GLYCOGEN = ° '

IN MgZ . .

v

EXERCISE *
Diet . , R F. .- s

S
Ao

P S ‘ 34.8 . 01.3 36.1 -

Y +05.0 +00.2 +00.2
A o S 4007 - 1003 ©30.5

T S 046 T 404.6 +03.1

4

& » I ‘ S
.means + standard . error of the-mean

Yy n

 TABLE 13

MEANS FOR GASTROCNEMIUS MUSCLE GLYCOGEN
. IN MgZ - ~

PO " EXERGISE-
EXERGISE

SDiet gw SR CF .8

- T T -
P : DR U ) U WY 1.28

T S 40560 . 40,05 +0.18

N ©1.07 50495 1,55

+0.27 © - 40.25 40,39

T L o
‘means ¥+ standard error of the mean



TABLE 14
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-y

- MEANS FOR BICEPS BRACHII MUSCLE.GLYCOGEN

IN MgZ
N A
T
EXERCISE
Diet . R F S
P : 1.76 ~1.91 1.52
. \

+0.39  41.12 +0.27
A . ; Y 1.87 . 1.48 1.25

+0.63. +0.50 +0.23
* .

means” t+:standard error of the mean
TABLE 15 §
MEANS FOR GASTROCNEMIUS LACTATE
e . - IN uEq/gm OF WET TISSUL
EXERCISE
{ .Diét“ - . R 8 F. ' S

. L L Tk, o . .
P .- 7 58.00. 49.33 “63.75

+8.31 +5.60 +4.01
A : -, 51.25 61.00 60.11

+6.58 +8.84 +3.79

= B : . )
-~ means + standard error of the mean

I
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" TABLE 16
MEANS FOR PLASMA LACTATE
: IN uEq/ml '
'EXERCISE
R F . s
) “\ . . o
P R 31.1 . 132.2 ©35.6
L \ s
¥ +3.9 +17.3 +2.7
A . - 107%8 66.8 . 35.5
\ +39.9 o, +33.3 43,6
1 - . -
* . e - T .
 means + standard error of the mean
‘- " TABLE " 17
MEANS FOR FAT PAD FREE FATTY ACID
IN uEq/gm
 EXERCISE |
Diet ' - R s F s
' * . )
P : 2,067 7.07 2.18
+0.13 40.26 +0.08
A S2002 0 677 2.16-
+0.13 +0.66 - 40.09

x . : ' . B .
means + standard error of the mean

{
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; _ TABLE 18
 MEANS FOR PLASMA FREE FATTY ACIDS
L IN uEq/ml
- .
_ ;
EXERCISE
Diet - B - R F . s
v . | \\ N { "' N
- | BN . ) * .
P ' SN 0.273  0.609 0.289
) $0.020 . 40.090  +0.010
5 A P 0.283  _  .0.652 40.208

©40.010 40,030 - +0.010°

* ) i - o.
. means * standard error of the mean ‘
TABLE 19
MEANS FOR PLASMA GLIICOSE
IN Mg% -
o " EXERCISE |
Diet R, F s
. T * _ ‘ i
P - S 122.3 62,4 - 153.3
S +013.6 7 +14.9 C+11.3
A o ST 1719 . 100.6 " 148.5

.+ 21.5 To+28.9 4+ 5.3

* R o
mean§ + standard error of ‘the mean
ns T : & e

\ - -
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"TABLE

SHEFFE MULTIPLE COMPARISON BETWEEN ORDERED MEANS:

N

86 -

«

EFFECT OF EXFRCISE.

