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7
Seventy-iwo male Wistar rats were used Lo chis study tol determine
:'"" } ’ ; b
the citects of prolonged exefclse, an wneboiic sterdid and castracion
On enerygy storage ana mooxlization in .trained and untrainedyrats. .
The animalse were randomly assigned into a control group ofa 20
animiis and an exercise group ol 52 animals, respectively. The
@xercised rats were traiaed {0 TYun on & mU;or driven treadmill_gnd
after four weeks were capable of running countinuously for one houy .at
one mph, 5 days per weex. fach animal continued to run at this
: J €
“intensity for an adiitional sdx weeks. Twenty-six of the trained rats
were r#h,fo exnaustion immediately prior to sacriiice and theé time to
- Pk : . v )

s v - . - . . . 5 oo~ 4 ¥ . ¢
fatigue was recorded. All remaining animals were sacrificed at rest. o
During the course of the experiment one-half of the exercised rats and

3 ]l': £ e 1y = ~ o+ : -—: ey a1 + 1 "4 T "
one~half of tne sedentary rats received an anabolic steroid, 'Winstrol
(17p-hydroxy-l7Xsmethylandrostano (3,2-c) pyrazol) (i.P. U.80 mg/ Xg),
once a day, for ten weeks. Prior to the training regime, bilateral

~

ot . ..
castration was performed.upon 16 of the exercise animals and 8 of the

control rats. Unilateral castration was performed upon an equal number

. Co " C - . . - L . - . . .
in each group. No surgical operation.was periormed on the other animals. |
. 5
. - | : . . .
The weights of the testicles were recorded, and at the concfﬁsihp of the

‘experiment, they were compared to :Qe weights of the testicles of the

‘non-castrated animals.
Analysis of th® results indicated that training had no significant .

effect on the parameters measured, with the exception that the
? o , ’ - 4 ' . ‘
increase in'the weight of the body and the liver was retarded with

training. Prolonged exercise to fatigue resulted in a decrease in

gastrocnemius giycogen and an increase in piasma FFA levels and lipid.

.~



FFA mobilization. The anabolic steroid "Winstrol", hag no effect on

* the boéy weight, livér, spleen, heart, or testicular Wajghts in the
t;ained rats. However, in the untrained animals the body and the liver

“ - " weights were lighter. Bdth the trained and sédentafy animalé had

smaller adrenals; with steroid administration. The #esting blood

glucose levelg, FFA levels, and thg glycogen stores Wery pot altered by /

the drug. "Winstrol" had no effect on the mobilizatiop or the

utilization of glycogen or blood glucose With/‘exhaustive exercise.
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CHAPTER I
" INTRODUCTION

Since Kochakian's (79, 80) classic demonstration of the

¥

nitrogen—retainlng properties of testdsterone, many attempts have been

made to find synthetic ster01ds that would produce the anabolic or growth-

promoting effects characteristic of~testosterone without causing the

androgenic or secondary sex—stimulating effects. Among the compounds

’ P

,purported to have preferent1a1 anabolic activity is l7$ hydroxy-17<-

‘methylandrostano (3, 2-¢) pyrazole (Winstrol).. "Winstrol" is one of the

steroid drugs most widely used for weight gain, since it exerts a positive
! n .

effect on nitrogen retention (110). However, it is most often utilized
] .
by athletes because of its low androgenic prOperties..

In the recent past, the use of anabolic steroids has been largely;z’

7

limited to athletes particinating in events in which muscular strength
is required. As a result, most of the researchers studying the effects
of anabolic steroids on trained individgals havé utilized a weight training

regime (28, 69, 72,-140, 146). At the present time, however, use of these

y L}

drugs appears to be more widespread among athletes in various other sports

x

requiring endurance tyne training (125).

J

Johnson and 0'Shea (69) observed a significant increase in the

'6§§gen uptake of 1ndividua1§ subjected td‘anabolic steroids and a wei ht

training regime. However, these findlngs (69) have not been substantiated ‘
‘13-5

" by other studies on endurance athletes (126) or on ‘athletes engaged in

strength activitles (28, 72)’ Endurance training clearly induces
signiflcant adaptations in the nistochemical and biochemical characteristics
of muscular fibres (26). The oxidative capacity of the skéletal muscles of

animals trained to run-on forced or voluntary exercise wheels or motor-



~2=
v l ~
driven treadmills, for from 6 to 23 weeks, has been shown to increase

(56Y. An increaseAin the crosg-sectional area of thg\SReletal muscle

.

. fibre has also been demonstrated (26, 46). By examining the effects of

o3 .

androgen deprivation, the physiological fupction‘of androgen can best be
. v - *

demonstrat;d. Such effects are apparent in the primary and secondary

sex organs, and skeletal muscles; in the general metabolic effects on.

skglefon, sfeletal muscle, body organs and water balance (155).

»

Statement of the Probléﬁ//

s

. The purpose of thi

e

study was to determine,the changes that occur
in the storage and mo?iii@ation of energy sources, as a result of an*

anabolic-stériod,-exercise, and castration to male rats.' ,Blood and muscle

samples and the body and organ weights were to be obtained from control- .

animals, trained and untrained rats, and bicastréted, unicastrated and

» " \ . - ~.
non-castrated animals. LR
. I T

Changes in the following variables were to be considere&xﬁeg«each

~.
\—-

["”

of the above groups; at rest and at fatigue:

(1) the concentrations of glucose, lactate and free .

v

_ fatty acids in the blood;

o

(2). skeletal and heart muscle glycogen concentrations;

(3)»the,concantfation of free fatgy acids in a tissue
. ‘ ‘ M ‘ i
‘ ‘sample f;om’fﬁg epidydimal fat pads;
(4) the animal's bod& weight and the weights of the liver,
. R ' N o ~ .

. B *. » .
spleen, adrenals, heart, and testicles.

Rationale‘Behind the.Study

¢
'

It is generally accepted that glycogen and free fatty acids dreq

'

>

* 2 S
.

Kl

N
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uséd as fuels by working muscle (43). During prolonged exercise to’

fatigue the limited quantity of substrdte in miscle is supplemented By

mobilization of energy reserves from the liver and adipose tissue, -

-

respectively. Many physiological substances are known to stimulate

mobilization of stored energy reserves, however; the effects induced by

b

the androgens are not clear.

It would appear that the mechanism of action of the androgens must

[

,vary in accprdance with the ability of the tissue to respond to the

':presence of a particular androgen (97) . The factors of'age, sex, and

steroid dosage also have.a profound influence«onfthe characteristics and
£ ¢ .
location of the myotropic effect. A great many studies investigatlng the

effects of anabolic sterQids on carbohydrate, fat and protein metabollsm

-~

have been carried out, however, the mechanisms controlling these metabolic
'y i . 21

. , i
prpcesses, during rest and exércise, are not fully understood.

Most research intd the effects of anabolic steroias on trained

individual has dealt with the areas of muscular strength (28, 53, 69,
72, 126, 140, 146), power (69), and oxygen uptake’ (69, 72, 126, 146).
In addltlon, a few studles (28, 58 69, 126, 150) have comnsidered the blood

chemlstry

‘
4

In spite of the widespread use of anabolic.sterlods by athletes to

1mprove theJr performance, the knowledge in this Area is minimal. Very

little consideration has'been given to the effects of anabolic steioids

on energy stqrage and mobilization, for endurance type events or'tréining.



CHAPTER II \

REVIEW OF THE LITERATURQ o

\.Q ",'

Anabolic Steriods 3\x

Nearly every,tissue in the body is influenceﬁ\to e certain'degrce
in- its development and functions by éﬁdrogens, depending on the cdémical
‘nature aod proportion of the various ahdrogens preseét k81, 82, 95), end'
the animal species (81, 86, 95). The mechanism of action of the androgeo

varies in accordance with the ability of the tissue to reepond to the
preeence of a particular androgen (97). The factors of age,vsex, steroid
dosage; and type of stcroid (97) . also have a profound influence‘on the .
characteristiCS'and location of the myotrophic effects. |

‘§é{ly'inyestigators (31, 101-106, 116) attempted'to demonstrate
the presence of a hormoned(hormonee) in the teste;; which was capable of
producing a decrease in urinar& nitrogen eicretion, Kochekian and Murlin
(79) and Kochakian (80) reported that "male hormone" extracts prepared
from the urine of male medical students, produced a marked decreese in the
urinery nitrogen excretion of "thin" and:"fatﬁ caetrated.dogs, fed a constadt.’
diet. This was due to a decrease in urea. A similer redoction in urinary
nitrogen was produced by sﬁall frequent 1n3ect10ns’or by a 31ngle Iatge
1n3ection (81). |

Kochakian (89) and Stafford et al (148) later desc¢ribed the n1trogen~‘
retalnlng effect produced by the admrnlstratlon of an anabolic sterlod No i
later than 2 - 3 days after the 1nitia1 steroid: admlnlstratlon to the
A castrated anlmals, nltrogen excretlon decreases. After a few days,.it‘
reaches a ﬁlplmum, remains at thie level for several deys, and then iﬁ;%&'

spite of continued steroid administration, it rlses agaln and soon reaches

the orlglnal level, Thls decline of the effect cannot be delayed simply by

a larger dosage '(90). The maximum rate of retention was found to be directly

' ;.4;
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" proportional to the mass of the dog at J05 to .06gm nitrogen/ kg body

weight/ day (8l).

. .The normally functioning testes, on the other hand, not only
decrease the maximum attainable response but also further delays»its.
appearance by about two weeks. If the individual ie producing an exeess
amounttof protein anabolic steroids, as in the adreno-genital syndrome,
then the oarenterally administered substances are ineffeotive (81). }
Therefore, it appears that the animal’will respond to a protein anabolic
stimulus from a stereid, only ifrit is receptive to that particular
stimulus (81). Cessations of the androgens, always resulted in the loss

L) ~

of some of the nitrogen by the 'fat" dog, but only in one experlment in

\

- the "thinV'dog.‘ This presumably is a rebound phenomenon. The time at which

the effect declines is variable and depends on the physiological state

of the experimental animals. The decreaeing effect ig delayed considerably
'in animals deficient in either androgen or protein,vindicating that the
stimulatioh of protein synthesis by‘anabolic steroids apparently ceases

as soon asAany'nrotein deficiencies have been‘overcomeﬁ(llO)‘

The advance from simple description of the nitrogen-retaining effect

to the interpretatjon of the androgen effect as a stimulation of the

.formation of cellular proteln resulted when numerous authors reported

"that nitrogen-retentlon is paralled by a lowered excretion of K, P, Ca,
c;reatine', creatinln’e, and-water, and that !&th‘ls retention could o‘ccx{ without
3

an‘increase in extracellular concentrations of these substances. ecifically, ’

P
concentrations of Kand P. follow those of nitrogen, i.e. are in proportions

consistant with proteln anabolism. The amount.of water retained iS»

determined by the blnding capac1ty of the newly synthe51zed proteins (llO)

Stimulation of protein syntheeiS’by anabolic ste}didS‘seems to ber

.

C o
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qualitatively independent of the functional condition of the endocrine
glands‘(llO). The nitrogen—retaining property of.androgens_takes place
in the abSence'of the teates, anterior pituitary'(44,v81, 83, 137), the

i

. 1
‘adrenals (83, 90), and the thyroid gland (92). It is not yet certain whether

<

anabolic steroids -«can act at all in the complete absence of insulin (33,
Foos :
98, 147).

The amount of nitrogen retained under the influence of an androgen
is dependent? within 1imita, upon the-composition of the diet before and
during the balance studies (110). Most critical is the protein content.
With'a protein-free diet (57) and withbfasting (8), the nitrogen-retaining
activity of anabolic steroids is decreased appreciably or is completel&
absent (164). The protein-sparing effect of carbohydrate is too short in
‘duration (112) to allow an increase in nitrogen retention. hith a mlnlmai
ptrotein d1et (O 2 gm nitrogen/ kg body weight/ day), it was shown that a
measurable nitrogen—retention appears only when the amount of dietary protein |
rises above the minimum. Similarly, an. increase in the protein content  of
thehdiet, above an optimal level, did not result in additional nitrogen |
retention w1th testosterone propionate (91)

Androgens show definite effects on carbohydrate metabolism that
per31st throughout admlnistratlon even when the effects on protein |
'metabolism are no longer apparent (98). This 1ncrease in body weight‘overA
that accounted for by extra protein anabolism_andithe decrease‘in’bloodand e
'urine sugar; could be,explained,gi;eég%eggiaﬁ"of the extra canbohydrate
- to fat under androgen stimulatiOnw(98)’ It is of interest that the normal
animal. without surplus available,glucose, responds to androg&n tz:atment v
e . & . -

with an increased utilization of endogenous fat (98)

. A small portlon of the carbohydrate utilized under androgen
. el -
":\Y"";' -

Lo
N
B
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 stimulation may be deposited as glycogen along with the increase in muscle
mass~(l2, 1l4, 118; 141), and some may be oxidized todcompensate for the
loss of'energyidue to the(decreaSe in proteinocatabolism (98). Meyer and
' Hershberger (118) concluded that the effect of testosterone propionate on
the musculature is mediated by a primary effect on energy—producing,
processes in the musculature and that protein syntheSis.is accelerated/
Qhen additional energy in the form of glycogen becomes available,

Bergamlni et al (12) state that RNA and protein synthesis are essentlal
)

g,

to hormonal 1nfluence ‘and that increased glycogen synthes1s depends upon
protein synthesis. . These authors (12) suggest that incgeased glycogen
synthesis can be attributed to the greater penetration and more rapid
phosphorylation of blood glucose,. and also to increased Gl;- 6 - P, .

independent of glycogen-synthetase activity. "These two phenoména would
: _ , . .

explain the increased glycogenxsynthesis demonstrated by the'increased
incorporation of both'glncose and pyruyate (12). |
The reports concerning changes in liver glycogen; after the

administration'quanabolic stetoids, dre conflicting (lllgthO).

e

Weisenfeld and Goldner (160) have suggested that the liver g%ycogen stores‘_

,‘are reduced due to elther inhibitlon of gluconeogenesrsjor aﬂ”a teration

P 7 PRI

in 11ver function“ Landon et al (lll), on the~other hand observed that
R

there were stlll adequate supplies of glycogen in the liver, and that the .

,glycolytlc pathway was normal

| In: recent animal studies, Gillespie and Edgefton (36)‘showed that
-the abillty of muscle tissue to synthesize and store glycogen is partlally ’
'1dependent on adequate testosterone 1evels They (36) stated that

"rapproximately 334 of the enhanced glycogen storage resultlng from training o

t appears to be attributable directly or indlrectly to the presence of normal

~a —
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" testoterone ﬂroduction or adequate testosterone propionate replacement.

The obServed rise in testosterone in exercise may therefore, be important
in utilization and replenishment of muscle glycogen (150)

Testoterone may in addition 1nfluence carbohydrate metaboliSm in

muscle by increasing the availability of .creatine to_ ATP to form

.

creatine-phosphate (128). Administration of-synthetic androgens that_are

methylated at the 17¥position, such as "Winstrol", causes an"increase in

T

creatlnuria, which ‘is probably due to 1ncreased creatine synthesis in the
y

vliver or kidneys (140) 1f muscle phosphocreatine had been 51gn1f1cantly

changed, current theories would 1ndicate that shifts in rate of phosphate»
s’

’yexchange, and therefore of 1actate andipyruvate production, would ‘have

Tesulted. Since thlS did not occur, it would appear that the creatine.
changes after methyl testosterone are not due to aRy shlfts within the‘
muscles themselves (140). |

Aside from their influence onnthe synthesis'of lipoproteins (32,‘59),

>androgens and anabolic steroids'have only a minimal'significant effect on

_”lipid'metaboiism (llO)" The response of the serum total cholesterol and

1 4

; . Y

’phOSphOllpid concentrations appear to be determined by the nature of the

'responses of the maJor lipoprotein fractions, since v1rtually all of the

_‘serum cholesterol and phospholipids circulate as lipoproteins, rather than o

O [

. as indiv1dual molecules of llpid (32) It should also be noted that nQ\

: “%d

- as such or on some aspect of lipid synthesis or degradation (32)

decreased act1v1ty was noticed 4n respect to 1ipoprote1n effects with the K

‘ster01dal pyrazoles or,other testosterone derivatives studies (59).» The
-demonstrationzof,this'relationship'between Chemically,determined lipids

: and thevserum does‘not determine whether the'primary‘effects.of gonadal

steroids with respect to lipids is on the metabolism of the lipid molecule .

-

[
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. used steroid-treatment (69). : e “y:-'_, R

v
N,

! L

_
-

The decrﬁase in effect of an androgen on nitﬁogen retention was

a concomittantidecrease in bodx\weight is attributed to a loss of body
fat accompanie; by a redistribution of carcass protein to the continued
i .
synthesis. ofinew tissue at other sites, especially the accessory sex
4 organs and to a smaller degree the kidneys. .The depletion of’ both ‘Ivv
carcass prdtein and fat is influenced byothe intensity’ of the dosage and

- the duration of the androgen treatment (88)

s»‘ﬂ .

¢

The 1oss of carcass fat: on prolonged treatment may be due to an

, "
, increase in energy. metabolism due either to increased activity of the

¢

. animal, therefore ‘a secondary phenomenon, or it may represent the cost
of redistributing the protein from the carcass. to the internal organs. " The

nature of the demand in- any event is such that it is not compensated for

‘,.

by an increase in appetite (88). The ability of the androgen to stimulate

a utilization of the carcass fat occurs readily only in those animals .
.‘ / . v \
that had or would have had a hlgher than normal deposit of carcass fat.

.' e

‘as'd result of prolonged time- after castration. In those animads tnat had ’

a normal or subnormal amount of fat the utilization of the carcass fat

did ndt occur until the nitrogen retention effect of the androgen had

o
/o

decreased (88) R "1 :. :fAfl o f’h ‘-.‘;1*' é f'.,ﬁ -

Very few studies have reported data on the inﬁlugnﬁe and androgens

s

and anabolic steroids on oxygen uptake ability (28 69, 72 126) Johnson =l{

and O'Shea (69) observed a statistically significant increase in oxygen
uptake in male subjects giVen "Danabol" for three weeks, and a welght
training programme for six weeks However, a later examination of the

< g \
effects of "Danabol" on competitive swimmers produced no changes in the f v
oxygen uptake ability (126) At this time, no ev1dence has been found v

Y

, that athletes whose success depends upon cardiovascular endurance have
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» matter of atrophy and hypertrophy, respectively

'”Castration"

the effects of androgen deprivation. Such effects.are apparent in:the»

N A -11-

N

‘Johnson and O'Shea (69) also reported that some ofvtheir subjects'
indicated a near absence of normal. muscle soreness and-stiffness following.,
the training'sessions. It may be that by 1ncrea51ng the SGOT levels a

negative nitrogen balance is prevented from developing,- and therefore, an .

athlete could recover phy31olog1cally to a greatercgktent between exercisingr

» periods permitting training at, or near capaC1ty with greater frequency

(69’ Other,authors (59) observed an increased sense of well—being, an

. increase in energy, and a decrease in fatiguability, after androgen '

4
administratlon
- The chemical data obtained, in the analysis for protein, non-"
. " [ - .

protein and water in the temporal and hindleg muscles of the guinea pig

(97 142) correlates highly with histologic observations (97)

‘:diameter of the muscle fibrils has ‘been shown to decrease after castration
'and to increase after testosterone administration ‘There was no- indication

--_of a loss or gain in the number of fibrlls, therefore, the ohanges in ;",

striated muscle followmng castj@tion and androgen administratlon are a .»

N e
.

The levels of testoterone are maintained by a. negative —feedback L

J o, -

'bcontrol mechanlsm operating through the hypoﬁhalamus and the pltdi,fyv B

'(figure l) : Ninety f1ve per cent of the %?drogen secretion in the male

<

[

"yis of testicular origin However, several moderately active male sex .

Lf

"hormones called adrenal androgens are continually secreted by adrenal
‘:1cortex. In the normal physiology of the human being these adrenal

‘androgens haVe relatively insignificant effects.w‘

2y

‘4r 7. The physiological function/of androgen can be seen. best by examining

_,‘.v
;
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primary and secondary sex organs and skeletal muscles; in the general

L metabollc effects on skeleton, skeletal muscle, bod? organs and water

'balance (154).. In all cases5 a distinction should be made between‘pre—
pubertal and post-nubertal results of éastration, for in general pre~
éubertalltesticulaf androgen deprlvgtion results in failure ofedevelopment»
of both morphological and behavioural mele Eharacteristics. Post-

pubertai;castration, on the other hand, does not necessarily cause complete

regression of androgen—dependent tissues (155). It may be that the

.adrenals are Capgble oF partially maintaining these androgen—degendent

A C o , ,
tissues folldWingxpost—pnbertal castrationr (155).
The, primary seiYSEfﬁctures arefthegducts associated with the

: a , ,,
transport of spermatozoa, the seminal veSicles and prostrate, levator\ani
. B I * . : o
/

- and bulbocarvernosus\(aand all other muscles of the perineal complex),

Q@ e

and the external genitalia. All of these are completely deﬁendent on
andfbgen/bdth for their morophological and functional intergrity. Pre-
pubertal castration results . in an immediate cessation of the growth of

some of these tissues 97). Seneral other organs - lacrimal glands,
salivary glands, kidneys and urinary bladder e?snowia'considerable decrease
in their rates of growth and, maximum size'iliggned after cast;AtiOn (97).
Tne adrenals, spleen and thynus, ln céitrast oith the other organsfl

°
1

increased in weight aftér castration. The spleen and the thymus attained
. < : s

a maximum size about two weeksgafték‘eastration and then decreased, but

(R
oy 4 i

‘Temained larger than in the normal‘aniﬁal. The decrease in size of these
4

organs coinctded with the increase in size of " the adrenals (97).

