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ABSTRACT - = - #
%

Twenty-six male volynteer$ (; age =25.0 years) participated in

\

an 18 week investigation of the effect of endurdnce training and de-
>
tnaining on selected physiological variables. Subjects were randomly
ssigned to exercise (n = 14) or control (n= 12) groups which were

i

further subdivided on the basis of predicted VO2 max and designated as
'high fit' or 'lo fit', The 9 week training program consisted of 4
thirty minute sessions per week on a bicycle ergometer at a tréining

heart rate equivalent to 80% of QOZ max. /
 The response of sysﬁeﬁic parameters aed serﬁajlipids and .lipo-
: proteins‘te training and detfaining was monitored at 3 week intervals:
Maiimum oxygen iﬁtake and.anaefobie threshold chengedfsigeificantly
(p <O 05) with tralnlng and detraxning. Submaximum.heert rate
decreased signlfxcantly with training; there was no 51gnif1cant
change durlng the period of detraining., Maximum ventilation, maximum
heart rate, and submaximal steady state oxygen consumption were nee
affected eignifieantly Sy tbe pregram. There were no éignificant. )f
* chenges in;total serum cholesterol, serum triglycefide, serum HDL-~
cholesterol, serum (VLDL +\LDL)-cholesterol, and seruﬁ HDL-choiesterpl/
total cholesterol in .response to tréining or aetraieing.
Muscle biepsies of the vasfus lateralis were taken from members'
of each gfoup brior te training, pose training, and post Qetraining.
No eignificant differences existed between oe within groups for .
mdsclevfibervtype (I, Ila, IIb) or éDﬁ actiVity.‘ There were also no’

. significant changes in body -composition or diet throughOut,the.

L
program.

iv
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CHAPTER I

INTRODUCTION

‘Sumerous ph;siological adaptations Eo endurénce Qraining havél}
:’beén documentedf/;ncluding elevations‘in'maximalioxygen ﬁptgke '

| (Qoz‘hax), cérdlac.outputf(é), stroke! volume‘(SV), and arte;io-venous
‘oxygep diffe;enée (a-302£>),(Rowe11, 1974),pas well ag slower-fates.
-f glycogen depletién (Hermansen et al.,,1967), lower blood and
muse}é iéctate ;on;entrétions for a given workload (EkblomAetval.‘ i968;'
Saltin et al.; 1971), and increased reliance on'fatvas an energy

~source (Hermansen et al.,ﬁl967;’Hoppeler‘et at,, 1973). Biochemicgl

alterations in part resp&giiblé for these training effects include
increases in the activity and concentrati&ns of respiratofyteﬁgymes:
(Hoilosz?, 1967; Morgan et al., 1971’ and enzymes‘involved in theé
oxidation of fatty acids (Mélé et al., 197i). Changes in ﬁusclé'fiﬁer
area (Taylor'et al.; l978),hsubgfoup distributibn,(lansson’et al.;
1977)ﬁ and mitochondrial size and struéture (Gollnick And King; 1969)
fha?e aisq been recorded. |
| Longitudinal training'studiés using homogeneous subject popula-
tions have béen scarce. Most research has involved c;oss43ectional
'comparis;ns between previousl& frained and untrained groups ﬁaginé;
bbgeneréliiatidd ofrresulég difficult. Lack of quantification’qf thg
tréinihgFStimulusAand‘contrql over eﬁgfaneous_variables'has fufther
ﬁampered inQestigagidn in this area. .
The-responsetof endurance'tr;ineg individuals to the cesSagion of

training,,of detraining, has received léss attention. Early studies

gxamined the effect of bed‘rest on aerobic fitness (Taylor et ai., 1949;

1
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5Deitrick et al,, 1948). Subsequent investigations have monitored

'cardiovascular changes in athletes following termination of the com- -

petitive season (Drinkwater and Horvath 1972 Michael et al., l972),
s

and in- sedentary subjects after the completion of short term training

‘programs (Fringer and Stull 1974 Smith and Stransky, 1976 Pedersen

and Jorgensen, l978).

1

- Recent ‘pdpers have dealt Wlth the local adaptation»of skeletal
muscle to detraining Changes in respiratory enzyme activity !
(Henriksson and'Reitman;:l977;,0rlanderlet.alh; 1977), fiher area
(Houston et al., 1979) and‘composition, and‘ultrastructure (Orlander\
et al., 1977) have been reported. Common use of cross‘;ectional
research models and lack of work quantification have been limitations
'1n many of these studles
Studies of the effect of endurance training on serum lipids have

traditionally been directed toward cholesterol and triglyceride

- Results have been inconsistent and are thought to have varied with

changes in the exettise stimulus diet, or morphology pf the populationn

studied. The recent development of techniques to fractionate. serum
f . 8

cholesterol into component lipoproteins may enable better elucidation

of changes in serum lipids with training. Discovery of inverse changes

in high density lipoprotein (HDL) cholesterol and low density lipopro- "

tein (LDL)- cholesterol with regular exercise may explain the lack of
signlficant findings in earlier studies (Lopez, 1976)

éL,Little is known of the response of serum lipids to detraining.
-Decreases in serum triglyceride and cholesterol which resulted from
one training program persisted during 8 weeks of detraining (Watt

et al., 1972) Other investigators have found elevatidns of serum

¥



cholesterol to pretraining Yalues shortlf after the cegsation of

regular lexercise (Rochelle, 1961; Cureton and Phillips, 1964). The

effect of detrainipg on serum lipoproteins has not yet been'established.
Knowledge of the magnitude-and‘time ¢ou;se of physiological

adaptations to training and detraining will assist in the design'of

more'effective exercise prograns, Advantages whith may result from a

» better\uhderstanding of tbe détréining process include awareness of
the effects qf illness and injury on athletic performance. T%e
estqbl&shﬁent of opﬁimal tim; lines fo énsure_peaking, and .to stress
"various fitness compénents, as well as the development of sati§fac:ory‘
mai:nfenance programs may alsd 'Be enhanced by }’gréat'er understanding
of detraining. )
A negééive relationship has bé;n-reported between HDL-chgiesterol
Land coronary heart disease (CHD) (Berg et al., 1976). The discovery

%)

that HDL-cholesterol may increase with regular training has led ii its

4

.proﬁosal as an anti:atherogenic agent (Lopez, 1976). Examinatio £
the serum lipoprﬁteins during a controlled training reg%Pen will
incfeéseithe understiﬁding?of,this mechanism. The study of lipoprotein
changes during detrainiﬁg may assist ih the establishment of preventa-
give and réhabi%itativé exercise programs for CHD.

»

The purpose of fhis study was to monitor the effect of endurance
training and detraining upon selectéﬁ systemic gnd local muscle
parameferé and tolcompare the'mégﬁitude and time course of any changes
which occur;ed. The rate of decline in fitness gains respoﬁsible for
;aximal performance, as measﬁrea by QOZ max, and submaximal perfoF-

'r,mance, as indicated by anaerobic threshold (AT), were also related to

changes in variables representative of systemic and local changes.



The response of<serum lipids and lipoproteins to chronic exercise and
its termination has also been examined. An additionai aim of‘this
investigation was to dist}nguish between groups designated high in
fitness (hi-fit) nd low in fitness'(lo-fit) in their adaptation to
training and detraining.

Several limitations affgcéegrthe findings of this investigation.
Difficﬁlti?s'in methods of data collection , réliability of measure-
ments, and problems of statistical design hust be coﬁsidered.invinter;

pretation of the results. Subject selection and control of diet and

activity levels were further limitations of the study.

4
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CHAPTER 1I \ : N
REVIEW OF THE LITERATURE - |
)

This chapter contains a review of the literature pertaining to
the resp0nsevof systeﬁic~and 1oca1>mu$cle parameters to endurance
training and detraining. A comparison of the time course and relative'
magnitude of changes in the above‘factors will also be presented,

The effect of endurance training and detraining on seruﬁ lioids and

lipoproteins is also reviewed.

SYSTEMIC ADAPTATION TO ENDURANCE TRAINING AND DETRAINING

1

Changes with Training

Improvements of the cardioﬁascular s;stem with training.have‘been
extensively documented (Ekbolm, 1969; Saltin, 1969; Rowell, 1974;
Clausen, 1977) and will be reviewed only briefly in thls paper.
fralnlng adaptations durlng submaximal work include decreases in heart
rate (Frick et al., 1967; Saltin et al,, 1969), muscle blood flow
(Klassen'et al., 1970) and increases in stroke volume (Bevegard et:al,
1963; ﬁ%altln et al,, 1968). Cardiac output has been reported to
decrease (Douglas and‘Bebklake,‘1968§‘C1ausen et al.,.i97l), increase
' (Shepard and Simmons; 1§72) and remain unchanged (Freedman et al,,
1955) in response to Qork-of this type.

The most noticeable effect of trainlng on the clrculatory system

dur1n¥ exercise of max1ma1 inten31ty 1s an increase in VO2 max
(Astrand, 1952; Ekblom et al., 1968). dther changes include elevations
of maximal‘cardiac,output;and stroke volume (Clausen, 1977). It is

also believed that maximal muscle blood flow is increased by training



(Saltin ét al., 1968; Clausen, 1977) although the extgnt to which

this increase mﬁst be diétributed to\a larger muscle mass remaips
unclear. .Ma%imaL heaft rate has been reported to é;qjease in responée
to regular exercise (ﬁkbldm et al., 1968). |

Changes in 002 max with tfainipg are dependent u;on the intensity,
freque;cy and duratioq of the tfaining program (Sharkey and Holleman,
1967; Wenger and MacNab, 1975) as well as the in&tial fitness of the
participant (Saltin, 1969; Knuttgen et al.,'l973), Improvements
ave;age'ffém 15 to 30'perceﬁt after participation in short term
training programs Ey prgviously unfit SUbjects (Saitin et al., 1977b).
The greatest reported gkfvations in 002 max have resulted from train-

- ing ;hich followed an exfended period of bed rest (Saltin et al.; 1968).
E;durance athletes bossess the bighest recorded values for maximal
oxygen intake (SaL§in and Astrénd,bl967).

The increase in 602 max in previously.sedéntar? ygung men exposed
to training has been attributed to increments in bgfh é mag and
a-v0,Amax (Rovell, 1962; Saltin et al., 1968; Ekblom et al., 1968).
Studies 6f women and middletaged men; however, ascribed elevations
in ﬁaximal aerobic capacity solely to increments in é max (Hértley /I

/

et al., 1969; Kilbom, 1971). Recent evidence suggests that the nature

.
/

of the exercise stimulus may affect the cardiovaécular adaptationﬁ/
Long term training programs, and programs of relatively high intensity,
 have demonstrated significant incredses in a-;oéA.max as well as Q max

in women (Cunningham and Hill, 1975; Cunningham et al., 1979).
) . . S
Increments in Q max from 8 to 13 percent have been reported with

.
IS N

short term exercise programs (Ekblom et al,, 1968;“kilbom, 1971;

Cunningham and Hill, 1975), Clausen;(1977) examined the results of

f



several previous studies and found an average increase of 12% in

é max following training of from 4 to 16 weeksv(Rowell, 1962; Saltin
et al., 1968; Hartley et al.m, 1969; Kilbom and Astrand, 1971; Gleser,
1973). o -

It has generally been accepted that_increases.in é'max‘are the
result of elevations in stroke volume (Saltin, 1969; Cumming, 1975).
The absence of change, or slight reduetionﬂ fonnd in maximal'heartv
rate~with training is the basis for this belief | Clausen'tl977) has
stated that this response does not lmply that the increase in Q is
brought about solely by central c1rculatory adaptatlons After.
examination of the results of several studies that measured both mean
arterial preSSure and Q he has.suggested that a reduction in totai
peripheral resistance may occur with training, possioiy augmenting
maximal flow capacity and increasing é max.- bther studies have ,
found no change in maximal muscle blood'flowkwith‘training (Grimby
et aI 1967)‘ Recent lnvestlgatlons of capillary supply 1n humans
" may help clarify this issue (Brodal et al 1977, Andersen and‘n
vHenrlksson, 1977b). |

The high VO2 max possessed by athletes is 1arge1y the result of
an increased SV (Saltin and Astrand 1967 Ekblom, 1968) Values of
42 ml and 210 ml have been reported for cardlac patients_ and athletes
respectlvely (Ekblom and Hermansen, 1968; Rowell, 1974). Ave;Lge SV
max in a normal untrained male ls approximately 100 m1 (Cummlng, 1975).
Increases in maximal stroke volume have also been demonstrated during
longitudinal training programS}\ Ekblom et ‘al. (1968) reported an

elevation of 20% from 122 ml to 146 ml, after 16 weeks of exercise by

previously untrained subjects. Other studies have reported increases



of between 13 and 28 percént (Ekblom, 1969§'Ki1bom, 1971; Cunningham
and Hill, 1975). An increase of 62%, from 74 ml to 120 ml, occurred
in subjects who were trained following a ﬁeriod of bed reét (Saltin

”~

et al,, 1968).

CHanggs with Detraining

‘Earif research focusing on the effects of‘deﬁraining on the
‘cardiovdscular‘system involved previ§usly fit subjects coﬁfined‘to
bed*rest (De;trick et'alf,v1948; Taylor et‘al., 1949). Following
20 days of immobilization by 5 men Saltin et al. (1968) reported
declines of 27% and 26% in QOZ.max and‘b max respectivély. It hés
also' been demonstrated that inactivity, and‘not the time spent in a
recumbent poéition, leads to deconditioning. anfinement.df subjects
to a space cabin éimulator in one étudy resulted in significantly
decreased maximal oxygen cpnsumption and performance time on.a tread-
mill test, as well as increased heart rafesvat’afgiveﬁAsubéakimal ’
workléad (Lamb et"al.; 1964). Birkhead (1963) gtfiibuted a significant

décrease inléo max following 6 weeks of bed rest to lower hemoglobin

2
concentrations. o o t
Interestvhaé also beenkshown in the estabiishment of exercise
programs that will optimally maintain fitness gains foliowing training.
kecommended exe;cise frequencies for retentién of fitness include
three times per week (Brynteson and Sinning; i973)? every third day
(Roskamm, 1967) aﬁd éncé pet week (Krieséeg{ 1969; Chaloupka and Fox,
.1975). Further knowiedge of the time course of chénges with detrain-
| ing may assisf in better understandingkof‘;h; retention process.

Fey studies have”investigated the effect of the training stimulus on

subsequent detraining. Case (1971) fbund little difference in the



rate of defraiﬁing between subjeéfs'wﬁo haditraimed twice per weék and
those who had traihed four times per week. inka two month sfudy
Employing three tybes of interval training Knhfégen et al. (1973)
found no significant‘difference iﬁ physiolagicgl parameters betyeen

*

groups after 8 ﬁonthé of detraining. It was aléo concluded by Smith
and Strahsky (l976)vﬁhat;the n;;ure of the train}ng_progrém had little
gffect.on the detraining¥grocess. Lbsbvof trainiqg}g#ips was equal
whether‘subjeéﬁs had participated iq running or cycling. Applegate

and Stﬁll (l9695howeyg;, state thét comparisons be;wgen maiﬁfénance

of gains in strength, muSCUlar'endurénce, and endurance may’be mis- .
leading.

Intengity and duration of the training fegimen must also be con- |
sidered relevantlto the detraining process. These factbrs inflggnce
the amount of‘énduranée géinéd:ahd consequeﬁtly the amount availablé
to be“Ldst. In a study of college'womenbkho had trained fq; 8 weeks ,” |
‘Schuble (1972) found no changes in cardiovascuiar paramété%é following
5. or 10 weeks of detraining. It.was,suggesteéﬁghat the initial tgéinA
”ing stimulus’had not béen of sufficienf inténsiéy to caﬁse changes to
occur_gith its cessation.

ﬁvegt (1972) foliowed the détraining of f;male'tfagk athletes
for a 7. week post season period. No significant changes-were Eound
Hin several cardiovascular measures at &}éf%ndard worglbad and{it wag
concluded that subimaximal exércises may not be suffiéiehtlyvdemandipg1
to demonstrate,degraining effects. Appiegate and Stull (1969)_a}so .
-repor;ed no changestith detraining. Restbperiods of 2, 4, énd 6 weeks v

following a 6 week conditioning program failed to elicit different ‘

effects on parameters of circulatory fitness. Simi{;r results were
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reported by Triguero (1965) in a study of basketball players. During

rate

LO weeks of detraining nb significant changes in the heart
re;ponse’to a step test were found.

.The time.cqﬁrée of the decrement of ca;diovascular parameters
with(détraining is of great practical-importancer Michael and Gallon.
(1959) found that increases in heart rate recovery from a step test,
gained through training, had;returnéd to pretraining levels by 10.weeks.
No ?dditional changes resulted from 30.weéks of detf;iﬁing, A detrain-
ing perioa of 4 weeks was féund sufficient to return rgcovefy heart
fafeg aftgfua étep test to pretraining values by Hémmer (1965).

Chaﬁges that occﬁrred in_heart‘;ate-responses were greatest during

the initial 7 weeks of detraining by female track athletes (Michael

et al., 1972). Further significant increases had also occurred by

e

" 23 weeks.

The response of VO2 max-to periods of detraining has ‘also been:
iﬁQestigated. Although a rapid decliné of fitness gains was reported
in middle aged men after 8 weeks of detraining, not all -of the gains

2

of interval run training'Tanzi (1967) found that‘subjeéts had récé}ted

in VO max were lost (Cureton and Phillips, 1964). -Folloﬁing 7 'weeks

to pretraining values for maximal oxygen intakes within 4 weeks. Fardy

(1969) also found a rapid deterioragion of maximum aerobic power. He
recorded a significant_decreasé in 602 max by the fifth week of detrains
ing after a 10 week program of soccer training.

]
Retention of gains in performance of endurance activities have

also been studied. Howells (1965) found 23 female subjects retained

30.1% of increased performance time on the bicycle ergometer after 1

year of detraining which followed an 8 week training ppogfam.
. | - ; :

. ' ' -

) : . . .
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Significantly greatéf retention of performance capacity than &Oé max
was aiéo found after 2 weeks of detraining by Ready (1977).
Recent étudies of the effects of detraining on cardiovascular
fitness have involved the monitofing qf athlétes following the termi-
nation of theiquompetitive seésgn, and.of previously sedentary subjects
after the cémplg;ion ?f”shorf tefm training pfograms. Mich;el et al.
(1972) assessed 10 girls from a high school track team 1, 3{ 5, 7, and
23 weekslpost ﬁraining. Tests used were a 3 minute stép‘test and a
ﬁ?éadmill‘;un. Although no significanf chéhges were measured in.\.IO2
v mak'or o#ygen,deﬁt during the detraining period, submaximal heart‘rate
had iﬁcreased sigﬁifigantly after 3 weeks. The éuthors,cqncluded that
the chqngés that did occur were grgatest after 7 weéksh
| The physiological effects of dqprainiﬁg on athletes féllowing the
track_seasoﬁ were also studied by Drinkwater and Horvaﬁh~(1972).
5002 max of 7 femalé traék competitors was evaluatgd duriﬁg the last
month of‘;he,season and again 3 months after fhe cessatioh’of formall.
graining. IE waé‘goncluded that(3'months gﬁ»detraining‘had feduéed

the cardiorespiratory'fi%ness of these subjects to levels found in

uﬁtrained‘girls of the same age. Vo max fell from 47.8 ml.kg.min_l

2
to 40.4 m];‘.kg.min_l during the period of no training.