i, ! .né': . ’ he
VARIABLE ' W - GROUPS '
'vTra}néd, ;.VTrained R 1 )
- rest - Afatigue ‘Sedentary
LIVER WEIGHT;" 13.5. . . = "12.4 14.9
means, (gm) - ) N\ - .
1 X  1.6168 1.9463
R * %
.2 3.8002"
. o / L
t(0.05)>2.509
" 5(0.01)>3.159** L .
@ L
SPLEEN WEIGHT; 642.1 474.5. 667.8
means {(mg) .
: L kK
1 , 4.1284 0.7321
. . a : Lk
.2 A 5.4738
t(0.05)>2.5179 .
t(0.01 >3.1654**
LIVER GLYCOGEN; - | - 37.8 ' 5.8 33.3
means (HgZ?,\ ‘ '
) AN < 4
_ _ o 7 *k
. ) 6.5208 1.1280
2 ' v , & 6.5626 "
£(0.05)>2.509" ™N :
- £1%0.61)>3.159 LA R
ﬂ ‘Y.G' ‘. . ,
A
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2
TABLE 21
. . " \ L
' ' ANALYSIS OF VARIANCE OF SIMPLE MAIN EFFECTS FOR DIET
K.
Source ss DF - M5 . s F
-KIDNEY WEIGHTS
Diet -’ 0.876937SE 1 0.8769375E  4.066
- Error 0.1251072E ., ° 58 ° 04§157020E ~
HEART WEI%Héé - o
Diet 0.1815834E ©1.o 0.1BIS834E 12,704
Error 0.8290400E 58 0.1429379E -
. . - ,. . ‘ N
. Diet 0.1313848E = 1 0.1313848E° - 11.023
Error’ 0.6793800E 57 0.1191895E .
. . } ) ’
“ADRENAL WEIGHTS
Diet 0.1570388E 1 0.1570388E  4.038
Ersdr 0.4744875E . 122 - 0.3889241F !

. | FIVER WE7CHT.' _ -
et 0.1066727E - . - 1/ 0.1066727E ™ 19.634
T 0.3151200E - 58/ . 0.5433103E

- SPLEEN -WEIGHTS |
Diet® d.5523634E 1 0.5523634K 4.522
Error 0. 6718400E 55 . - 0.122§527E
i Lo ’ I ' >
» :
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— g 2 TABLE 22 o
ANALYSIS OF VARIANCE OF SIMPLE MAIN EFFECTS- FOR EXERCISE
t“ -~
—_—
. . Lo g‘l' B ) : '; o L '. .
Source S+ . 8§ . o . DF - ~MS - F
N\ ) ’ ) ) T
PLASMA GLUCOSE _
Exevcise % 0.4552426E 1 0.4553426E 2,564
Error - 0.9944200E - 56 0.1775750E :
“ Coag )
EPIDIDYMAL FAT PAD WEIGHTS :
Exercise = 0.2853622F " 1 0.2853622k 0.530
" Error . 0.6574522E° . . 122 0.5388952F
LIVER GLYCOGEN o - -
. . . } ) . - N ) y . N - P .
Exercise "0.3965378F 1 # 0.3965378E 0.002
Error NO.1102192E . L sg -0.1900331E ’
ADRFNAL WEIGHTS
‘ : - B B : : ‘
_ Exercise ' ~ 0.4208511F 1 7% 0.2104255F  5.410
Error . 0.4744875E 122 © 0.3889241E
. . . . rﬁ ’ . Z\ '
* _ LIVER WEIGHTS
CExercise - 0.6163270E 1 0.3091635E  5.690
Errﬁr . " 0.3151200E - 58 0.5433103E <f‘ ‘
JFHEART,WEI;:}Ql B
Exercise = | 10.1255994E 1 T 0.6279969E. 4.393
Error , 0.8290400E . ° .58 °  0.1429379F - ‘
SPLEEN WEIGHTS b
Bxercise © ' 0.319963E 1 0.1504981E  13.057
~ Error. N : 0.6718400E - 55. 0.1221527E -
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TABLE 23

I

89

N

PRIMARY MAIN EFFEC:S-FOR SIGNIFICANT DIET. AND EXERCISE INTERACTIONS
; R SRR AR

. 0.82554000R

/

.2579.81

s - ;
~ 4
Source SS DF MS F
" PLASMA LACTATES
Pair-fed " 0.62174687F. . 2 1087. 34 37,86
Error -:0.238101878 29 821.04 ‘
Ad-1ihitum’ 01297769371 2 1488.47 - 3,73
- Erxror + 0.11566306F .. 29 s " 3988.138 o
PLASMA FFA <\ k
Pair-fed , 0.684546478 T2 . 0.34 93.15
Error’ 0. 10655499F, . 29 0.00 -
s . s ' \
ad~libitun 0.7756858F 2 - 0.39 279,08
Error 10.40302277E 29 0,00
'\ -
, ' TOTAL BODY WEIGHT _
Pair-fed 0.17250000E " 2 T 862.50. 0.38
Error 0.65395000E 29 2255.00 :
- ) .' Ty b‘ﬁ . ©
Ad-libitum 0.25893000KN o2 12946.50 5.02
“Error 0 29
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BLOOD LACTATES, GLUCOSE AND FREE

.

.