[y

In adult male rats, the reaction of the adrenals depends very .

much on ‘the sterold dosage employe 1y 1ntermediate dosages (up to 5 mg
' vafys [

‘ef testosterone dally) cause atropﬁy of t,e gland (11 14) The observed

%
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weight responses, of course, do not allow aoy conclusions about_the
function of the adrenal cortex. Whether these phenomena are oue‘tovan’-

androgen-<dependent alteration of the ACTH strretion or to a direct effect

rd

of the androgens on the-adrenals, cannot be answered at this time (110).

However, a major consideration is that gonadal function was significantly

< ©

affected by the injected hormone and the results thus represent a combination
. \ .
I

of both exogenous hormone and altered endogenous gonadal secretion 77),
since the* secretion of gonadotropin ( ICSH) is inhibited by anabolic

steroids (110)7 : (
[ :

Both the kidney and the liver are effected to some degree by

castration and androgen replacement.n Kochakian et al (88) observed a

6

marked increase in kidney size only after injection for 125 days. A small
increase in the weight of the liver resulted, oot extensioos of the
injections did not enhance the effect (88). The percentage of water and
oitrogen in the l;ver and kidney: with administfetion of androgens?'depends

on the dosage of. the steroid (113, 143). The weigﬁt of the liver decreases,
as does nitrogen content with relatjvely high dosages of testosterone

©

proplonate and w1th a proteln def1c1ency (110). The protein’ ,and water

content of the kidney (87) and the actlvlty of the renal enzymes (97) change

c

in dlrect proportlon to the welght changes.' Both the liver and the

g o

kldney possess the potentidl to ox1d1ze far in ‘excess of the amount of

androgen that might«be circulated in the blood stream or required by the

2 \ ;
animal, however the amount of co- enzyme ( DPN) present is relatlvely small

compared with the amount needed to glve a maximum effect (95)
?

The changes in weight that‘occur in all of the tissues after

castration and androgen administration are accompanied by changes in the

nucleic acids (123)1 It is now established that groﬁth (protein synthesis)

\
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~

is mediated through the synthonized action of. several specific RNA's

(100) . The nafére\gf th@ androgen influence varies among the different

e -

categor1e§ qf @ue]eic~acidq~And also thg‘varlous tissues, however, it
N ]‘

seems that tﬁe prot 1n and amlno acid content of the tissues varled in -

s Co
x ,”a

direct proportion with the changes in weight (99). 1t appears Fhat the

hY
primary site of action of androgens is in the area of synthesis of RNA

for incorporation into the microsomal material, so that synthesis of

protein:and enzymes (99) may be accdmpliéhed. Some changes occur in the

F

nuclear RNA (99). A .

Exarcise o Vl - \\ | 0

It has been demonstratéd tégt»physical(trai;lng can producé'a
significant increase in fhe oxidative capacity, eﬁzyme activity, and tﬁtal
protein of the mitochondrial fraction of the rat skeletal musclé (56). These
chaiiss hoﬁever,.occur only when the exercise is of a low tension - high
repetition nature (40). It is also a well established fact that certatn
forms, of exercise cause an inéreasé in muscle size. The diameters of the

3

individual muscle fibres increase, and the fibres gain in total quantity
. . )

of contractile protgin{“as'wéll as various nutrient and intermediary. . \

metabolic substances, such as ATP phospho-creatine and glycogen (46).

Protein Metabolism and-Catobolism

The skeletal muscles of animals trained to run on forced or
voluntary exercise wheels or on motor—drlven treadmills for from 6 to 23

weeks have in 1ncrease in the concentratlon of sarcoplasmic protein and a

©

.decrease in the concentration of mypfibrillar protein (45). However, the

optimal duration and intensity of the exercige needed to induce the

'

'increase in mitochondrial protein cgnceﬁtration is‘unknown (39, 56, 108).
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It has been suggested that intensity may be as important as duration in

.

producing the;e changes (108). .

The ipfluence of ex;rcise on amino acid metabolism is also of’mm.w
interest. Felig and Wahren (27),observed a highly significant correlation
atggest and during mild and heavy exercisé. The effect of exercise on
the arterial concentrations of the glycolytic end-products pyruvate and

[

lactate and on arterial alanine levels are shown in figure 2. During
¢ . -

both mild and heavy exercise the anticipated increases in arterial

B

pyruvate and lactate were observed (27). There was also a notable increase
in arterial alanine. The‘arter;al ooncentratioﬁ_of all other amino

acids waé unchanged f?om resting levels or.varied less tharn 10 per. cent
27). "

It would<seem'that alaniﬁe formation and release are not solely
dependept'on protein dissolution; but are related to peripheral glucose
utilization and pyruvate formation. Accordingly, it appears that alanine
is synthesized by transémination of glucose~-derived pyruvate (27). In as
much as certain amino acids, notably leucine, isoleuéine, and vaiine are
preferéntially catabolizei in muscle, a steady flow of amino groups is
availabie for this transamination (119). Sﬁé%qrting this theory is
the recent observation‘that a éiénificant prdpoftién of the ;uscle
.glycogeg utilization in exercise cannot be accounted for by lactate
.formation orwcarbon dioxide production‘(6l). Alaninermay serve as alkéy
endpgenous substrate for hepatic glﬁcose production, Itihés»beeh estim?ted
that ?rbductioﬁ of_glucose—derived alanine by muscle oécurs ét 35—6@%‘05
the rate at\whichlléctate is produced, and thatfalanine and that alanipe
‘rg}easé_may accouﬁt fb: 12-18% of the glucose ex%raéted 2¥'¢USCIe 27).

The studies on the acute éffect of'exeﬁciée on protein catabolsim

1
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may reflect the catabolism of proteins that have'leaked out of the

J
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are contradictory (17, 18, 21, 35). Carbohydrate and fatty acids are the.

[l
, ®

major energy sources for mﬁécular'work in the.isocaloric state (5, 19,
49, 65, 127). According to Benedictéet al (10), in the hypocaloric state

/
protein can supply a significant proportion of the calories during

bg]

exercise. Mole and Johnson (120), on the other hand, stated that the
enhanced protein catabolism produced by exercise is not mediated by a

hypocaloric state or a caloric{eeficit. These authors (120) observed-
that prctein catabolism occurred following exercise, when the subjects

were in a hypocaloric state. It may be that a greater quantity of amino

acids and proteins accumulate in the muscles with hypercaloric feeding

(120).

The increased excretion of nitrogen and sulphur after exercise

~

muscles (120). An increase in cireulating amino acids could also occur
. . . &

from a re-distribution of the free amino acid pools of the tissues (129).

Prolonged exercise appears to inhibit the secretion of insulin (131, 166).

Moreover, strenuous exercise results in an increase in circulating

cOrticoéte%oids (132). Both of these hormonal effects of exercise would

favour a re~distribution &f the free amino acids from muscle to blood and
. o
. . o, . .
the catabolism of amino acids in twi§§iver-and kidneys (122): However,
. i : ,

. :
L @ . = -

this only occurs in the hypocaloric state.

o

Glucbse Mobilization and Utilization
Evidence seems to indicate that the liver has the capac1ty to’
increase its glucose productlon drastically. durlng pﬂ&}ical exertion (13,

‘v

136) It would seen that the increased- arterlal glucose concentﬁationryf

- during heavy work is not caused by'a.reauction in muscle glﬁcose

—~

~
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utilizatf%n, but a marked increase in gplanchnic glucose production,

related to the work performed. Although hepatic gluconeogenesis ihcreases

during exerciee it can supply no more than 10-20% of the total glueose

production, the remainder presumably being derived from hepatic g}ycogenolysis

(158). During androgen administration,/there may also be anvincrease in

hepatic glueoneogeneSiS, due to an ‘increase in corticosterone, which is a

glucocorticoid (29). | ) |
Blood glucose assumes an increasingly important role as a substratet

for muscle oxidation as exereisevincreéses. According to Hermansen et el |

(51), during exercise of moderate.to heavy intensity (50 - 79%), there ie

a signiticant decrease in hlood sugar aho in plasma insultﬁ. In severe

‘exercise, it was found that there wae little or no fall in blood glucose

(75 - 80% maxieal oxygen consumption), while in work' at 85 - 90% of

‘the maximal oxygen consumption, which lasts for 20 minutes or more, there

' e : o . ~ A
was a small but significant increase in circulating glucose concentration.

.
[
1 4

: 2
During submaximal exercise requiring 60 —‘80% of aerobic power,’

Muscle Glycogen Mobilization and Utilization

' egcogen consumptlon is very high and the local stores are gradually
depleted, at fatlgue (13, 52, 61). The rate of gl}chgen depletlon is.
determined by the relative rather than thejabsolute intehsity of the
muscle (61). During prolonged exercise the muscle glycogen content falis
as a triphasic curvet(ls)‘ The greatest glycogen\eepletion occurred in
the first 20 mlnute;of exerc1se, followed by plateau effect over a 40 -~ 60
minute perlod and then a f1na1 dechne to the p01nt of exhaustion (153)

: The reettng glyeogen content of skeletal muscle can be elevated

| through training (13, 52,-61). Ah-increase in glycogen in the heart muscle .
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has also been noted, after training (25).. It has been shown that the
activity of several individual aerobic ahd glycolytic enzymes is increased
by muscular exercise and trainihg (56). ,The increased activity rate of
the glycolytic ehzymes!implies that glycogenolysis increase57With muscular

work (153). According to Taylor et al (153), the rate of glycogen

- depletion was much faster and the total amount of glycogen used was

greater following training. HoweVer, this finding does not agree with

Hultman's (61): or Holloszy's (55) hypothesis that glycogen breakdown is
Sl : i .

slower in well-trained than in untrained subjects. Recent studies, however,
on the effect of t;aihing on the levels of phosphorylase and glycogen’

synthetase would tend to substantiate Taylor's hypothesis (154).

Free Fatty Acid Mobilization and Utilization

Lipids are the most concentrated source of energy utilized by the
organism, yfe}ding per gram, over»twice‘as many calories as\carbohydrate
orjoroteins (162). The depotilipid consists Chiefly of triglycerides and

- y
the more hearly saturated it is, the larger the energy yield from oxidation.
In man, for example, the. adlpose tissue is from 90 - 99Y% triglyceride,
with small amounts of diglycerldes, phospholipids, and cholesterol (54)
The llpids in the tissues con81st both of neutral fat and phospholiplds
(139).

~Prior to belng used these trlglycerldes must be reduced to the

metabolized form of free fatty acids (162) " The FFA formed in this manner '

. rapidly diffuse out of the adipose tissue into the blood, since they are

14

~ lipid soluable and therefore, can diffuse through the cell membrane. The

-
-

1onlzed fatty ac1ds comblne, almost 1mmediately, w1th the albumig of the

£

n plasma proteiné and- thls complex is then transported to the other parts

|
of the body in the blood Anywhere from 3;to 30‘molecules of fatty acid

’
o
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can combine with a single albumin molecule  (46). : )
. The triglycerides can be rapidly‘mobilized with only a small loss
of energy in the conversion. The free®energy change on hydrolysis amounts
to about_l.4% of tbe total energy fielded by oxidation of the molecule ‘i?

(22). The plasma FFA level, for instance may decrease (30) or increase

(9) during work, or it may remain unaltered (49), depending on the intensity

?- ) P
and durati of xercige (133). ‘ ; )
Fit, in the forN of FFA, serves as a major Tuel for muscular work

L~
in man (152). It has been estlmated that fat may contribute up to 907

'of the’total substrate oxidized during submaximal work (15, 49, 64, 152).
There is also ‘an extremely . rapid increase.in the FFA concentration after -
exerc1se with the level being about doubled in 5 minutes (13), indicating
that exercise is a stimulus for lipolysis during muscular work (152).
Gollnick et al. (43) have 1nd1cated that more than one hormonal system
may be involved activating 1ipoiysis in the rat during exercise. Basu
et al,(9) arrived at similar conclusions for exercising humans.
Johnson'etuai 1) observed that trained and untrained subjects
showed definite differences in‘'the concentration of metabolities, in their
blood;‘related to energy supply. The FFA levels rose steadily in_the
- trained and\untrained during eXercise,”but wbile itialmost‘doubled‘in the -
~ athletes itltrebled‘in.the‘untrained group“after one and'onefbalf hours.
These authors (71) hynothésized that athletes can oxidize fatty acids '
Amore effectivaly than can untrained subjects, due’ to thelr increased
R ablllty to oxidize metabolic fuels.aerobically (66) I the untrained :
dog, during”moderate,exercise,_the oxygen supply to theva ipose tissue!is‘
,inadequate, and therefore re-esterification}preyails;and'the.turnotér |

'}‘rateiofMEFA decreases'(b6)¢ Morganretval‘(IZl) found that after 4 - 6
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~utilization of carbohydrate, since only carbohydrate can take part in the &

- found in urine (68, 70) or excreted'in'éneat appear to be negligible.

[N

-2l

~ weeks of quadriceps training there was a wide range of values for

intracellular triglycerides in both the control and trained muscles."
However, there was a net increase in trigiycerides in the trained muscles

as_compared to the control. .

Blood Lactate _ o »‘

o - i
If the exercise is of short duration and high intensity (greater

than 60% of the maximal oxygen consumption) lactic acid is more likel§

nto be produced (55). Karlsson and Saltin (74) observed that high valueﬁ>

for blood lactate were obtained when the type of exercise was such that .

the oxyéen supply was generaily inadequate{ This means there ?s a greater

anaercbic energy yield (5), and lactic acid is produced. \%
'Increesed quantities of lactate found in the blood are observed

to decrease during sedentary recovery or in recovery‘involving submaximal

exercise (78). The locations of removel and~theifate of the lactate and

the wvarious removal sites are but-pettially understood.i The amounts

&

The kidneys might hoWever, remove a significant quantity by gluconebgeneSis.J

_ Removal has been observed in the heart (16), in the liver (134), and in

the resting llmbs with resting skeletal musdéle tissue presumably playlng

the dominent role in the latter (78)

Use of lactate as e substrate would appeer to be its: fate in the

heaft.and-Skeletal muscle' It is geperally held that gluconeogene31s is ¥
”imp0551b1e in mammalian skeleta1 muscle due’ to the lack of appxoprlate
Vwenzymes for. conversion of pyruvate to phosphopyruVate (109) The fate of

'the lactate in the liver would presumably be via gluconeogenesis (78)

/.

o
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A lower lactate production has been observed in the muscles of

trained‘individuals during submaximal exercisev(SS)l One factor which
probably contributes to, and acts synergistically with, the decreased ?
vrate of glycol;sis, in the trained individual,'is the relatively greater
utilization of fatty®acid oxidation to fulfill the energy reouirements of
submaximal exercise.(19, 48, 65, 66). 4 Another oossibility,lwhich has
been suggested by Holloszy et al (55), is that glycol;sis and élycogenolysis'.k
'occur at a slower rate in the muscles of ‘trained individuals dur1ng
submax1mal exercise. As a result pyruvate and DPNH should be formed at
.a slower rate at a given submaximal work\%oad, accounting.for a‘lower

lactate production . in trained as compared to sedentary muscles (55).

Body and Organ Weights

| Training and exercise appear to affect the body weight andithe
weights of several organs in the body. Kimeldorf and'Baun (76) observed
that daily exhaustive swimming exercise of 15 to 30 minutes duration is
capable of 31gn1f1cant1y depressing the rate of body wedight galn.v,,This
reduction in body weight is probably the‘result of an increased energy .
expenditure through ewercise,iaccompanied by a concurrent decrease in food
consumption (76 ‘144.‘160) The absolute weight of the gluteus maximus
(76) and the leg musculature (149) was reduced but, relatlve to the body »
weight, the musculature was 1arger in the exercised animals. The‘heart
, i
may constitute a much greater portion of the body weight in exerc1sed |
animals, since daily exhaustlve exercise was’ found to produce a significant
.increase in its size (76 149) Gollnick et al (41), however, did ‘not

.

'find thls 1ncrease in weight in their tralned animals

T

, The resgpnses of the kidney, testes, thyroid and,spleen to'ekercise R
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depends on the work intensity, duration of the exercise end the degree
of repetitlon of the eXercise experience imposed Kimeldorf‘and’Baum
(76) .obskrved that the weights of the testes and the pituitary were not
-Hf?apprecieb;y altered by the number'of exercise\trails used in thetr study,
deSpite the decrease in body weight. However, it is‘genetally concluded
that training produces hypertrophy of the adrenals (37, 42, 47, 50,.76)
‘and that a Hecreaselin spleen weight occurs during exereise 7, 42; 144,

149 157) Exhaustive exercise results in a significantly smaller kldney

¢
.

size. However, the per cent change in kidney weight was nearly identical
to the per cent change in bodywweight, therefore the proportion vakidney
to bcdy'weight was undisturbed hy\exercise, The weight.of_the thyroid
gland decreased at the beginning of the exercise_regime-but, this‘trend‘was
- ";%;rsed, so that the thyroid gland of the exercisedAanimals

larger than that of the control eni@als (76).

rz

7
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CHAPTER IIIX

Seventy-two male Wistar rats, with initial body weights ranging
from 175 to 225 grams, were used in this experiment At the initiatlon
of the study, the animals were 51; to eight -weeks old. All animals were
housed in individual 7x10x7 inch selfcleaning cagespin a temperature-

+ 5
controlled room maintained at 240 - lOC The humidity in- the room was

relatively const;nt.! The day length ( 8 anl-- 8 p.m.) wasiartificially
:‘controlled by an automatic timer. ‘The~animals were fed a complete diet
(Rockland Complete Diet for Rats) Each animal received'daily-food and
water, ad libitum. Each animal was observed daily for stress signs and
was weighed each Monday, so that any sudden weight changes could be
observed; | :
The rats were randomly assigned into'a.control'group of 20 animals
and an exercise group of 52 animals, respectlvely.i The exercised rats

were trained to run on a motor drlven treadmill (Collins Company) and -

after,four weekS'were capable of running continuously fordone‘hOur»at-

one mph, (Sée Appendix A).“ Each animal continued to rum at, this intensityl-

3

forian additional‘sik»weeks;, Initially, mild electrical. stimulation was ‘

used to traln the rats: tp run.‘ ' * e o :-jf

Prior to the exercise programme bila/eral castration was performed
under light ether anaesthe51a, upon 51xteen of the exercised animals and
: "eight of the control rats. Unilateral castration was performed upon an

' *Vequal number in each group._ No surgical operation was performed on- the

;'other animais. The weights of the testi‘les were recorded and at the ?

conclusion of the experiment, they were compared to the weights of the B

‘testicles of the non-castrated and uni-castrated animals.‘v

~

e

- r . . . e o

Ary -
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During the course of the experiment one half of the exercised

_rats'and one half of the non-exercised rats received an anabolic sterodd,

-,
=y

E A
17 B - hydroxy’'~ 17« -~ methyl androstano (3, 2-c) pyrazol, (Winstrol -
Registered brand of Stanazolol - 50 mg/ml Anabolic), once a day, forlten

neehs;fuﬁhe accepted dosage of 5.0 mg for each 65-kg of body weight,

=per day,r£0r~humanslwas used. The proportional dosage per rat was 0 16

mg‘of "Winstrol." ' One ml of "Winstrol" was diluted in'300 ml of distilled
water and each animal was injected I.P., with a dose of 1 cc daily. The

solution was shaken each time it was used to g¢nsure that fthe concentration

i

“After a perlod of ten weeks,‘sacrif1c1ng was begun. Thirty;two'

to thirty—four an1mals Were sacrificed each week: for three weeks. The

3

exercised rats continued to run daily, until they were sacrificed. The
EXELELS aks -LNUEC ) : re sath

et

_‘body'weights'of the, animals were recorded just prior toideath} Twenty-six

of‘the.trained rats were run to exhaustion'immediately prior to death
and the time to,fatigue was recorded. All remaining;animals were
sacrificed at rest.