Fringer and Stull (1974) trained 44 women for 10 weeks 1n‘order
to monitor the ensuiné detraining process., Training consisted of

'all-out' rides on the bicycle ergometer twice a week. GO max, total

2
work output, and‘maximal ventilation volume Qere retested 5 and 10 weeks
following the program. Thirty-two percent of the'gain in maximal

- aerobic capacity was retained after 5 weeks of detraining, = This fell

to 19% after 10 weeks, " Improvements in pulmonary ventilation and work



EFFECT\QF TRAINING AND DETRAINING ON MAXIMAL
OXYGEN, INTAKE (FEMALES)

TABLE 2.1

»

-

P v Z . 70
Study Training VO2 max(ml.kg.min-})> Detraining Change Retention
pre- post; ‘ post- :
train train detrain - t2 t3 tl-t3f
(e (;2) (t,) |
PEDERSEN n =6  41.5 46.7 43.8 7 -6.21  44.2
& 2%/ wk.s ; : o
 JORGENSON 7 wks,
) (1978) ‘bike
READY : , ,
(1977) n=7- 38.6 4l.1 39.2 2 -4.63 24.0
' 3Ix/wk. , -
6;wks.
bike
n =2 42.68 50.45 42.80 8 ©-15.17 L5
3Ix/wk. ,
‘6 wks.
bike
FRINGER  n = 44 33.77 45.76 37.57 5 -17.9 32
& C2x/wk., : - . : ‘
STULL 10 wks.
(1974) bike _
34,09 47.28 36.64 10 -22.5  19.3
¥ . .
DRINKWATER n = 7 -, 47.8 404 21 -15.8 7 -
& . . . s
" HORVATH  track
(1972) seagon

output were also retained to some degreé after the detraining process.

A rapid return of cardiovascular variables to pfetraining levels

was found by Smith and Stransky (1976). Sixteen female subjects

trained for 7 weeks on the bicycié ergometer. - After 7 weeks of

detraining submaximal heart rates and ventilation volumes. had increased

significantly., Two ﬁonthslwas felt to be sufficient time for the loss

12



of training gains resulting from either a long or short training
program,

. Similar conclusions were.reachéd by Pedersen .and Jorgenson (1978)

in a study of 6 women. Subjects participated in a program of intense x

endurance traihing on the'bicycle ergometer twice a week fér 7‘weeks.
‘Maximal oxygen uptake increased by 13.8% during the traiﬁfﬁg period.
i The average responsé was a reiatively liﬁear‘gain.oﬁ 1.4 to 2.0 pércent
pér yeék; 'At the énd éf the\detraining periodjéoz max waé not s?gni-
- ficantly different from‘the'initial-value. |

%ew studies have gxamined the ﬁechaniémé which cohtrolhcafdio—
vascular changés with detraining. A recent invésfigafion oé the

coronary vasculature'of'dogs during deconditioning suggests that central,

modification of the cardiovascular system is responsible for a large

N : 2

pfoportionwof changes with tréiningAand detréining (Wyatt and Mitchell,
1978). Following 12 weeks of treadmil% training a_g:oup of dogs \
détrainéd for 6 Qéeks. éignificant reductign'dccu;réd igvthe cross-
séctional area ofvtﬁe circumflex artery and in myocardial capillary
dénsi;y. Similarffindings havé been répbrted by Leon and Bloor (1968,
1976) in studies of rats. ‘
The actiQity of cardiéc‘actomyosin ATPase has been sthn to

decrease following detraining in rats (Malho:sg‘ef al., 1976; Scheuer

et al,, 1976). The authors suggest that this may represent an impo;tanf
: g§ntrolling factor responsible for tﬁé increased end systolic volume

»

in trained hearts. Reductions in SV max with detraining may result .
' ' LN

‘from changes in. the activity”bf this enzyme.

PN

195)
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LOCAL MUSCLE ADAPTATION TO ENDURANCE TRAINING AND DETRAINING

Changes with Training @

Changes in a—vosznax with training are thought to account)for'

approximately 50% of the increase in V0, max in previously sedentary

2

young men (Rowell, 1974).. Dépending on the inténsity,and duration of

trainfng a{?OZA max has also been reported to increase infﬁpﬁen
NS
(Cunningham and Hill, l975;fCunninghém et al., 1979). Endurance

athletes posseéé relatively high av;o & max. Values of 190 ml/liter

2

and 156 ml/iiter have>béen reported for athlete; by Astrand et ai.
\(1964) and Ekblom and Hermaﬁéen'(l968). Avéragé‘vaihés in pfeviously
untrained young.ﬁen approximate 12O dl/litef:(Ekblom, 1969).

Possible mechahisms.responsibie fof.this édjﬁstment include
;edisgributionnof a greater frac;ion of the é'to working muscle, or

2

the first possibility plays a significant role in the increase in

lgreater extraction of 0 by the working'muscle., It is unlikely that.

a-vO0, D max (Rowell, 1974). Increased extraction of O by muscle, as

2 2

" the iesult;of several biochemicai and structural aéaptgfions to training®

} , ) R ‘

may account for 50% of the increase in QQZ with ffaining (Holloszy, 1975).
| The metabolic and contractile properties of muscle fibers act as -

imporﬁant detérminants of physiological perfo;mance capacity (Karisson

et al,, 1978); Changes in fibér subgroup populations with training

mdy enhance the oxidative éﬁpacityfbf muécle thereby increasing Qozvmax.‘

Studies havebcpnsistently fogﬁd a 1arge p;oﬁortion of type I fibers in

endurance athletes (Gollnick et al.;.1972; Kiessling et al., 1974; -

Costill et al,, 1976a,b; Jansson and Kaijser, 1977). High correlations

Sy

héve also beén"found between % ST fibers‘and 002 max'(Orlander et al;;
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TABLE 2,2

'PERCENTAGE DISTRIBUTION OF FIBER TYPES IN
" VASTUS LATERALIS OF ATHLETES ‘

Study - Population’ Fiber Type
. - o 1 11 I1A IIB _IIC
o » S ~ L
Ingjer (1978) ® untrained 42.2 57.6 33.2 18.7 5.7
' P.E. students 50.9 49.1 31.6 11.9 5.6

endurance trained 67.6 32.4 20.1 6.1 6.2

nouéton'ef al. (19795i distance runners - 64.2E - ‘35.7[ - -
) - \“ v
Jansson and Kaijser untrainéd : Y53.9_’46.1' 32.2 13.0 .9
orienteers . 68.1 3.9 24.4 3.3 4.2
* - : .
Prince et al. (1976) untrained 35.5 -~ 38.1 26.2 -
' distance runners 44.3 - 39.7 . 4,5 -
weight lifters  45.0 - 10.5 33.3 -
Costill et al. (1976b) untrained 57.7 42.3 - - -
 middle distance  61.8 382 - - -
distance 79.0 21.0 - - -
Costill et,al..(1976a) untrained - 5.6 47.4 - - -
' ' sprinters . 24,0 76,0 - - -
middle distance  51.9 fs.l - - -
distance | 69.4 /30.6 - - -
jumpers ‘ 46.7 53.3. - - - -

*50, FOG and FG.

W
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1977; Bergh'et al., 1978).

The ratio of type I tovtype‘II fibers rs fairiy constant in
'untreined subjects and is ﬁsually near.SO:SOI(Costilliet al.,.i976a;
hGreen et al., 1979). Reported velees'range'from 36r64 (Collnick et ‘
al., 1972) to 58:42 (Costill et al.; 1976a). High ranges in fiber't
populatlon are reported for all groups (Edstrom and Ekblom, 1972;
Gollnick et al. 1972)5

The ciose reletienshrp between suceess-in ehduranceuevents and.

fiber distribution does not necessarily indicate that a change occurs:

N . ~ . . i ¥
in fiber types with training. - Fiber type may be determined genetically

anq athletic success'the result of a natural selection proeess.
Aithough the oxidative capacity of fiberébis known to change wi;h
training there ie~litt1e evidehce of'a>chahge_ih myosin Af?ese'activity
following short.term exerersetprograms (Aneersen, 1975§.Taylbr et a};:
1978; Orlander et al., 1980).. Janssen ahd Kaijser (1977)vfoundithé/‘
preportions of type I muscle'fibers‘in'51ite orieqteers simiiar in |
‘the trained muscles of the leg and untrained muselee ofxthe arm‘suggeet—
ing that:fiber distributionvis genetically determined-and not the
' reeult of extreme‘endurahce'training.» . B

Recent research indicates that there may‘be a gradual transition
between type I and type I1 fibers durlng long term tralhlng.' Karlsson
li et el. (1978) suggest that the_FTc fiber may be an 1ntermediate f{her'
. beteeen FTa and ST fibers. One study of 4 long distanee‘runners
followihg‘an 11 week-period‘of anaerobic training ahdven iBlweek T
period of aerobic training supports this theory (Janssdn et.al., 1978), .

;Runners were: found to have a significantly lower proportion of type IIC .

'fibers (12% vs. 14) after the period of anaerobic training._ An_

A
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increased ratio of IIB:IIA fibers was aléo recorded in 3 subjects.
The authors concluded that a transition from type I to IIC fibers,
and from type IIC to type 1 fibets may result from anaerobic and
aerobic training respectively. | i

Several étudies have reported changes in fiber subgroup pattern
with training.‘ﬂPrince et al. (1976) studied fiber distribution in
distance runners, weightlifters and untrained squects. Eighty-fou¥
percent of fibers in the runners and 55% in the lifters were oxidative
(SQ and FOG). The proportioﬁ of SO fibers was not signifiéantly ’
different and FOG fibers accounted for the discrepancy. Whale the
distance runners possessed 4.5% FG fibers and 39.7% FOG fibers the
lifters had 33.3% and 10.5% respegtively. |

In a study comparing élite orienteers withicontrols the quanti-
tative relationship ﬁetween IIA and IIB fibers was changed in favot
6f type I1IA in the former group (Jansson and Kaijser, 1977). An
increase in type I1IC fibers was also noted‘and is further evidence of
adaptation towards increased oxidative capacity. No change in
distribution of type I fibers was noted in an 8 week bicycle endurance
éﬁudy (Andersen and Hénfiksson, 1977a) although an increase in the
percentage of IIA fibers, and a corfespdnding decrease in the per-
centage of IIB fibers‘occufred. Type IIA fibers rose from 65% to 75%.
of the total coﬁcentfation of type II fibers. Green et al., (1979)
discoveéed similar alterations in a study of élite ice hockey players.
‘Although the athletes were not significahtiy differgnt from untrained
controls in the percentage of ST fibers pre or post season changes

were evident in the FT fiber subgroups; A reduction in FTb fibers

from 12.2% to 2.97% and an increase in FTa fibers from 38.0% to 42.5%

18



oecurred during the 6 month season,

Quantitative increases in several enzymes may also partially
accougt fof the changes in 602 maxlwith'training. There islg positive
relationship be£ween the ability.of a muscle to perform work and the
activity of its respiratory enzymes (Laﬁrie, 1953). Significant
correlations have been found between endurance, as reflected in‘thé
duratiqn of a run ;o.exhaustion,‘and the concentration ofAcytochromé C
(CYT C) and citrate synthase (CS) in rat gastrocnemius (Fitts et al.,
1975).: Several recent studieg have examined the effect of endurance
training on.mitochondrial respiratory Ehain enzymes (Holloszy et al.,
1970; Morgan et al,, 1971; Henfikéson aﬁd Reitman, 1976), citric acid
cycle enzymes (Holloszy et al., 1970; Orlander et al., i977),‘and
enzymes evolved in the oxidation of fatty aéi&s (Jansson and Kaijser,
1977) apd,ketone bodies (Winder et al., 1974).

The activity of succinate dehyarogenase>(SDH) is comm&nly used
to.-indicate the involvement of the citric acid gycle in energy
production. This énzyme catalyzes the oxidation of succinate to
'fumarate with‘the concomitant production of FADH2 (Strxer, 1975).
Unlike other enzymes of the citric acid cycle SDH is an intégral part
‘of the inner miféchondrial membrane and is directly linked to .the
electron traﬁsport chain.

) The study of SDH has helped,té elucidate adaptations which take
place in enzyhe activity with training. These chang#s Are specific
fo-local muscle groups (Benzi et al.; 1975). Gollnick et al., (1972)

. ¢ ! . ©
. reported the highest enzyme activity in muscle groups used by various
athletes. SDH activities of the deltoid muscles of canoeiéts and

swimmers were 2.2 and 2.4 times as great as those of untrained subjects.

/



In another study elite orieﬂteers.were found to have greater SDH
activity ip fhe gastrocnemius than the vastus lateralés (Jénsson.aﬁd
Kafjéer, 1977) reflecting the greater'use of the former in lgvél
~running (Costill et al., 1974).

Several comparative studies have_nofed elévated activity of SDH
in endurance athletes (Gollnick et al.; 1972; Costill et al.,, 1976b).
The proportion of type I fibers was found to be generally High‘in-
these individuals and the possibility’exists*thaf the enzyme patfern
may result from fiber distribution and not a training stimulus. This
was refuted by Hansson and Kaijser (f;77) who found the same pro- -
portion of type I\fibers in untrained s;bjects as ia élite orienteers
although oxidative énzymes activity was considerably 1owef in the
former grdup; Other studies have reported low cprrelapions be;ween

% ST fibers and SDH activity (Costill et al., 1976b; Fostér-ét al.,

1978). A large part of the enhanced SDH ‘activity which results from

training may be explained by increased oxidative capacity of FT fibers. -

The activity of many respiratory enzymes has been found té double
with training. Holloszy (1967{ét al., 1970) found agf fold increasé
in the activities of SDH, NADH,dehydrdgéﬁasé, NADH‘Cytochrome'C '
reductasé,'gucdinate‘oxi}ase aﬁd cytochrome oxidasé in fats after a
program Af treadmill running. Many'studies'ﬂave reported changes in
SDH activity in man afterAcomplétion of short term training programs;
Thesg,changes are closely related to the intepsity and duration of

. | | _ ‘ .
Jthe training stimulus which explains the variance in findings between
studies (Benzi et al., 1975; Fitts et .al., 1975).

One endurance training program of. five months duration elicited

' a marked increase in SDH activity (Collhick et al., 1973). Subjects

20



TABLE 2.4 -

SDH ACTIVITY OF VASTUS LATERALIS IN ATHLETIC POPULATIONS (MALES)

SDH ACTIVITY

STUDY ACTIVITY n

' Slbmoles X g'1 x min ")
Gollnick et al, unt rained 26 4.4
(1972) bicyclists 4 11.0
v canoeisps 4 5.8
runnérs 8 6.4
swimmers 5 7.6
‘weightlifters 4 3.6
i orienteers 11 5.7
Costill et al. untrained v 11 ’ ‘7.4
(1976a) sprint ruéners 2 15.9
middle distance runners 7 14,8
distance runners s 5 16.6
~ jumpers | 2 9.4
javelin thrbwers 3 4.8
shot, discus : 4 4.3
Jansson & untrained 69 10. 4
Kaijsgr (1977) €lite orienteers 8 14,8
distancé runners 6 14.7

Houston et al.
" (1969)

trained on the;biéycle ergometer for 1 .hour per day;c4 days per week

at a load requiring from 75 to 90 percent of maximal aerobic power.

Mean activity of SDH inéreased by 95%, from 4.65 to 9;06//Zmoles_x

-1

g x.min-l. Eriksson et al, (1972) found a mean increase of only

297, in SDH activity of 11 to '13 year oid boys who had trained regularly. -

Subjects pedalled 3 times a week for at least 20 minutes a session

during the. 6 week program, The discrepancy in intensity and duration
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nf training between theée two studies may account for the incbnsis;ent
results. Recent investigations of the effect of training on SDH
ectivity are snnmarizeq in Table 2.5.

:A"relatiqnship has been found between fiber recrnitment and”
Qxidetive adaptation (Henriksson:and Reitman, 19§6j; ‘Exercise requir-

ing less than VO max resulted in recruitment of type I fibers, ‘Wwhereas

2
in exercise of greater intensity both type'I and tx;e:II fibers were

.recru1ted continuously from the start of exercise (Sollnick et al.

R
1974). Henriksson-and Reitman had subjects participate in either an :

8 week interval ttaining or continuous training program on the bicycle

ergometer, SDH act1v1ty increased 51gn1f1cant1y (32%) only in type I

fibers in the continuous group, and only in type II flbers (49/) in

the 1nterva1 group,

It has been proposed that VO, max is limited by the oxidative

2
cepacity of mitochondria in skeletal muscle as well as the capacity
of the oxygen tranéport system (Hopgeler et al., 1973). HignA

correlations.found between 002

mitochondria, the surface of mitochondrial cristae, and the ratio of

‘max and the volume density of central

mitochondrial volume to myofibrillar volume support this proposal.
Enzymes of oxidative phOSphorylatlon, the citric acid cycle, and beta.:
ex1dat¥on are located on the inner m1tochondrial membrane and mlto—
chondrial matrix, Increased activieies of these mitdchondrialrbonnd
enzymes follewing training suggest the occurrence of corresponding
structural changes in thevmitochondfie.

In an early‘stndy by Gollnick and King (1969) #t was shown that

‘

both the number and size of mitochondriauincreased in trained rats.'

Cristae concentration was also found to be more dense in the rats who
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TABLE 2.5 S

EFFECT OF TRAINING ON SDH ACTIVITY OF VASTUS LATERALIS (MALES)

STUDY TRAINING PROGRAM - SDH ACTIYITY %
- . (moles x g™~ x min ) CHANGE
PRE POST

MORGAN et al. n = 10
(1971) - 4 wks, ‘ B 4.2 5.7 - 35,7
‘ endurance bike

GOLLNICK et al. n =6 - A |
o 4x/wk., 20 wks. 4.65 9.06 95,0
endurance bike ‘ : : ‘ ‘

ERIKSSON et - al. "n = 8 o o
(1972) (age 11-13) 5.43 7.01 : 29.1
o 3x/wk., 6 wks. o : '
endurance bike

"HENRIKSSON & n=9

REITMAN (1976) -3x/wk., 7 to 8 wks.
. continuous training  10.8 13.5 22,0
- (bike)
Interval trainlng 9.1 11.6 S 27.5
(bike) : g :
ANDERSEN & n=5 | - SR
HENRIKSSON 4X/Wk., 8 - wks. , 8.6 12.2 41,8
(1977) ~ _endurance bike ' ’
HENRIKSSON & n=13 | |
REITMAN (1977)  4x/wk., 8 to 10 wks. 9.5  12.54 . ~  32.0

endurancevblke

TAYLOR et al. n=16 ,
- (1978) . 5x/wk.}>16 wks, . - 5,12 11.23 - 11,2
' " ‘endurance bike SR | *

ran on the:treadmill daily for lo‘ﬁeeks théh'iﬁ controls, -A stud} of
humaﬁs utilizing a 1_mqnth bicycle ergoéeter prqgramifouﬁd»a_significant.
change in mitochondrial volume (Morgan et al., 1971); Kiessiing et al,
(1971) fgpérted iﬁcreased,numbers4of inténfibrillaf and perinuciear

&

mitochondria in humans who had_participated in 14 weeks of tréining.