TABLE 30

{

' FATTY ACIDS FOR GROUP PR

107

-

-

FATTY ACIDS AND FAT PAD FREE

0.300

oy a
7 :
LACTATES FREE FATTY ACIDS ‘GLUCOSE
Rat No.| Plasma | Plasma Right Left Plasma
" mgZ uEq/ml Fat-Pad . Fat Pad mg% _
~ ' g, ' uEq/g uEq/g ‘
3 36 ; 1.62 1.83 - 0.280 17 -
11 40 . 1.86 2.61 .0.321 182
33 28 1.62 2,46 0.314 127
59 47 2.13 713 0.278 79
:.,_\ ' . . . . J, . "
82 24 1.13. 1.96 0.153 142
; oy . &
124 17 - 2.63. 0.268 130
125 26 2.48 1.48

79




TABLE 31

I

" BLOOD LACTATES,”GLUCOSE AND FREE FATTY ACIDS AND FAT PAD FREE

FATTY ACIDS‘FOR GROUP PF

vt T
LACTATES * FREE FATTY ,ACIDS GLUCOSE
/ 'S N . ' ‘ . N i
Rat No. Plasma Plasma _ Right Left -Plasma
L mg% . uEq/mt ° Fat Pad - Fat.Pad mgZ.
’ : uEq/g = uEq/g
4 48 | o557 7.3 6.32 60 7
‘ ¥
7 160 0.538 6.32. 6.57 37 4
| i
8 180 . 0.555 6.13 - —
10 - 90 0.764' 5.91
26 130 *0.692 -
29 - i82 0713 813
57 120 10.543 6.81 7.43 91
. . . A S %
123 200 0.624 7.31, 8.02. 154 .
‘ N o - g
126 180 0.492 6.37 5.97 - 53
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TABLE 32 )
BLOOD LACTATES, GLUCOSE AND FREE FATTY ACIDS AND FAT PAD FREE
FATTY ACIDS FOR GROUP PS
, ' LACTATES | " FREE FATTY ACIDS  + GLUCUSE
© " Rat No. Plasma | Plasma  Right Left '| Plasma
- - - mgZ . ‘uEq/ml-  Fat.Pad . Fat Pad mg%
» ' ' uEq/g - uEq/g.
: = - o

16 45 0.303- 3,12 2.00 - 163

17 38 | 0.246 0 1.97 1.87 133,

200 27 L esat 197 2.6 | 143

22 ¢ 28 ' o0.316 2.3 2.76 113
23 | 2000 | 0327 202 0 210 | 174
26 | 39 ' 0.286 2.11. . 1.83 110

| | l | o | -
37 | sa Q.308 - 2.78° . 2.31 143
| | . : {-) '. . » —‘ .

. : ) : :
‘38 39| 0300 179 . - - 200

o b
( .
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. TABLE 32  (Coht'd) :
BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD. FREE

. FATTY, ACIDS FOR(SRSUPPS

' LACTATES | . N iﬁ;E FATTY ACIDS .. | ° GLUCOSE
AN
Rat Ho. | l;la'sma Plas;Ia ‘Right '_Left o Plasmé
' mgZ |  uEq/ml - ?Fa& Pad - Fat Pad‘ . mg7
' - . uEQdp.—~  uEq/g R
I R 30 TRN PR 105
42 37 0.217 2.16"  1.96" 105
45, : 25 0.262 1.17 2.81 231
y v N P 1‘ .
55 24 0.332 2.64 2.64 171
- A
. i o ¢ o
68 L2 50 0.262 2,13 2.13 117
69, ¢ 23 0.284 1.81 1.81 116
92 30 | 0:280 +  2.63 2.63 194
93 | - 43 n 00341 2,04 _2§0A 186

N
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TABLE 33

111
l;} -

BLoon-LK‘;ggas, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE .

FATTY ACIDS FOR GROUP 4R = -

°

I -2 ‘. 3‘

LACTATES - |

FREE FATTY ACIDS

GLUCOSE ..
' >

" Rat No.  Plasma Plasma Right Left Plasma
P - . ’ w~ﬁg7, . uEq/ml Fat Pad ., Fat Pad - mg%
- uEq/g . B ‘*‘.Eq{g A
97 25 - '0.241 |, 1.83 2.41 123 °
98 i 24 0.300 . 1.23 161 . 174
99 40 0.304 . 214 0 1,79 168
100 35 10.322 - 3.3 1.78 200,
. " >
0,205  1.92 1.8 177
0.300 . 2.13  1.93 147
: 0.312  * 1.32 2.22 124 .
108 180 0.280  2.46 243 | | ‘09