The animals were sacrlficed by insanguination, under. light ether

o anaesthesia. A mld line 1nc151on was made and eight to ten ml of blood

‘ . . " 4
were w1thdrawn from the bifurcation of the abdominal aorta jnto heparinized

syringes. TWO ml of the blood were quickly pipetted into a centrifuge .
.

tube, containing 4 0 ml of cold Perchloric ACld (PCA), to be used for the

/';determinafion of the lactate concentration (145) One ml of the,blood :.
‘Vwas pipetted 1nto an Erlenmeyer flask and was then assayed for glucose '
bfconcentration (124) Thefremainder of the blood-was centrifugedvat 3000 .
Fefrpm to obtain the blood plasma Duplicate one ml samples of fresh plasma

f'were removed to be analyzed for plasma free fatty ac1d concentration.,
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' iﬁmaintained deep~frozen (60°K) until gssay.
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The "true glucose" levels were measured'bi a'modification of the

enzymatic techniqué of Nelson and Somogyi' (124). The alkéliﬁe solution is

heated with the\protein—fféé filtrate, so that the blood sugar reduces

) théICUpric hydroxide-to cuprous oxide."Arsenomolydéte is then added.

f;This réoxidizes the 6opbe} and is it$elf reduced to give a complex of deep

’, < e

‘greenish-blue colour, the intensity of which is proportfonal to the amount

of reducing sugar preseht (124), "

. ; . A
The '‘absorbences were read on a Beckman DU-2 spectrophotometer at

540 mu. Distilled water was used in the blank and the reading of the

Y

oY
blank was adjusted for 100 per cent tfans&igtance or zero'optical ﬁénsity,}
}on the speétrophotometer. %tandard glucose solutions were made by diluting
the standar& 3lucoseAstSék’solution with 0.25 per cent benz;ic acid. The
concentrations of theée standard solutions were plotted against t@eir
abébpbenéé readings to.produce a stanéard curve. (Sample in Appendix Aj.
. he !

The left gastrocnemius and the left biceps brachii muscleé, as well

12

as the heart were removed, and all visible fat, connective tisgue and
. . : [
blood were removed with a prgbe, forceps, and gauze. The samples were

¢

3 4 . o
weighed immediately on a Roller-Smith precision. torsion balance and then

P

transferred with forceps to the bottom of capped test %ﬁbés?] Immediately

the samples and test tubes.were frozen in a mixture of Dry Ice and 95 _

A

" ‘' per cent ethanol. The pan, with traces of blood still remaining, was

-agai?A&eighéd, and the weight of the blood subtracted from the previous

weight to give the weight of the sample in the test Eube. .Samples were

®

. Glycogenfwas'determiﬁed, in the samples of skeletal and heart
: | ,

muscle, by the téchnique of Lo, Russel and Tayldf .(llS).,‘ This modified

phenollsulphuric acid ‘colorimeter technique has'beéﬁ'shown~to c0mpé:e
’ . ’ — '

~,,~_f.’,a.vour'ably with préviously substantiated methods for glycogen recovéry,
ROk T > L B i . &
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) colour reaction and reliabilityq(llS).
: \
. All chemicals used were reagent grade or certified A.C.S, For
the standard glycogen solutiens; glycogen powder (25\mg, Fisher No. G-47,
reagedt chemical) was dissolved in distilled water to five ml; This gave
a glycogen concentration of five mg/ ml. Less concentrated standard
glycogen solutions were prepared by volumetric dilution .of EbiS.StOQk'
solution. Water distilled in pyrex was used throughout.

After the‘samples'were_removed from tﬁe deep freeze, they were
kept in iee until assayed. An approprlate dllutlon of a prepared glycogen
selutlon was made by(the addltlon of distilled water. The weight of the
original muscle sample determined the degree of dilution used. A one ml
sample,of the above glycogen solution was hydrolyzed using sulphuric acid.
The ac1d ‘was added to yleld glucose, whlch was then dehydrzzzd to form 5-

Qlwdrozymethyl furfural This substance combines witd‘two molecules of
phenol to give a yellow-orange colour. Blanks were prepared by using ml
of distilled ﬁater instead of the glycogen solution.

o

The absorbence was Eféd'on a Beckman DU-2 spectrophotometer at

-

490 mu. All tests were carried out in triplicate to minimize errors

resulting from accidental contamination with cellulose lint, Triplicate

¢

one ml famples of standard glycogen solutions, containing from five ug

“

to 100 ug glycogen, were made. The average readings of their absorﬁenees
were plotted ageinst.the amount of giycogen used to produce a standard ”
“curve. (Sample“in Appendix A). o o | .

The method used for the determlnatlon of long chaln free fatty

(8

acids was develOped by Dole and Melnertz (24). This method of extractioﬁ

kS

- has been used mainly for studies of changes in the concentration of fatty

1 . L . . . . . }
acids in blood plasma (%3), and for the output of fatty acids from the’



isolated samples of adiéoée tissue (162),

The ternary mixture, hepténe—isopropyl alcohol-water, provides a
convegient two-phase systém for extraction of long-chain fatty acids (23).
When.the solvent components are taken in suitable prqportions, the phases
separate’ rapidly, without cgntrifugation.'-The long~-chain fatty acids
distriguté‘predominantly into the upper; nonpolar phase, whereas the
more pblar acids remain beloﬁ.(24).

The single extraction method of Dole and Me%gerté (24) was uéed witl
tﬂe followiﬁg modifications:'Ong ml of fresh plasma was analyzed rather
than 2 ml and therefore, the amount of each reagent used for the analysié
was also halved. As well, Nile'Blue A was used as the titfation indicator}
in place of thymol Blue, as it gave a more reproducible end-point.

Recrystallized palmitic acid was weighed and dissolved in heptane
to make a referengé_so%ption with known concentration. The duantity of .
sodium hydroxide used to titrate the standard solutions was plotted against

~

the concentration of the palmitic acid solution, to projuce a standard

curve. (Sample in Appendix A).. The blank extract contaihed 1.0 cc of
water instead of plasma; the standard, 3.0 cc of heptane. A new blank

and standard were made each day. The acid was titrated with a base, sodium

hudroxide, in the presence of one ml of indicator. Nitrogen was bubbléd
. ) .

through the alkali, while titrating to eliminate carbon dioxide.

H

-

Fat was removed from the epididymal fat pads and weighed on a .
Roller-Smith precision torsion balance. A fat sample, weighing approximate

\800'mg‘wés transferred with forceps into a 25 ml Erlenteyer flask containin

20 mwl of fat extraction mixture: IN H2504 (0.1 volume), heptane (1.0
volume), isopropyl alcohol (4.0 volume). - The fat sample was then

. homogenized at medium speed in a Virtis "45" homogenizer for five minutes.

™

4
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Five ml of t?e above solution were placed in a screw cap test tube épd weye
shaken, and then ieft to stand for five minﬁtes. The procedure for the .
analysis'of;plasma free fatty acids was then fblloﬁed (24). A second fat
sample was removed from the fat pad and weighed. Approximately 300 ﬁg
of fatty tissue was added to 4f0 ml of Krebs Ringer solution containing
5 per cent bovine albumin (PH 7.g). One ml aliquots were takeﬁ before
and afte; three hours of incubationbat 37°C in avmetabolic shaker. The
procedure of ﬁole-and Meinertz (24) fpr the analysis of plésma free fatty.
acids w;s then foll;wed.' ‘ ‘

The blood lactic acid was determined'by.the Sigma Kit Method (145).
In the presence of lactic dehydrogenase, lactic acid and B-Diphosphopyridine
Nucleotide (B-DPN) are COnvgrted to pyruvic acid and redﬁced B-Diphosphopyridine
Nucleotide (B-DPNH) re;peégively. ‘Since B-DPNH has a high opticai densitf
at 540 mu and B-DPN a low optical densit; at 340 mu, ;he cohcentration of
lactic acid converting excess B-DPN to B;DPNH may be determined by measuring
the opticai density offthe'reaf;ion mixture at 340 mu; As this reaction
will not golto completion unless.the pyruvic acid ig removed from the
mixtufe, a giycerine—hydrazihe buffer is added in,ofder that the hydrazine
will complex &ith the pyruvic acid.

A series of working standard lactic acid solﬁtiqps were made using
distilled water#x The sapéles and standards were read at 340 mu on the’
Beckman Db-Z_spec;rophotomeFer. The blank was adjusLed for 100 per cent
transmitgan;e. Ai;tandard curQe was obtained by pléttiﬁgAthe lacticNacid

»

standard solutions in mg per cent against the absorbence readings for

\

these solutions (Sample in Appendix A).

" Several of the testicles and‘the adrenals were preserVed in

formaldehydé so that Histqugical studies could be-cafried out at a later

.

%
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date. Serial sections of the adrenals and the testicles were embedded

in parafin wax and fixed in 10 per cent formalin and stained with
. V’
hematoxylin and eosin.

Statist¥cal Analysis _ .
‘ ' \

The experiment was conducted using a completely random design

-

with four réts_per treatment group. Initially each rat Qas randoml&
assigned to one of eighteen treatment groupst. Each of the éighteen
treatment groups were tested individually as to their effect on the
variable being measured, i.e.‘glycbgen, glucose, body Qeight, etc.,
Fifteen different one-way analyses of variance'werelrun. Only the values
obtained at the conclusion of the experimert were used in these analyses.,

In addition to the analyses of variance tests, multiplé comparisons

were made between cell means using the Newman-Keuls procedure (164). This

modified statistic is particularly useful in probing the nature of the
differences between treatment means following an overall F. The Newman~'
Keuls procedure is more stringent than the Tukey test, i.e. a Jarger

difference is required for statistical significance. The 0.05 level of

alpha was cohsi&ered'the point of significance for_all‘F ratios and multiple

comparisons, -



.CHAPTER 1V )
RESULTS ’ .
" The summary tables of the cell means, and the results from the

Analysis of Variance and the Newman-Keuls procedures are found in

Appendices B and C.

Sources of Energy for Metabolism

Graphical representations of the means contained in Appendix B,

for glycogen in the gastrocnemius, biceps and heart; free fatty acids
o ' "
in the plasma and the adipose tissue; and glucose and lactic acid in the

:

biood, are.found in Figures 3 to 10.
Blood glucose levels were not altéred by training, éastfation or

aﬁabolic steroids. - An exception to this finding was evident iévthe

group that was run tojﬁatigue, after receiving the anabolic steroid

.

(P<0.05) (Figure 6); P
Significant treatment effects for training for glycogen in the
: ggstrocnemiﬁs were found (Figure 3). A comparison between pairs of cell
» g%ans yield significant differences in glycogen in the gastrécnemius, for
the ‘trained groups sacrificed at rest and at fatigue (P<0.01). There
were no significant differences in glyCogeﬁ in th& bjCep-or heart muscle
for these trained‘groups.v(Figurés 4 to 5). Neither training nor thg
.aﬁabqlgc steroid had any significant effect on the amount of glycogen
stored in the heart or.ékeletal muééles. Castratiqn produced no significant
Ehanges in the levels of glycogen in the gastrocnémiﬁs, Bicéps or heart:
muscle, in any ofvﬁhe'animals; | '
Exercise to fétigue resulted in increased mobilization or an
increasedbconcentratioﬁ'of FFA in all‘of the trained groubs, exéept)qu-

thefuhicastrated, anabolic steroid group. Training-was found to produce

™

\ ! . . _31— . | .‘ h
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, ‘ .
little change in the resting FFA concentrations of any group.
’ N\

0\ -There was a. significant difference, in the cohcentration of
. .

lactate,;beﬁyeen the cell means of the non-castrated fatigue group and the

bilaterally castrated fatigue group. (P{0.0S) (Figure 10).
i e

Changes in Organ or Body Weights

The data, representative o% the body weights for the eighteen -

!
\

treatment. groups, at the time of sacrifice, is found in Figure 11 and |

N S . ¥ ' 4

. Appendices B and C. All amimals were of the same relative weight at the

initiation of the study. At the termination of the experiment, the
x C ‘
weightts of the trained animals were less than the weights of the control
(

‘groups CP<0:01). The animals subjected to bica§§ration alone, were

lighter than the animals Wthh received no castratlon, training, or anabollc

/9

steroids, (P<0.01) (Figure 11). A similar flndlng was_evident for the

non-trained rats given "Winstrol," when they were compared with their

Tespective control.group,’which did not receive any "Winstrol," (i <0f01)

(Figure‘ll). The weights of thr tralned animals rece1v1ng the "Wlnstrol"

/

dld not differ 31gn1f1cant1y from the welghts of the trained rats not

\

: recéfslng the anabolic steroid, or from the weights of the non-trained

animals receiving the drug, (Figure ll). | ) .

The changes in the 11ver weight that occurred paralled the changes

in the body weights, (Flgune 12). There was a significant difference

betwéen the weights of the livers of the trained animals and the non-
; ' Y )

trained animals, (P<Q.Ol) (Figure 12). The livers of the non—trained

. rats, which received the anabolic ster01d were 51gn1f1cantly smaller than

2

the livers of tH/;r reSpectlve non—tralned control anlmals whlch did not

* receive the drug, (P<0 Ol) (Figure 42)

~
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There were no significant changes in the weights of the spleen or
| the heart for any of the treatment éroups, (Figures 13 and 14 respecti;ély).
However, both the trained andﬁuntrained groups, which received the
" "Winstrol," had smaller adrenals tLan thgif respective control groups,

(P<0.01) (figqre 15). bn the other hand, the weighf of the adrenals

did not differ between the trained and untrained groups.

r

The weights of éhe testicles did not change signifiqantly under
any of the experimental conditions, (Figures lé and 17). However, w%en
the weights of the left.testicfes in the unicastrated animals, wﬁ{;h
were obtainedlprior to the sté;t of the experient, were compared to éhe
weights of the right testicles, which were obtained at thé end of fhe
study, there was a great aeal of variability. The'percentage incrgagqt
in weight wés anywhere frqm less than 1 per cent to greater than‘lOO per

cent. Ng~differénces sere..observed in the testicles or the adrenals,

when they were examined histblogicélly. (Figure 18 to 23).
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‘Magnification is 100 -times.
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Figure 18A

Serial Section of the Testicie of a

i

¢

Control Rat,

‘Given the Anabolic Steroid "Winstrol". Total

&

-

-

.Figure LSB

Serial Section of the Testicle -of

Total Magnification is 100 times .

a Control Rat.

w
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Figure 19

Magnification of the Serial Sections of the

D

Testiclés is 100 tdimes.

Scale is from 0.1 to 1.2 mm.
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Figure 20

Serial Section of the Adrenal of a Control Rat.

- Total Magnification is 400 times.
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‘Figure 21

Serial Section of the Adrenal of a Trained Rat,
Sacrificed at Rest. Total Magnif%cation is 400

_times, , . 8
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Figure 22 ‘ ;.
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Serial Section of the Adrenal of a Trained Rat,

Sacrificed at Fatigue. Total Magnification is
400 times. /
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CHAPTER V
DISCUSSION

Body and Organ Weights ' ,‘ | | : .

kimeldorf and Baum (76) state thattdaily exhaustive swimming
ﬁexercise of,iS to 30 minutes duréfion results in a significant depression
of %he rate of body weight gain.. This reduction in bédy weight is
prdbably the’resﬁlt of aﬁ incrgased energy expenéiture'through exercise,
accompanied by a concurrentL@ecrease iﬁ fooé cohsumption (765. ’In-£he -
present étudy, the tra;ned'a;iméls weighed less than thevcontrol.aﬁimals.
These results are in agreémeﬁt,with the findings of Kimeldorf and‘%aum
(76) and éollnick‘et al (41). f o - S
Castration leadsvto a gradual retardation of ﬁhe increase in ..

weight of growing male rats énd guinea pigs, howe#er, in the rat, all
- skeletal muséles énd the skin decre;se in weight and si;e, respeéti&gly;
in proportion (110), whereas, .in the guinea pig épme muséies decreaéé
in size more thgﬁ others (liO). The animals which were‘subjectgd to
bicastration alone’wefe lightef than the aniﬁals which received no
- castration, training, or anabolic sgeroiA{ in the present Study. Tﬁese
ré$ult§~afe suﬁported b;fthe fiﬁdihgs of Kochakian and oLhérs-(Sl,‘BS,
56,*88,.96; 110). Thevbicastrated,_trained group did nét differ | ' »~—

: sigﬁifiéan§1y in weight from the traihed COntroi gfouf, t§ef§fqre, it |
- would,appeéélthat the effects pf bicasfratioﬁ'and.éxefcise aré_hot"
.additibeg i.e. the training soﬁeﬁpwvaltefs:the:éfféctS'of‘bicastrétiong
:In:i93§ Koéﬁééién (80)‘fepor£éd that thé.eﬁérgf 103£fdue toc a
_fdécreéég;ih pfdteih catgbolism wa§$¢ompeaéétéd Py an>incté§séd.catabo%sim,.
1'I¢fﬁfat;<,1t is_known°from animai éxperimeﬁts thét anéboiic éteréidsyin;" s

;high ﬂoségES and'ﬁith‘proldngéd'administrééion'¥esults in-a decéﬁaéefiﬁ i

.f : o i" ?._  e ».: 1_52; 
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total fat content (20, 87 107) In the present study, the:body weights
of the, non—trained group, given "Winstrol " differed 51gnif1cantly from
the body weights of the non-trained gtroup, not glven the drug The

difference between these two groups may- be due to a loss of body fat in

the steroid group. On the other hand, it-may be that the daily injection

AN

of the drug, I.P., acted as a stress for the animal, resulting-in a
decrease in body weight. Selye-(144)f$tates'that exposure to a stressful

situation can cause a reduction_in‘body weight, regardless of the nature

of the stre331ng agent.

' There is a small decrease in the weight of the liver, w1th 4

.caétration (97). This is probably due to a decrease in the‘water and fat

L] '

content’ (84, 87). 'Kruskemner (%}O)HObservéd that no‘fat accumulated <

in the liver of normally,fed}rats, when they were given testosterone

'propionate over a long period:of time. The response of the weight and

|

nitrogen content of the liver, with the administration of androgens,

‘dépends on the dosage of the steroid (84 113). The changes in liver

v ou

weight that occurred paralled the. changes in the body weight. There

was a significant difference between the weights of the livers of the

o

trained animals and the non—tralned &nlmals. Also, the livers of the non-
?
trained rats, which received the anabolic steroid ‘were 51gndf1cantly

smaller than ‘the livers of their respective non trained control animals,

' which d1d not receive the drug.. The decrease in weight of the liver,‘
2 :

with training, may be due to a loss of llver fat and/or water This may

B -

also be the case W1th the administration of the anabolic steroid

Fog
4

There Were no 51gnificant changes in the weights of the spleen or .

7

the hean:for any of the treatment groups These findings are in agreement

with those of Gollnick et al (42) These authors (42) and Tipton et al
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k157), both obserwed that tralning had no effectlon spleen weight,
when adjustgﬂ for final body weight. Kimeldorf-and Baum (75), on the

other hand, observed tha{ the spleen of exercised animals was 31gn1flcantly

" larger than that of the controls, toward the beginning of the study.
However, a trend tyﬁard'recovery in weight was evident at the time of
1 ,//

_ sacrifice (76).//The welght.of the spleen is reduced during exercise,

when it is adjusted for final body.weight (42).

’ f.

Neither training, exercise, nor their interaction produced a

{

‘ sign;i}gént effect on the heart weight; after adjusting for final body

\ T :
weighit, according to Gollnick et al‘(él). On the other hand, Kimeldorf

affd Baum (76) observed that'the heart constituted a much greater portion

of the body weight-in exercised animdls than in controls. However, this

N

increase was not'adjusted for final body weight. With castration the

weight of the heart decreases_slightly, while the weight of the spleen

increases. This loss of weight in the heart indicates that it is
slightly dependent on ti: internal secretions of the testes (97). -
According to Tipton et al (157), the spleen weight is influenced by the

presence of the growth hormone (STH). The relationship that exists between
r .
the growth hormone and the effects.of the androgens is still uncertain,

4 hOWever Martin et al (117) have suggested that the growth promotlng
effects of the aidrogens may be mediated through enhanced growth hormone

releage by the pituitary. ) : .

Y .
lIt is generally concluded that training produces hpyertrophy of

’ the adrenals (37, 42, 47, 50 76). ‘Castration also results in an increase

in adrenal weight due to hypertrophy of each of the cortical zones, with
. . 1Y M
thé exception of the-glomerdlosa (97). Intermediate doses of androgens
. 4 ) |
(up to 5 mg/ day), on the other hand, cause moderate atrophy (11, 14).

// g



+ =55- . .

'Tﬁe observed weightvresponse, of course, does not allow any conclusions
about the function of the adrenal cortex. Whether these phenomené are
due to an androgen—dependgnt alteratfgh of ACTH secretion_ér to a direct
effect of the andéogens on the adrenals cannot be‘answeredvcompletely

at this time (110). Thereiwas no significant difference An the adrenal
weights between the trained'and untrained groups, whiFh'i contrary go
most of the researc@ (37, 42, 47, 50, 76). A wide végaation within the
.trained group was observed, which could actouqt.for the différence.‘ A
However, both the trained and unt;ained groups, which receivéd the JWinstqg},"
héd smaller adrenals than their respective control’groups. Therefore; it
would appear that the results of the éteroid treatment, in the present study,
"are in agreement with the literature'(ll, 14Y.