Values,had doubled afterV28«wéeks. It was also found that €lite
athletes did not possess S1gn1f1cant1y more mitochondria than the
prev1ously sedentary subJects

Size of mitochondria was not altered by the 7 ‘month program.
Athletes, however, were found to have s1gn1f1cant1y larger values than
the sedentary subJects both pre and post training. It was concluded
that prolonged moderate, exercise 1ed to an increase in the number of
mitochondria and little increase in size, and that heavy training
resulted in 11tt1e further increase in number and a large increase in
size, Comparison between e11te orienteers and untrained subjects
reveeled similar findings (Hoppeler et'al., 1923).‘ Volume density of
central and peripheral mitoehondrie, ratio of eentrdl mitochondrial
volume to volume of*myofibrils, surface of central mitochondria and

mitochondrial cristae, and the size of the central mitochondria were

1

“-all Significantly greater in the trained orienteers:

Gains in aerobic power which result from endurance training are :

often accompanied by an increase in capiilary supply (Andersen, 1975;

Ingjer and Brodal, 1978)1 A lipear relationship‘has been fonndb
between 602 max and the;average eapillary number around each fiher
(Ingjer,_19f8); Changes in oxidative enzyme activ1ty (Costill et al.
1976) and mitochondrial content (Hoppeler et al., 1973) also corre-
spond well to adaptations in capillary supply. |

it hasAbeen‘suggestedVthatvhighcapillary densityvin animais’may
enhance oxygen diffnsion in muscle (Krogh 1969). Improvements in.
phy51ca1 performance follow1ng endurance'training might then be

partially attributed to Changes in capillary density. Several studies

have reported no change in capillery density with training., In an
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early repért by Saltin et al. (1968), it was determined that although
there was a large increase in 602 max, there was n§ phaqge in the ’
size:of capillaries or capillary density‘after training, Hermansen
and wﬁchtlova (1971) compared capillary suppiy in 8 uﬁtraiéeé aﬁd 7
well trained men, No.significant difference was found bétweeq groups
eiﬁher at resf of éfter'maximal e#ercise. A larger capillary to fiber
rafio in thé traiqed subjects w;S attributed to fiber area, and as a
result thére weré no differences in diffusion distance; A study bf
capillary formation in rats following 4 weeks of-endurance swimming
“also foﬁﬁd no proliférative ;ctivity (Ljungqvist and Unge, 1977).

Recent studies in hﬁméqs have documented change$ in capillary
‘supbly with tréining.~ It is poséible that.earlier studies vere

¢ -

hampéred by poor. measurehent techniqueé;\ In a cross-sectional study
of”12‘untrained.§nd 11 endufance ﬁrained subjects Brodal et al. (1977)
concluded tﬁat one possible mechanism by which okygé; extractioﬁ iﬁ»
'€he muscle could be increased was By changeg in capillary‘density.
Capillary to fiber ratio, the number of capillaries‘surrounding each
fiber, aﬁd capillary density were greéter in the trained équgcts by

“

approximately 40%;' V0, max was also elevated by 40% in these subjects.

2
Comparison of capillary supply‘insS well trained and 6.untraiéed
" women.resulted in similar findings (Ingjef and'Brodal, 19785.
Capill;ry)to f&ber ratio, the number of cépillaries aroﬁnd each fiber,
and capillary denSity vere greater‘by 52%,-45%, and 34% respectively.

. In a longitudinal study significant increases occurred in.capil-
lary density and capillary to fiber ratio in 3 subjects whoihad | |
'followed a 7 week bicycle training program (Andersen, 1975), Signifi-

cant increased iﬁ,ﬁo max, capillary density, and capillary to fiber

2



ratio also occurred in 5 subjects who had trained for 8 weeks at 80% of
maximal aerobic capacity (Andersen and Henriksson, 1977b).‘

Type I and type 1A fibe:éAhave siénificéntly greater capillary
contacté than type IIB fibers (Andergen, 1975);j Capillaries around
each fiber type apﬁear to increase linearly with ﬁgaining. An increase
of from 10%vto 13% in Capiilaries,around e;ch'fiber type has been
found following an endurance training program (Andersen and Henriksson,
| 1977b).

»A study examining the effect of low frequency acti&ation of fast
muscle in rgbbits relatgﬁ the metabolic chénges in.muscle tglan
increased capillary supply (Brown et al., 1976). ‘Affér only 4 days
of stimulation there were increases igpéapillary density and capillary
"to fiber ratio indicating actualbgrowth of capillaries. Thesé changés,
together with a decreaée in mean-fiber,diamétgr, resulted in a _shorter
diffusion distance for 6%ygen. Changes in oxidative enéyme capacity

_occurred following the alteration in capillary supply.

. Changes with Detraining

(Studies of the efféct of local immobilization and disuse on
skelétal,muscle preceeded resgarbh of beripheral adaptations to
detraining; Riley and Allen.(1973) exaﬁined thé histocﬁemisfry of
muscle fiber types following»inactivity. Cats récgived a:spinéi chord
;ranséction thch immobilizea the tail-muscles yét resulted in no
denervgﬁion.,‘There was no.increase in the number of fibérsyover a b \
month’ period. The activit& of mitochondrial énzymes; reppeéented by
NADH diaphorase, had deciined noticeably in red fibers byv2 months.

All fibers exhibited low diaphorase activity after 5 months.,

Immobilization of rat hindlimbs resulted in disuse atrophy in

26



Ty ey

[ —

T T

wraweywr

27

one study (Rifenbrick et al., 1973). Decreases in cytochrome oxidase

~activity suggested that there were fewer mitochondria in atrobhié

“than in control muscles. The specific activity of malate dehydrogenasé

ca

in isolated mitochondria was diminished on the first day and decreased

to 35% of control by the fifteenth day afger immobiiization.

Guinea pigs were iﬁvolved in the ofiginal 1ongitudinal‘study of
detraining and muséle histochemistry‘(Faulkner et al,, 1972). ‘Ten_
animals trained daily for 8 weeks on fhe treadmill, Measurements.(
were faken 4,»8, and 16 weeks‘post\tfainihgito indicafé the effect of
detraining. There were nd.significant differences between 4 and 8
weeks of detraiﬁing in any»of the‘pa£ameters studied:

,Péréent red fibers in the plantaris had decreased by éé% after
4 we§ks} A concomitant increase of 23% bccurfed in the white fibers.

These changes are indicative of oxidative capacity as SDH activity

formed the criteria for designating fiber»t&pes. Fiber populations

approachedkcontrollvalhes by 16 weeks of detraining although there was

- still a slight elevation in the proportion of red fibers. Total fiber

concentration was 1éssvthan the.tfained falue by 15%.

Increéses in fibér area werelless in ;raiﬁed animé¥s ;han controls.
During the perioébof qefraiping growth was again intenéified which |
reégited‘in laféer fiber aréas.ahd a héavier total muscle, Houston
etial. (1979) reported‘a4ﬁimilar respénse in humans; The area of

FTa fibers increased significantly with detraining. Increased diffus-

‘ing distance may result and negatively affect oxidatibé~metabolism.‘

L]

Muscle énzyme activity in the horse was stﬁdied during detraining
following a 10 week ‘training program (Guy and Snow, 1977). Six animals

completed a program of endurance and gprint training 6 days a week.



Gradual detraining was used in order to avoid fluid accumulation in

the legs. Biopsies of 6 muscles were taken 5 and lO'weeks post train-
ing;' The :activity of citrate synthase, representative of citric acid
cycle invblvement, doobled with training and.then significantly decreased
in 5 weeks, An'insignificant increase occurred during the second15

weeks of detraining. The activity of the enzyme was still 64% above
pretrainlng values at the conclusion of the detraining period. "The
-authors had no satisfactory explanation for the elevation of activity

’between weeks S5 and 10 and speculated that an unusual.enzyme pattern
due to sedentary life may have been responsible.. A similar pattern
has been discovered in 1nact1ve men (Bass et al,, 1976)

The effect of decreased ﬁork intensity on mitochondrial enzymes

_was studied by Benzi et al. (1975). Three groups of rats trained 6

4 months in programs'of\gradedkintensity. ‘Following
k groups of rats performed the program:of next lowest .
intensi? ,jonths. "By 40 days the activ1ty levels .of SDH had
decrease;’ v(fels average for the group of preceding 1ntensity.

fg has recently been studied in humans. Changes in

gocal_parameters were monitored in previously sedentary

men after,frirt*term training in 2 studies‘(Henriksson and Reitman,
1977, Orlai{er-et al., 1977). Thirteen subjects participated in an
. endurance f’_gram for 8 to 10 weeks' followed by a 12 week detralning

v'period in the first study. VO2 max increased by 19% and the activitiesv
of SDH and CYT OX .ncreased by 26% and .35% respecmively with training.
After 4 weeks of non-trainlng the activity of SDH had decreased
significantly and b 6 weeks it had reached control levels The

activity of CYT OX had fallen to pretraining levels by 2 weeks and
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declined furthet.during the next 4 weeks.
Orlander et al, (1977) tfained 16 sedentary men 3.timee per”week _

.for 7 weeks followed by an 8 week period of inactivity. Training
resulted in a significant ;ncrease of 6% in 602 max, Intracellular
triglyceride content doubled during‘the program and uas restored to
,pretralnlng values during the subsequent 8 weeks. Activity of HAD
1ncreased by 58% durlng the‘first 7 weeks ‘and declined signlflcantly
w1th detraining. .Flber composition‘was unaffected by tralnlnguor
detraining. Average 7 ST fibere was 39.7, 35.8, and 36.Q nretraining; '
post-training and post-detraining respectively. |

"The éffect of 15 days of dettaining was- studied in 6 well trdined
runners bvaouston et al. (1979)." During a peak.period of‘training
the athletes were tested for SDH activity;kmuscle fiber area, and-
602 max. These parameters were re-evaluated following the period of
inactivity.  Maximal aerobic capacity decfeaseddbyAA%.‘ The activity
- of SDH end perfdrmance;time-on a treedmill run to exnaustionfwere
lower by;24% and-iS% respectively. Capi}lary density deéreased and
fiber composition was unaffected during the period of detraining.v'A
decrease in percent type Infiberswzrom 87% to 57Z,has recentlyybeen

reported by’an élite athlete after 6 weeks of immobilization (Jansson

et al., 1978).

THE TIME COURSE AND. RELATIONSHIP OF TRAINING AND DETRAINING

.« The relationship between the time to adapt with training-and~

detraining is uncIear: Many short term studles have. found 51milar
velevations and declines in VO2 max (Fardy, 1969; Smith and Stransky,

1976) yet others report a significantly longer retention perlod
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-(Cureton and Phillips, l964; Fringer and Stull, 1974). The response

of oxidative enzymes has not been as consistant as changes in VO2 max.

Although Yakovlev (1950) claimed that the enzymes of aerobic metabolism

[}

were the first to increase-and-the last to.decrease on breaking train-

‘ing recent studies are in disagreement.' Three weeks of training caused

an increase 1n SDH activity of only 11,5% as compared to an increase -

of 25. 6% after 8 weeks, but ‘loss of activity was much ‘more rapid

,.A

u(Henriksson and Reitman, 1977). After 4 weeks of detraining there
- was a significant decrease and activity of thehenzyme had'returned to
vpretraining levels by 6'weeks » Losses of SDH act1v1ty of 24% in 15

days and of 50% 1in 4 to 6 weeks were found by Houston et al. (1979)\

and Saltin et al, (1977b).
Other enzymes may respdnd'differently‘to detraining. Orlander

et al. (1977) reportéd an increase of CS activity of 18.4% during 7

~weeks of training and an additional increase of 2.2% in an 8 week

detraining,period. Training had no effect on CYT OX'activity in this-
study although an increase of 34.7% was found by Henriksson'and
Reitman (1977). Thege authors reported a decline in CS activity to

pretraining levels after 2 weeks of‘detraining, and further decreasesv

: during the next 6 weeks. Intensity of training‘has been shown to

effect enzyme changes (Fitts et al., 1975) but its affect on’ changes

w1th detraining is yet to be discovered
" Two prevalent theories exist concerning the relationship of

systemic‘énd local -factors with training and detraining.v Saltin et

al. (1977b)vf0und no significant differences bétween relative'changes

in variables representative of systemic and local response with

conditioning programs of'8 to 10‘weeks_duraction. He concluded that

>

o
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the oxidative potential of muscle may play a crucial role in the

. determination of V0O, max.

2

Recent studies have stressed the separation of systemic and local

training effects (Henriksson and Reitman, 1977; Orlander et al., 1977;

Houston et al.,‘1979;20r1ander et al., 1980) arguing that the more

rapid decline in oxidative enzymes than VO_. max indicates that the

2

-oxidative potential of:muscle is not a determinant for maximal

- aerobic power. Although increases of 11% were found in VO max, SDH

2

act1v1ty, and CYT OX activity during the lnltlaL 3 weeks of training

elevations of 12.6%, 20.5%, and 32.0% had occurred in the above

'parameters after 5 .weeks (Henriksson and Reitman, 1977). Activities

of both enzymes had reverted to prétrainingvvalues by 6 weeks although’
16% of the increased aerobic capacitfiwas retained. Houston et al.

(1979) also reported variable changes between: central and local

3

factors with detraining, Decreases of 4% and 24% occurred in 002 max

and ‘SDH actively during 2 weeks of inactivity By well trained runners.

The time course of .changes in fiber subgroups, fiber area, and

muscle cépillarization ié yet to be established. Brown (1976) demon-

A
s

»strated new capillary growth before metabolic adaptation in rabblts

The hypothetical detraining model of Saltin et al. (1977b) however,
envisions a much more rapid decline of enzymé activity than of

capillarization with detraining. It has been suggested that the

_f

.sequence of return to pretraining values’ may progress from changes in

g%ea of ST and FTa fibers, decreased oxidative enzyme activity, con-

version of FT fiber subgroups, and loss of VO2 max to decreases in
capillarization over a period of 6 months. .
Separation of systemic and local training and detraining effects

O



TABLE 2.6

TIME COURSE OF CHANGES WITH TRAINING AND DETRAINING
(Henriksson and Reitman, 1977)

(% change from pretraining values)

TRAINING - DETRAINING
WEEK 3 5 8 2 4 6 12
. . * * :
Vo, max 11.1 12.6  18.6 18" 16 - 16
’ * : *
SDH 11.5 20,5 25.6 15 11 1
CYT OX 11.0  32.0 43,7 0

* .
approximate values
*

Y
may reflect the ability 66 perform at different work intensities.

Holloszy (1967) stated that although cardiovascular adaptation may be

responsible for increases in maximal aerobic capacity the oxidative

capacity of muscle is the limitihg factor during prolonged submaximal -

exercise, Changes in 002 max have béen shown to be ;ssociated with
but not dependent on skeleﬁflzﬁusble.oxidative capacity (Henriksson
and Reitman, 1977). Decliﬁe in performance scores withbdetraininé
has been more closely related to local factors of mﬁscle metabolism
"(Houston et al.,, 1979)'than to changes in 602 mdx (Ready, 1977)
suggesting.a relationship between peripheral adaptation and endurance
capacity. | |
Aﬁaerobic threéhold (AT) has been prbposed as a criterion measure

of suEmaximalbfitness (Weltman et al., 1978a). Endurance performance

of 22 individuals, grouped by 60 at the onset of metabolic acidosis

2
(AT), led to the conclusion that differences in physiological

responses to submaximal work are more directly related to AT than to

32



002 max, Rusko et él. (1980) reported sigqificant correiations
between AT and oxidative enzyme activities in female cross country
skiers. The enzyme acfivities were not significantly related to
&02 ﬁax. Muscle respiratory capacity was foqnd to be sighificantly‘
related to both Qoz-max and‘the iactate,threshold by Ivy et al. (1980).
The porportion Bf slow tﬁifch @uscle fibers also correlafed‘positively
with lactate threshold. Other studies have found no significant
relapionship between fiber fypé'and AT (Rusko et alg, 1980).

baQis et al, (1979) reported a significant increase in AT follow-
ing endurance training in ;edentary males. The response of AT to
detféining has not yet been established. |

SERUM LIPID AND LIPOPROTEIN ADAPTATIONS TO
ENDURANCE TRAINING AND DETRAINING

Changes with Training

. The focus of research into the effect of exercise on serum lipids
has traditiénally been directed toward”serum cholesterol and triglyc-
eride. Only receﬁtly has the effect of training on serum lipoproteins
been examined, |

Increaéeé in sefum cholesterol have been documénted_following
acute exercise (Naughton and Balke, 1964; Jirka and Dolezel, 1968)
and are thought to reflect transiént mobilizaﬁién éf fuel. Serum
_'triglycerides undergo a similar response (Cohen and Goldberg, 1960;
Chinnici and Zauner, 1971) wﬁich may be re&erse& during longer
sessidns of activity, Carlson and Mossfeldt (1964) found a signifi-
caht reduction of serum triglyceride in men after 9 hours of skiing.

The response of serum cholesterol to chronic activity has been



inconsistent. The majority of studies of healthy subjects have reported

decreases following training (Goiding, 1961; Shane, 1966; Mann et al.,

1969; Wood et al.{ 1976) while‘othérs have found no change (Holloszy
et al., 1964; Goode et al., 1966; Milesis, 1974; Lehtonen and Viikari,
1978a), Subsequent studies have revealed that the contradiction
results from expression nf total serum cholesterol with no indication
of its distribution among lipoprotein.fractions (Lopez, 1976).( The
confounding effects ofhweight loss and food intake on serun cholesterol
also make it a poor indicator éf the lipid response to gxercise
(Altekruse and Wilmore, 19735. |
Reductions in serum ériglyceride following training have benn
more consistent (Holloszy etlal., 1964; Goode ét al., 1966; Hunter et
“al., 1972). This response is felt to ;eflect thevcumulativé effect of
exercise and to persist for up to 2 days (Oscai et al., 1972); ‘Some
studies have reported no change in»sefum triglyceride‘with chronic
exercise (Hoffman ef al.; 1967; Milésisf 1974; Lewis et al., 1976).
Exercise programs have also been used effectiveiy fo normalize serum
'triglycérideﬁ(Oscai et al., 1972; Lampman et al., 1977) and choleséerol
(Lampman et al., 1977) in hyperlipidemic patients,
The effect of exercise on different iipid componénts'of-thellipo-

" proteins is uynequal. Carlson and Mossfeldt (1964) reported a signifi-
cant reductionwof serum triélycéride in healthy persons after 9 hours
of ex¢rcise. Seventy-five percent of the decreasé resulted from a
'50% drop in triglyceride content of ;he‘very low density lipnproteins
(VLDL), Triglyceride also decrdased in the low‘densily lipoprotein
(LDL) fraction., The chnlestern contgnt was not changed gignificantly

.in any of the lipoproteins alth ugh the ratio of cholesterol to

\
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phdspholipid increased in high density‘lipopro;eins (HDL).

| ' The triglyceride content of VLDL also decreased in a group of
men who walked 50 kh,é day for 10 days .(Carlson and Frosbérg; 1971)
and accounted.for 66% 6f\the total reduction in seéum triélycéride.
Smaller decreases occurred in the LDL and HDL. There‘was.no changev
‘ iﬁ the chélesterol conteﬂt of the 1ipobroteins. .