<
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TABLE 34  _
& " \ ¢ "
BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE
‘ FATTY ACIDS FOR GROUP AF
' LACTATES FREE FATTY ACIDS (\\. GLUCOSE
Rat No. Plasma " Plasma. Right - Left ,\Qma .
o mgX © uEq/ml . - Fat Pad Fag Pad mg7
' v . uEq/g . uEq/g
S
[N
31 '39 0.583 - - 113
84 200 0.631 4.41 6.67 31"
102 - £ 30 0.592 éA 7.13 - £.78 184
103 33 0.478 ~ 2 135
107 32 0.813 8.31 7.33° 40
. P . co / .
\ \V
| .
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. TABLE 35
BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND FAT PAD FREE
- FATTY ACIDS FOR GROUP AS -

\
. . i 3 v . ) N
LACTATES | - FREE FATTY ACIDS | cLucose

Rat.No; : Plasma‘,b Plasmabv Right *  Lefr P1a%ma
\j mgZ uEq/ml ~ Fat Pad - Fat Pad mgZ-
‘ \ e o _ uEq/g uEq/g o

27 | s | 0.319 .  1.6§1 : . 1.14 b 100
41 | “0° | 03 ' 2.§3‘,‘ '2;3irf s
50 ‘"32 oo 0341 1.98 ;.‘Vz.q7-7v 188
’;'"71v,_v B ’ 0.263 2.31 ,A:' 2,62 ;x  B }54
7éﬂ'.‘. ,:' 26’ n | 05242 | ii37’ R 2.43  '}_ :;14§
EEEE T 0394 . 33; - - ‘flsﬁl;; e
109 1 30 o] o 2.3 2.16" 13
'ilo B '1x‘§e. | | 0.298 '2.43J ""1.76~ 1 :132

u1 | 90 ©0.300 - 2.41 233 |7 194
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" TABLE 35 (Cont'd) -
'BLOOD LACTATES, GLUCOSE, FREE FATTY ACIDS AND. FAT PAD FREE
FATTY ACIDS FOR GROUP AS
. 28 : - ‘L“.

o LACTATES FREE FATTY ACIDS GLUCOSE.
Rat No. Plasma Pilasma : Right Left - P-lasmiq
o o . mgZ uEq/ml  Fat Pad Fat Pad me %,

~ ~ uEq/g uEq/g

112 90 . 0.253 L 2.41 2.30 153

‘13 * 25 0.7 2.3 2.32 158 -

114 31 0.312 . 2.14 2.12 152

‘115 - 21 0.316' 2.32 - 191 121

116 39 7 o.d2 1.82 . 2.16 * 131

‘117 - 30 0.330 - i 142
118 3 0.300  1.87 1.96 163
119 53 0.278 1.87 t.93 153

120 25 0.264 0 1.97 1.87 126

121 20 00361 2,31 2.04 137
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d \ TABLE 36 .~
! o 4
b |
.© TISSUE GLYCOGEN AND LACTATE FOR
: . - . ) . . ° . V
GROUP PR
‘GLYCOGEN o | . LAGTATE
'Rn; No. Liver Gastrocncmius:} - Biceps Gdstz:-o'cnemiusv‘
- mg Y. © o mgY ' mgZ | . umoles/em
<
o 3 344 - 0.66 0.99 | 10
1 " 49.7 =% TH.91 2,99 T 65
33 - 106 lo.rs 145 64
¥ ‘ ‘ -
59 $37.9 C1.s2 3.45 71
82 39.4 - 0.90 . 0.80 | 76
| | N o
124 4.58< . 1.44 . 146 | -
125, 2.56 . 1.73 S 1.19 62
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{
TABLE 37
TISSUE GLYCOGEN AND . LACTATE FOR
GROUP PF o
'~ GLYCOGEN - g | LACTATE
. » L : :
Rat No. Liver ' Gastrocnemius “Biceps - Gaé;rocnemius
' ‘mg7 mg % : mgZ . i umoles/gm -
4~ 0.70 0.70 0.34 58
7 1.99 0.58 ®.72 26

8 | 274 061 . 0.78 | 40

10 0.44 ©  0.50  0.97

27
Y% . - »s. : . / , . . -
26 © Y020 L 0.56 S 0.99 | 43,
29 ?/ S 0.92 0.58 ERRUR-T A 71

57 ‘// LS4 .. 0,55 - 71
123 . | ,1.23 1,49 149 |0 5

126 %8 - ose ) ose | ss

RPN ) YR
A
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- TABLE 38 ’5'
( 1
. , o {
- TISSUE GLYCOGEN AND LACTATE FOR
. , :
GROUP PS
GLYCOGEN LACTATE
[ — L
Rat No. Liver - . Castrqcnemiﬁs _ ]Biceps.' s Gastrocnemius
‘mg, mg B mg’, - umoles/gm
] 36.1 0.75 - T 0.83 //;:213
17 31.1 0.70 - - 65
20 82.9 0.83 1.26 69
. - .