The weight of the testlclés did not change‘81gn1f1cantly under

any of the experimental cond1t1§ns. TheJresults, which indicated that
training had no significant effect on the Weiéht of the testeé are in
agreement with the findings of‘Klmeldorf and Baum (76) who observed that

the absolute weight of the teStes was not appreciably altered, desplte

v

the decrease in body weight. /When ‘the weights of the left testicle in the

N

unicastrated animals, which 7ere obtained prior to the start of the

' experiment, were obtained ag’the%end of the study, there was a great deal

of variability. The pérgenéage increase in weight was apywhere from less
. . : \
than 1 per cent_to greater than 100 Sgg cent. One or two testicles from
each of the experimental and control groups were examined histologically
to determine if they had been dltereg\ln any way. No dlfferences vere o

observeq, (Figures 18 to 20).. The adrenals were alsd_examined, and

no effects were observéd.,(Figures 21 to 23).

S

o (;’ / !
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‘Sources for Energy for Metabolism ' AN

. Glucose

According to Tipton and Taylor (156) it takes approximately 8
. " ?
weeks to tvain an animal, therefore, it is assumed that the animals used

in.this 'study were trained, when they were sagrificed. The trainéd
animal has a decreased rate o§ glycolysis! which acts synergisticaily-with
a relatively’greater utilization‘of fa;ty;acids (55).

According to Hermansen et al (51) dﬁring exercise of moderate

to heavy intensity (50 - 70% maximal oxygen consumtpion), there is a

significant decrease in blood sugar and in plasma insulin. In severe
\

3-exercise, it was found that there was little or no fall .in blood glucose
(75 - 80% maximal oxygen consumption), while in work at -85 - 90% of the
maximal oxygen consumption, which lasts for 20 minutes or more, there

was a small but significant increase in circulating glucose concentration.

«

Rodahl et al (133) observed that when the work load is such that

it can be continued for several hours, there is.a rise in the FFA/glucose
ratio. These findings are in accordance with the earlier observation
of Christensen and Hansen (19) that fatigue during prolonged work can be
characterized by a deérease in blood sﬁgar and a decrease in RQ. - The

FFA/glucose ratio erise during the last effort due to a slight

increase of lactat¢ production accompanied by\hyperventilaiionf(l9).

B

This increased “uptgke of glucose partially compensates for relative lack

E

of glycbgen consumption (60).

, | : .
Hultman and Nilsson (60) observed that at the end of prolonged-
'

muscular work appreciable amounts of glucose are producéd by glycogenolysis
in the liver, but|the blood sugar content still tends to fall. Rowell

A
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(135) and others (l3)lalso observed that glucose production by the liver
can contribute_supstantially to the sﬁbstrates utilized during moderate
to heavy exercise. ’

Androgén;rshow definite effects on éarbohydrate metabdlism that
persist thrgyghout their administration, even\wﬁen the effects on protein
metaﬁolism a%e no longer apparent (98). An explanation as to the &xtra
increase in'ﬁody weight may be found in the decrease in blood and-.urine
sugar (98). Bergamini et al (12) have suggested that there is a more
répid phosphorylation of blood glucose, and also an increase in glucose
- 6 - phosphate independent of glycogen - sythetase activity. These two
phenomena would explain the increased glycogen sythesis demonstrated byﬂ//’//fﬁ\
the incorporation of.both'glucose and pyruvate (12).

In the present study, the fatigue animals did not have a significant
decrease iq blood glucose. During prdlonged exercise of this type, a
relatively greater utilization of fatty acid oxidhtion will be used to
fulfill the energy requirements (55). Also, the increased production
.of glucose by the liver (13, 61, 135) may have been similar in quantity
to the incregsed uptake by the muscles, during the exercise. The

observation that a significant difference in blood glucose levels existed

T [

betwéen the trained group receiving the anabolic steroid, when they were

sacrificed at fest and at fatigue, should be regarded with some reserve.

A wide variation within -each group was observed, which could account for

]

this’ difference. However, it may be that the anabolic steroid and the
exercise were additive in their effects on the blood glucose levels,
" since each tends to produce a decrease in blood sugar, ‘depending on the

4

work load.
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‘Glycogen -

. During submaximal exercise requiring 60 - 80% of aerobic energy,
glycogen cohsumption is very Qigh and the local stores are gradually
depleted, at fatigue (61, 62, 153). ’‘The rate of glycogen depletion is
determined by the relative rather than the absolute work intensity of the
mcscle (61). Bergstrom and Hultman (13) observed that only Qorking
muscle groups utiliéed glycogen during' the work period. Thus, no fall
was noted ln the glycogen content of the restlng muscle groups. It was
al;o shown that the decrease in glycogen content varied from muscle to
mcscle. For example, the main,energy-supplying eubstrates for the
energy metabolism of the heart muscle are glucose, lacfhte and FFA (75).
Tge obeervations made in the present study are in agr%mmnt vith

b
those of Hultman et al (62) and others (138), in that the glycogen levels
wece significantly lower in the animals sacrificed.at fatlgue”than they

-

were in the trained animals sacrificed at rest. Also, there were no

-

Yy

signiffcant decreasee in the glycogen content of the heart and biceps
muscles, which is in agreement with the flndings of Bergstrom ané Hultman
(13).

The gesting glycogen content of the muscle can be e¢levated through‘
training (41?L61, 153). It has been shown that the activity of several .
individual aerobic and glycolytic enzymes is 1ncreased by muscular exercise
and tralnlng (56). The increased activity rate of tﬁe glycolytic enzymes
implies that glycogerolysis increases with muscular work (153)} Pfoccor
and Best (130) oﬂ%erved that the glycogen content of the exercising muscles
increases appreciably and often striklngly in dogs. However Bhds difference

between the tralned and the untralned tended to dlsappear, if tralnlng

was contlnued ‘after 15 - 16 days. They (130) observed that after 5 - 6
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.Weeks the glycogen contents of the muscleé were_in soﬁe caﬁ?s as similar
as they were before training commenced. Since the animals in the
présent study were t{ained for app;oximately 10 weeks, the results obtained
would tend to support the findings of Proctor and Bestl(150). No
signific;nt difference was found between the trained and the non-trained
groups, in the glycogen content of the gastrocnemius, biceps or heart
muscle. However, there was a wide variation within the trained, rest
group, for glycogen in the gastrocnemius, which could account for this
'failure to produce an increased glycogen content. )
it has been ‘shown that castration is followed by a decrease in
glycogen levels in the rat periqeal muscles 5114) andbalso in the levator
ani muscle (2, 12). Castration also had a similar effect on the liver
glycogeﬁ level (151). The influence of androgens on liﬁer and muscle a’
glygogen are not’concluéive. ‘Leonard (114)‘observed that the administratio;
qf testosterone increased glycogen synthesis in the rat perineal muscles
in both normal and castrated animals, quite apart froﬁ pituitary influence.
Meyer and Hershberger (118) found a pronounced rise in the glycogen
content of the levator ani muscle of castrated male rats, witﬂ{p 24 to
72 hours after treatment with testosterone propionate. After several
days the glycogen conteﬁt decreased; that is about t@e time at 'which
the %nQrogen dependent growth of the muscle begins'with an increase in
p¥oteiq S?ﬁteﬂt; Meyer and Hershberger (118) concluded‘tbat the effecf
of tesgostgrone propionate on the musculature is mediated by a primary
éffect oé testosterone oﬁ the musculature and 'that protein synthesis is
accelerafedj when additional energy in the form of glycogen Bécomes
availablé. Bergamini et al (12) suggest that increased glycogen synthesig
.caﬁ be ;ttributed to the greater pene;rétion aﬁd more rapid pﬁosphorylation

of blood glucose, and also to increase Gl - 6 - P,~ihdependent-of‘g ycogeﬁ‘¥

o
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;ypthe£ase activity. In the_bresent}study, the "Winstrol" did not have
a significant effect on the glycogen content qf the gastrocnemius, biceps
or heart muscle.‘ It may be that the anabolic steroids'influencé only the
‘metabolic processes of the androgen-dependent muscles.

\

The possibility that acfive anabolic steroids lead to the depletion
‘ 1 : ’
of liver glycogen has also been discussed. Weisenfeld and Goldner (160)

hypothesiied éhéé the liver glycogen was exhausted; due to an interference
. _

with the functionbof the iivér by the anabolic steroid. Weisenfeld (159)
suggested the possibility that. the active anabolic steroids act via an
inhibition of ACTH, and consSequently of glucocorticoid\secretion, lead%ng
to depletion of liver glycoéen. Landon et al (111), on the othet hand,
found that there are still adequate supplies ;f glycogen in the liver
_ anq that the glycolytic pathway is normal. .

Gillespie and Edgerton (36) observed that approximately 33% of
the enhanced glycogen\gtorage resulting from training appears to be
attributable directly or indirectly to the presence of normal‘testosterone
production or adeqﬁate testosterone propionate replacement. Whethéf
or not the administration of androgené‘to normal animais would: increase
the glycogen storage to an even éreater'degree, was not discussed.
"Winstrol'" had no significant effect on the glﬁcogen lévels iﬁ the
gastroénemius, biéeps or heart muscle, in the present study, nor did
castra&ionf "

During heavy exercise'(l hour), and especially at the end of
'prolonged miscular work, appreciable amounts of glucose are produced by

glycogenoly51s in the liver (62). If the anabolic ster01d does depJete'

the liver‘glﬁcogen, then the animals ability to peiform prolonged exercise

~
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‘could be limi£ed, dépending on the energy source$ available, sfhée the
liver glycogen is assumed to be the main source of carbohydrate for
muscular exercise in fully aerobic conditions (62). If,.howeyer, the
anabolic steroid in;r ases the g%ycogen‘level iﬁ the skeletal‘muscles,
then the exercise w0u§¥ be prolonged, depending on the work load. cThe
role of muscle glycogen was assumed to be that of a depot for 9naerobic
work only, leading to the formation of lactic acid, so that tﬁe work
load would have to be quite heavy (62). The present study do€s not

support the hypothesis that anabolic steroids increase glycogen in

skeletal muscles (Figure 3).

Free Fatty Acids

Fat, in the form of free fatty acid, serves as a major fuel foq

muscular work inman (15). It has been estimated that fat may contribu
. \ ' ‘

up to 90% of the total subétrate oxidized during submaximal work (15, 49,
66, 152). There is also an extremely rapi&‘increase in the FFA
concentration after exercise with the leyFl being about doubled in 5
minutes (65) indicating that exercise iééa skimulus for lipolysis

during muscular work (152). Gollnick et al (43) have indicated that -
more’than one hormonal systeﬁ may @e involved in activat‘gg lipolysis in

, L
(9) arrived at similar conclusions

‘fhe fét during exercise. Basu et él
for exercisiné.hu;éns. The faté“bf“dptake of_plasﬁa FFA, either at fest
.or inexercisgng dégs is direc£l7 and linearly dependent up&n the levels
of FFA in thé¥;lasma (i.é.\a §iﬁplevmass action effect) (67).h However,
the plasma FFA lévels are not solely régulated by the rate of uptake.

According to Armstrong et al (3), all mechanisms which operate (in dogs)

to regulate the FFA (and hence the rate of fat utilization) .appear to do

o>
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so by regul#tiﬂg the ievel of release from édipose tiésue.

t"In the present study, the animals had an increased concentration
of FFA-in the plasma and in the incubated and homogeﬁated fat tissues,
after a pfolonged exercise périod. This would éupﬁo;t the findings
of Issekutz et gl (67), Pruett (131) and Holloszy (55). However, the
concentration gf FFA in thé resting fat tissue wasﬂnot‘altered with

v

training (Figufe 8 and 9).Johnson et al (71) observed that trained and

k= , )

untrained suggfcts shdwed definite différenqés in the concentration of

metabolitesﬁ'%%'their blood, related to .energy supply. The FFA levels

rose steaéily in the trained and untrained dgfing exerciée, but whilé it

almost doubled in the athletes it trebled in the untrained group after

one and one-half hours. Johnson etkal (71) suggest that ;thletes can-

. i . @

oxidize fatty acids more effectively than can untrained subjects, due to

their intreased ability to oxidize metabolic fuels aerobically (64). In

the untrained dog, during moderate exer&ise, thé oxygen supply to the

adip;se‘tissue‘ig inadequate, aﬁd therefore ré—eéterification prevails

and the turnover rate of FFA decreases (64). Morgan et al (121)

observed- that after 4 - 6 weeks of duadriceps training there was a wide

fange of valués for intracellular triglycerides in both the controi and

trained nmuscles. However, there waslé net incréase in triglycerides

in the_trained huscle as compared to’tﬁe control. '
: \

Castration did not alter the mobilizaticn or concentration of
FFA in the plasma or the fat tissue, of tHe trained or Untraiﬁed animals.
’ . ; _ . .
Koéhakia; and Murlin' (79) observed thét,castratipn resulted in a decrease

in energy and nitrogen metabolism, with a decrease in protein, water and

ash content in proportion to the decrease in the ‘weight loss of the
. . o ,

_muscle’(86,’93). Only with androgen support was there an increased:

0

3



.utilization of carcass fat,
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N The decreasing effect of an androgen on nitrogen retention with a
concomitant decrease in body weight is attributed to a loss of body fat

accompanied by a redistribution of carcass protein (88). The loss of

‘carcass fat on prolonged treatment may be due to an increase in energy

metabolism due to either increased activity of the‘animal, therefore a
secondary effect, or it may represent the cost of redistribution of the
protein from the carcass to the internél organs (88). In those animals
that had é normal or subnormal amount of carcass fat, the utilization of

the fat was delayed and did not occur until the nitrogen-retention effect

of the androgen had disappearel (88).

Blood Lactate

-The concentration of lactic acid produced during exercise depends
to aAlarge ég;ent oqvpﬁe intensity pfnthe wo;k, and its duration. The;e
appears to be no marked inerease in lactic acid concentration, until the
work load is above 50 - 6OZVof £h¢ maximaljoxygen consumption. Above this
work oad, there is a rapid accumulation of lactate, until a maximum yalué

is reached. '

-

It has been abserved by sevéral authors (1, 5, 73) that during,

'prolqnged moderate aerobic exercise (less than 60% of the maximal oxygen

" consumption); the lactic acid concentration peaks bétween 5 and 15

minutes, and then there is a gradual decline for the remainder of the
exercise period. It appears thaty, during moderate to relatively heavy

work which is prolonged, the total metabolism within the liver, kidney

and other related organs is sufficient to consume alqslacgite produced

ass). g;",' | S, .

'aﬁg + - Astrand (4) interprets the decrease in blood lactate concentration

. . : . '
kS RN . ¢ f . . .
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as being an expression of a more effective oxygen transport during the

beginning of the work, leadiné to a diminished anaerobic energy yield.
Holloszy et al (55) do not agree with this hypothesis and they have
postulated several biochemical adaptions, which occur in skeletal muscles,
as being the cause of this adaption to exercise. It has been suggested
that glycolysis and glycogenolysis occur at a slower rate in the mus:les
of trained individuals during submaximal exercise (55). As.a result,
pyruvate and DPNH should be formed at a slower rate at a given submaximal

work load, accounting for a lower lactate production in trained as

compared to sedentary muscles (55). The other factor which,prqbably

contributes to, and acts synergistically with, the decreased rate of

glycolysis, in the trained individual, -is the relatively greater
utilization of fatty aeid oxidation to fulfili the energy requirements
efvsubma#imal exercise (19, 48, 64, 65).

'In the present study, the animals which were exercised;to fatigue
did not have significantly greater plasma lactate concentrations than the
trained animais, hhich were sécrifieed at rest. These obServations may
have resulted from the fact t£at the animals were trained (4, 55 138),
or from the fact that the prolonged exercise was primarily aerobic in
nature (37 152).

heither castration nor the anabolic steroid had any significant

effect on the lactate concentration.  The significant difference between :

- ‘the bicastrated, fatigue group and the control fatigue group is probably

due to the fact that the control, fatigue group had a lower lactate

concentration than would be expected.



* CHAPTER VI '

I SUMMARY AND CONCLUSIONS

u

Seventy-two male Wistar rats were used in this study to determine

\

the effects of prolonged eiercise,jan anabolic gteroid and castraiion on

g3

energy storage and mobilization in traffgfd and ?ntrained rats.
i

The animals were randomly assigned into a control group of 20 P

animals and an exercise group of 52 animals, respectively. The:éiéréiseéfﬁ :

rats Qeré trained to run on a motor driven treédmilr and aﬁter‘fodf“@eeés?..
were capable of'running continuously for one hour at oﬁe.mph% 5 days

per week, , Each animal continued to run at this intensiry for an additional
six weeks; Twenty-six of the trained ré£s were run to exhaustion
immediately prior to sacrifice and the time to fatigue was recorded.

All remaining'animals were sacrificed at ;est; During the course of the
experiment one-half of t?édeiércised rats.%nd one-half of the non-~exercised

rats received an anabolic steroid, “Winstrol" (17B-hydroxy~17« -

o

methylandrostano (3, 2%&);pyféﬁol) (1.P. O.Bb mg/ kg), once ahdéy,“}or

kkkkkk

M~

ten weeks. L ;o Lt

Prior to the .exercise programme, bilateral castﬁﬂﬁéoﬁ@ﬁas'performed

upon 16 of the exercise animals and 8 of the_ control rats. Unilateral

\

castration was performed upon an equal number in each group. No surgical

operation wasjaprformed on the gther animals. -The weights of the testicles

were recorded, and at the conclusion of the experiment, they were compared

to the weights of the testicles of the non-castrated ;hd'unilaterally

»
~ T

castrated animals.

'~ Analysdig of the results indicated that training had ‘no significant
. 4 . . : ¥
effec, 'he parameters measured, with the exception that the growth rate
. . ca 14 . ' . .

of the body and the liver was retarded with training. Prolongéd exercise
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‘to fatigue resulted in a decreasegin gastrocnemius glycogen and an e e,

increase in plasma FFA levels and lipid FFA mobilization.
e The anabolic steroid, "Winstrol," had no effect on the body
weight, liver, spleen, heart or testicular wéights in the trained rats. .

" However, in the untrained animals the body and liver weights were

1

less., Both. the trained and the untrainéd_animals>had smaller adrenals,

with steroid administration.

The res%ing glood glucose levels, FFA levels, and the glycogen’
stores were not altered by the drug. "Winstrol" had no effect 6n,the
mobilizatioﬁ of FFA‘o; the utilizatian of glycogen or blood glucose‘

with exhaustive exercise.

Conclusion

The anabolic steroid, "Winstrol" had no significant effect on the

[

storage or mobilization of energy sources, in the trained and sedentary

" rat.

. ? \



REFERENCES
l.o.Aﬂlborg,-B.; Bergstrom, Ekelund L.G. and E.
Hultman. "Muscle glycogen and muscle electrolytes-

during prolonged exercise', Acta Physiologica
Scandinavica, 70:129-142, 1967.

2. Apostolakis, M., Matzelt, D. and K.D. Vogt. "Der

einflub von testosteron proplonat auf glykoltyische:

und trapsaminieren de enzymaktivitaten in ‘leber,
musculus blceps femoris and musculus levator ain .
der ratte", Biochemische Zeitschrift, 337:414-

v 424, 1963.

3. Armstrong, D.T., Steele, R., Altszuler, N., Dunn, A.,

Bishop, J.S. and R.C. deBodo. "Regulation of plasma

free fatty acids turnover" , Amerid¥n Journal of
Physiology, 201:9-1%, 1961. :

4. Astrand, P.O. and'K.ﬂRodahJ. Textbook of Work:
Physiology, New York: McGraw-Hill Book Co., 1970.

5. JAstrand, P.0. '"Interrelati f between physical
activity .and metabolism ¥f carbohydrate, fat,
and protein", Symposia of .the Swedish Nutrition
Foundation, Vol. V,G. Blix (editor), Uppsala,
Sweden: Almquist and Wicksell, 1967.

6. Astrand, P.0. "Diet and af@le;ic performance”,
’ Federation Prockedings,&26:177241777, 1967.

!

‘ . . 2R
7. Barcroft, J. and . J.G. Stephens: "Observations upon‘>
the size of the spleen', Jgurhal of Physiology
London, 64: .1-22, 1927. %% . C

8. 'Bartleik, P.D. and A. Stevenson. "Effects .of protein
ana--llc hormones- on rates of proteln degradation,
and protein loss in the fasting dog" Endocrlnolgy,
55:200- 204 1954

9, Basu, A., Passmore, R. and- J.A. Strong. "Th@ effect
of exercise on level.of 'non-esterified fatty .acids
in the blood", Quarterly Journal of hxperlmental
Phy51ology, 45 312, 1960

\

Carnegie Instltute Washlngton Publicatio
187 1913. '

Pe e

11. Bennett T. and‘H.J;.Evans. "The éffects of| 17-vinyl
' testosterone, l7-cis testosterone, and tpstosterone
propionate on immature rats'", Anatomical Record
. 108:597, 1950. (Abstfact) m——

10. Benedlct F.G. and E.P. Cathcért~‘"MuscoIE?LWork",' :

A



12.