' Changes in the rélative proportion of 1iboproteins with ChrohiC'
exercise have been reported, generally‘decreases of serum VLDL and LDL
~and én elevation of HDL (Lopez, 1976). in‘an early‘study by Hoffman
et al. (1967) it was found that air force officers who had engaged in
.regular éctivity for 1 year had iower LDL concentrations than sedentary
controls.v,No differences were épparent in the VLDL fraction. Martin
et al.‘(1977) compared the 1ipid,profiles of 28 elite funners to
sedentary contfols. The athletes had significaptly lower LDL—choles-
terol and higher ﬁDL-cholestefol fractions‘than the less active
individualé.> Two similar studies found the distribuéion of piasma
lipoproteins to vary between runners and cont:ols (WOod‘et él;, 1976,
1977). Lower totaliplasma cholesterol and_LDL-cholesﬁerol and hiéher
HDL-cholesterol were reported for theQactive group. Thé ratio of
HDL-cholesterol to ﬁDL-chdlesterol<was also larger for the runners.

Recent studies have been conégfned with HDL and physical activity.
Trained cross-country skiers were compared to sedentafyf¢ontrois in
one invesfigation:(Enger et al,, 1977). Significantly higher HDL-~
cholesterol and HDL-cholesterol to total-cholesterol ratios weie_
reported for the atﬁletes. There was 8190 8 significant trend ﬁoward
prégressively‘highgr HDL-gholesterol in the fastest and best'trained

skiers. Lehtonen.and Viikari (1978a) examined the effect of vigorous

<
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activity at work on HDL-cholesterol. Lumberjacké, when compared to
‘sedentary eleqtricians, demonstrated significantly higher concentratiohs.
Plasma total'cholesgerol was higher in the.lumberjacks, yét there Qas
no differenée in (VLDL and LDL)-cholgsterol values.

- The response of éerum'lippprofeins to short term training'has
‘ﬁot been documented as well ag the crpss-sectional comparisoné betweeﬁ
groups, . One 10 wegk'prggram of regular walking and jogging resulted>
in decreases of LDL and VLDL of 7% and 13%>respective1y, and an
increase in HDL of 19% (Altekruse and Wilmofe, 1973). Lopez et al.
(1974) found decreased pre-& -lipoproteiﬁs (VLDL) .and & -lipoproteins
(LDL) and elevated og;lipoproteins (HD%)-after subjects had paftiéi-
éated in a7 weék program of kegular éct;vityv Studies.by'Roundylet
al, (1978) and Ratliff et al, (1978) also demonstfated significant
shifts from lighter density to heavier density lipbproteins féllowing
chronic exercise of 10 and 20 weeks duration.

It hgs réceﬁtly been hypothesized that the exerFise mediated
increase in seruﬁ HDL-cholesterol may only résult after prolonged
. training (Hartung and’Squires, 1980). éeveral loﬁgitudinal Studies
of 10 to 12 weeks dufation have failedvfo'fiﬁd significant increaées
in HDL-cﬁolesterol (Weltman et al,, 1978b; Lipson ;t al., 1979;
Squires et al., 1979).
' Few studies have related chdnges in seruﬁ liéiﬁs and’lipoprotéina
to the intensigy or type of exercise. An inVerse correlation‘was
reported between the cholesterol content of.sérum £ -lipoproteins and
type of physical acfivity by “Todorvic (1971). 6ne investigation
found that rﬁnnerg who averaged more than‘70 km per week had signifi-

cantly higher serum HDL-cholesterol concentrations than less active - «

I
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7%

' athletes (Lehtoﬁen'ahd Viikari,”  1978b). A positive correlation
between mileage run.and séruﬁ HDL—cholestefol has also bgen reported
- by Hartung and Squires (1980) for 2 groups of rﬁﬁnersf
It 15 no;>known cdnélﬁsively whether exercise affecté the syn-
thesis or cafabofism ofcyarious 1ipid fractions (Lobez, 1976) Although
. there is no 1nd1cat10n of cholesterol synthe31s with exercise it is
reported*to increase with weight gain (Sodky and Kudchodkar, 1973).
; Cholesterol catabolism and oxidation incfease after exercise (Nallnow
and Perley, 1969) Synthe513 of triglycerlde is reduced during exercise
(Carlsbn'and Mossfeldt, 1974), and the enzymes of trlglyceride metabolism
are 1ncreased with chronic actlvlty. LlpOptOCELH lipase (LPL) has been
reporteg to 1ncrease‘in rats (Nikkila et al., 1963;. Borenstajn et al,,
1975) and man (Nikkila et al., 1978) following ‘training,
Liﬁopfoteih‘metabolism is a1so7affected by exercise., Reductions
in VLDL and LDL and elevations of HDL have consistently been reported
- with training. The activities of LPL (Nikkila et al,, 1978) and
bleéithin cholesteroi acyltrapsferase (LCAT) (Lopez_et;al.,‘1974),

enzymes of lipoprotein metabolism, have also been reported to .increase
. . ‘ Y o . - ) ’
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with chronic exercise. It has been propogsed that reduced triglycéride

concentrations in long distance runners as compared to controls may

result from increased LPL activity (Nikkila et al,, 1978); ' i

Changes with Detraining

Reductions in serum cholesterol which resulted ffom training

“did not persist during short periods of detraining in 2 early studies.

Rochelle (1961) and Cureton and Phillips (1964) both recorded elevation

of cholesterol to pretraining values shortly after the cessation of
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regular exercise, éats were trained daily on the treadmill for 8 weeks
by Watt et al. (1972). Running duration was progressively increased
from 20 to 90 minutes throughout.the study, Following 8 wgéks of
detraining the:serum'cholesterol and triglycefideblevels remained
significantly,lowerbthén those in untrained coﬁtrol rats,

A stdﬂy of vérsity football.players had conflicting résults
(Penny et al., 1975). Si#’atﬁlétes and 6 sedentary controls were
tested at the end of the competitive season aﬁd 3, 6, and 9 weeks
' af;er its;completion. No significant-differencés in.serum ;holesterol
were reportéd between the means of thé football and éoﬁtrol groﬁés-on
any tgst."Boﬁh gfoup$ reveéled a decrease id serum cholesterol dufing
the detfaining-periéd;

Inconclusive results éoncerning the resbqnse of serum cholesterol
ito détraining were also repdfted'by Campbéll and Lumsden (1967).
Subjects partipipated.B timeé a week for 10 weeks in/a_prograonf
interval running. A 10 week period‘of‘ihactivity followed. Mogpho-
lggical configuration influeﬁced the results. Slim subjects demonstrated N é
a large increase in serum cholesterol with training‘and a slighf_
decrease during detraining. Serum cholesterol declined in'mgscular'
ahd”obése subjects'withbtraining and wa§ elevated significantly during

v

detraining,

An extensive review of the literature failed to reveal any studies
which examined the effect of detrain{ng on serum lipoproteins.

i
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CHAPTER III

METHODOLOGY
N
SUBJECTS

Twenty-six healthy male volunteers between ghe ages of 18,9 and

. 31.4 years (x = 25 0) partlcipated in the study. Three subjects with-
drew Before completion of the testing sessions and é were dropped from
“the study becausé of large changes in their activity levels. Partici-
pants were requested to maintain their regular exercise pattern and
diet throughout the program and both exercise and diet behaviour was

monitored on a regular basis,

PROCEDURES

The following dependent variables were measured at 3 week intervals

during the study:
- weiéht‘(kg)
- total serum cholesterol (mg/lOO ml)
‘- gerum HDL-cholesterol (mg/iOO ml)
- serum LDL + VLDL-cholesterol (mg/lOO ml)
< serum tfiglycéride |
- maximum oxygen éonsumption (ﬂ,.miﬁ-l)
- maximum oxygen consumptioﬁ (ml.kg.min-l)‘
- heart rate at 117.6 watts (BPM)
- heart rate at 176.5 watts (BPM)
- ox&gén consumption at 117.6 watts (f-min-l)
. oxygen consumﬁtion at .176.5 wafts ¥4 .min-l)

- maximum ventilation (BTPS) (f 'min-l)
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- maximum heart rate (BPFM)

- power output at VO, max (watts)

2
- anaerobic threshold expressed as power output (AT-PO)‘(Qatts)

- anaerobic threshold expressed as % VO, max (AT-VOZ)

2
- ahaerobic threshold expressed as ?Oz (ATml)
Less frequent measures included the assessmentlof local muscle

‘charaéte:isticg, underwater weighing, ana diet evaluation

to obtain the.féllowing variables: | |

- muscle SDH activity Q%Lmoles X g-l x min )
- % ST muscle fibers
- % FT muscle fibers
= % FTa muscle fibe;s
- % FTb muscle fibé?s
- % body fat

- % carbohydraée'intake

- % protein infake_

- %.fat intake

- caloric intake !

Bicycle Ergometer Test

A modification Of‘the step-wise incremenﬁ bicyble ergbmeter tést
developed by‘Weltman et al. (1978a) was used to measure maximum and
‘éubmaximum metabolic va?iables. An ;nitial loédlof 90 wattsg was set
and a pedallingjraté of 60 RPM was adopted. - Subjects were paééd by

. "

an auditory-visual metronome and a micro-switch counter was used to

monitor work output, Heart rate was cohtinuously recorded from a

T
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bi-polar chest lead.
Variables dependant upon expired gas analysis were measured by a

Beckman Metabolic Measurement Cart. Thisbsystem contains an OM- 11

"~

oxygen analyzer and a LB-2 carbon dioxide analyzer, as well as volume,
temperature, and pressure transducers. Data are multiplexed from

these sensors and transducers into a memory system and transferred into

L3

a calculator, Thirty second recordings were made of expired volume
(v, BTPS, ’,K.minfl), fraction of expired o'2 and CO, (FEOZ» FECO,),
respiratory exchange ratio (R), and oxjgéh,cbnsumptidn (602) in milli-

liters per kilogram per minute (ml.kg.min_;)‘and in liters per minute -
' ' 5.

(,f.minil). - These calculations are displayed in Appendix A.

- Calibration of the metabolic -cart was performed prior to and*

after each test.s&,

'Anaerobié Threshdld

Estimation of an;erobic tﬁréshqld‘from gas exchangé variables has
béen found'ﬁo be valid énd reliable (Davis et al,, 1976).

The initial load of 90 wafts was'increésed_byVSO Qatts at 2 minute

intervals throughout the test. Values for FEO,, FECO VE, and R were

21 2’ .
displayed by the Beckman Metabolic Measurement Cart every 30 seconds:

Heart rate was continuously recorded from a bi-polar chest lead and

a micro-switch counter was used to monitor work: output. .

=

Steady state values for each of the gas exchange vériables were
plotted agéinst power output at each work level. The criterion for
de;érmination of the power output associated with metabolic-acidosis

:was the point of departure from lipearity in the VE/ VO, versus pdwer

2
output curve as indicated by the largest change in the differential of




or decreased (

‘Hgges in theVOE, FEO,, and R versus power output

2’
curves were use i_in the calculation of anaerobic threshold in
pt change in VE/VO2 versus power output was

not appad >: A"B contains a sample of the graphs used to

Ffor one subJect.

. Maximum Oxy din. SEs umption

;:easure peak &Oz.on the'bicyclevergometer resistance
was increasedi i~30 wattsg et 1.5 or 2 minute intervels following the
determinationk |
to continue unt%l;exhaustion‘or until oxygen consumption levelled off

Win 100°'ml) with an increase in wotk Load.

Muecle Biopsy

4

Muscleebiopet kiore taken from the vastus laterelis by the :

(1962) in order to determine percent fiber popula-

~ tion and succ1nate dehydrogenase (SDH) activity. The biopsy site was

on the lateral side of the thigh, midway between the spina ilica
anterior superiorhend the upper border of the patella, an area of
minimal risk due to scarcity of oiood vessels and nerves, The operating

area was kept sterile and the biopsies were performed by a physician. -

Inc131ons were made on the right thlgh and one muscle core removed.

Tigssue was divided in half and one sample was frozen within five seconds

’in isopentane cooled in 1iquid nitrogen for biochemical determinations.

Fat and connective tissue were dissected from the other section of
tissue core, which was then mounted in OCT mounting‘mediUm on a cork
and frozen in isopentane cooled in liquid nitrogen for histochemical

determinations. Both samples were stored at -60°C until analyzed,

ianeerobié threshold. Subjects were\verbaliy encouraged
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Fiber types were identified on the basis of the myofibrillar

ATPase reaction (Padykula and Herman, 1955) following preincubation in

‘.acetate buffer at pH 4.3 or pH 4. 61 or 1n glyc1ne buffer at pH 10.3

(Houston, 1978) (Appendix‘C). Type I, Ila and IIb fibers‘were dig-

tinguished for most'Samples. The muscle tissue was also stained for

NADH- diaphorase activ1ty to 1nd1cate oxidative capac1ty (Appendix D).

Serial sections, 10 um. thick, were cut in a cryostat at -200 centigrade,

picked up onto a cover slip.and dried at_room temperature for 24 hours

before being stained. Fiber types were counted from photomicrographs

and an average/of 264 fully intact fibers were used to calculate the

- fiber type percent for each sample.

The activity of SDH was meaSured by the fluorometric technique

of Lowry and Passonreau (1912). Fluorometry is a method of measuring

or atom which hds absorbed light. The rate of ‘change of fluorescence

with time, & F/minute, is directly proportional to the concentration

of the enzyme-being meaSured provided the concentrations1of gubstrates

and aux111ary enzymes-are in excess allowing che enzyme under study to

: be the rate limiting step in the reaction. All reactions are NADH or

NADPH coupled to prov1de a molecule w1th measurable fluorescence.

Fluorometry is advantageous in that it is precise enough to accurately

_ measure enzyme activities of muscle samples as small as one milligram

wet weight, | ’ | B

2

Frozen muscle samples were thawed .in ice-cold 0 1 M Tris buffer'

(pH 7. 5) and blotted to remove any blood Connective tissue was

removed and each sample was weighed to the nearest one- tenth of a -

f.\

milligram on a Mettler H20T analytical balance. A Potter-Elvehjem

the' fluorescence, or instantaneous emission of light, from a molecule
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glass homogenizer waS'used-to homogenize samples‘ffve times‘for three
seconds each in 0 5 ml of ice-cold 0.1'M Trls buffer at pH 7.5. To |
prevent denaturatlon of enzymes from heat build up each grlnding was
ib-‘separated by‘30 secopds. The* homogenizers Yere placedlln ice-cold
water baths fo minimi;e the,heaf. Samples were‘bpdrea off.and homogee
nizers washed with an additional 2.5 ml of buffer to give a final
dilution of 3Im1'per sample. ,(éee Appendix E for homogeﬁiZation
procedﬁfe). 7Nb§able-piecee of comnective tissue Qere remeved and.
wefghed.:‘Subtfaction of this weight from;the weight of tﬁe.original.

sample gave a more accurate wet Qeight of muscle tissue.

.

The activity of SDH was'aetermined from the bhole muecle homo-
‘ genate (;he procedure is repo%ted in Appendix F). Activity Wae'
expresseq fn./qmoieé pertgram wet weight per minute (//qmoles X g-
X min-l). Samples were held in métched 3 ml culture tuﬁes,‘and
primary'and eeeondary filgers with excitetion wavelengths of 364i;%d
465 nanometers respectiveiy were used in a Turner model III fluroﬁefef.
'Blank samples contalnlng everythlng but the fluoreecent substances
were ‘also recorded | Standards for NADH were measured on the fluorometer
to give the value in }Lﬁoles'per miliilfter’for a change of one unit

e o : o, A ,
in fluorescence, The assay was determined at 21° centrigrade using: R 3

, . ‘ O
the Turner temperature regulatory door and a Thelco water bath.
. B 13

/Body Composition, Diet, and Activity Record

DoR

Percent body fét was estimated by the underwater weighing techf ‘ - .

nique described by Sloan (1962). A° modiflcation of the body density )

s

’férmula’deriVed'by Brdzek et al. (1973) was used for the above measure-

ment. See Appendix G for a sample,calculation.

v




Subjects were ‘asked to submit periodic dietary and activity

%écqrds. Computerized analysis of the diet determined caloric intake

and nutrient content. See Appendix H for’a sample printout,

Quantification of actlvity during random periods of time was

done using the Act1v1ty Assessment Form in Appendix I,

Blbod Analysis

Blood sampleq were taken, after a 14 hour fast and a 72 hour
' _alcohol restrlctlon, from the antéiubetal vein for determlnatlon of
sefum cholesterol, triglyceride, HDL-cholesterol, and (VLDL + LDL) -
cholesterol. All samples were taken in the mo;ning and subjects were
requested to refrain from exercise'for;14 hours érior to the blood
. draﬁing. |

Seven milliliper§ of blood were taken from each subject, The
samples were spun in a centrlfuge at 3,000 g's for 10 minutes. Five
hundred ml of serum were transferred to a small glass test tube A

(100 x. 12 mm) using a volumetrfb pipette.v See Appendix J for the

procedure requlred to fractionate HDL and (LDL + VLDL) cholesterol

Concentratlons of the serum lipids and lipoproteins were deter- )

mined by use of prepared kits (Boehringer Mannheim Diagnostica).
Serum triglyceride and cholesterol were measured by modifications of

the procedures described by Bucolo et al. (1973) and Klose et al,

(1975), and Allain‘et«al. (1974) regpectively. The4concentgation of
serum HDL-cholesterol was determined by the procedure of Burstein et

- al. (1970) and Bagdade et al. (1977). These procedures are described
in Appendix K. (VLDL-+ LDL)-cholesterol was estimated from the

differgnce between total serum cholesterol and HDL-cholesferol.' All

45
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14
assays were done in triplicate and instruments were regularly cali-

brated in the recommended fashion,
EXPERIMENTAL DESIGN

Prior to the start of the treatment period all 26 subjects were
testea on ali measures except muscle biopsies and randomly aésﬂgned
to eithgr the experimental group (E, n = 14) or the control group
(C, n = 12)., Predicted 602 max was then used as the criterion fof(
designating one-half of each group (E and C) as either high fit
~or low fit,

Six subjects from both the experimentai and control groups were
randoﬁly chosen to réceive muscle biopsies at the.commencement of the
study. The remaining l4 participants were tested on this parameter
following the training period._lBiopsies were again takeq from 6
members of each group following completion of the detraining process.

Tﬁe total'duration of the experiment was 18 weeks. After admini-
stration of the pre-tests the experimental group participated in 9
weeks of training follo&ed by 9 weeks of detraining. Metabolic
measurementsg, including the tests for 002 and AT, as well as lipid
analysis, were done at 3 week intervals during the study.