22 45,2 1.24 1.64 61

23 32,3 1.18 1.95 73

24 11.6 0.93. 2.07 78

37 8.0 0458 1.21 L o4

38 59.3 " 21
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: TABLE 38 (Cont'd) °
A
" TISSUE GLYCOGEN AND LACTATE FOR
\ GROUP PS.
] GLYCOGEN  LACTATE
Rat No. Lf;;;‘ Gastrocnemius Biceps. Céstfo¢nemius
- . mg¥# ‘mgx " o Mgk - umoles/gm
40 26.7 2.47 3.78 94
42 26.5 J3.19. 3.66 58
iy .
45 38.1 1.12 0.89 48
3555 33.3 0.73 0.78. 62
68 156.5 1.09 0.46 51
69 35.6 - 1,79 3,50 77
92 20495 - 0.96 1.86° 74
93 L 33.5 1.99 4:10 ;68

3



TABLE 39

TISSUE GLYCOGEN AND LACTATE FOR

GROUP AR

GLYCOGEN : ’ " LACTATE

. Rat No. ‘ LiAver : Gastrocneuiius . Bicep\s Gastrocnemius
: ‘ mgZ - omgZ . mg? umoles/gm

\

>

/97 _'»4;7 - fowg‘  g2@5 35
% h 3.1 1'*2.39 o 3sg e
9% 43.8 | '10,79'_ | : 1.07 't. e =

ioo - 2.0 o oa { ~,0;9§\‘ 29
0 77 s : R 3.23

o105 e 5.1 0.718 . 0.78. - 37

| 106 . :l 65.1 _  N 1.03 l :" 0.69 | - '. '69

108 2.8 o500 0.86 | 77
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TABLE 40
TISSUE GLYCOGEN AND LACTATE FOR
R - - oY
GROUP AF ‘
. ‘/.
GLYCOGEN LACTATE .
Rat No. Liver jCastroc'nemiug;*‘:,"f‘\;j Biceps Gastrocnenius .
mgZ mgZ - mg¥ umeles/gm
‘ "
3 " 25.00 1.39 1.75 72
84 2.28 0.53 0.77° 75
102 5.16 0.59 0.75 2
103 16.90 1.72 3.33 8
107 1.97 0.53 0.82 32
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TABLE 41 w4y S
. . o "’;’}W # ’
TISSUE GLYCOGEN AND LACTATE Fij} .
s R A " B "-\.
GROUP AS d
0UP
—
'GLYCOGKYN LACTATE
_Rat Not\ Liver - GaStroéhemius_v ‘Biceps Gastrocnemius
mg7, mg% ' C mgl umoles/gm-
27 32.6° 10.70 0.73 76
41 35.8 0.67 0.94 69
LE | ( o |
50 21.3 0.29 0.53 27
71 271 0.58 0.74 Ly T 43
72 50.8 1.64 - 2.75 79
R - | - -
95 18.7 2.17 1.01 72
109 16.6 4.2b . 4.00 74
110 21.1 3.49 4.36 84
111 43.2 0,76 0.92 56
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TABLE 41 (Conit'd)

.TISSUE GLYCOGEN AND LACTATE FOR
GROUP AS*

]

GLYCOGEN ‘ : : LACTATE

Rat No. Liver Gastrocnemius  ~ Biceps | Gastrocnemius )
S mg?" ' mgZ . mg% ! umoles/gm

M2 | a7 074 . 0.83 70
113 1813 0.89 . 0.53 1 34 [)
114 |1 7 669 ,0:;;> : 1.05 . R

s | 12l - 1.02 ©0.98 | . es

17 | aka 102 - 1.5 ] 4R
118 | 19.5 068 0.85 | 41

119 C 262 - 0.44 1 0.86

120 40,9 0.62 . 0.87

N
ol
<)

, O
o
&

[x%]

2.47 | A