[N
(@]

14

«

15.

16.

17.

18.

19,

20.

21.

22.

Christensen, E.d. and 0. Hansen. Arbertsfﬂhlgkth und .

-68-

!

Bergamini, E., Bombara, G.,and ¢.,Pellegrino: "Effcct
of testosterone on g]ycogen metaborlsm in rat
levator ani muscle" , Bliochimica et ;1_y1v ica
Acta, 177:220-234, 1969. \

Bcrgstiyom, J. and B. o Hultman. YA ctudy of the glvcogen
metabolism during exercise in man', Scandinavian
Journaldef Clinical LﬁEPLELEEileXEELEEQEEPE» 19:

® P
-

Browning, H.C., Holmberg, L.M. and W.D. White. )
"Homeostasis of organ weight in response to in-
creasing dosage of testosterone in the castrated
mouse', Enddcrinology, 69:901-908, 1961. #.

Carlson, L.A. Ekelund, L.G. and L.Oro. "Studies on
bleocod lipids during exercise. IV Arterial con-

* centration of plasma free fatty acids and gyﬁerol
durinpg and after pralonged exercise in normal
men', Journal of Laboratory &ld Clinical Medicine,

bl

61 724-729, 1963.

Carlsten, A., Haligren, B., Jagenburg, R., Svanbo?g,
A., and L. Werko. "Myocardial metabolism of glucose,
lactic acid, amino acids, and fatty acids in

" healthy human 1nd1v1duals at rest and at different
~work loads'", Scandinavian Journal of Clinical

Laboratory Investigation, 13: 4132428 1961.

Carpenter, T.M. "The fuel of'muscu%ar activity in -
mat', Journal of®Nutrition, 4:281-304, 1931.°

(

- Gathcart, E.P. "The influence of niuscular work on

protein metabolism', Whv iological Review, 5:225-
243, 1925. °

iy

- \
v .
~4 Iy l

o

ernabrung , Scandinavinda Archives Physiojogv, 81:
160, 1939. . . ; , o

Coxon, R.V., Korenchewvsky, V. and L. Lawrence.
"Chemical changes in the heart, liver, and kidneys
of rats aftér administration.of sex hormones',
_Journal of Pathology and Bacteriology, 72:613-
621 1956,

Dill, D B. NThe econolhy of muscular exercise',
‘PhV(iolf%lcal Review 16:§63—291,’1936. : v
Dole, V.P. "Fat as an energy 50urL°', In: Fat as a o
Lgiigé; K. Reodahl and B. Iqsckurz ~ New Yorxk: MeGraw
CHLLD Book C6., p. 230-259, 1964. .1 - ‘

]

- N RN
5

¢ - - o



-4

-69- ,

/
/

23, Dole, V.P. "A relationshiﬁ between non- esterified
fatty acids and the metabolism of glucose", b
Journal of (Clinical Investigation, 35:150, 1956.

\
24.° Dole, V.P. and H. Minertz. "Microdetermination of
long chain fatty acidsin plasma and tissues:,
Journal of Biological Chemiatry =~ 225(0).7505.

2599 1960.

25. Drasin, R., Hughes, J.T., Krause, R.F. and E.J. Van
Liere. "Glycogen content in normal and
hypertrophied rat heart", Proceedings of the

Society for Experimental Biology and Medicine,
99:438-439, 1958.
~‘&-—!

26. Faulkner, J. A., Maxwell, L.C. and D.A. Lieb®rman.
"Histochemical characterlstlcs of muscle fibres
from tpained and detrained guinea pigs'",
American Journal of Physiology, 222(4):836~

840, 1972. .
i
27. Felig; P. and J. Wahren. Interrelatlonshlp between'
amino acids and carbohydrate metubolism during P
exercise:; the glucose - aglanine cvcle”, Ed. B.

Pernow and B. Saltin, Advances in Experimental
Medicine and Blology, New York: Plenum Press,
11:205-214, 1971.

28. Fowler, W.M., Gardner, C.W. and G.H. Egstrom. "Effect
of an anabollc steroid on the physical performance
of young men", Journal of Applied Physiology, 20
(5):1038-1040, 1965.

29. F:Eechini F., Gavazzi, G. and G. Ggullanl. "Observations
on the actlon of some steriods derfved from ~
t'estosterone at the adrenal level”, In:Hormonal
Steroids,(2),. L. Martini and A. Pecile,” New
York: Academlc Press p. 325-331,1965. ’

C , A

30. Friedberg, S.J., Harlan, W.R., Jr., Trout D.L. and

‘ E.H. Estes Jr..'"The effects of exerc1se on the
concentration and turnover of plasma non-.
esterifiegq *apt) aclds Journal of Clinical
Investlgathg 39 215 1960 : .

31. T"Funk, C., Harrowy &, and A. Lejwa. "The male hormone"
Amexlcan Journai of th51o]ogy, 92 440-449 1930.

&

32. Furman,_P. and R Howard "Influence of gonadal’

" Rormones on serum llpldS and lipoproteins: Studies
in nermal andi hypogonadal subjects", Annals of
Internal ﬁedlcnnex\ﬁ7 :1969-977, 1957. :




33.

34.

35.

36.

37.

38.

39.

40.

41.

43,

-70-

Gaebl%r, O0.1H. and S.M. Tarnowski. "Effects of
estrone ascorbic acid and testosterone propionate
_on;nitrégcn storage and insulin requirements in
‘dogs", Endocrinology, 33:317-324, 1943.

Geiger, E. "extra caloric functigp of dietary
components in relation to protein utilization”,
Federation Proceedings, 10:670-675, 1951.

_Gemmill, G.L. "The fuel for muscular exercise",

Physiological Review, 22:32-53, 1942.

Gillespie, C.A. and V.R. Edgerton. "The role of
testosterone in exercise-induced glycogen
supercompensation', Hormone and Metabolic Re-
search, 2:364-366, 1970.

Gollnick, P.D. "Chronic effect of exeyrcise on liver
cholesterol of normal and hyperchd%esteremic/
rats'", American Journal of Physiology, 205: /
453-456, 1963. |

Gollnick, P.D. and C.D. Ianuzzo: "Hormonal defdciencies
and the metabolic adaptions of rats te training”, '
American Jourunal of Physiology, 223(2):278-282, 1972.

Gollniek, P.D., Ianuzzo, C.D. and D.W. King.
"Ultrastructural and enzyme changes in muscles with

exercise", Ed. B. Pernow and B. Saltin, Advances
in Experimental Medicine and Biology, New YoxL.
Plenum Press, 11:69-81, 1971. '

Gollnick, P.D. and D.W. King. "Effect .of exercise
and trqlnlng on’ mitochondria of 'rat skeletal
muscle', Amer:cbn Journal of Phy51o]ogv, 216 (6):
1502-1509, 1969.

4 N

: /
Gollnick, P.D., Struck, P.J. and T.P. Bogyo. "Lactic
dehydrogenase activities of rat heart and. skeletal
muscle after exercise and training” Journal of
Applied Physiology, 22(4): 623-627, 1967

Gollnick, P.D., Struck, P.J., Soule R.G. and J.R.
Hendrick. ”Lffect of exerotxe and tralnlng on the
blood of normal and splenectomized rats", = ° '
Internationale Zeitschrift fur Angeuandte
Physiologie, 21:169-178, 1965,

»

Gollniqk,\P.D.,‘Soule;,R.G.& Taylor, A.W., Williams,
C. and C.D. Ianuzzo. "Exercise-induced :
glycogenolysis and lipolysis in the rat: hormonal -
influence", American Journal of th51ology, 219
(3):729, 1970 : : :




~-71-

44, Gordan, G.S., Evans, H.M. ‘and M.E. Simpson. "The
effects of testosterone propionate on body weight
and urinary nitrogen excretion of normal and
hypophysectomized rats", Endocrinology, 40:
375-380, 1947, ¢ .

45. Gordon, E.E., Kowalski, K. and M. Fritts. "Protein
changes in quadriceps musclé of rat with
repetitive exercise'", Archives of Physk
Medicine and Rehabilitation, 48:296-303, N966.

46. Guyton, A.C. Textbook of Medical Physiology, 3rd ed.,
Philadelphia: W.B. Saunders Co., 1966.

47 Tati, S. "Cn the influcnce of cxercisg on the growth
of organs in the albino. rat", Anatomical Record,

t
9:647-6065, 1915.

48. Havel, R.J., Carlson, L.A., Ebelund, L.G. ,and A.
Holmgren "Turnmover rate and oxidation of different
free fatty acids in man during exercise",

Journal of Applied Physiology, 19:6132618, 1964,

49. Havel, R.J., Naimark, A. and C.R. 301chgrev1nk
"Turnover rate. and oxidation of free faLty acids
of blood plasma in man during exercise: Studies

during continuous infusion of palmitate-1- clam,
Journal of Clinical Investigation, 42:1054-1063,

1963. .
50. Hearn, G.R. and W.W. Wainio. "Succinic dehydrogenase
£ activity ofsthe heart and skeletal muscle of.

exercised arts", American Journal of Physiology,
185:349-350, 1956.

51. Hermansen, - L., Pruett, E.D.R., Osnes, J.B. and F.A.
Giere. "Blood glucose and plasma insulin in re-
sponse tqQ maximal exercise and glucose infusion',

. Journal of Applied Physiology, 29:13-16, 1879.

52, Heémansen, L., Hultman, E. and B. Saltin. "Muscle
glycogen during prolonged severe exercise', Acta
Physiologica Scandinavica, 71:129#1@%; 1967.

»

53. Hettinger,‘T. Physiology of Strength, Jllinois: C.C.
~Thomas, p. 44-53, 1961 e *

54. Hirsh, J. "Tatf} acid patterns3in‘human adipdse tissue'",
. Ed. A."Renold and G. Cahill Jr., Handbook of
Phy51o]05y, 5:181- 189 71965. - ,




~72-

Y

55. Holloszy:, J.0., Oscai, L.B., Molg, P.A. and I.J. Don.
"Biochemical adaptions to endurance exercise in
skeletal muscle", Ed. B. Pernow and B. Saltin,
Advances in FExperimental Medicine and Biology,
New .York: Plenum Press, 11:51-59, 1971.

56. Holloszy, J.0. "Biochemical adaptions in muscle:
Effects of exercise on mitochondrial oxygen
uptake and‘respiratory enzyme activity in
e skeletal muscle', Journal of Biological Chemistry,
242(9):2278-2282, 1967. . o

57. Homberger, F. and 0. Pettengill. "The protein
anabolic and other effects of testosterone
propionate in mice: Fffects of nutrition and
interrelationship of biological activities of
the hormone'", Endocrinology, 57:296-301; 1955.

<

58. Houston, M.E: and G.T. Tomlinson, "Effect of an
anabolic. steroid at the-.molecular level',
Training: Scientific Basis and Application,
‘Springfield: C.C. Thamas and Company, 1972.

59. -Howard, R.P..and P.R. Furman. "Metabolic'and serum
lipid effects of methylandrostane and
methylandrostene pyrazoles', Journal of Clinical

\\\\J; Endocrinologyv, 22:43-51, 1962,

Al

60. Haltman, E. "Muscle glycogen stores and prolonged
o exercise'", In: Frontiers:of Fitness, Ed.®R.J.
Shephard, Illinois: C.C. Thomas, p.37-60. 1971.
. - ; L .
61. Hultman, E. "Studies on the muscle me@%bqlism of
glycogen and active phosphatg in man, with
special reference to exerci%e and. diet",
Scandinavian Journal of Clinical lLaBoratory
Investigation, L9: suppl. 94:39-40, *1967.

.

L
‘)' 4 . - ', .
62. Hultman, E. and L.H. Nilsson. "Liver glycogen in man:
Effect of different diets and muscular exercise',
Ed. B. Pernow and B. Saltin, Advances in J
Experimental Medicine and Biology, New York:
Plenum Press, p. 143-151, 1971.
.- . . W E )
63, Hultman, E., Bergstrom, J. and A.E. Roch-Norlund. )
I . "Glycogen storage in human skeletal muscle", Ed.
¥ ‘ . B. Pernow and B. Saltin, Advances in Experimental
‘ Medicine and Biology, New York: Plenum Press, p. °
L 273-288, 1971. - > o
ussmmaiontll N . . . -
B 3 o f - , ) _ : ) v . . . ‘
§§ 64, "Issekutz, B., Jr. and ‘P. Paul. "The rdle.of extra-
%" : muscular energy sources in the metabolism of the
' exercising.dog", Federation Procd@ddings,. 25:334]
X o
196§. . . | J s




65.

66.

67.

68.
69.
70.

71.

72.

73.

74,

o«

>

-73- %

) 14

/ : o o
éekutz, B., Miller, H.I., Pa§§é§y. anf¥K. Rodahl.

I

T "Aerobic work capacity and plasma free fatty acid
turnover', Jdurnal of Applied Physjology, 20(2):
1415-1420, 1965. s

)

‘"Issekutz. B.. Miller, H.I. and K. Rodahl. "Lipid

and carbohydrate metabolism during exercise',

Federation Proceedings, 25:1415-1420, 1966.

Issekutz, B., Jr., Miller, H.I., Paul, P. and XK.
Rodahl. "Source of fat oxidation in exercising
dogs", Americaﬁ/Jourual of Physiology, 207:583-
589, 1964 . : ,

Jervell, 0. "Investigation of the concentration of
lactic acid in blood and urine", Acta Med
Scandinavinca Supplement, 24:1-135, 1928.

Johnson,L.C. and J.B. 0'Shea. :ﬁ;}bolic sterold:

Effects on strength q&velopm 1t", Science,
164:957-959, 19694 ] -
s ﬁ‘ ‘ “:“ .
Johnson, R.E. and H.T. Edwvards. "Lactate and pyjguvate
in blood and urine after exercise", Journal of

Biological Chemistry, 118:427-432, 1937. - ‘ ’
Johnson, R.H., Walton, J.L., Krebs, H.A. and H.D.,

Williamson. '"Metabolic fuels during and after /TN

‘'severe -exercise in athletes rahtd non-athletes', p

The Lancet, 2:452-455, 1969.

Johnsonh L.C., Fishef, G., Silweéster, L.J. "and C.C/
Hofheins'. "Anabolic steroid: Effects on.-strength,

. body weight, oxygen uptake and *spermatogenesis

upon mature males', Medicine and Science in
Sports, 4(1):43-45, 1972.
. . * " . s .

@ .
Jarfeldt, J. and J. Wahren. "Human- forearmgmuscle
i metabolism during exercise: V. Quantitative:
! aspects of glucose uptake and lactate production’,

t Scandinavian Journal of Clinjcal Laboratory

{ Investigation, 26:73~-81, 1970. - » » .
vl . . -

4 . X . " - T R ’”ﬁﬁ
Kdrlsson, J.. and B. Saltin. "Lactate, adenosim¢, RS

triphosphate’, and creaginé~phosphate in the work
ing muscles during exhaustive exercise in ééq“a
Journal of Applied Physiology,_29:596—602,'

Keul, J. "Myocardial metabolism in athletes"

Pérnow and B. Saltin, Advances in Experimental |, T \
Medicine and Biology, New York: Plenum Press, p.
447-455, 1971. ¢ ' SRR ey »

Ce - ' B T R ' . s
v _ . i : : )



»

74~

\\

76. Kimeldorf, D.J. and S.F. Baum. "Alternations in organ
and body growth of rats following daily exhaustive
! exercise, x-irradiation, and post-irradiation
exercise", Growth, 18:79-96, 1954, o

77. Kitay, J.I. "Effects of the gonadal hormone on ACTH
secretion”, In: Hormonal Steroids, (2), Ed. L.
Martini and A. Pecile, New York: Academic Press,
p. 317-324, 1965 .4

78. Knuttgen, H.G. "Lactate and oxygen deft: An intro-
duction™, Advances in Experimental Medicine and
Biology, Ed. B. Pernow and B. Saltin, New York:
Plenum Press, 11:361-369, 1971.

79. Kochakian, C.D. and J.R. Murlin. "Effect of the male
‘hormone on the protein and encrgy metabolism of
castrate dogs'", Journal of Nutrition, 10:437, 1935,

80,fﬂKochakian, C.D. "Effect of the male hormone on . protein
metabolism of castrate dogs", Proceedings of the °
Society for Experimental Biolopgw and Med1c1ne,‘ 5

32:1064, 1935, , \ K

81. Kochaklan, C.D. "The protein anabolic effects of
steroid hormones'", In: Vitamimes and Hormones,
Ed. K.V. Thimann and R.S. Harrisg 4:255, 1946.

'82. Kochakian, C.D. "The effect of dose and nutritive
state on the renotrophic and androgenic acdtivities.
of'various\steroids”;AAmerican Journal of s
Physiokogy, 14535Q9, 1946. R L oo

; , :

;

83. Kochakian, C.D., Moe J.G. Hunter, M.L. and C. _
P Stettner. "The protein. anabollc property of ' _
testosterone propionate in normal, caetrated . %
adrenalectomized and hypophysectomlzed fdtS /
Federation Proceedings, 6: 144 1947.

" 84." Kochakian, C.D., Garber, E.Ea_and M.N. BzYtlettu "The /{
effect of estrogen alone and in"combination with /
. testosterone, on the,body-and organ weights and' . /
\ ’ the - arglnase and phosphatases of the organs of /
" the mouse', Amcr1can Journal of Phy51o]ogz, 155:
. . ‘265v27l, 1948, SR -
85. Kochakian, C.D., Bartlett, M N -antl J Gongora‘ "The .
' effect of- caquatlon and androgens on' bo and.
orgaf welghte and the arginase and phdnphatase&
of the kidney and liver. of the male Syrian hamster

" ‘American Journdl of Physiology, 153:210, 1948/
- ; 1 . ~ : . B T " * o //

o ' § : A . ) .



X

86.

87.

88.

89.

" 90.

-«

- 93.

©

94.

P

~75- ,

Kochakian, ,C.D., Humm, J.H. and M.N. Bartlett. "The
effect of steroids on-the body weight, temporal
muscle, and organs of ‘the guinea pig", American

» Journal of Physiology, 155:242, 1948.

Kog¢hakian, C.D. and C.G. Stettner. '"The effeg% of
testosterone propionate and growth hormone, on
the weights and composition of the body and organs
of the mouse'", American Journal of Physiology,

155:255, 1948.'

Kochaklaﬂ, C.D., Robertson, E. and M.N. Bartlett. "The
sites and nat@re ofs protein anabollsm stimulated by
testosterone propionate in the rat'§ American B

Journal Of Physiolog), 163:332—346,’/ 1950.

>

: : A

Kochakian, C.D.. "The mechanism .of pgbtein anabolic
Jaction of testosLerone p}oplonaté , In: Symposium
on Steroid Hormones, Ed E.S. Gordon, Wisconsin:
University of Wiscon51n Press, p. 113, 1950.

.Kochakian, C.D., Moe, J.G. and J. Dolphin., "The

protein anabolic effect of testosterone propionate
i'h adrenalectomized and nosﬁal rats", American
| Journal of Physiology, 162*581—589, 1950.

[

'Kochaklan, C.D. and -W. van dér Mark. "The relationship

of protein intake to th?/proteln anabolic acthlty
of testosterone propiondte Proceed1rgq of the
Society for Experiment#i Biology, 79:74=75, 1952.

Kochaklan, C.D. and J. é&phln "The protein ‘anabolic
effect of testostergﬁe propionate in the hypo=
'thyrold rat”, Amerigfagn Journal of Physiology, 180
317-320, 1955. 4 ’ . .

4

Kbchakian,'C.D., Tilﬁ%tson, C., Austin, J., Dougherty,

\

E., Haag, V. and/R. Coalson. "The effect of
castrétion on wdight andJcompOSLtlon of the muscles
of the guineanfg",.Endo‘finblqu; 58:315, 1956.

Kochaklan, C.D.,/ Carroll, B.R. and B. Ubhri. "The
metabolism of ¢19 steroids by homogenate§ of the
kidney, hgart, testes, and the prostate", American’
QEEIBE} of/Phy51ology, 189:83, 1957. ’

ism of stosterone by guln&; pig liver and kxdney
" hombdg endtcs , American Jourpal of. thsiology, '189:
78“82’/1957 ,

sy, < o,

. -

L

: 95.- Kochakl?n, C.D., -Raut, VJ and D.M. Nall. "The metabol-

<

'\!



96. Kochakian, C.D. and D.C. Cockrell. "The response of
individual muscles of the guinea pig to "large"
doses .of testosterone propionate', Proceedings
of the Society for Experimental Biology and
Medicine, 97:148, 1958.