All subjects received one m&scle.biopsy at either week 0 or
week 9 of the training program, Only 12 of 21 remaining subjects -
were évailable for second biopsies at the end of'iS weeks; 3 declined
the test and 6 were:unavailable. Body composition was evaiuated at
3 points during the study: before and after the training program and

. following detraining. Diet and activity analysis was done dufing both

the training and detraining periods.
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The experimental design is outlined below:

TRAINING DETRAINING |
WEEK 0 3 6 9 3 6 .9
‘ X 0. X 0 0. 0 .
B0y X0 1 11 0 1 11
~ GROUP “ o - :
v 4 0 -0 0. 0
© 0y 9 1 i % 1 11
X =inaining stimulus . ‘ .
0, = Metabolic_and blood measures o .
1 {
Oll = All measures «

STATISTICAL ANALYSIS

A three way ANOVA‘Qith:repeated measureS‘(Kirk,.l968) was used to
determine the'significénée of differences between and within groups
for the following dependant Qariables: anaerobic threshold, méximum
and submaximum oxygen intake and HeartArate, maximum ventilation,
power outpUF at &02 hax, ;erum lipids and iipoproteins, diet_character-

istics, and per cent body fat, To ascertain whether significant

‘differences existed between groups in muscle fiber types and SDH

activity a two way ANOVA was used,
Prior to the anaiysis-al 0.05 level of statistical significance
was established. When a significant F was obtained a post hoc

comparison of means was made using a Scheffe test (Kirk, 1968).

‘Planned comparisons, between the exercise and control groups and

between tests for the exercise group; enabled further investigation of

the results,
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TRAINING PROGRAM

Members of the,experiﬁental grcgp participated in a gontinuoua
tfaining program on fhe bicycle ergometer 4 times a week for 9 weeks.
Training intensi;y'was at 80% éoz‘max and each session lasted for 30‘
minutes. Similar Eraining programs hévg demonstrated significant

improvements in fitness (Henriksson and Reitman, 1977). Heart rates
, , §

were éontinuously monitored with a cardiotaﬁhometer during each
exercise bogt.

During wgeks‘B and 6 of\the traininé program subjects were
required to perforﬁ:a bicycle ergometerbtest instead.of.Q of their
training sessions. Calculation of'{’O2 max at these'points enabled

re-establishment of ‘the training program at an intensity equal to 80%

of 'the subject's maximum.

~



CHAPTER 1V
RESULTS AND DISCUSSION
8
The results and\discussion are presented in séven sections:
physical characteristics, body composition and diet analysis, the
_.infensitybof training, and the responses to training and detraini;g
of metabolic parameters; anaerobic threshold, local musgcle, ahd serum
lipids and lipoproteins. A general discﬁssion iﬁtegrating aqaptétions
with training and detraining conclude§ the chapter;
Summary tables and graphical representations of the resuits aré
- presented in -this chapter, The.ofiginal agta andAstatistical analyses
‘are'located in the Apbendicés. .Statistica; significance was established
as p ¢ 0.05. Planned comp;risons between‘éroups, and betweeh tests.
for the exercise group, were performed when F values approached

significance.

PHYSICAL CHARACTERISTICS . ‘

‘ : : \
: ‘ \
The heggbt, weight and age of the subjects at the time of the\
Wi . . \ . - )
pre test are presented in Table 4.1, There were no significant \\
differences in weight between or within groups at the pre test or ' "\\\

during the study.
BODY COMPOSITION AND DIET ANALYSIS

The analysis of variance indicatedfno significant differences
" between or within groups for percent body fat; simple main effects
tests revealed a significant difference between weeks 1 and 4 for the

- exercise group (F = 1; (32) = 20.58). Decreases in body fat have been

- ; 49



TABLE 4.1 - o

PHYSICAL CHARACTERISTICS OF THE SUBJECTS (X + SD)

»

GROUP - HEIGHT (cm) WEIGHT (kg) - . AGE (yrs)
Exercise 179.8 + 4.5 76,7 + 12.2 25.0 + 3.6
(n = 12) : '

Control ~*  180.3 + 5.7 - 73.7 % 9.7 25.0 + 3.2

(n=09)

reported pfeviouslyjfor trained males (Wood et al.,'1976); Seasonal
variation in body compogition may have accounted for the decline in
‘both groups -following detraining. Values for mean percent body-fat

appear in Table 4.2,

TABLE 4,2

PERCENT BODY FAT BEFORE AND AFTER TRAINING AND DETRAINING (X + SD)

CGROUP . PRE TEST ~ POST TEST POST DETRAINING

Exercise . 17.8 + 6.0 15.0 + 4.5 13.4 + 4.7
(n = 12) - -

" Control 12,8 + 3.7 12.4 + 5.0 9.6 + 3.8
(n.=8) - ' S

'Evaluation of diet on 2 occasions during the study showed no
significant differencés between or within groups for caloric intake,
percent protein, percent carbqhydrate or percent fat (Table.4.3).

.‘It has been suggeSted that ﬁhe changes in diet and weight which
ofgen‘occur during an éxercise program may affect the response of
. ‘serum lipids duridg training (Alterkruse and Wilmore, 1973). The
absence of gignificang’differences ih weight, caloric intake, a;&

diet composition during this study allow more rigorous conclusions to

59
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be made conéefning the effect of training and detraining on serum

lipids and lipoproteins. Campbell and Lumsden (1967) reported a

significant interaction between body composition and changes in serum

o

cholesterol with training and detraining. The decrease in percent
Body fat in the experimental group in the present investigation may

have had an effect on.the lipid response to exercise,
THE INTENSITY OF TRAINING

Subjeqts trained at the heart rate reqﬁired fo maintaiﬁ a éower
'Qutput eqdivalent to 80% éf their 602 max. Training workloads and
target'heartirates were re-evaluated at.3 week intervals during the
' étﬁdy. The avérége power output increa;éd by 34i after 9 weeks ofb

training. A record of work cbmpleted.by each subject during the

program appears in Appendix M,
RESPONSE OF METABOLIC PARAMETERS TO TRAINING AND DETRAINING

Maximum Work

: . ’ .
Significant group x time interactions occurred in VO, max expressed

2
in Aamin’t (F = 1, (84) = 2.77, p<0.016) and in mlekg.min = (F = 6,

(84) = 3.395, p{0.005). Tests for simple main effects indicated

: significént differences between the pre test and all other tests, and
. . Y

between test 4 and tests 2, 3, and 7 in relative VO (ml.kg.min-l)

‘ o max
for the experimental grﬁup. ‘Abaolute 602 max (ltmin-l) différed R
significantly between test, and all other tests, and test' 4 and tests
3, 6, and 7. Thesge findings are presented in Table 4.4,

The pretraining values for Goz'max‘afe similar to thosé‘pfeQio%?ly
,reported.for young, gedentary males (EkBlom, 1969). Increases of

Al
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24.3% and 15.6% in the exercise and control groups between test 1 and

test 2 suggest that the initial response was a peak value for the

~bicycle ergometer and may have been limited by local fatigue, Measures

of predicted’\;o2 max, used to designagg,eﬁggects as 'hi fit' ér 'lo
fit', also deﬂédstrafe that the initial ;aiué-for maximal aerobic
. capacity may have been low (Aﬁpendix N).

‘Although the training prdgram resulted in an averégeﬂ}ncrease
of 40.5% in 602 max for the exercise group values were also elevated
by 13.2% invthe control subjects after 9 weeks, Abproximately 28% of
the difference in the exer;ise group was not accounted for by fhe
change in control groﬁp values, Similar changes in response to short
term exercise programs have been reported in the literéture (Saltin
et al., 1977a).

Increases in V0, max took‘place‘during the initial and final 3

2

weéks‘of training., The plateau between weeks 3 and 6

\

may have
‘féSUlted ftom under prescription of exercisé intensfty. It is aiso‘
possible that the‘divisionvof training effects into 2 sﬁages may”be
‘due to differential changes in various_underl&ing mechanisms con-
tfibufing to 602 max. |
The greatest decliné in maximal aerobic pdwer QCCurréd during
 the first 3 weeks of détraining with a lossbof 7.6%. De@reases.of
3.0% and O.5%\occurr§d during 2 subsequent 3,week périods. The |
sigdificént difference bétween'test'l andvfest 7 indicates‘that‘some
training gains were retained folloﬁing the 9 week detraining'period,

Fithess level has bgen'found ta affect the resp;nse to ehdurénce
fraining (Saltin, 1969; Knutt n et al,, 1973). . Changes in 602 max
in the pres.ent: s%did ndt differ significantly between subjects

Ealn
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classified as 'hi fit' or 'lo fit'., Possible explanations for this
discrepancy include the classification criterion (predicted 602 max),
and prescrlptlon of relative training 1nten31ties. Maximel heart rate :
has been reported to decrease sllghtly (Saltin, 1969) or to remain
unchanged (Ekblom, 1969) in response to regular exercise. The
llterature supports the lack of 31gnificant change_found in tbé/present.

study. Maximal ventilation also remained unchanged in response to

training and detraining.

Submaximal Work

A significant group X time interaction was obtained for steady
s.tate heart rate' at ll7.6_watt.s (F = 6, (84) = 3,905, p<0.002).
;Post>hoc analysis-revealed that differences between test 1 and tests
4 and 5 in the trainlng group were. responsible for the s1gnificance
(Table 4.4). Mo signlflcant interactions occurred for steady state

heart rate at 17655 watts. Fitness level significantly affected both
.submaximal heart rates. The main effects obteined were F=1, (14) =
10. 696, p_<0.006, and F =,1’ f14) = 6,477, p ‘0,00ZB'at 117.6. at o
l76r5 watts‘respectively. | |

Decreases in submeximal heart rate with training are well docui .
mented (Frick et al,, 1967; éaitin et al., 1969). Although steady
state.heart rate at 117.6 watts neclined by 8.7% in reeponse'to the
initial 3-weeks of training it was 9 weeks Before a significant train-
ing effect occurred, Following 3 weeks ofbdetraining heart rate was
still significantly louer than the initial value. .Six‘and 9 weeks

post training there were no significant differences from the pre‘

~ test heart rate although the averagevvalue'remained 6.9% lower.



b=

.. Several investigators have reported significant increases in submaxi-

mal heart rate in response to similar periods of non-training (Michael

and Gallon, 1959;!Hammer,‘1965; Michael et al., 1972).

Steady state oxygen consumption at 117 6 and 176 5 watts was not .

SLgnificantly affected by the training program or fitness level of

the subJects. Mechanical efficiency, as measured by oxygen consumption,t

'has been reported to remain unchanged (Holloszy, 1973) and. increase as

the result of training (Ekblom, 1969)

RESPONSE .OF ANAEROBIC THRESHOLD TO' TRAINING AND DETRAINING

Significant interactions were obtained for anaerobic threshold,

expressed as ml oxygen consumption per kg body weight group x time

F =6, (84) = 4,65, p<0.001, and éxpressed as power output (watts),

group‘x time F 6, (84) = 5 938, p<0. 05. There were no’ 51gn1f1cant

1nteractions when threshold was expressed as a percent of VO2 max.

Comparison of means for the exercise group revealed significant

56

differences in ATml between test 1 and all other tests and test.4 andz «¥,

LN

'tests 2, 6, and 7. When AT was expressed rélative to power output

(AT-PO)»SLgnificance was found between test 1 and tests 3 and 4,

~ test 3 and tests 2 5 6 ‘and . 7, and- test 4 and tests 2, 5, 6, and 7.

Mean values of AT during training and detraining are located in
Table 4.5 -

Little has been reported in the literature regarding the response

_of AT to endurance training. Davis etial. (1979) reported increases

of 447 and 15%

‘m'(!min_l) and ATeGOZ following a 9 week exercise
" E - C - . . / ' .
ity was 50% between VO, max and AT. The training

2.
“x employed in the’present investigation was also




57

P .

. _ ) L : o o o C o v -y (8318nM)
0717 + 7812 S76C +.1°01 €°CC ¥ §°81Z 9°07 ¥ €712 0% ¥ 67507 §"6E ¥ 1012 9°00 ¥ €791z 0d-Lv
€°L +1°07 '8 +6°0v 8y ¥ 91y €8 FO96L €L FyUL €L F86E §6 F L°9g w1y
£°6 .ﬂ..w.i C8IT #2708 T4 F1°28 L°11 H,:m..‘wm i Faew 6°6 T 5sL 6°21 F 6°6L Con-1v
o | aN0¥H TORINGD oy

_ S o , ,_ _ | I. - - L . (8338M)
2706+ 97912 STSEF 9'9T1Z 81 ¥ €7LCZ €97 F L'W9T  STLZ F L°8¥Z S°SE ¥ 97912 9792 F 6°L61 0d-1v
9°6 ¥ 86 8'6 ¥ 50y 96 F 0'zh  0'S Fo'en €7 T ovgy v F 6°8c 6°S ¥ z'62 Tw gy
TEUTE69 91T vl LT viL 0 TLF S UL L9 F 6710 Z'01 ¥ §°89 v01'F 6779 Cop-v

. 9 s 7 - z 1 ,IS3L

dNO¥D FS10U4xd |
(@S ¥ X) ONINIVMIZA GNV ONINIVEL O’ CIOHSTHHL DTHONIVNY 40 ISNOASHY EHL 10 STUNSVAR

¢h AIEVL



above the‘mean AT—&Oé max, 7
An increase in ATml of 67.8%'tesulted from the 9fweek program,
Therlargest elevation occurred in the initial 3 weeks{ The 121
improvements between weeks 3 and "6, and 6 and 9 were not statistically
sxgnifiiant although test 4 was significantly different from test 2.
The loss of training gains~inrATm1 was significant following
6 and 9-weekevof detraining Although a rapid ‘decrease of 14 3% took
place during the initial 3 weeks it was not. significant. When -
expressed relative to power output (AT-PO) however, the initialv;
' deoline oecomes ;ignificant.

AT-PO and AT-VOé increased by 33.87% and 19 4% during the train-

1ng program. The largest improvements occurred between weeks 3 and

58

6. FblloW1ng the .detraining period ATml AT-PO and AT-VO remained o

2
'elevated by 36.3%, 9.4%, and 6.8%_abové their,initial mean«values-le

respectively. Anaerobic threehoid did not change significently‘in '

the control group.

RESPONSE OF LOCAL MUSCLE TO TRAINING AND DETRAINING

Fiber Distribution

. Muscle biopsies uere,taken from the vastue.lateraiisgonIB
oecasions: ‘pre test, poet_test‘and pOSt detraining.‘ Each(subject
'had7abmaximum‘of 2'biopsiee:d an;assumptionkof homogenity inbfioer
t&pes‘among groube'wes-nade in order that\the eamples'could be |
“atatistically analyzed _ Distributiona of approximately 50 50 for
ST and FT fibers have frequently been documented in untrained males
‘ (Gollnick et,al., 1972, Costill et a1., 19758)

Classification of fibers as ST, FIa, and FTb after staining for

,({
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ATPase (Houston et al., 1979) was possible ﬁér 8 samples from the

' exegcise group and 7 from tﬁe control group. An average of 264 fibers
Qere counted in each gection, Two way analysis of variance, and
analysig with number of fibers as a covariate,‘resulggd in no signifi-
cant‘differeqces within or between groups for percent distribution of
ST, F\'I"a or FTb fibers.

Slo@ twitch fibers éve:aged 55.8 and 58.9 percent respectively
for the exercise and‘controllgroups.‘ The effect of endurance train-
ing on the subgroup population of FT fibers may not be apparent due
to the small cell sizes. Several studies have repofted a_shift from

| FTBhto FTa following aerobic activity (Green et al., 1979; Andersen
and Henriksson, 1977a; Jansson and Kéijser,-1977). ‘ A similar trend

was found in the present investigation with an average FTa distribution

for 7 subjects of 35.3% prior to traihing énd 38.7% following the 9

week ptogfam. An inverse change occurred in the FTb population:
rod) 10.1% to 6.3 %. These alterations were reversed during the

detraining périod.

SDH Activity

SDH activity in the vastus lateralis was also determined pre and
post training and post detrainipg. Values were not determined for
each subject every time, howe?er, and conclusions are limited in that

,gfghp m;ans were analyzed statigtically. |

Mean activity averéged 4,63 and 4,58 Amoles x' g x min'l for 4

mgmbéfs each of the exercise and control grou;.at the pre test, Thia

‘ 2>JIE is gimilar (Gollnick et al., 1972) or slightly lower (Coatily,

et al., 1976a; Jangson and Kiajser, 1977) than those previously
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reported‘for untrained males. Variations in measurement technique may
account for this slight Aiscrepancy. Several studies have dopumented
elevated activity of SDH in endurance athletes, Acti&ﬂties aé high as
14;7 (Houston ef ai.,‘1979) and 16.6 (Cgstill et al., 1976a) /umoles X
g X min_1 have been found in the vastus lateralis of distance runnefs.
. 0
Changes in enzyme activity are specific to the muscle g;i'Ps employed
in‘trainihg (Benzi et al., 1975) makiné the vastus lateralis an ideal
biopsy site‘fbr subjects frained on the bicycle'ergometer.

Although there were no significant differences between éfoups or
times‘in\SDH in the present étudy post test activity was elevated by
47, over the pre test value in the exercise group. The control group
varied by only 8% on these 2 measures. ASDH activity had returned to
thé pre training leve1>following 9 weeks of detraining: The absence
of gequential values for eath subj;;t limits the interp;etatioq of

these results, It is apparent, however, that a trend toward increased

and decreased activity during short term training and detraining does

N

exist,
TABLE 4.6
SDH ACTIVITY DURING TRAINING AND DETRAINING
§amoles X gfl X min‘l) (x + SD)
GROUP PRE TRAINING ~ POST TRAINING  POST DETRAINING

Exercise 4.63 + 2,40 6.58 + 1.33 4,24 +3.11

(o = 4) . (o= 6) (n = 6)
Control 4.58 + 2.99 4,95 + 1.30 3.25 + 1.66

(n = = §)

4) (n=3) (q
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_RESPONSE OF SERUM LIPIDS TO TRAINING AND DETRAINING

The analysis of variance resulted in no significant interactionsv
for any of the lipid variables, Initial mean values reported in tgis
study are simi&ar.to those documented in the literature for serum
cholesterol (Lehtonén and Viikari, 1978b; Engér et al., 1977),‘tri-
glycepidé (Holloszy et al., 1964), HDL-ch&lesterol (Hartung énﬁ
Squires%»l980) and (VLDL + LDL)—choleéterél‘(Wood»et al.,.l976). The
reliability of the method used in the measurement of HDL-cholesterol
was determined by regular analysis of a known refereﬁce sample
(Appendix L), - | - v Y

An insignificant decline of serum .cholesterol by 3.8% occurred in
the experimental group between weeks.3 and 6 of training. This change
was reversed during the deﬁraining pe;iod; Rocﬁelle (1961) and
Cureton and Phillipsi(1964) ha&e also reportedlelevation of choiestgrol
to pre training values‘shortly after the cessation of training5

Iﬁadequate control over the effect of body weight loss and food

intake during many studies (Lopez, 1976) has been in part responsible

for changes found in serum cholesterol with training (Mann et al., 1969;

Wood et al,, 1976). Diet composition, caloric intake, and body weight
did not change during the preseﬁt investigation and therefore did not

like1y affe¢t the lipid response. Several other studies have reported

changes  in serum cholesterol following training (Holloszy et al.,
1964; Milesis, 1974; Lehtonen and Viikari, 1978a). The lack of
consistant findings may be due to variations in the training stimulus,

control over e&traneous variables, or the differential effect of

exercise on tﬁe lipoprotein fractions of chblesﬁerol (Lopez, 1976).