97. Kochakian, C.D. "Mechanisms of androgen action',
Laboratory Investigdtion, 8:538, 1959.

r

98. Kochakian, C.D. and G. Costa. "The effect of

. testosterone propionate on the protein and’
carbohydrate metabolism in the de-pancreatized-~
castrated dog', EndocTinology, 65:298, 1959.

-

99, Kochakian, C.D. and D.G. Harrison. "The regulafion
of nucleic acid synthesis by androgens',
Endocrinology, 70:99, 1962. . ..

- 100. Kochakian,.C.D. "The mechanism of anabolic aciion of

androgens'", In: Mechanism o6f Hormone Action, Ed. R.

“Karlsson, New York: Academic Press, p. 192, 1965.
- B &

*

101. Korenchevsky, V. and M. Schuttress-Young. "'The s;xual
: glands and metabolism. ‘LXIV. The influencé of
water-soluable testicular and prostatic extracts,
fractiomated at various isoelectric points, upon .
the nitrogen metabolism of rabbits and the™ '
development of the genital organs of rats',
Biochemical Journal, 22:491—508,_1928. ;
-,
102. Korenchevqu,,v.“"Twe sexual glands and metabolism.
LXIII. The 1nf1u&ﬁce of lipoid extracts of the
testiculgr and prostatic on the nitrogen .
metabolism of r‘bbitq and oa'the developmentagf
the genital organs of rats", Biochemical Journal,
_ ,2;:482r490, 1928. : " o ~ ~
5 : ‘ Q s
103.. Korenchevsky, V. "The sexual’ glands and metabollsm.f
_ I. The influéncé oncaGtrat{bn on nitrogen and .w~f
. gaseous metabolism"] British'Journal of Enperlmental

Pathologx, 6{21—35, 1925

104. ZXovenchevsky, V. "The séxual glands and metabolism. V,

+ The influence’ of lngectfons of test1cula1 or ovarian -

emulsions upon “the nltxogen and gaqeous metabolism ’

of dogs and rabbits" ,'b]lflsh Tournal of Expellmental
Pathology, 6 158-1t72, 192; R

”

103 w Korenchevqk;, . and M. Carr. “The sexuﬂi glands an
: metabolism., II The influence of emulsions’ of testis- ¢
and prosL te upon the nitrogen meLabollsm of
rabbits', British Journal\of Expen{mental Patholqu,
6 74 8}' 1925,. . . ,

L
I3 _f.»‘f‘—_ﬁ'
- -t o . A R



106.

107.

. 108.

109.

i10.

111.

112.

113.
114,

115.

r

-

~77=

Korenchevsky, V. and M. Carr. "The sexual glands and
metabolism. IV. The influence of injections of
emulsions of testes and prostrate and of insulin-
like testicular extracts upon the nitrogen

metabolism of normal, ‘castrated and thyroidectomized
rabbits", Binchemiral Tournal, 19:772-782, 15zZ5.

Korner, A. and F.G. Young. "The influence-of
methylandrostenediol on the b dy weight .and carcass
composition of the rat", Joufmal of Endocrinology,

 13:78-83, 1955 :

Kraus, H., Kirsten, R. and J.R. Welff. "Die wirkung
von schwimmund lauftrainingauf die cellulare
function und struktur des muskels", Pflupers
Archives, 308:57-79, 1969. .

. @

Krebs, H.A.4and M. Woodford. ”Erustose»1,6 -
diphosphate in striated muscle , Biochemical “
Journal, 94:4364445,41965:r

Kruskemper, H.L.oAnabolic Steroids, TransLated by

C.H. Doering, New York: Academic Press, 1968.
* }
Landon, J., Wynn, V., Houghton, B.J. and j‘N.C,
Cooke. "Effects of amabolic steroid, methandienone,
on carbohydrate.petabolist in man. II. Effect of
methandienone :;Qlesponse.to glucagon’, adrenélin,
¥¢nd insulin in thé fasted subject', Metabolism,
1(5):513, 1962. < ’
: . Rl -
Lathe,. G.H. and R.A. Peters. "The prbté%%tspafiqéqﬁ
effect of carbohydrate in’rormal and burned rats",
~Quarterly Journal of Experimental Physiology, g_)‘
352157-172, 1949. T S

3
I

/ #

i
- 14

]

v

s {
’ 2 v l . ST . . ¥ .
~Leathem, J.H. "Hormomes and Ptotein Nutrition",

-Recent Progress iqﬁHoﬁﬁﬁnbﬁResearch, 14:141-
176, 1958. ‘i &fﬁ@é Y , "
. L g AR T RO :

L L%M e Iv" . .% , - \ ®

P

' . 4 3 2% "-’I B .
- Leonard, S.L. ' heaefﬁéct’qt castration and test--

.Loew‘, S., Vossy H;C.,'Lapge,.F.ﬂénd‘A. Wahner. "Sexual

osterone ptbbgonaﬁzyinjét;ion:gn glycogen storage |
in skeletai;muspiem,,Epdocrinology,~51:223, 1952.

Lo, S., Russell, ch.'agd'A;w.,TéylorflvDetérmination’
. -

ol glycogen in small tissué samplés't, Jouthal of
Applied Physiology, 28(2);2347236% 1970.

33

hokmonbe funde jn/mannlichen .harn", Klinische .
WQchénschriﬁt,'7:L§76—1377, 1928. T e S T




125, New Zealand Federatlon of Sports Medicine. "The use

-78-

117. Martin, L.G., Clark, J.W.,and T.B. Connor. "Growth
hormone secretion enhanced by androgensl)
Journal of Clinical Endocrinology, 28:425, 1968.

118. Meyer, R.K. and L.G. Hershberger. "The effects of
testosterone administration on-acid soluable and
insoluable glycogen in the levator ani muscle",
Endocrinology, 60:397, 1957.

.119. Miller, L.L. "The role of liver and the non- hepatic
tlSSueS in the regulation of free amino acid levels
in the blood!, In: Amino Acid Pools, Ed. J.T. Holden,

' New York: Fl?evier, p. 708-721, 1962 '

120. Mole, P.,and R,L. Johnson. "Disclosure by dietary
modifjcation of an exercise-induced protein
catabolism in man'", Journal of Applied Physiology,
31(2):185-190, 1971. . s

B

AN

121. Morgan, T.E., Cobb, L.A. and F.A. Short. "Effects of
" long-term exerclse on sW¥eletal,muscle lipid .

composition’, American JOUrnal of Physiology,
iy 216(1):82—86, 1969.

2 ’

- 122, Munro, H.N. "General aspects of the re
* protein me tabol1sm by diet and’ by
Mammalian Protein Metabolism, Ed.
' J.B. Allison, New York: Acadepi
- 481, 1964. o

lation of
ormones', Ingy
1.N. Munro and
Press, 1:381-~

123. Mc&Kerns, K.W. editor, The Sed Steroids, Molecular

Mechanisms, New York: Apfleton-Century-Crofts,
p. 44, 1971. S ‘ - L :

-124. Nelson, M. "A photometric adaption of the Somogyi
method for the determination of glucose", Journal
of Blologlcal Chemlstry, 153:375-380, 1944,

v

n

"of anabolic ster01d hormenes in. sport", The :
Ausprallan Journal of Sporte Médicine,. 3:26- 28 1971.
¢ . $
126, O'Shea, J.P. "Anabollc sterold effect; on competltlve, :
’ swimmers", Nutrltlon Reports Internatlonal 1(6):
337-343, 1970. . _

127.. Paul, P. and.E} Issekutz, Jr.:'"Role of Jextra muscular
' ' ener?y sources in the metabolism gfjthé exercise

s dog" Journal of Applied Physiology’, 22:615-622,
1967.. o oo , " e :




~—

‘%}:g - 79“

'128. Paulsen, C.A. "Production, metabolism, actions, and
e clinical effects of testosterone', In: Textbook
e . of Endocrinology, Ed. R.H. Williams, 4th edition,
‘ ch. 6, p. 414, Philadelphia: Saunders, 1968.
v v

129. Pozefsky, T., Felig, P., Soeldner, J.S. and G.F.
' Cahill, Jr. "Insulin blockage af amino acid re-
lease by human forearm tissues', Transactions
of the Association of Amerlcan Physicians, 81:
258-264, 1968.

glycogen accompanying pleysical training"
% American Journdl of Physioloogy, 100:506- 510

- i 1932.
. !:‘ . . s

131. Pruett, E.D.R. "Glucose and Insulin during prolonged
work stress in men living on different diets"
Journal of Appljed Physiology, 28:199-208, 1970

130. Proctor, H.A. dgc H. Best. "Changes in muscle

132. Raven, P.B., Conne s, T.J. and E. Evonuk. "Effects
< on exercise on7plasma lactlc dehydrogenase .
isozymes: and catecholamines", Jeurnal of Applled

Physiology, 29:374-377, 1970.

133. Rodahl, ¥., Hl]ler H. and B. Issekutz. '"Plasma free
fatty acids in exercise", Journal of Applied

‘Physiolegy, 19:489, 1964 BRI

134. Rowell, L.B,, Kraning, Kxk.,//II, Evans, T.0., Kennedy,
J.W., Blackman, J‘ . and F. Kusumi. "Splanchnic- = .
removal of 1actate and pyruvate during prolonged
exerciseé in man'", Journal of Applled Phy81ology,

21:1773-17§3, 1966 | |

e

135. Rowell, L.é. "The liver as an energy source in ‘man
durlng exercise!, Advances in Lxperimental Medicine
and Biology, Ed., B, Pernow.and B. Saltin, New York:

_ Plenum Press, p4127—141, 1971. s

»
v

136. Rowell, L. B.,_Masoro, ﬂ J. and M JQ;Spenoer;‘"Splaﬁchiiﬁ’
meétabolism in exerc151ng‘man Journal of Applied *
“Physiology, 20: 1032 1037, 1965. L. '

" ’ ‘ "
-137. Rupp, J:J. and K. é Pasch is. "lhe influence of test—
‘ osterone " propnonate on tha protein metabolism of #
hypophysectomlzed rats"\ Metabolism, 2: 268 270, 1953

7 * ' ‘.

L§§{ Saltin, B. and J. Karlsson.S Muuc]e gly ogen utllIZLClOn

- during work: of different’ 1ntensitlesf, Advances in-

 Experimental Medicine and Biology, Ed. B. Pernow E
New York: Plenum Pressu 11“289 299

!ﬁpd BaSaltin,
'“19J1.{j7\\, , L S L o
. e T Y o " . ,‘ . . K f

» . t

» . . .
b -
. : .. LY .
: . . .
f A . f




139.

| 140.

141,

142.

143,

144,
i

145.

146.

147,

148,

_80;7 o

4

Samson Wright\B/ﬂppdged»Phy31ologv, Revised by C.A.

Sirek, J. and G.H.: Best. "The protLln anabollc effecr —

Keele and E. Neil, 11th edition, London: Oxford
University P;ess,p. 392, 19%65.

Samuels, L.T. » Henschel, A.F. and A. Keys. "In&uence
of methyl testosterone on muscular work and
creatine metabolism in normal young men', Journal
of Clinical Endocrinology and Metabolism, 2:649-
654, 1942, \

Saunders, H:L. and S.L. Leonard. "The effect of‘test—
osterone proplonate on muscle gl}cogen in alloxan
dlabetlc rats', Bndopr;nology, 57:291-295, 1955.

Scow, R.0. and J.H. Roe, Jr. erect’pf testosterone
. prolnate on the weight and myoglobln coniiﬁﬁ;ﬂi///
striated muscles in gonadectomized gline pigs',

American Journal of Phyqlology, 173 22, 1953.

Selye, H. "Morphological changes in femal&‘mice
receiving large doses of testosterone", Journal
of Endocrinology, 1:208—213,‘1939.

-

Selye, 'H. "Studies on adaptatlon ,, Endocrinology, ' f' .
21:169-188, 1937. )

Sigma Chemical Co., "The determination of L+ lactlc‘ .
acid in blood and other fluids at &40 mu' -
Technlcal Bulletln No. 825, 44, sSt, Louis, 1965.

Simonson E., Kea%ns, W.M..and N. Enzer. "Effects of- .
methyltestosterone treatment on muscylar per-
formance and the Cenﬂral Nervous System of oldor
men!', Journal of Clin%ical hndocrlnology and
Metabolism, 4:528- 534 1944,

Al

of testosterone propionate and its relatlonshlp
to 1nsu11n s Endocrlnology, 52, 1953.

Stafford, R.0., Bowman, B.J. and K.J. Olson. g
.1nfluence of 19-nogthestosterone cyclopentyl
proplonate on urinary nitrogen of castrated
male rats", Proceedings of the SOﬂjer for - ¥
Experimental Biology, 86:322- 329, 1954 T .

.'Sicinhaus, A.H., Hoyt, L.A. and H.A. Rice. "Studies in

“the phy51ology of exercise. X. The effects of
vunning and swnmmlng on the organ weights of
groying dogs'", American Journal of Phlﬁlology, N
?—520, 1931. o

) k]




150.

152.

W 153,
154

.0t 155,

. 156.

157+

0

158,

lﬁoJf

i

7
159.

~Sutton,. J.R.,

Taylor,

Y

wahren; 3.,

~81-

Coléman,.H.J., Casey, J. and L.

Lazarus. "Androgen responses during physical

‘exercise'", British Medical Journal, 1:520- -

.522, 1973. ' ‘ )
Talaat,: H.,’Hablb, Y.n.ﬁtuu A.Y. Thanuna. "Effect of

testosteronewproplonat% on carbohydrate
metabolism in the liver and th% .muscle of male
rabbits", Archives Internationalesde
Pharmacodynamie et de Theraple, CXV (3= 4) 410,
r1958. . .

&

Free fatty acid levels in exercised and

American Journal
B

AW, "

non-exercised reserpinized rats'",

of Physiology, 22312):319-322, 1972.

Taylor, A.W., Lappage, R. and S. Rao. "Skeletal

“muscle glycogen stores after submaximal and

maximal work",. Medicine: and Science in Sport
3(2) ?5 78 1971

Eae

Taylor, A.W., Thayef, R. and S. Rao.,"Human skelet&#
muscle glycogen synthatase activities with
exercise and training", Canadian Journal of
Physiology and Pharmacelogy, 50: 411 415, 1972.

.

Tepperman, J. M@tabollc and hndocr1n4 Phy51olo'v,

2nd edition, Chicago: Year Baok Mcdlca]*Pub iskers

p.. 56, I968. | -

4 : ' L ‘ . !
Tipton, C.M. and B.M. Taylor "Influince of atropine’

on heart rates of rats Amerlcan Journal of /
e Ph231ologx, 208(3)‘480 484¢ 1965. : -

‘SChlld "Eeréise,”
Journal Qf“
1966 .

Tlpton, C M Tharp, G.D. and R. J.
hypophysectomy and spleen welght”,
- Applied Physiology, 21: 1163- 1167

Ahlborg, G., Follg, P. and L
"Glucqﬁe metabolism during exércise
Advances: in LxPerlmental Medicéine ad

= Edt B. Pernow and B. Sdaltin, New Yor
. Press,. '.\189 203 1971; ’

enum .

Welsenfeld S.! hffect of 17- -ethyl- 19nort
mlhyperglycemlc PCtloﬂ of glucagon in. umans',
~Proceedings of the Society for Experimental

'Biolooy and Medicine, 97: 764—?6/,“1958
kelﬁenfeld S. and M G. Goldner ”The effect of.
. various Ler01ds ogbthc hyp@rglycemic actian of .
glubagon , Journal Of Clinical Lndocrlnoldwy,-- : .

 700- /1;,,1960. j ‘ T

Lo

I . —

24

-7



« . S

161.* Whalley, J., Houdén, J. and R.L. Goelzl, "On the’ e

influence of énforced exercise upon voluntary .~
-food intake of rats", Permamenti Medical . A

ul!Etin, 9fll4m118 1951.

162. - White,A., Handler, P;‘and.E. . Smith. Principles of

s . Biochemlstry, 4th edition, New York: McGraw—‘
Hill Book Co., 1968. - | a .
. 163. " White, J.E. and F.L| Engel. "Lipolytic action of |
: /. corticotrophln on rat adlpose tissue in vitro"
_ Jburtal of Clinical Invéstig;ﬁion, 37: ’1556—,'
L0 1563, 1958. ‘L
e\

164 WlJnans, M. and C.A. de Grott. "Contribution to the
knowledge of the proteln anabolic effect of

D' testosterone propionate", Acta Phy&iologlica "
A et ?harmacglogica ngeglggd;ga 3: 85-94, 1953

(24 é
165: " Winer, B.J. StatlsticaL Pr1nc1p1es in Exper;mental
" ' " Design, 27d edition, New York: McGraw- Hill Book

T% . . .
w® . t_t‘ “lf._. ""L/-'I‘L'CO " ’ p . 19 l 19 7 l “.

e -secretion during exercise", Medicine and Sport,
; o 3: 199-201, 1969, - ST
. ‘ . » b .

. ’ «n N o\ 2 ’ - ‘
© * ™166: "Wright, P.H. and W.J. Malaisse. "Inhibition of insulin
. TN )

%L



-83-
1
) ' N
~
. \\
\\\‘-~. >
N \
' >
L4
o : APPENDIX \ A~
,\ _ \

- STANDARD CURVES, TRAINING PROGRAMME-

P



(=4
B~

0.2

.

B

50 o
Blood Glucose Concentration (mg %)

100

‘

t

150

&,



*Glycpgen‘@ug7m1)»

~dG
[«

oy
o

.30

20

10
%

-

- . %

Standard Cur{e for Glycogen

, > «
4 . -
—-n . ©
" ‘\
T 1
o '
v
L 0 4
) LR
Ny,
T .
. o
(]
1 N
<
A -
! ! . .
4 -
» - . .
5
[}
. .
. .
- A ¢
»
e 1 -
oy
-
Y N
- o’ °
» 7
.
. .
= -
t ? ° ‘
o oot /
L e
W - i
) . .
s ifirn o e . .
) . g |
: ¢
<
. -
P
I B
i ?
4
N ) L 5 N i i 1 i A

0.1 0.2 - 0.3 0.4 0.5 0.6

‘Absorbence at 490 mu
e . S i



O
. .
- 16
. ~
r~
~
o
‘;’ )
2 12
." :Am
o]
]
J
<< - X
v p,\ ¥
)
\g
o .08
[} .
)]
B
s B ‘
3 ,

S VS

BN

-B6~ i
Standard Curve-for Free Fatty ‘Acids‘f
, :“‘;’)“
\"‘
@ y
7 ~ \
, . ' ‘
* f .
‘ : SR
’ <)
s '
. ‘ .
3
o . .
. -~ .
. ‘ , /\\
1 ~
» :
$10. 200 30 40 - 50 60 .70
P © ul alkali = - Te
IS , ? “\

FA




¢

4

-

‘Lactic Acid*COncentraﬁidn

(ng %)

55

50

W
=

=
W

VJO

[\
v

[ E
<O

_87_. . ' 4

A

.Standard Curve for Lactic Acid .

\

-
- [ 4
! oy -
o . -
.
. e
13
B
“ a
.
. 1
v
B
. ° L
Y .
B !
Y
}
-
- ' v
L
.
.
.
“
+ ~ .
- W
.
. N -4
B a 4
- . -
i
i
i
|
i
1 A
N 4
N ¢
" ‘ K
. :
.
e
_ s . o :
N 4 4 < 4 - - .~ " e I

0.2, 0.3
. _Absorbence at 340 mu

LN
B e

0.4 0.5 0.6

0.7



x |
ﬁay.l .éndb
| Day 5. and 4 ;‘
R-Day'S and 6
‘:iDayffx‘and 8
Day 9 and 10
‘®5§;11
Day'iz | ¢7
Day 1S‘an&«1éf“
:Daxvls and'ikii
Day 17 to 20
bay 21 7
‘Day»22 to 25
" Day 26

. -88~-

TRAINING PROGRAMME

10

15.
20
30

35

40

45

55"
60

60

o

2 -i 5 minutes

minutes

minutes

miphtés'

ﬁinutésv

minutes

minutes

minutes

minutes
, - g
minutes

minutes

minutes

minu;eé

»

ét 0.5 mph

.

‘at

at_
at
\at
at

at

at,

at

at

at 0.75 mph-

»

0.5

0.5

0.5

0.5 -mph
F] .

at 1.0 mph’

/
LF

mph.

mph

e

mph ';

;at ~0ﬂ$.m§%‘“




/
‘
i \
E )
N
€ R - N
. *
]
B
1 -
>
a
' N -
.
o - - .
) b ‘
@
14 . \
‘
Al “ ¥
N
J P
e 5
v :
g
3 .
B '
“APPENDIX B .
B . S o v
B e - ‘ e
N

SUMMARY OF ANALYSIS OF VARIANCE .

. . . TN e
: N 7

i



9Q-

.

Table l

Summary of Analysis of Variance.