61



\Serud triglycefide.decreésed by 48.8% in the exercise group during
the 9 weeg fraiﬁing program. This change_waé not statistically signifij
cant however, possibly a; ;he result of high intra and inter subject .
variability. Aithough most iﬁves;igations have found decreases in
sérum triglyceride fo%}owingschronic exercise (Holloszy et al.;yl964;
Goode et al., 1966; Hunter et al., 1972) éthers have reported mno ehange
(Hoffmah et al., 1967; Milesis, 1974; Lewis et gl., 1976). 7Triglyceridé
concentration remained elevated above the pre test value by 18.47% after
the 9 Qeek detraining peribd. Watt et al. (1972) found similar re-
tention of training decreases in serum triglyceride and‘cﬁolesterol
following 8 weeks of endurance training and detraining.

Thé rate of catébolism of_circulating‘triglyceride is determined
by the activity Qf 1ip;éroféin-iipase (LPL). Increases iﬂ the activity
_of thisrenzyme»have been found to occur with training (Borensztajn et -
al., 1975; Nikkila et al., 1963; Nikkila et al., 1978) and provide a
possible explana&ion for the reduction in serum triglyceride, A change
\in insﬁlin‘sensitivity of muscle and adipose tissue (Nikkila et ai.,
1978); and the elevated release of catecholamines (Golding, 1961) with

-~ :
chronic exercise have been suggested as possible mechanisms by which
the enzyme activity is altered.

High inter and intra subject variability in lipoprotein measures
may have precluded the discovery ;}‘significant changes during this
investigation. A definite trend towardvelevated HDL-cholesterbl waé .
apparent in the exefcise group: values femained 10% higherithén at
the pre tgst after 3 anq 6 wéeks of detraininé._ Four perceﬁt of the

training gain was maintained after 9 weeks indicating that the

mechanisms responsible for the change may be affected gradually.
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A slight decrease of 3,57 occurred in mean (VLDL + LDL)-choleSterOIL

in the exercise group during.the 9 week program, Values had returned

to the initial level by 3 weeks. The discrepancy in the time course .

of changes in (VLDL + LDL)-cholesterol and HDL-cholesterol give

support to a precursor-product\theory of lipoprotein metabolisms,

The eleeated HDL-cholesterol levels often present in ehdu;ance
trained individuals (Enger et al,, 1977; Wood.et al,, 1977; Martin
et al., 1977) may result from alterations in enzyme activ1ty. A
31gn1f1cant correlatlon of +. 72 was found between HDL-cholesterol and
LPL act1v1ty of adlpose tissue in male runners and controls (leklla

et al., 1978) It is theorized that a precursor-product relationshlp

" may exist between VLDL-choleSterol and HDL-cholesterol (Lopez, 1976).

In the presence of lecithin:cholesterol acyltransferase (LCAT) and LPL

there may be a transfer of triglycerides from VLDL to HDL in exchange

for esterified cholesterol. Decreased (VLDL + LDL)-cholesterol and

increaeed HDL-cholesteroi found in trained subjects support this

theory (Hoffman et el., 1967; Aitekruse and Wilmore, 1973; Wood et alt,
1977)’-ag.does the elevated activity of LCAT)i(Lopez et al,, 1974). It~
has also been suggested that ‘the reiease of newly formed HDL—cholesterol
may increase following chronic exercise (Lopez, 1976).

Nihe_weeks of trgining may not be sufficient duration to affect

lipoprotein metabolism. Most studies report decreased (VLDL + LDL)-

cholesterol and increased HDL-cholesterol after long term training

(Enger et al,, 1977; Wood et al,, 1977; Martin et al.,”1977). Hartung
and Squires (1980) hypothesized;that‘the exercise mediated increase
in HDL-cholesterol may take months or years to manifest itself. The

failure of several short temm exerciseyprdgfams to result in sigﬁlficant
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changés in serum lipoproteins is evidence that this may be the case
(Weltman et al,, 1978b; Lipson et al., 1979; Squires et al., 1979).

' ' . . \
The-intenSi;y of training may also affect the response of serum

- lipop;oteins; _Significant correlations have been reported between
miieage and HDL-cholesterol in runners (Lehtonén and Kiikari, 1978b;
Hafcung and sggirgs, 1980). The training load of 80% of 602 max
émployed ;n the preéent,study was well above the intensity of mosﬁ
running ptogr;ms, sugéesting ﬁhat duration may have been the factor
limiting changes withiﬁraining. Differential resﬁlfs between the
subjects in Hartung and Squire's study (1980) led to the cgnténtion ' N

that genetic disposition may also affegé the respénse,of serum lipo-

proteins to training,
_ GENERAL DISCUSSION

" The response of severél systemic and local huscle parameteis‘to
endurance training and degfaining has been examined in this investi-
gation. Distipqtions between central circulatory changes and changes
in local tiss;é)following chronié exercisé enable the identification
of physiological mechanisms reséonsible for training adaptations. |
Gfeater unde;sténding of‘ﬁhe factors contributing to performance, and
of optimél training téchniques, may result from classifi;ation of
these mechanisns. | |

Obsér?ation of the time course of adaptation.tb chronié activiﬁy
and inactivity is one méthod by which‘tﬁe.differential regponses of
various physiological parameters may be'recogﬁized; it has been
suggestgd thaf initial increases in VO x

2

result of adaptations in é ahd SV, and that local changes occur only

‘max with training may be the



after a longer period of time (Cummingham and Hill, 1975). Cunningham

2

interval or continuous training. Changes in the initial 4 weeks

et al, (1979) reported elevations of VO max‘by 227, after 12 weeks of

-resulted primarily from éltered é and SV,_measured at 857 of VO2 max.

A-002£> became a significant.faétor in the increase after the eighth
week. Oflander et al, (1977) found changes in oxidative enzyme
activities élso iequire s;gnificant-;faining.durations. No change in
cytochrome éxidaée activity Wag repoft;d in men after 7’weeks’of
training, although an addi§i§na1_7 weeks resulted in significant

increases.

The time course of changes in local muscle and sYstemis,parameters

durihg ﬁhis investigation are summarized in Table 4.7, The large
increase in éozimax during ﬁhe»first‘B weeks of training may partly
reflect familiarization to tésﬁ protocol. Loss of‘training gains was
greatest 3 week§ foll&wing the post test; 25% ofythe incfeaée wasg

+

| .retained at weeks 6 and 9,
~The response of ATml to tbé training program was greatef‘than that
i of 602 max. Nineﬁéeeks of training resulted in an increase of‘close';o
70%. One half of the change occurred in the initial 3 weeks of the .
program,’ Atml decreésed:most signifiéantly'dufing the initial detrain-
ing period; 367% of the’gain wag retained at the conclusion of 9 weeks 
- of non-tréining;‘ | |
»Stea&y state heart rate for a submaximal load (117.6 watts) was
no;.affected‘és quickly during the detraining period. Only 2% of the
107 deqrease with training was logt after 3 weeks.. Nine weeks was

insufficiedt time for a returﬁ to pre training baseline values., The

activity of SDH was the only parameter to return to its original value

65
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TABLE 4.7

CHANGES IN SYSTEMIC AND LOCAL MUSCLE PARAMETERS
"~ WITH TRAINING AND DETRAINING
(Per cent change from pre test value)

Training : Detraining

3 weeks 6 weeks 9 weeks 3 weeks 6 weeks 9 weeks

VO max - +24.3 +22.5 +40.5 +29,.8 +25.8 +25.4
(mi kg.min Ly .

HR'117;6 - =8.7 -6.4 -10.7  ~ -9.1 = -6.2 -6.9
(BPM) ‘ o . o ‘

ATml = 3332 9.3 +67.8 3.8  +38.7. +36.3

. * ‘ ; Ty o

SDH activity - - - H3.7 oo -7.2
$“m°1f§ X gx ' - {ﬁb ‘

lIIln

*

representative values from different individuals and not pre- post
values for the same subject

following_the detraining pefiqd.

| Variations in the tfne courée of ﬁrainingrresponsés:may be
‘related to differential changes in central and local parameters.v
Saltin et al,” (1977b) have proposed a theoretical model of the
chronological respdnse to exer‘cise.’.‘ Short term training bel‘ieved.
to.enhénce the circulatory cépacity‘and ability to utilize okygen,
whereas training of longér than 6-months duration may affect prolonged
exercisé performance, - The increased capacity for submaximnl work may
result from changes in iactate production and accumulation nndAfrom'é
glycdgen sparing éffect (Hollnszy,_1967). Results of the present
'study suggest that intensity'of training may be tne more critical

factor in deteiminﬁtion of these differencial'training effects.
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Cunninghan et al, (1979), inva oomparison of dnterval and continuous
training, also found training adeptations to.be very specific to exer-
’ cise intensity. |

Several research models have been utilized in the'attempt to
distinguish between central‘and local limitations to exercise. Tr;in-
ing.progrems wnich involve various amounts of_muscle mass, and arti-
ficial changes in the arterial oxygen content have oeen used in order
to determine whether the limitation to VO2 max 1is central or local
(Clausen, 1977 Saltin et al.? 1977a). Time course studies also allow
investigation of this problem through the identification of those
factors which resbond’in sﬁnilar'manner to a training stimulus,

ﬁarallel adaptetion:in local muscle and centrel circulatory pare—'
meters would indicate close functional association. Saltin et al,
‘(1977b) reported a close relationship between local and cardiovascular
changes during training, and suggested that a- peripheral control’ system
‘may be responsible for changes in submaximal heert rate, He also
indicated that changes in VO2 max, oxidative enzymes, capillarization
and fiber size and composition may occur at similar rates during the |
initial months of an exercise program,

Recentvinvestigators have found that ehanges in 602 max and the
metabolic potential of muscle are asynchronous (Orlander et al, l§80;
Orlander et al,, 1977 Henriksson and Reitman, 1977). Examination of
the time course of training, as well as comparison between training
and detraining re8ponses, have led to this conclusion, Several studies
have reported a more rapid return of oxidative enzyme activity than

VO2 max to pre training levels following short periods of detraining,

indicating that the oxidative potentialuof local.muscle is not a major'
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determinant of éoz max (Houston et al., 1979). The retdrn of SDH

- activity to its initial value following 9 weeks of detraining in the
present:inveStigation supports this tbeory. |

The disaociation of systemic and local training effects may

reflect the ability to perform at different'work intensities. Holloszy.
(1967) suggested that cardio-vascular adaptation is responsible for

' S
1ncreases in max1mal aerobic capacity, and that the capacity for pro-'
longed submaximal exercise may be determined by the oxidative capacity
of local muscle. Anaerobic.threshold, proposed as a\criterlon measure
of submax1mum fitness (Ivy et al, 1980;-Weltman et al.,‘l978a) has
also been related to the oxidative potential of muscle (Ivy et al.,
1980; Rusko et al., 1980).

. Recent reSearch,indicates that the beneficial effects of:training

on submax1ma1 performance are not solely incidental to elevations in

Vo2 max, but result from. changes specific to submaximal exercise. AT

‘has been sxgnificantly correlated with aeveral measures of the oxidative

capacity of muscle Ivy et al (1980) found a correlation, of .91
between ATml and muscle respiratory capacity, Rusko et al. (1980)
reported values of .63 and .58 between AT- VO2 and ATml and SDH and CS
activities. The correlation of .56 found between SDH activity ‘and ATml

| in this study is similar (Table 4. 8) Correlations between ATml and
'VOZ max‘have varied between ,52 and .91 in several'studies‘(Davis et
al,, 1979; Davis et al., 1976; Rgg?o et al,, 1980, Ivy et al.,, 1980).
The value of .62 repd%ted in this study approximates those found in the
literature. I ' —1? o

pDifferences ingghe rate of decline of 602 max and AT after 3 weeks

-hi

g
“of detraining support Weltman's (1978a) contention that although there

Al
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is some'commonality between the parameters they are measureg of
different physiological phenomena. 602 max wasg not significantly”
different from the post test until 6 weeks of detraining had passed,
yet AT-PO had declined significantly by the third week. This«may‘

reflect the close association between AT and local oxidative enzymes.

TABLE 4.8

CORRELATION BETWEEN LOCAL'MUSCLE AND SYSTEMIC
PARAMETERS BEFORE TRAINING (n = 11)

sH % ST mo, . Awl R
BDH* 1,00 -0.33  -0.20 0.56 . 0.12
st 100 0.12 0.23 10,10
o, - | .00 0.62  -0.46
ATl L0 0.1
w0 1o

Y

Sevetelvmechenisms may ne respcnsible for the large increase in

AT, and the subsequent beneficial effects to endurance performance,
~which occur.with training. Intracellular levels of Pi ADP, and AMP
control the rate of;glycolysis and glycogenolysis (Holloszy, 1975).
Lowet,steadf state concentrations>0f the nhosphates in endurance
trained7subjects,_as the result of decreased lactate accumulation,
results in slower“rates ef‘glycogenolysis, tnus lncreasing the AT
~Evidence of this alteration 1is seen in the glycogen sparing effect
-known to occur with tralning. Increased reliance on llpid.oxidation,
and the concomitant decrease in glycglysis'and lactate accumulation,
‘has also been‘cited‘as.a mechanism by which Al 1svincreased with

training. The drop in-RQ‘often seen following chronic exercise

v



indipates thac this 1s a‘possible'mechanism (Davis et al.,'1979).
vInctéased AT-&OZ has.also'bgep brought gbogt py eleVat%on:of ﬁldbd
free fatty écids, an@\increaéedéhunting of gyrﬁvéte';o alanine in
tréined individuals (Ivy et al., 1980). ' Davig et_a1; (1979) have
'suggeéted that increaséd muécle blood flow and alteration‘of-fiﬁer
krecfuiﬁment‘pattefns more t;ward Type I fiBers @éy also be,feséonsible
.for glévations in AT with tfaining. | y

Examination of variébles‘representative of the local and central

;

response to chronic exercise and its cessation may increase the under-’

standing of_ﬁhe training stimulus. The knowledge whiéh.is Jﬁtivéd

ffom time course studies has great applicafioﬁ to-the-specificity of

-

training. The results of the present in?estigation indicate that the

differential physiological changes thch occur in response to training‘

and detraining may beffepfesgntétive of functional differences in !

maximal and endurance performance.
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- Figure 1.

" Figure 2.

Changes in Mean In Maximal Oxygen Intake (l/min ) of Control

(0) and Experimental (0) Male Subjects During 9 Weeks of
Training and 9 Weeks of Detraining

v

Changes in Mean in Maximal Oxygen Intake (mlikg min. ) of

. Control (8) and Experimental (0) Male Subjects During 9

Weeks of Training and 9 Weeks of Detraining
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Figure 3{§‘ :anges in Mean in Submaximal Heart Rate (bpm) of Control(ﬂ)
Experimental (0) Male Subjects During 9 Weeks of
Training and 9 Weeks of Detraining

/
Figure 4. Changes in Mean in Anaerobic Threshold (% of VO max) of
: Control (9) and Experimental (0) Male Subjects “During
9 Weeks of Training and 9 Weeks of Detraining
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Changes in Mean in Anaerobic Threshold (watts) of Control

Figure 5.
(9) and Experimental (0) Male Subjects During 9 Weeks of *
Training and 9 Weeks of Detralnlng ,
( ~
%
4
&

Figure 6. Changes in Mean in Anaerpbic Threshold (V0 -m1/kg.min 1)
of Control (Q) and Experimental (0) Males #Subjects
During 9 Weeks of Training and 9 Weeks of Detraining
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Figure 7.

Figure 8.
. '+

Chénges in Mean in Total Serum Cholesterol (mg/100m1)¥of 
Control (A) and Experimental (0) Males Subjects During 9-
Weeks of Training and 9 Weeks of Detraining

-

&

'Changes'ih Mean in Serum Triglyceriae (mg/100ml) of Control

(0) and Experimental (0) Male Subjects During 9 Weeks of
Training and 9 Weeks of Detraining
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- Figure 9. Changes in Mean. in Serum HDL-cholesterol (mg/100ml) of
' Control (@) and Experimental (0) Male Subjects During
9 Weeks of Training and 9 Weeks of Detraining

!

[
e

Figure 10. . Changes in Mean in Serum (VLDL + LDL)-cholesterol (mg/100ml)

. of Control (Q) and Experimental (0) Male Subjects During 9
Weeks of Training and 9 Weeks of Detraining
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CHAPTER V

SUMMARY AND CONCLUSIONS

The psysiological fesponse of‘lé male subjects to 9vweeks of
enduranca training and 9 wesks of detraining was gtudied. _Seyen‘men
actad'as confrols. The experimental and- control‘groups were divided'
in half and designated as 'hi fit' and "lo fit'. Bicycle ergometer
tests and venous blood samples were’ performed at 3 week intervals to

measure systemic parameters and gerum 115%&3 and lipopropelns.
: Muscle biop91es were ‘taken on three occasions during the investigatlon.

L

Significant changes in maximum oxygen intake and anaerobic . o

”

thréshold'occurred duriné the training and detraining périods. Sab-
~ maximal heart rate decreased signifiéantiy with training. Although
muscle fiber distribution was not signifiéantlysaltered as the
resﬁlt of training a‘tfend.toward increased FTa and decreased FTb
fibers was dogumeated.v SDH aséivity was also elevated non-significantly
. in the,exercisefgaoup‘follohingvtraining. Thes; changes were reversed
during the 9 week detraining~pariod. There were no significant
changes in tatal serum cholesgefol, serum'triglycefide, serum.HDL- h
cholesterol, serumf(VLDL +»LDL)4cﬂélésterol;‘or HDL-cholesterol/total
cholesterol during the‘stﬁdy.
o Within the limitatiotr sf thé present gxpetiment the following
concluaions_aﬁpsaf justified: h
. 1. Three Qeekslof endurahse J}ainin; was safficient td\qause a
t sighifisant incfease in maximal aerosic'power an& anaerobic

- threshold, - P s

‘2. Although,substapg;al losses of'craining‘gains in anaerobic

o
- p L

]Y

N,

o o O A g

it St A

-




~ detraining.

\threshold and maximal aeronic powerroccurred after 3 and 6
weeks of deﬁrafning respectiveiy, there was‘stili‘significan;‘
retention after 9‘weeks. | | |

Changes in maximal aerobic power.and enaerobic threshbid are
partially aesoeiafed yet do not occurlin narallef.‘

Local mnscle changes which reeultJfrom endurance ﬁraining
‘appear to be reversed within an equal detraining period.

Nine weeks of‘endnrance'training wes not sufficient’duration'
for changes tQ oceur in serum lipids and lipoproteins.
Classification of subjects ag 'hi fit' and 'lo fit' did,non

result in a differeptial response to endurance training and
e

»

Several recommendations for further investigation of the physio-

loglcal response to tralnlng and detraining can be made .

1.

Sub)ects should be placed 1nto dxstlnct high and low fltness
p

'groups on the basis of cardiovascular enduranqe and/qr:anaer-'

obic threshold.

Single‘subject eXperimental design may he ueedlto confrol

‘1nter1nd1v1dual var1ab111ty d¥r1ng examlnatlon of the res-

ponse of serum%}iglds an& 11pop§ote1ns to training and de-

. tra1n1ng i ;;%PT g o

_intervals.

. Evaluation of the response of Iocal muscle parameters to

o e , . .
id

training and detraining should be done atrmore frequent

-~ 2k

ke

B

Longer periods of qe;raining, and periods of retraining,

should'be investigated.

S S P




'5. Comparison of changes with training and detraining in re-
] : 3
- sponse to programs of interval training and continuous en-
durance training should be made.