- Glycogen in therGasbrpcnemius Muscle,

,_/“//’ |

"

Source of

Variance:

ss

-~ Treatments

Total

4

Experimeqral Error:

0.1112
0.3373

0.4485
o

o

16.29"

* %

GlyCOgeh.i@”the_Biceps Brachii_.

Source Qf‘

”Variapce

ss

df ©M§

'p_Treatments '
;'Experimental Error

V.Total

©0.5751

0.7865

24 -

99

75..

'8.50

5 =3 Significant at the 0 05 leyel of confidence
»** Significant at the 0 01 level of confidence
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Table 2 o
Summary of ‘Analysis of Variance
. S | ’ » ', s s

Glycogen in the Heart Muscle

P

Source of L
Variance .+ 8s .. daf MS ' .F

J )

‘Treatmentsf.. »,‘ 0.1193 _, 25 ‘0.00_’_ 261 .
-Eipefimentai Erfor["0.1426' '78  40.00

Total . 0.2619 103

>
Y

iiGlucéSé in ¥he'B1ood *:_ ‘ " SRR ,»;a o
Variance’ . . .§s . .. .df MS . -F

‘ | ; o
rreatments:f«'-'}_«j:6;7470-1. 25 2987.8 , 7.08

- Experimental Error ~.0.3292 78 422.00  *%

Total = . ”;;"ff'1.97ﬁ2 ‘ 103"

“,,‘ T L ' : [ v - »
":* ,Siéhificéhf ét.thé;opds le&e; @f‘bbnfid¢h£é°,f
'**"“Significant’ét'th&f0rQ1 leielfdf{confidénééﬁ_;"f} '“%g,mf; F

e T
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o T . Table 3 R

Summary 7F Analysis'ofﬂvariance. .
 Free Fatty Acids in/Plasma ./ ’.)‘4 - 7
- .' . . T o - . _ - ;’ - » QL _ ) —

A ﬂ"Sohrcé_dﬁ B S e R
 Variadce ; '_ssf»” - df . oMs o SLF

N . Treatments '/ 0. 3080- - 2% . 0:120. . 9:77:

" “Experimenta) Exror . 0. 9588 78 0,200 ax L

© Total® 122583 1037 Ut T e

. G
N

 bids;1ﬁ H6m6genat§ﬂ-$issué 3 “' ',:};

7'; SNy NEEIE BEEEAN 7:,-”;- Tele
7, : - :
N

ss . d4f Ms  F
SRS “_“é . _:.  . L ':"i

*/ -Treatments - ¢.5833 . 25 - 23.33 26.17

-/ Experimentdl Error 0:7530 . 78 .0 970 f.;:L

"{;}f".éj;f;l.ajss, ‘103wf?
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ST oo . Table 4 |
“_ o j:summaryfdf Analysis of;Variance

fréghféfty Acids in. Incubated Tissue .
-

.~ N N -
e T e e T S ‘>
- ! . v o : - o e LT e e P . o O

Lo N . S Sy C v N - . o . A T
S . . _— — ———

" Variance . 7 8§ . df. Ms- F

‘Treatmenzs - -7‘0,3674-;"25j, 14.69  16.10
iff"Experimental Error 0;7119,f 478'”,;0.910; f%

Total . 1.0793 103

S
L

‘Lactates in.the Blodgd'

| — S A S Sy A8 3 LA
 f'ﬂ.,T¥“¥$duﬁce6d£': PR R ‘ kj' n;V e
. variamee " ss . af - Ms . F

‘o T

’foéﬁtaents f_f-'?  0. 1636 .ﬁ 25 . 654.3 - 4.5
ITExperimental Error wO;lZ&L FA 78»l1l157;8;, v#*

1 :ﬂf ;7 7,TDta1 }’57: f‘ff§1u,40528577w;103’[;, j7  :i1 4*_' » 

.

'ﬁif*. Significant at the O 05 level ofvconfldence'“
5  ?**f Significant at the 0 o1 level oﬁ confldencel” -
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‘Summary of A#alysis of Variance' |
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R

e T

“Tapie.s .

- - <

‘ Source of ~
v P ' . > . )
‘ ~-Variance.

T

Lo.ss 4

.4

»Ms<f‘*"-F

* Experimental ?rror
- Total -~ -

.~

‘Tféétméntsp o ;i7f04188£ o 25

o 8101 -1 78

7535, f

‘.“ 1038 5 .. 'I"‘,**,

0. 9985 103 'f”LL.-“

(SR o e
divf~;;LiverfWeight
SR T N ' L

’

I S

Sour¢e of -
Ao Variance

{ y

© §§c. ., af T oMs . F U

Treatments ’ V,;", Cow

el LS T
Sl v:pExperémén}a:-Errpr

O 0.6444 . 26

0.1566. 0 81 . 1,93

24.79.

12.82

“_'the 0. 05 level of confidence
"q the - o 01 le

ke;

of confidence~9ﬁ;
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' Table 6 ' )

Summary of Analysis of Varianck

Spleen Weights

- ,‘ B
Source of . L .
. Variance css { daf  Ms - %
Y
: —%
Treatments 0:.8295 26 31,904.6 4.19
» Experimental Error 0.6162‘- 81 7,607.9 %%
* Total - 1.4457 107 -+
O T
: . 1
Heart Weights
.‘.' n
Spource of [ . o :
3Ya§ia§ce . Ss o - df - MS ;-1 F
. ————
Treatments | 0.7459 25 29,834.9  3.41
v - . ' \' . SRR .
Experimen&al'Error% 0.6822° 78 8,746.5.r k% .
" Total 1.4281 103 .
) B . : . L__I

J

* srg;ificénc ht)é;é‘0.0S level of confidence

i , . S Y _
Rk Significant at -the 0.01 level of confidence -
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Table 7
- Summary of Analysis of Variance
\ Adrenal Weights
- e 1 -~
Sburce of ) ] T : |
» /o Wariance : ss df = MS ' F
\ )
Treatments =~ . 0.1035. 25 4140  6.35
‘L Experimental Error , 0.4942 78.° 63.36° %%
Total ©0.5977 103
Right Testicle, Weights
N , X !
’ [
_Source of , -
“  Variance Ss df  Ms F .
Treetments - 0.7886 17 463,874.8 12.49
t;?;" ‘ Exper;menfal Error 0.2005 55 = 37,137.8 **%. V
Total | ~0.9891 71 o h
- * Significant at ‘the 0.05 level of confidencg
**,SighifiCaﬁt at the 0,01 level of cohfidente .
\\1 - , \ | 3 ‘
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. Table 8 o A
Summary of Analysig of Vgriance '
Left Testicle Weights
Source of - ' ' .
. Variance ss df -~ MS F .
Treatments, 0.3483 8 435,330.0 8.75
- % ’ o - . . ]
Experimental Error 0.1344 27 49,769.5 *%

RENIAY

Total = -  0.4827 . 35

e

&
% significant at the 0.05 level of confidence
*% Significant at the 0.01 level of confidence
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TABLE 24

‘GASTROCNEMIUS MUSCLE GLYCOGEN FOR- EXPERIMENTAL ANIMALS

No,

No.  TRAINED REST " Yo.

78
79
80

.81

" Mohan

Bob
' Max

~Jack

62

63 .

64
65

58
59
60 -

61

© 37

- 38
39
40

17

118

. '20 B

NON-TRAINED ®

363 -
2422
.338
268

oc oo

B NORMAL RATS

66 ‘_o w6 82

67. °  0.328 . 83

68 -. 0,231 . 84
69 0.448 85

ANABOLIC STEROID TREATED RATS‘

446
.273
276
.320

cooo

.244
.246

.267"
251

cooo

0.282
0.256 -

. -0.260
.0, 236 o

Bert . 0.287 74

Steve. 0.186 - 75 .

Herb  0.204. 76
‘Robert  0.320 j 77

UNICASTRATED RATS

49 0.433 53

50 - 0.394 54
51 . : .0.356/ ‘55

.52 -~ 0.345 . .56

BICASTRATED RATS

41 0.288° .. 45
42 0.322 46
63 0387 - 47
Jbh 0291 a8

. TRAINED FATIGUE

0.103
0.105

0.101

0.110

- 0.142
0.104
0.093

- 0.176

0.193

©0.159
"0.092 -

0.149 .

e,
[ IS

0.163

0.097

0,040

UNICASTRATED AND ANABOLIC STEROID TREATED RATS

10.205

- 0.269
~0.226
0.110

. 0.077.

25 . - 0.536 "f29

26 0.322. - 30

27 .0.539. - . 31

: 28 Co0w225 . 32

':RBICASTRATED AND ANABOLIC STEROID TREATED RATS

0. 09915

0.020

0.108

0 224-’f

0,332
0,346
0,333

;afs:O\Qi

'0-316;ﬁ‘4ﬁ

SRR

0.277. 11

B R S
S+ 0.277 o100

};;9.277;j>; o112

0. 076,;
0.135

O.DSQf{ff
0094
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TABLE 25

i.BICEPS BRACHII MUSCLE GLYCOGEN FOR EXPERIMENTAL ANIMALS

-

- _No.  NON-TRAINED No.  TRAINED REST _ Wo. _TRATNED FATIGUB-
NORMAL RATS ~ o

271 66 . 0.406 82 - 0.103
261 67 0.328 . 83  0.105
230 68 .0.231 < B4 0.101
221 69 - 0448 85 0.110

18
19

80
81 .

NeloNoYol

- ANABOLIC STEROID TREATED RATS:

 Mohan - 0.201 2//>Bert - 0.143 94 0051
~..Bob - 0.054 .~ Steve -~ 0.142 75 - 0.072
 Max . 0.113 - Herb ~ 0.113 - 76 . 0.030

. Jack . 0.051 - Robert o 173 .. 71 0.061

‘ UNICASTRAIED RATS

.283 -49 0. 357 .53 . 0,154
246 .50 yp,229 . 54 - 0.252
246 - 51 . 70.202 - 55’ 0,045
.253 52 .0.263 56.. 7~ 0.088

62

63

- 64
.65 -

‘oo oo

v

'BICASTRATED RATS

58 . 0.243 .. 41 . 0,115 . . .45 . 0.116 =
59 . 0.324- 42 | 0.193 - 46 0.015
60 . 0.245 .43 . 00271 47 -~ 0.076
61 . 0.245 . 44 0. 245 48 ,o 100

enmen ‘UNICASTRATED AND ANABOLIC STEROID TREATED RATS

:"?*fzo 16_,/_05208J¥‘:T>._

37 3-o.210 .25 0. 198, 29 0. 079
©-38 0 . 0.229 26 0.170 - - 30 0.074

39° ' '0.303- 27 -0.,243 31~ .0.108 -
40 ;;);;,o 200 ’. 28 .0.198 S ;jo 100:  °

S

: BICASTRATED AND ANABOLIC STEROID TREATED RATS :s'-“

17 0 167

19 0.28% 0,125 - .11 .0.0.038 .

18 . 0.187 . 6-;.; 00125 10 0.054 N\
8

S .0.125 12 . 0.048
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TABLE 26

* HEART MUSCLE GLYCOGEN FOR EXPERIMENTAL ANIMALS

) J

_ NON-TRAINED __No.

" TRAINED REST

No.

L1y

: _zu'.20

- No._

- 78
79
‘80
81

) }MOhén' 

Bob -
Max

fJack ‘

63 <

64

65

58
59

60

61

- 37
38
39

40

’18’ 
19

cocoo

cooo

c>t><> '

0.101-
. 0.134
0.160

.119

134
.103
157

o. 105

NORMAL RATS

66

67
o

69

0.149

0.099

0.126
0.151

.82

83

84
85

127,
191
.061
.081"

129
139

158

ANABOLIC STEROID TREATED RATS

Bert’

Steve

. Herb
jRobert

0,053

0.115

£ 0.067
0.079

UNICASTRATED RATS

.49
50
520

BICASTRATED RATS -

-’9.170

e

. 0.186

0.090
:gO.lSS?iin

41
- 42
'44"'

0.169

7,0.064

0.205°
0 131

53
.54
55
56

45
" 46
47
e

C 74

75

,.76
77

TRAINED FATIGUE

10.126
0.134

. 0.122

- 0.126 °

0.122
0.118 -
0.137
0.111

0.305
0.303
- 0.130
- 0.182

0.106

C0.164 . -

0,079

0245

'vUNICASTRATED AND ANABOLIC STEROID TREATED RATS

0,146

- 0.126.

. 0.146
0.104

25;:7
. 26.
27

0. 131
0.115
0.131°
0,111

29 e
30

SRR N

32

.0, 143"'
. 0.089
N 0-056

0,142

BICASTRATED AND ANABOLIC STEROID TREATED RATS

10.154 ;
. 0.204°
0.139 .

C)NIO\UL

0.119”

0,119

- 0,119
0.119 -

‘;9v.n
11
12

. o 166
0.046
o1
0.251



TABLE 27

'BLOOD GLUCOSE FOR EXPERTMENTAL ANIMALS

No.  NON-TRAINED _ No. . TRAINED REST _ No. _ TRAINED FATIGUE

NORMAL RATS

78 125 ... .66 . 124 - - 82.
79 w1 - 67 . 100 83
80 . 125 . = - 68 - 121 ., B84
81 120 69_, 125 3

ANABOLIC STEROID TREATED RATS .

Mohan =~ 150 ',Bert ' .121‘;, SR 74” 86
-Bob - "l44 - . Steve 137 - 75 70
Max ', 148 " - Herb 198 - ... .76 89
Jack 131 j;vRobert 118 --“_‘ 77 102

UNICASTRATED RATS oL T

Py

62 . 142 . 49 . 123“ S« 53 106 -
63 135 . 50 141 54 60,
‘64 - ¥7- .. 51 ...16l 55 ' 67
65 . 143 - 52 fmz.. 56 - 075

"=BICASTRATED RATS

sg . 122 41 11 45 86

.39 125 <. 42 121 46 . 93

60 115 . 43 - 138 ¢ 47+ 53
SoeL 132 . A 142 a s ool

E'IUNICASTRATED AND ANABOLIC STEROID TREATED RATS' .

S VA 127 -v‘;zsz“f e 29, 82

-38 126 - 26.° 126, . 30 s
39 w6 .27 oo 012200 0 0 31 149
40 - 135 28 116.v_4[, _'_ 32 5 174,~

:‘, BICASTRATED AND ANABOLIC STEROID TREATED RATS ’

a__gz, S 9 ' 64 o
94 . 100 760
e w19

17 [T
18- 126 -
19 142

;mpau
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_ TABLE 28 -

© FREE FATTY ACIDS IN PLASMA FOR EXPERIMENTAL ANTMALS . .

-~

-

No.

Ndl

TRAINED REST

‘No. .

TRAINED FAT

IGUE -

78

- 79

‘Mohan

© . Jack -

58
59 -
60

39
240

17
L8
Lo19

20

80

81 o

Bob

62
.63 .
64
65

61

'NON-TRAINED

L 0.47
047

0.34
0.42

o

0.32
0. 31.

0.37 .
.34

66

 NORMAL RATS

67 0.4

0.4"

0.45

5
7

- .0.45
0

82
- 83
84
85

.37

.31

45
31,

 UNICASTRATED

.34
.28

0.32

,0432. o

‘Steve

49 . - 0.

50 .
5L
- 52

v41_ ;

Bért»

Herb =
Robert 0.

0.26

A

* ’ANABOLIC STEROID TREATED RATS

74
75

76

77

RATS .

_RATS

.53
54
55
56

- BICASTRATED

0427
0.21

42
437

44 0,40

£ 0430

45
Ry
Y

10.55

0468

0
- 0.
0

37
38

'UNICASTRATED

~

25

27
S 28

AND ‘ANABOLIC STEROID TREATED RATS

26

29

30
32

41

© 0.
0,48

N Wn

w

g

) R

AND ANABOLIC STEROID TREATED RATS

.56 i

64
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Q FREE FATTY ACIDS IN FIOMOGENATED TISSUE; o
- FOR EXPERTMENTAL ANTHALS -

-120- -

| TABLE 29

D

AN

‘No.  TRAINED REST

 No. .

I

! No.

78

79

.80

Mohan = 2.

Bob

L Max '

8L . 1L

Jack

- 63

.59
.60

37

38
t39

3., ;%40"’ul,f1 Gt ﬂ:

18
19 0

58 1

6l

Tos
1.8

NON—TRAINED

. NORMAL RATS

66 1.1 0w
.67 " 1.03

68 - 1.38
69 1.4

82
83
.84

;f85

ANABOLIC STEROID TREATED RATS

o

' ,_?Robert,~

49 . L

EER RN
~' }?42. o 1.49

Bert 7' 1.451 .
Stewe - 2.49. -
Herb ~_-1.98 -
1,52~

" ‘UNICASTRATED RATS

50 - 1.59 .
51 1.39
52, -_-_1;58

. /

o

43 . 1.68
44_,-:,; 1,34*..v

74

76

7

75

11,77

- 10.63
9,84
10.81 -

Cumo o

”5.10
43

:‘f ,25' i,_ 1 53,f
U260 - 1.45

27 ~f"l 78 -
28. 1 66

. 29.'fﬁ
30
3L
32\

o BICASTRATED AND ANABOLIC STEROID TREA ED RATS

S 55555’3.*fi'

201

‘371.92.v e
1,92 e
L9220

9/ -
100
v ) ‘ '11 :k A v .

6. 13\

L 6.31
5;11'j
$3.85

TRAINED FATIGUE

PRSI
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TABLE 30
” . N i ! . : ¢ oo
Fg., FREE FATTY ACIDS IN INCUBATED TISSUE
) R - FOR~ EXPERIMENTAL ANIMALS '

~ _No. - NON-TRAINED . No, ' TRAINED REST _ No. - TRAINED FATIGUE

82 - 9.0
83 - 8.7
o84, 7.9
E 85 : 8.3

78 . 0,76 0 St 66
79 '2;2; o teL
81 . . 0 82 : ,69

 7-t5 ANABOLIC STEROID TREATED RATS

Mohan =~ 1.82 “Bert. ‘*32;38' PRI 74" 4,04
. Bob " -4.,3L..- - .Steve- 1.71 f'dygv75-:E'; 4,78
. Max 2,50 - " Herb- 2.8 . 76 . 3.04
. Jack 4,36 7., . RobertA.f2;43 g 17 3.51

N f‘;7 UNICASTRATED RATS a L L , R

: f49_ EE 2 12 e "'53,"‘7. 3.03°

} 050 . 0.99- . o 54 - 4,80 -

¢J 51 . 3.32 . -55 . . 6.93
":52 S ¥ 15.-41:, 56— 7 3.93

6h "
6

BICASTRATEDfRAT$ N

41, 2,91 . 45 0 1034 -

42 '.1.95,.x_, S 46 8.16 | o
43 - 2,55 0 4T R 4,77 0
*;44.\‘-,f[1;183ﬂ g.‘»- 48 - 696

- 58;v:"'”'
59 v 2,49
60

. :7' 61;3 L

AND ANABOLIC STEROID TREATED RATS

i?ﬂ?zs_}'k 2.07 ‘r:. 20
260 1048 /// 30 -
Lcov21000 2,060 31

;-28_7*53'-1:80 e 32 ;Ef

E:37a-;ﬂ~‘ ::

IOV s

AR
_R¥eR

.-~:;}f‘b;6d;?;?;ﬁj¥li$;‘?,~ffz 00~ “,?f'g*uélj1¢ 87
166 2,000 Ty 10 L,
094 . 0 72400 AL,

o ;jz 00 ”5 , Q_;g”;v»g?g-’
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e 1 R TABLE 31

BLOOD LACTATES FOR EXPERIMENTAL ANTMALS s

No. _ NON-TRAINED _ MNo. . TEATNED'REST __No, . TRAINED FATIGUE.

NORMAL RATS

8 30 ;ﬁl,se.,.-,a 15 o 82 22
79 .23 67 22 83 31 .
80 19 .~ 68 - 29 - .84 . 26
8L -« 18" f“;_*sgv159 e 21,'. T _T | 85-"“; 129 .

ANABOLIC STEROID TREATED RATS» o

Mo an p23“éfl'aiT TBert ." 17,? SR 453
“Bap'- - 31 . . . Steve 20 @5 AT
L Ma® o 26 | Herb 22 . Y6 62
o Jack - 16 o Robert ~24 7 '_'48.'
S I S e R R ;_ UNICASTRATED RATS ’

C 62 35 49 . , 1:37 - X 44
L6338 0 500 0 29 o s a1
64 41 s 37 w55 86 Lo

B T ) 52 27 : ,%’J 56 36 .-

S BICASTRATED RATS L

58 . .35 . 41 ;31_ f S 45 - 70

59 35 42 .{. 25 - o 46 T 58

S 60 . 27 v‘_-;43; B .-Q; R Y PR
61 34 R ]»_44 ' 23 S 48_~ 53 T

SO

Tl f UNICASTRATED AND ANABOLIC _STEROID TREAT RATS

e s ae 29 ,"”:Si:ﬂf,-f,ijgEdt -

38 ‘“29v5:1g”‘_* 260 107 o 300 ah
L3937 g 290 3L g
L4035 e _;28;3;;;,39 .tﬁy_; % w*u.j35.,'ﬁ;3

;L f:iffii,ﬂf;j BICASTRATED AND ANABOLIC STEROID TREATED RATS

S 92. s ae |
.];19 :j'_29 - ,yi.f*;[7'j;*_¢fg9:g_ o 11 ;:41,,;;4v' S




.2F

12

¢

t =123~

TABLE 32

~ BODY WEIGHIS FOR EXPERIMENTAL ANIMALS

it

No. _ NON-TRAINED  No.. TRAINED REST _ No. _ TRAINED FATIGUE
‘ a l NORMAL RATS
78 512 66 403 - 82 304
79 524 67 3260 83 316
80 466 68 304 84 322
81 410 69° 379 85 - 318
ANABOLIC STEROID TREATED RATS
‘Mohan . 380 "+ Bert .37'7 ‘s‘ 74 v 328
Bob 389 Steve- = 402 75 342
Max . 427 Herb 426 76. 431
Jack 397 * Robert 357 77 401
UNICASTRATED RATS
62 462 49 310 53 410
63, 469 - . . 50 392 54 386
64 441 .51 ;35 % 55 341
65 489 52 378 56 313 -
BICASTRATED RATS o
58 < 385 41/, 282 45 356 -
59 415 « 42 326 46 328
60 381" . 43 345 81 . %%Z ,
61 382 .. b4 320 48 e g %;
. UNICASTRATED AND ANABOLIC STEROID TREATED RATS
37 439 25, 622 29 385
38 . 422 260 - 390 30 341
39 453 . 27 304 31 364
40 460° 28 417, 32 331
BICASTRATED AND ANABOLIC STEROID TREATED RATS
17 313 . .5 -, 349 9°, - 33
18 340, 6 349 100 - 340
19" 425 7. . 349 11 344
20 432 8 349 12 - . *‘328

s 27
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TABLE 33

Ay

LIVER WEIGHTS FOR EXPERIMENTAL ANIMALS

No. ‘NON“TRAINEQ No. TRAINED REST . No. 'TRAINED\FATIQUE
. NORMAL RATS . . -

78 19.60 66 14.80 82 "'8.52

79 19,40 67  11.40 .83 9.31

80 17.60 . 68 9.60- - 84 . 8.73

81" 14,00 69 13.40 85 = 8.46

ANABOLIC STEROID TREATED RATS

‘Mohan  12.97  Bert  11.57' 74 11.32
Bob 13.77 Steve = 13,77 75 . 10.70 -
Max , 15.17 Herb  15.87 76 12.00
Jack  11.97 Robert  13.17 77 10.60
UNICASTRATED RATS ,
. . . . ) A h?
2 16.80. 49  11.60 53 {;.zo
63 > * 17.00 50 - 14.60 54 11.40
64 17.40 51 15.20 55 10.40
65 18.60 52 . 14.40 - 56 ?.60
X o BICASTRATED RATS. |
. S 7 f - . I
58 12.20 a ¥ 8.39 45 §'60
59 . 15.00 428 11.79 46 8.20
60 13.20 43 - 12.39 47 9.20
61 13.20, 44 9.79 _ 8 ) 9.40
| 'UNICASTRATED AND ANABOLIC STEROID TREATED/KATS
37 . 16.20 25 ,i¥.19 i 297 11.40
38 - 15.60 . 26 - 13.79 30 11.20
39 16.70 27 11.59 - 31 12.80 -

40 . 15.40 28 . - 15.59 32 ©12.20

BICASTRATED AND ANABOLIC STEROID TREATED RATS :.

17 12220 . 5 10.99 9 T, 859

18 13.40 .6 10.99 10 * 9.79

19 14.00 7 10.99 © 11 . 10.20
8

200 15.20 ‘10,99 12 1000

° ~
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TABLE 34 ,

HEART WEIGHTS FOR EXPERIMENTAL ANIMALS

[4

. No.  NON-TRAINED  No. _ TRAINED REST _ No. _ TRAINED FATIGUE
NORMAL RATS
78 . 1160.6 - 66 .  1101.4 . 82 ~890.1
79 1207.2 67 960.4 .83 920.4
80 1011.0 68 1006.5 84 910.6
81« .924.8 69 1061.4 85 911.8

ANABOLIC STEROID TREATED RATS

‘Mohan'  1092.2  Bert  1157.0 74 1008.1
Bob 941.8 Steve  1078.2 =75 1059.6
Max 1096.4 Herb  1141.2 76 . 1006.0

4

Jack ' 1076.8 " Robert. 1019.8 77 955.

T ' UNICASTRATED RATS

62  985.6 49 = 838.0 53 1051

4
63 -1029.8 50 - 976.4 54  1049.0
64 955.8 51 973.6 55 ¢ 9446
65 1009.2 = 52 1029.2° 56 867.8

N - . BICASTRATED RATS s
58 914.8 41 ... 744.4 " 45 ' 1028.4
59 927.6 .42 832.4 . 46 793.6
60 -~ 910.2 43 . 179.1 47 - 728.6
61 1912.6 4 ' 784.8 48 960.8

UNICASTRATED AND ANABOLIC STEROID TREATED RATS

37 1014.6 25 .890.4 . 29 " 988.4

38 . 915.0 .26 11090.8 : 30 94l.4
39 - 1004.4 - 27 766.0 3L 989.8
40 966N 28 ° 933.6 - 32 - 1078.8

BICASTRATED AND ANABOLIC STEROID TREATED RATS -

17 806.8 5 943.8 . .. 9 1924.6

18 - .995.8 6 943.8 - 10 929.2

19 923.4 7 943.8 11 . 911.2
120 . 1089.2 8 - 943.8 12 836.2
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TABLE: 35

SPLEEN WEIGHTS FOR EXPERIMENTAL ANIMALS

_NON-TRAINED No. TRAINED REST = No.

No. _TRAINED FATIGUE
_ NORMAL RATS' :
78 665.2 - 66 817.0. 82 484.1
80 665.2 | 68  656.4 - 84 476.3
8L - 656.8- 69 - 743.0 g5 491.6
ANABOLIC STEROID TREATED RATS .

’ . o o | ) - -
Mohan 647.2 Bert  524.0 74 491.6
Bob . 659.8 < Steve 565.8 - 75 - 442.2

- Max 718.2  *  Herb’  700.0 s - 76 . 553.6
Jack - 623.8 Robert  576.2 .77 ©428.4

\ ~ UNICASTRATED RATS
62 638.8 49 542,053 473.2

63 623.0 50 640.4 54 453.6
64 675.0 - 51 688.0 - 55 . 5588
65 720.8 52 677.4 . 56 ' 346.8

. BICASTRATED RATS -

- 58 545.0- 417 43246 45 570.0
59 - 682.0 42 670.6 . 46 437.3 -~
60 - 599,2 43 - 490.6 47 378.6 -
61 1625.0 44 522,648 433.2

<. UNICASTRATED AND ANABOLIC STEROID TREATED RATS

37 676.4 .25 783.2 .29 430.6 .
38 687.6 * . 26 616.8 30 336.4 |
39 7716 . 27 473.8 31 ¢ 611.2
40° 613,4° ' 28 - 795.6 32 468.2

BICASTRATED AND ANABOLIC STEROID TREATED RATS

| = R BRI
17 612.4) 5 °560.2 - g 44b.4
18 783.20 . 6 ' 560.2 10 454 .6
19 806.6 \ 7 s60,2 11 438.4 '
20 846.6 | = 8 560.2 12 49,0
. \ : - - Q_. ‘ .

.. ,.\“"\\V 5



TABLE 36 -
. . ¢ l. . R -
. ADRENAL WEIGHTS FOR EXPERIMENTAL ANIMALS
¥ e
< _ . NORMAL RATS\ .
78 50.8 66" 56.4° A - 82 72.2
79 56.2 67 49.0 . 83. 76.3
80 51,0 68 52.0 84 69.4
81 . 52,0 69 59.4 - 85 70.4
_ ' ANABOLIC STEROID TREATED RATS
Mohan  20.2  Bert  36.4 74 46.1
" Bob 17.8 ~ Steve - 22.0. 75 44,2
Max. 34.0 Herb . 20.4 .16 46.6
Jack 16.2 = Robert 38.4 77 46.0
' UNICASTRATED RATS
62 i 49.0. 49 35,8 53 512
63 51.2 50 . 49.6 54 . 54.8
64 47.0 51" . 56.4 55 . ., 52.2
65 . 50.1. 52 49.6 56 . 49.0
| o o _ '
| BICASTRATED RATS o
- 58- 47.2 . AL Sk.4 45 " 64.6
59 . °70.6 . 42 58.4 46 60.4
60 v 46,6 . 43 62.6 . 47 43.2
61 - Ry I S Y 47.6 48 - 57.8
- UNICASTRATED AND ANABOLIC STEROID TREATED RATS
37 " 41.4 25 472 29 50,4
38 49.8 26 46.2° 30 44,6
39 51,2 27 32.4 31 £1.8
40 56.2 28 60.2° 32, 46.2
- BICASTRATED AND ANABOLIG STEROID TREATED RATS
- 50.0° 5 - .55.6 9 358,
18 46.8 6 :55.6 10 C43.2
19 «  55.0 7 55.6 11 58,2

R
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TABLE 37 | S

RIGHT TESTICLE WEIGHTS FOR EXPERIMENTAL ANIMALS

L

No.  NON-TRAINED-  No. TRAINED REST  No.  TRAINED FATIGUE

NORMAL RATS .

718 1567.8 66 1613.2 82 1723.6.
79 1712.8 67 15732 83 1623.8
80 - 1636.0 = 68 - 1495.0 ° 8 ~  1529.3

81 11424 . 69 1707.0 L 85 1542.6

, ANABOLIC STEROID TREATED RATS

Mohan  1282.6 = Bert = 1719.8 7% 13264

.Bob. -~ 1583.6 - Steve = 1433.0 75 ¢ 1393.4,
Max  1644.8 © Herb = .1577.0 76 - 1348.0°
* Jack  1094.8 Robert - 1586.4 77 - 1296.8

UNICASTRATED RATS

62 14218 - 49 1708.2 - 53 1555.4

63 .. 827.0 50 1544.8 - 54 1774.6
. 64 1664.2 = 51 o 19€3.8. 4 55 0 1470.4
65 1665.8 52 1595 6 . 56 ~41272 8
-."A- o UNICASTRATED AND ANABOLIC STEROID TREATED RATS |
97 1se6.6 25 1597.4 29 1426.8
38 o1575.2 26 17790 300 1447.4
39 1535.0 27 1363.6 . . - -31 . - 992.2

40 15614 28 76,2 32 . 1369.4



. TABLE 38 '~ '

LEFT TESTICLE WEIGHTS FOR EXPERIMENTAL ANIMALS

. Bob - 1583.6 = sSteve . 1131.8- . 75 . 1393,

No. - NON-TRAINED - No. _ TRAINED REST  No. . TRAINED FATIGUE
78 1484.8 66 1637.2 . 82 1400.6 .
79 ' 17414 67 ‘1515.0 - 83 1486

80 ©1616.8 . 68 - -1515.00 - . 84 . .1626.
81 13714 69 . 1671.0 85 - . '1583.

ol

© ANABOLIC STEROID TREATED RATS

Mohan'.  1595.2 . Bert  791.4 . 74 1371.

Max ~~ 1706.0 Herb " 1640.2 76 1393,
Jack - .814.2 ' Robert 1532.2 - . 77 ' 1387,

[ 35 N . .
: - ©
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Table 39

f"; S ~in grams/lOO gm Tissue

Means for Glycogen in the Gastrocnemius S

A B U N A+B

A+U

Rest “ .320%  ,259  .252 348 ° .332
control +.081 ~ +.019. +.010  +.064 .012

T4

Rest . - .224  .327  .382 . .353 .227

exercise +.098  +.047  +.040 . +.096 +.000

' Fatigue = .129 .126  .148  .105 .09L
exercise +.038 - +.073 +.042  +.004 - +.033

1+

171
+.092

.406 -
.158

.113

+.084

| Means for Glycogen 1n the Biceps Brachii
: in grams/lOO gm Tissue. 

A B U N - A+B -

AfU

CRest T[105 . .264 ¥;257_f'~;246ﬁ7f°.211f'
.control -+.070  +.040 #;018 “#.024 . +.051

: o o Sy . : L
~Rest " 0143 . .206 / .263  .210 .125
-exercise +.025 +.069 '+.068  +.043 - +,000

" Fatigue  .054 . .077  .135  .048  .044

exercise +.018 = +.044 - +.090 - +.003  +.009

236
+.047 .

. 0202

+.030 -

.090

+.016.

% Means + Standard Deviation of the Mean
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L Table 40

Means for Glycogen in the Heart Muscle
iq grams/lOO gm Tissue

A~ B Rij N A+B  A#U

‘Rest . .115% 125  .136 141

4168 131
control ~+.058  +.026 = +.017 +.031  4.0%8

+. 020

Rest .079  .142  .150  .131  ‘.119- ' 122
"exercise +.027 +.060 042 + 024 +.000 +. 0113

i+

Fatigue ..122° : .149 Q2305‘~..127 144 L1088
exercise +.011 * +.074 ° +.088  +.005 +.087  +.043

Means for Glucose in the Blood
in mgm/lOO ml Blood ‘

| VKA R  3 Uy N A}B‘. AU
Rest™  143.3  173.5  134.3 117.8 . 135.8  131.5
(control | #8.54  47.05  412.0 114 ¥7.41 9. 26,
SRest  183.5  128.0 ' 135.5  117.5 94.0f2~120.8'
‘exercise #37.3  $14.5 ¥19.8 ¥11.8  #.000 +4.27
Fatigue - 86.8 87.8  77.0 81.0  72.3 114.3
exercise +13.2  +27.2  +20.3  +1.63. $6.65 +56.8

-k Meahs'f>35ahdétd’béQigﬁioh'of‘fﬁé Mean -
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_ Table 41
Means for Free Fatty Acids in Plasma fA.
in qu/l = o

A

A B U - N © A+B. . " A%U

 Rest - .360% .350 ° ,390 - .335 .345  .243
“control +.066  +.048  +.096 - +.027  +.047  +.062

Rest 270 .308 1333 443 .320 450+
_ exercise +.037  +.084 . 4,039  +.030 +.000 +.207

L : . . [y

. Fatigue  .668  .578 733%% .668  -.685 523
exercise +,113 +.175  +,117 ~t;109 +.299 . +.100 -

0

: Means for Free Fatty Acids in Homogenated
' Tissue in qu/gm TiSSue . .

»

A B U N A+B A+U

_ Rest - 2.200 . 1.65 I. 74 1.27 © 1.68  1.51
control +.437  %.244  +.471  +.214 . +.360  +.363

Rest  1.86 ~ 1.71  1.51  1.24  1.92  1.46

exercise #.481  +.436 4,097  $.201  +.000  £.299

*agpatigue 4.33 " 5.90  6.97  9.95 5. 35 4.13

*&

' % Means + Standard Deviatlons of the Mean



-‘Table 42

ﬁ Fatty Acids in Incubated'”

can -
’o

"*'.2f15T f~1;9o7f,’1;96¢"Qz;60 ,

42019 41.67 . +.485  +.899"

exercise:

b 145 1.28 1.68  .968
'_ 4,788 $.067 . +1.06  +.360. #

Tad e

’;5for Lactates in the Blood
‘ﬁin mgm/lOO ml Blood R

—

A B ygs TN - A+B

Rest..  24.0 32.8. 37.8. . 22.5 | /35.5

:-control +6.27 ' +3.86.  +2.50 +5.45  110.8

 Rest ~ 20.8 29.0 32,5 21.8  29.0°
u,fexercise +2 99 ‘+6-32  ’f5;26Q3 +5.74  +.000.

. Fatigue 52.5. 60. 3 s1.8  27.0  42.5
~exercise t6 86 - #7.14  +23.1  #3.92 ° 48.70

1 A+U 

31.3 .

t5. 91

28, 3;, '

+8.62

44,0

iﬁ;ﬁsy';“

;M . Dotee ey 9

[N
\.

'73%,xéan;fﬂStaﬁdéf%fDe#iatibﬁ;6ffthe Mean SR
e T N g e e :
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| : Table 43 ,
Means‘for Body Weight in Graps

A7 |

L4

N -A, B Ty o N "AfrB' ‘-7-~"'“<-A+U'>

Rest - 398.3% 400.8  465.3 - 478. o' 392 5 . 443.5

‘5icontrol + 20,4 +16.8 % 19, 3»_+ 51.8  + 43.8 -% 16.8 ..

"L”;éxefCise,t'30;0  +26.4 ,+_37 9 4 45.1 + .000 +.54.7¢ .

“ Rest.. . 390.5 © 318.3 366.3  353.0 \348.0~ 383.3 ,”
I L E s T e
Fatigue  388.0 ' 343.5 362.5 315.0  336.5 . 355.3
exercise + 37.6 t 13.3 +43.7 ¥ 7.75 +7.00 4 24.2

AN, . .‘&" L SEEUI T
R S & -
B . "\.

Means for Livgr Weights in Grams

N o et e _
Noh L R L. L e T

-~;_‘A¢;‘,f§;3_;/_. ;:Uh W e omu

U Rest-  13:5 - 13 4‘-‘.17;5f(; 17.7% . 13.7 18,0
control 4. ... 4 g Ny T T
cocomerel Hiss o fiaay o tiger NEause 'tiias” flsen e
~ Rest . 13.6 - 10.6 14;o'fg)'2;3 ©11.0. 1400
| cexercise +1.78  $1.84  1.60* +\94 +'009; 181

" “ratigue  11.2 - 9.100 10,7 - B.96. *‘9\90-u
.exercise +.647 - +.622 +1.55 . +»38§ +1. Oﬂ,.__f

RNy




'~_ Table 44,;”‘

-..\ . Yo
Mean§ for Heart Weights in mgm .0

A .- B ‘; S » U. - N A+B ,v v A+U

7 "Rest . 1051.,8 916.3 .995.1 1075.9 953.7 975.1
S . comtrol % 73.8 #7.75 '#31.8  #130.9 #119.2 - #45.1

ST Rest -1099.1  787.7 - 954.3 1032.4  943.8 ,920 2 -

e _Q~;exercL8ng\+ 62 4 _t36fo3.,t§1;6 . 61 '8 - +.000° +134 1
Fatigue - 1007.4 877.8 978,2"-r 903.7° 900.3 999.6; ,‘
~ exercise’ * 42.5 flAQQO»*-tBS.Q;_' +9.98 . +43.4  +57.4

";fMééns.fof*Sﬁiééh*Weiéhté“inf@gm;i“

B R A T

: o o : L L . ;

"“Vjﬁ?ffg}i+x Aty

N TN
~ ‘Rest’ “ . 662.3 6

» 12,8, 664 654 3" 762 9 687.3,
';control + 40 2;'- ;.T?f1}f,ﬂ'

e 16.1° 4103, 2 ,+ §5. [

“ Rest . 629 9

. 58 608 sf;;'3”~*
'j exercise +. 68 7}3_' i 5

;f51 2

Y Fatigue 458.5° 469.4 .47
':[exercise 54 87 3¢n;i_

[ D



" Means for Right Testicle Weight in mgm fg
‘ A B - U N. AB AU
Rest 1401.5 1394.7  1514.7 1559.%6
‘contrpl = +258.6 +395.5 +255.1 +.17.5
" Rest 1579.1 “1728.1  1597.2° 1614.1
~exercise  +117.2 ~ +173.8 + 88.3 +183.2
Fatigue = 1341.2 71518%3° 1529.8 | 1309.0
exercisé . + 40.7 +207.9 ~ + 82.2 . +213.7
- : ' ]
: , , —~— | | I
* Means + Standard Deviation of the Mean  p¢

i
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) Table 45
¢ 5 Méans for Adsenal Weights in mgm
L ’ ¢ ‘ |
7 A B iU N  A+B A+U
Rest 29.7% 53,0 . 49.3  52.5  46.3 - 49.7
control +23.3 . +11.8  +1.79  +2.52  +9.33  +6.15
Rest 27.8 558  47.9 54.3  55.6  46.5
exercise +8.32  +6.38  +8.65 | +4.51  +.000  +11.4
Fatigue  45.7° 56.5  51.8.  72.1  45.4 45287
exercise. +1.05 +9.30  +2.41 - +3.05 +9.34  +3.59

"



]

N /Table 46

Means for Left Testicle Weight in mgm

»

| / :
A B v N A+B A+U -
‘Rest . 1424.8 . 1553.56
control  +410.8 3 +160.4 .
Rest ¢ . 1273.9 . 1584 .6
exercise +389.0 + 81.5 ’
Fatigue ,1385.5 1524.3 |

exercise +.9.71 +101.3

* Means + Standard Deviation of the Mean . -

—