6. The response of anaerobic threshold to training ahd'detrain-)

ing should be examined in more detail.

g4
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DATA COLLECTED

The Exercise Metabolic (EM) Program collects the\follgwing data from

o o
- the analyzers in the MMC:

ECO2
F
EO2

Temp - e

Vol

Time

.
"

" mixed éxpired’o

‘duration of measuremént:interval

mixed expired.CO2 (fraction)

'(fraction)

- temperature of expired gas as it passes &

through the volume transducer $°C)

barometric pressure (mmHg)

ouﬁulative expired volume (liters, ATPS)
v N s

A

(seconds)

’
t

NBody;weight (wt) is enteréd'through the keyboard in pounds or kilograms.,

When entered in pounds, the calculator converts the ‘entry, value to

CALCULATIdNS'PEREQRMED,

N

kilograms before storing this value for subsequent calculation.

&

‘.

The Exetcise Metabollc Program performs the following calculations using

the preceding iuput data

P

?

Minut:e Volume (ml/min, BTPS)

273°~+ 379¢

LoV, e ol x =80 x B2
. = Vol x x

EBTPS - Time -47 Temp + 27}

2. = _vor T L 1:86 x 107

R ' Time PB-47 Temp + 273
.0 - Bl ae
sTPD  EBTPS 760 maHg
4. - Gi Pgm47 - |
: 863

BTPS

§

PV

x 1000- (Definition)-

(Calculation)
(Definition)

(Calculation)



r .

Carbon Dioxide Production (ml/mig, STPD)

100

¢
Oxygen ﬁConsumpTi}n (ml/\'min ?TPD) '
' {

5. F = . 1-F 4‘\ ' )

IN, 10, o

/»9‘
. \

6. F = 1-F - F

EN, EO, ECO,
S - Fen .
7. VI' =\VE X 2 rE

. ~STPD STPD F.
: IN : )

i - ¢ 2 ' * . '
8. Vv = v x F - Jv. VU xF (Definition) -

% [ Istep 102] - [ EsteD Eoz] | -

Substituting-5 and 6 into 7, and 7 into 8,

. . (1-F, . - ) ¥ ]
9. v, = |V X EO, ECOZVx Foo| -1 v Feo |

d2 Estpp . 1-F. 10, Eerprx 2]

2'
T = .209 - - . »
For _F102 2094, {nd factpring 9 |
. ~

€

[ . *

r 2 ¢ STPD

sV =V 64 -F -F _ & . ‘
10: vy . {[ .2649 x (1 ¥, ECOZ)] (FEOZ)} ‘lculation) .

If body weight is ej‘ltered VO is also calculated per kg body-
(ml/min/kg) ) *

11 \'70 =% ~
2 Wt in kg

. . .

J | _ . , .
/ . L - .
12, v, = |V, . xF_ -l x F (Definition)
: €0, [ESTPD ‘Ecoz] [ Isrep Icoz] - |
‘ f£6r low concentrations of inspired co, /

v x F. - - V x F is vefy small
; - / :
[ EsteD IOCj ; [ Istep ICOzJ ~ ,,

»




?

and VI @ is a close approximation of V

| STPD Esrpp
for F = .0003 (normal air mixtures)
- IC0, .
N 2} .
413: VC02 = VE (FECO - .0003)

STPD . 2

Respiratory Quotient

~

101

(Calculation)
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APPENDIX C

MYOFIBRILLAR ATPase STAINING PROCEDURE



106

PREPARATION OF REAGENTS o L
- < | | -

1.. Basic Medium: . o

‘ Glycine , _1 -1.98 \%
Calgium Cﬁloride o 2:40 g\
NaCf . . 1.45 g\
NaOH ) . 0.95g
». | _ . :» ) , 1
. water\' ) 500 @l
Mix this“éolugién and store cold. When ready to-use adjust the ﬁH
using NaOH or HCL (5N) for rinse, preincubations, and ingubatién
media. | | .
2. Acid Preincubation Media:
Sodium';eetéte ;3H20‘ _ 6.47 g
\’ - Kel o 3.70 g "
| Water | : .- SOb ml
The pH of this will be approximately 7. Divide into 3.poftions and
. adjust pH to,appréximately>4.4, 4.5,'@5& 4.8 with glacial acetic
écid.. |
3. Incubation Medium: (fresh)
' Take 10 ml of pH 10.3 préinéubation medium
Add 0.017 g ATP (Boehringer 15028)‘ ' ,‘
¥ . ’
Mix . - .§§‘}~ _ |
Adjust to pH 9,4 with'IN HCL
kGqu for 1 day only)
4. CaC12¥Solutf6n (12): _
lg Ca¢12_(72161'31sher) to 100 ml distilled waté;
o ' A o

5, CaClé;Solutioh (2%):

. f
3.66 g CaCl, (Merck 2539) to 100 ml distilled water



<y

6. (NH ) .S Solution (1%):
4o 2

20% (NH,),S (Merck 5442) diluted 20 times with distilled water

PROCEDURE
- 1. Preincubéte: pH.10.3O " 8 mini\x.tes‘ at 3-7°C water bath v
pH 4.61 50 séconds at room temperature
:pi{‘ 4.30 5 minutes at room tempera{tture’
‘ e

2. Rince in pH 9.4 preincubation médium (without ATP) 2 times for

30 ;seconds. o " e

3. Incubate 30 minutes at pH 9.4 (with ATP solution) at 37°C.

»

4. Rinse in CaClzf(l"/o) solution as follows: 1 minute then empty

" ) . ; .
‘CaCl,, rinse 2 minutes in new CaClz-, then rinse 3 minutes in new

2
'Caciz. ALl at toom tempergture‘. Y

5. Rinse in CaClz (2"/;) the slame‘way, 3 timeé for 1 .minute each.

6. ‘Rin‘se c'arefullvaS times iﬁ distilled water.l

7. Put in 1% (NH4)ZS for 1 minute at room temperature.

8. Rinse 25 times’in distilled water,

9. Mount in Permount.

~

107



128

APPENDIX D

NADH- DTAPHORASE STAINING PROCEDURE



PREPARATION QF REAGENTS

1. Tris Buffer (pH 7.4):

Tfis Hydroxymethylaminomethane
v .
‘ Distilled Water
Wl M Hydrochlofic Acid
. The pH will be approximately 7.4,
| To be made~fresh. |

2. Nitro Biue Tétrazolium Salt (NBT) M. W, 816.0

129

0.606 g
58.0 ml

42.0 ml

3. Reduced diphosphopyridine nucleotide (NADH) M. W.  709.4

PROCEDURE

1. Incubate tissue for 30 minutes at 37°C in the following solution:

0.2 M Tris Buffer (pHA7.4)

' N
NBT

NADH

*The pH is adjusted to 7.4 with HCl or NaOH.

2. Rinse in cool distilled water, 3 x 1 minute.

3. Mount in Permount,

10 ml

10 mg

8 mg
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HOMOGENTIZATION PROCEDURE
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v
-

Buffer = 0.1 Tris at (6.05g/500 ml)/pH 7,5 - stored in fridge.
: L . F)

o ’ N . :
1.. Remove blood and connective tissue‘&{om sample while thawing in

ico coid Tris buffer. ’

2. Blot sample and welgh on Mettler to nearest tenth of a milligram.

3. Place sample in glass homogenizer with 0.5 ml buffer./ Place
honogenlzer in an ico nater bath. Grind three times for 3-4
seconoS'in,3b sec intervals, = Add another 0.5 ml.of buffer and
grind twice more. Pour off into test tube. Aod another 2'ml buffer
to homogenlzer, swish: around also cleaning pestle and pour into test

tube thus diluting sample in 3 ml of buffer.

4. ' Do-enzyme determination. .
. o
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APPENDIX F -

SUCCINATE DEHYDROGENASE 'BIOCHEMICAL PROCEDURE -



1.

2.

10.

11.

12.

13.

4.

Initial

Concentratiop
.02 ml of muscle homogénate.' ,
0.75 potagsium phosphate buffer
(6.846 g) with ,057% BSA (50 mg)

in 100 ml Hzo at.pH 7.7. ' } .3M

Let stand 5 min. at.room temperature,

. Add 10 ul phenazine'methosulphate -

PMS 14 mg/ml o - 45, 6mM

Add 140 ul Succinic Acid Disodium
salt (1.6 g/10 ml) o 1M

Incubate ‘exactly 30 min. in dark
water bath at 38°C, |

Stop the reaction witH 225 ul of
1M NaOQH.

Add 500 ul of stock Bromdbenzene;and»
mix,

1825 ul Total’Volﬁhe.

S v@

: Céntrifuge at 2000 g for 5 min. -

Add 500 ul supernatant to 2.5 ml :
of fresh hydrazine buffer -in 100 ml 1M

(1.3 g) with 2mM EDTA :>>~ HZO' o 2mM
D

74.5 mg) and 0.4 mM NA

pH ©9.0 - 0, 4mM
(27.6 mg) S :

Read blank fiuorescence;

. Add 5 ul Fymerase - 0.25 ug/ml. °

Add 75 ul malic dehydrogenase'- 5 ug/ml.

Allow reaction to run to completion (approximately '

2 hours)’ and read fluorescence again,

SDH

- Succinate + FAD v— —  Fumerate +,FADHé :
B _ fumerase | ' e
Fumerate + HZO < ' A Malate
EENE MDH :

Malate + NAD ~

3

Finai

;QZI_IIM

L13M

. 083M
1.67mM
0.33mM

A Oxaloacetate + NADH + H

113

. Concentration
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"SAMPLE SDH CALCULATION

= : / 11

* WET WEIGHT of muscle e m

Volume buff.ér = ml

1 UNIT AF = 00008 moles NADH/ml
‘N‘ETQ change'v‘= UNITS

_ therefore <

Tissue cgﬁsed change = X ..00008 = moles 'PNADH/ml
Homogenate di.ltition = mg/ ml

" = mg/ml

&

TOTAL volﬁme of 1st Rx. mix = 6.58 ml

':'Qu'antit’y of muscle in lst Rx mix = .08 x (H.D.)
L ) C me

: [mus;:le sampiefin lst Rx. mix = mg/6. 58 ml

| = | mg/ml ’

Final Rx. volume = 3080,’66«[3 |

Qﬁantity of muscle = 500/‘1 of 1st Rx. mix

=,5 x“m; B [1 Rx. muscle]
) = , mg tissue c
muscle Isample in fv-inal Rx. o= _ mg/3.08 ml @
; ' ﬁlg/ml_"
. ‘mg tissue caused a cha;lg'e equivalent to 0

.

/moles NADH/ml in 30 mi;nutés

/wmoles/ mg/30 min

i S /Lmoles/ : . mg/min

/Unoles/ g / minute

o



115

APPENDIX G

CALCULATION OF PER CENT BODY FAT



MEASUREMENTS:

(1) wr. in air (1bs.)

(2) vital capaéity (V. C.) {liters) x 61,02 = _ fecu.in.)
(3) Residual Volume 25% of V.C. = fcu.in.)

(4) val. Gastro-ihtestinal track (VGI) = 7.01 (;u.in.)

(5) W&, &in wager-(full inspiration). L _ '

we. i ter = Chart Reading x 18;08]
Ee inowater =8 75 ‘ Y. 18,08 (1us.) =

(nust de
negative)

CALCULATICNS:
(6) -Tetal body air (T.B,A.) = V,C. {(cu.in.) (frecm 2 above)

+ R V. (cu.in.) (from 3 above)

+ RGI 7.01 (cu.in.)
= _x 0,362 .= : (lbs.)
(7) True wt, in water = weight in water (from 5 above) ‘ing.)

————

+ total bodv air (from & above) fibs))

B

= (Llbs.)

{8) Body Velume = wt., in air (1) ) - true wt. in water
&

(v : : = (1bs.)

(9) Body density = [wt. in air (1) . X density of 4 0
' B gra— 2 T
Body volume (8)

=

(10) 7 Fat =[ 4.570 - 4.142) x 100
' Body Density

- ‘ %

(11) Lbs. fat = [ . (7. fat) x l (we. in air)}] ;7 100
= ' ' tlbs.)

(12) ' Lbs. far free wt, = wt. in air (L) ~ lbs. far (11) —_—

= __  (1bs. fat free‘gc.)
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SAMPLE DIET ANALYSIS
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15/ 7/80 HELwu v HERE TZ poue FERCIMALIIED
NUTRITIOH EVALURTION BASED GH THE INFGRART ION TOU RbrOrTEL.

CANADIAMS ARE SEMERBLLT ESTING S0l e SLSCRDIRG TO 3TLLISS LLnD. .-
NUTRITION CANALA AnD OTHEWS, ~ERE 15 Ar GEVOR DR ITY Fll 03 TL S alLelr
YOUR OUte Die 7 2oy TSEREERY Sev o FE ©r VPRESSTERD MG W TeD aedled s
VARIETY OF FOUDS YUU NECD T3 =ainTois DULD HERLTh,

' YAUR. vl e
_____________________________________________________________ e o R SRR T
THE FERSOMAL DATA 10U Mbruniew I3 Zrube BELOU, TAE ConruTse . IR
FIED THE IDEAL UE‘IGHT RAGGE Fuk & rerafn Of TIUR CAGE At Spes
- FEMALE. BINVH LATE b/ 2/93. AGE  27. HEIGHT 137 Cw O -
- - WEIGKT &7 ke v 122 _ES.)e MEDIuA FRAME S178 ' -
= THE AVERAGE wolIBKT ROMGE FOK Yoy 1o w400 a4 KO 6128 Too 14 lEy. . -
_____ a_-_-_______—-_-____-_____,________----__T_--_-_;___,________-__"__

YR ACTIVITY DeTa .
e T e e
THE ACTIVITY DATA YOU Rirfiiep Hoo Pzt SJERALGED, THE [ACIRIS SLUIV A Ee-
FOF AN AUERAGe FERSON IS SHOUN FUR, vHe DIFFEREST ACTIWITY. 8o .
- LEVEL ! ©.e7 HUURS KES'IH REGLINEE AUIRIET -
- LEVEL I 14.57 HOURS SelENTomr - TREGMLIRES SLTR Iz -
~ LEVEL 2 1003 HOURS Luiks &L TIUITY REQLIRES ALGHIES
- LEVEL 4 1017 HOURS ALTIVE REGURES SLdRIed o~
- TOTAL JALIW T EXFENDITURE = ALk el -

CALORIES ARE A UMIT OF MEASURE FiF enkkGY 1N THE SANE WAY ThAT InCHES
ARE A HEASURE FOR LENGTH. YUUR 3I7E- EKUTH HEIGHT AnD WEIGHT. sel 1 luR
ACTIVITY LEVEL.DETERMINE HUW MANT CALUKIES Yobi UsE Endr Lar, i+ qiil
FROVIDE YOUK EODT WITH THE SAMk NiUhzbs OF CALOFIES. THAT vou i
WEIGHT WILL REmMAIN COMSTANT., WEIGHY wirN QLLURS Wrikd THE ED H
STORE EXCESS CALORIES TUNUSED enbmidrs AND WEIGHT LuSS D0CLFE whiw THE
EODY HAS 70O USE STORER ENERGTY) o

YOUR CALORIES COME FRUM THe FALLOWINHG SCURCES AL SHOUN 1# THE TarlLE
EELOWs AND ARE EXHRESSED A> Al AFFROXIMATE FERCENTAGE CFOrQUR TOTAL
CALORIC IWTAKE., THE IDEAL RALANCE FUR LALORIE SOURCES IS SIVEN, ’

- YOURS _ 45,7 o 40.1 2.5 -
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THAN 35% OF TOUR TGTAL CALURGES TO reer fREVEST nEART RErER T
‘Goon cATING 12 GUARD YUUR HhAnT' ARYATLABLE FROM TOUR CUCAL HEALTH UhiT.
YOUR FOOD' LRUUFS
THE FODD AND uFINh ITLHS YOU KErFOKTED HAVE BEen CATEGLKR FD iNTO THE 51«
KASIC FOOI GROUFS, THE FOLLUWING Taple COAFARES ThE anBEn JF SERVINGS
YOU NEED LALLY WITH THE AVERAGE MUnEE~ Lf SERVINGS IN YOUR UIET..
FOOD NG. OF Rtﬁgnh. AVERAGE NUnmok~ OF
GROUFS SERVIN SERVINGS 7uU HAD
———————————————————————————— < T T e e g e e o
- 1. GRAINS, BREADS & CEREALS 3406 10 5.0 2.7 -
- 2, fILK AND mILK FRODUCTS .0 7O 2.0 2.4 -
- 3. MEAT AND ALTEFNATIVES 2.0 T 2,9 1.4 -
- 4, FRUIT ANl YLGE TABLES 4.0 10 %.0 S 7 -
- 5. FAT AND 0ILS ?.3 -
= &, SWEETS ANL DESSERTS 7.3 -
YDUR NUTRI:N‘ vhEARDIOWN
THE >nOD ANT DK INK ITEMS TCU FEFXCRTED maULE KEEN S:rénhuEu INTD THE Foob
COMFPONENTS SHOWR KELON. THE KELUMAENLED ApUUNTS FOR WEIGHT AR INTENANCE
FOF & FEFRSON OF YOUR SEX' ALE  AND ALTIVITY AFE CUNFARED 7o uhn LN'nfuo
00D OF RECOUMMENDE L YGLF InTare .
NUTRIENT JhNTT AAOUINT APQUnT
- CALOFIES KIst 193&.¢ Z3i3.2
- FROTEIN M 41,4 Tz
~ THIAMIW~N MG 1.1 1.5
~ NIACIN . 11} 14,0 ZY.9
~ RIEBDFLAVIN "G 1.3 1.9
- UIT. && MG 1.5 - 1.5
- FDLATEA MCG 200.0 1%.a
- VIiT. E12 MCG S0 2.4
- lv:IYo C rl:‘ _3000 134-? *
=TYITL A Xk 00,0 1136, 4
~ CALCIUM MG 790.9 T
- PHOSFHORUS G 700,90 FET I
- IR0 "M 14,9 14,3
- FANTOTHENICAIMG 2.0 .4 -
- SQnIus $aGH 2 Y0 g .3
- :IE‘F:E A3M b3 Tl:] 3 © N3 4B l““L‘.'E:‘ & NQ -
- CARBOHYDRA 1 = (oM ’ 2o4.1 ~AVt bt:\ 2T~
L Far oM 1032 -
- aLCoHoL oM 8.9 -
IT IS USUAL *2F YOUR NUJKL'NO LTerE T vant fwied [8Y T3 Tar, 3OME ArE
STORED “ul ONLY REDUIRE AN AVEOUATE wicwi? [N'AnDs S1CH S5 IRCH anl WITa-
MIN &. OTHERS. LIKE VITAMIN L+ ARE AOT Suidkky AT ARE S~EIDED TOILY. T I°
BEST T HAUE ap Abtﬁ“AT: SUFPLY OF ALL w3 Db A DALY BASIS,
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Cole prtILY ‘Nu'.'» ey
C-jf'.;x R e tj_t )_5,-
ALTETELT T APCnT Y .
R Sisg.% 11l P
s f6.1 152 O
= i 74 < iTs
‘:‘ 23.y 179 3.3 P
N - t.s 122 1L T eI
~ v Tl T oz
HOG izl 3 IsILIoIé IoTLE LT
I FRT S t.T . KIS
T -3 Zt.: 283 1¥e.k WTs T
UiT, ~t TARLT O 9 18703 IR §aI.I 117
IALTIUn -3 LrvmLs 1sT IOTLT L2 teleld Zlia
N L W = 1297.1 129 JITULD e 1IwslIo I
TR 1 13,6 97 14.+ ioe 1.7 1.3
FANTOTHE NI Cx &y g3 15.4 a0l
SODIul T adpn 1,5 P .7
FIRKE $A5M 5.8 7,4 740
CARECHYDR 2Tz (M 233.7 ATA B I€3.3
FAT LM “x, 3 108.8 10, s
ALCOHGL o 27.0 27.0 (YY)
TOUR DRILY INTARE BY FOOL G3RCUFS IN SenVisca LAY
FRON GROLFS uaT 1 DAY a2y e 132
GRAINS « BRE2Tier v 3,00 1.00 IV,
MILN % MILN FECD 2,40 1.00 Z.6%
HMEAT 3 ALTENMATE 9.79% .15 1.23
FRUIT & VEGBETAEL 4,00 .10 7.00
FATS NI LILS 8,00 8,50 1114590
SWEETS & DESSERT . 9,00 15,75 5.2%
YOUR DAILY ALTIVITY
ACTIVITY DAY. #1¥ DAT 2% DAT  #34

INACTIVE

NOT. VEKY. a(TivE
SLIGHTLY ACTIVE
ACTIVE

1.00

- - - ———

- ¥X YOUR CALOKIC INTAKE IS5 HiGH FUK YOUR STAVED LEVEL OF ACTIVITY AND Aar
CAUSE YOU 10 GAIN WeIGHT iF COGNTINUEL OW A KEGULAR EASIS.

44 WE URREST YOU CHOGSE WORE FOODS CLRTALNING UITAHIN E12
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ta PROTEINS AFE malE $ Thay
CARHGT BE SYNIVREZIIZIED Irp ThE KODY Mus Sty B FRNESEAT IN (TR DUET Lo
A DAILY BASIS pECSUSE Tret ARE ReGiUinte FOR THE ORCWTH OF NEW TIIZ3UT.
FEFAIR OF ULD TISSIE eop meGULAYIOH OF ImFIRTAMT kil FUNCTILNS,

THE DEMAnD FiF <nERGY TRKES FING FRLUWITY 1 MErabuLI3n, 15 CARBLir-
DRATE AND #4) ARE ~UT _UBSUMED. I# ZUFFIJISWT eAQLATS SOME OF THE AP
ACIDS VILL Bb USEL 25 & :zCUFCE OF EHENGEY SBT Wil M7 e AVAI_SELE >
FOR THE SYNTHESIS 2F Fuly weQTE.HS. when oi-E5GY CONGUPPTION T: iLlu
FROTEIN > JoED LeSd er® TLIENTLY, THE LORRECT BALAMCE LETWEDH RUTC i
FAT AnL CAREDHYLLATE (nNARE IS WEDY [ArQFRTanT, vy RECOMPERDATION T-F
FROTEIN INt&re IS DLCSE T DOUBLE Tro SVewenf sy GUiwE~ENT FOR S0PETnL
YOUR A0E ARD Wellms 0 leUF% THAT URnIAiT0ns Ti INDIVIDUAL NEELS £RE
HET. . !

IX CCARBDOHYLRATES SLUPFFLY THE MUST errIiles) SUURCE OF ENERGY FOR TeE BT
HOST OF VHE LAKBORYDNeATES IN YOUF DI:T C0Pe S80H STARCHES Arl SUGeb:,
IT IS KEALTHIER T COnSUME MUST OF YOUR (ARROHYDRATES a8 STARCHES
BECAUSE THESE FOODS ALSO UONTALN HANY NECESSARY UTTAATING AHDr MinerdLs
AS WELL AS FIBER. UEFEALS OR WHOLE GMAINSs LESUNES. FRUTTS afHD UEIZ i-
AKLES AKRE NOURISHING SOURCES OF CANBUHTLRATES, THAT FORTION GF rulhk
LIET WHICH CORES FROH SUGARS 15 NUVEDL iN F3UD GROUF o. A SERVING 3I1C
IS EQUAL 70 1 TEASHUOK OF SUGAR AL IS AFFRCXIMATELY 15 NOH-H0OURISHIaG
CALORIES: THE FOODS YUU HAVE EATeN THAT 2RE FAFTIDULARLTY HIGH 19 SLoar
ARE NOTED IN THE FOOL INFUT L1ST. )

¥ FATS SUFFLY THE AOST LUNCENTRATEL SUURCE OF ZNERGY FOR YOUR BODY 4D
AKE KEOUIRED A5 A SOURCE OF ESSENI1AL FATTY ACINS, FARTICULAKLY LibULSIC
ACIDs 4nD AS A CAFRIER OF THE FAT-SULUbLe VITAAINS As [s E AND K. Thi
TYPE AND ArQUET Uk FeY vyl EAT IS IAPURIART TO (OUR HEALTH AnD marv
HEALTH FROFESSIONMALS =NCOURAGE A HINIMUA INIAKE OF FA&1 FROM AHIAAL FI05
SCURCES BALANCED BY SUME FAY FROH Veik(ABLE FOOL SOURCES. THAT FORTILn
OF YOUR DLET WHICK COMES FROH FATS IS NUTED IN FOOD GROUF 5. EALH UNIT
IS EQUAL TO THE FAT CONTAINED I~ 1 TEASFUCH OF EGTVER AR CONTAINS
AFFROXIMATELY 4% CALURLES. HOR MORE INFORMATION FLEASE REFER TO °600OL
EATING TO BUARD YOUR HEART?. ,

XX VITARIHS ANL MINESALS. GENERALLY SFEAKING. Akt SHECIAL SUESTAMCES THeT
ARE HEEDED' IN SMALL AMQUNTS Er YOUR KDY 10 CERFONM COMFLEX CHEMICAL
REACTIONS THAT ARE VITAL 10 I1S FRUFER FUNCTIONING AMD HEALTH. ViTAHING
FLAY THEIR fOST IMFORTAN) ROLE BY INSUNING THAT OTHER NUTRIENTS ARE
USED EFFECTIUELY._HINERALS ACT AS RULTY REBULATORS AND. AS EUILDING HAT-
ERIALS FOUR EBUTH HARD ani SOFT TISSUES. THE FAARFHLET *FUNCTIO0NHS AND
SOURCES UF NUTRIENTS IN #QUDS*y THAT CGMES WITH THIS FRINTCUT. IS MORE
SFECIFIC., NUTRIENTS '‘ARE INTERRELATED ahL THE FROFER BALAMCE MUST KE
MAINTAINED. ELCeSSs AS WELL AS DErICIENLY« UF ANY NUTRIENT MAY KE KARM-
FUL. IN OTHER WCFDS: A CEXTAIN AAGUNI OF E&UH NUTRIeNT IS ESSENTIAL
FOR GRCUTH AL MaINTENAHLE 0OF HEALIHF TG LITTLE CAN CAUSE DEFICIENCT:
DISEASES ANL TOO mIICH ‘Car FRODUCE. TUXICLTY UR METAROLIC niSTUREAHCES. -
IT IS IMFCRTANT Tu KEwb THIS IN MIND BEFONE SeLF FRESCRIERING aMY VITA-
MINy MINERAL UF QTHER mUTRIENT SIFFLEFMENT. & DAILY DIST THAT CUNMIAING
A VARIEFY OF DIFFERENT F00DS Frin WLTHIN EACH OF THE TRFORTANT 00D
- s == teo e - . R AL A e ) A AL, AL Al LI T Tl

o
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——-—_—————————_-—--——_—-—————--“——-———_—_--_-—-—_———~—————
—— - ————— g

» OG0 INFUT LISV
LAY 1
FOOL NAME

N PN TR O SR

1 0z

1 CUF»
1 SLICk
1 SLICE
174 CUF
1 CUF
1/2 CUF
HEDIUM
0Z+2 TH.SL
0z

1SFy 1 PAT
TESFs1 FKG
nz )

CUF

TSF

g 07

CHEESE » CHEDTIAR » HAKD
MILK-27%
BREAL [00% WHOLE GRAIN

‘.BREADyuHITt ENKICHED

RAISINS

SALALsMIXED FhEtN
FOTAVYO SALAL, IFESSING
TUHATOLE s F AU

FEEF/VEAL »ROAST
HAM/BACKEBACDr

BUTTER

COFFEE CREAHER
WINE«TARLE

COFFEE ’
SUGAR » WHITE/EROUN
CANE s BRUUNTE - . SOLAKRES
-OG'aL':Ub»F-A*QOKT:U
SOUFoLLAd ChuUurn

RiGKH -
RECIFE Ver ]

VITAHIN [ SCURCE
i :

HIGH CALoFIC

CONTEZNT

FAT COGHTENT YARIES

HIGH Fa7
HIGH FAT Coe.
HIGH ChLCRICZ
HIGH SuGa&

AL
ol

HIGH SUGRR 2p

COQHTENT

ThT
CONTENT

FO0D NAHE

T T e e o  —  — — ——  — — — — m e A e o e e o e o o s

1.20

1.00
0.2%

0.,%0
1.090
1.99
.o
1.00

e
L}

2.9
2,09
2.99
NS0
4,00
1.00.
1.90-

3,90
4,00
3,00
2.00
1000

1/4

cur
1/2 CuF
s SFEAHS

L AEDTUR

t/4 Lir.

1 CUF

2 QZ.L TH SL
178 TR

2 ThReF

1 TeSP-1 FKG

CURESSInNGer ™

HILN=-2% .

RICE « KROUN KT,
APFLESAUCE » Si.
DATES/F16S

RAISINS

URANGE LUICE, UNSW.

- ASFARAGUS, KD,

CARFOTSsCRD
EEANSFROUT I, FRESH
SALADSHIAED SREZN
R l».alg&'l
FEAHUTS«RCASTED
SEEDS s FUNF L JWE N/ SESARE
COFFEE LREAHER
WHITE SAUCE/GrAVY

387 REACH/NTLIVIN
WINE:TepLe
COFree .
SUGAk;wﬁ-TEKE?GUh
CALE WiTH 1CING
COGKIE «SUGAR ,ASSORTED

VITANIN Tt 3

HIGH

HIGH SULwaF <
<
AIGH £

SugAR
W CALORTZ

S Fa

T T T o e e e e e e e e e e e e o e e e e e e e e e e e o~ =
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AN
DAY 3
AMOUNT SEnVING SIZE Cos FOOD Nade , COHHENT
On‘u 1 0z CHEESE » LHEE LR s HARD
0.50 1 2z CHEESE » SWISS/GULLA .
3.00 1 CUFs & 0Z  MILRN-2% - VITAHIN D SOURCE
3.00 ! SLICE EREAL» LOO% WHOLE GHATN , ‘
1.00 1 ] MUFFIN s WHULE GRALNskRArH . '
25 2 , DATES /= 1GS . . HIGH SUGAR COMTENT
3.00 174 LUr RAISING T HIGH CALORIC D0 =N
2,00 1/2 Cur ORAMGE JUICEsUtivi, ‘ .o
0.50 /2 CUF BEANS kb e N/ YELLOWy SN
“0.50 1 STALK BROCLOLTI +L N, , ] _
0.25 1 HEDTid4 "~ CARKUTSCKD )
0.25 1 cur ° CAULIFLUWER sCHD .
0.25 1/2 CUF ONIONS «CKD1,
0.2% /2 CuUF | FEASSCKD, : )
0.25 2 0z ) HAM/EACKEACON ¢ HIGH FAT COnTENT
4.00 1 0Z ‘ AEATS DELI TYFE HIGH FeT D0nTENT
1,00 174 iy FEANUTS . #3aSTED -~ FAT % InCOnF ETE FRUVELS
1.00 2 TESF SEEDS e SUNFLIWER/ SESAM: FAYT & INCOPFLETE FROTCEIWN
00 1 TSP, 1 FAT CERUTTEW HIGH F3i I0nTENT ’
3,00 ! TESF.1 FKG COFFEE CREAMeN HIGH ; K
1.00 1 TXSF HAYOHEANTSE HIGH.
. 2,00 1 CUP LGFFEE
t.0n L CLUP © TEA .
3.00 1 TSF o SUGAu-uHLT=/nsuu~ HIGH SUuAR CIRTENT
1.00 -2 LCOOKTIE s SULAR SASIORTED PIOH CRCONTIC LONTIAT

FLEASE mGOTE: THE AROVE COMHENTS Sk-bw 10 waLH FO0D In & GENERSL
IF YOUR DLET 1S in Meey OF SUPE ChARGEe 1ne3E COHAESTS EHDLLQ hagw 70
TO DECIDE WHICh FOODS 10 AVGID - IF YOUR Dkl 1S FINEs . N
*INFORMETION AnLY"., ' B

A FEMINDER! THE ANALYSIS FHESenTED
NORHRL T RmECTHY Cape DIAM CRitoREN
YOUR DILT Wk RECOHMEND TR TG Sk
NUT\ ITICHIRY e Yol LOCAL wEQL TR [k

WE HAVE TRIED T4 INLLLATE TRr LRAR
TO COHSIDER ADuwSTING IT Teay 70k
YOU th' HE R

CQHFUTE; SROGRAM UEy__gr»p ok ALTILe BLUL,

NUTRIENT ANALYSTIS BaSED Or JlinpenT LPNPD'Aﬂ uii7¢Ff z



~ APPENDIX I

ACTIVITY ASSESSMENT FORM



Name:

WEEKLY ACTIVITY ASSESSMENT

Date:

Activity Period:

to

ACTIVITY

 # SESSIONS TOTAL TIME

INTENSITY
(lo,med, high) -

TENNIS

SQUASH

RACQUETBALL

HANDBALL

BADMINTON

RUGBY

BASKETBALL

VOLLEYBALL

TEAM HANDBALL

ICE HOCKEY

SOCCER

FOOTBALL

BASEBALL
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APPENDIX J
- :

PROCEDURE FOR SEPARATION OF HDL-CHOLESTEROL AND (LDL#+VLDL)-CHOLESTEROL

N



- SAMPLE:

¢ A

0.5 ml serum after an overnight fast of 12 hours minimum (as

[

liﬁtle_as 0.2 ml may be us%d). Sera may be stored at 4C.

for up to one week prior to analysis or frozen up to one

month, Dilute lipemic samples 1 in 2 with 0.15 M NaCl.

SEPARATION OF HDL AND LDL + VLDL: -

Prepare a reagent blank cdntainfng,O.S ml deionized H,0,

- 25 ul heparin, and 25 41 MaCl

',25/nﬂ heparin and . 25/01 MnC1

A serum pool is run with each.batch of samples.

. Transfer 500 ml serum to a glass'test tubé (100 x izﬁmm)

using a volumetric pipette, (Smaller volumes of serum

. may be used with pfoportionate amounts of heparin and

MnClz). 7 N

Add 25/al heparin‘(SOOO units/ml) using an SMI pipette.
Mix well. ey : : - . .
Then add 25 ul of 1 M MnClziusing an SMI pipette./ Mix

immediately in a vortex mixer.

Let the prepared samples stand at room temperature for
‘30 minutes.

Then centrifuge at 2600 rpm for 10 minutes (800 x g+ )

2

2°

Carefully transfei the cleaf'supernatant HDL solution to
@ clean tube. If the supérnatant'is not clear as can
bccurlwhen a sample has an increased triglyceride level, .

(a) repeat the precipitation with al in 2 dilution, of

serun with 0.15 M NaCl or (b) add 0. 5‘m1 0.15 M Nacl,

9 to the originally prepared

'solution, mix well let Stand a further ‘10 minutes then

—
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PRINCIPLE: ‘
Hepagin and ﬁanganese cholride (MnClz) are added directly to
; serum to Rrecipitate lipoproteins of density less than
’ “1 063 (LDL and VLDL lipoproteins) leaving HDL in solution.
After 30 mindtes the mixture is centrlfuged the clear super-
‘ natant (containlng HDL) removed, and_the precipitate dissélved
In sodium citrate, Cholesterdl levels are measured enzymatic-
ally in both sdpernatant (HDL) aﬁd d18301ve; precipitate‘
(LDL + VLDL). )
REAGENTS: .. | ‘o
1. Hepérin, 500074/m1
‘ Dilute 1;0 ml heparin, sodiumi(Organon Caﬁada Ltd, or
-Harrig iags).
’(1o,ooo-uniwts/m1) with 0.15M Nacl | 1.0 ml
2. Sodium Chloride, (NaCl)  0.15 M - |
) NaCl | S | ' | 0.877 g
D%ssolved in q§ionized HZO and q.s. to 100 m1
3.,'Manganous Chioride 1M (F.W. 197.?2
MnCl, , H,0 i | | Y 0 19.79'g
Dissolved in deionized water and q.8. to . 100’m1
4. Sodium Citrate : 0.1 M 3
i Sodiﬁm Ciifage " o j 2,9 g
“ Dissblved in deionized water and q4.8. to. 100 ml1



centrifuge. The supernatant should be clear,
Dissolve the precipitated LDL + VLDL by adding 0.5 ml
sodium citrate (0.1 M). Mix well and let stand at

least 10 minutes prior to énalysis.
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APPENDIX K

)

PROCEDURE FOR DETERMINATION OF .SERUM LIPIDS. AND LIPOPROTEINS



PRINCIPLE:

"Cholesterol esters S

131

SERUM CHOLESTEROL - ABA 100

Cholesterol esters in serum are hydrolyzed to free cholesterol
by cholesterol esterase : ‘

lesterol es * T
choles esterase cholesterol + fatty

acids

The free cholesterol produced is oxidized by cholesterol

oxidase to cholest-4-en-3-one with simultaneous production

of hydrogen perox1de. -
cholesterol oxidase.

Free cholesterol + O o — S

2 cholest-4-en-3-

one + H2 9

Hydrogen peroxide - couples oxidatively with 4- amlnophenaZOne
and phenol in the presence of peroxidase to yield a
quinoneamine dye with an abgorption maximum at 500 nm.

0 ' POD
HZOZ + Phenol + 4-aminophenazone — red dye + 2H Q”‘
The intensity of color formed is proportional to tHe

cholesterol concentration and can be measured photometrically
between 400 and 560 nm.

INSTRUMENT. PARAMETERS:

REAGENTS:

~ Bottle

Filter 500/600
Power ON
Incubator 309

Mode END POINT
Reaction Direction up
Analysis time 10 mins.

Carousel revolution 2

Stringe plate 1:101

Sample size 5 al
-Decimal setting 0000

Zero 0000

1. Bio- Dynamics/BMC cholesterol CHOD-PAP

Enzymatic method. Cat. # 15737

2. Standard: Precilip BMC Cat. # 15938,

Working Reagent

Bottle (1),

(2)

(Buffer/4faminophenazone) 65 mls.
(Chol.esterase/Peroxidase) 1.0 mls.

\
\



'Stofe.in an amber bottle at +QOC.
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Bottle (3) (Chol.oxidase) " 1.0 mls.
Bottle (4) (Phenol) 1.25 mls,
Deionized HZO . 65 mls.

This reagent is stable for one week at
room temperature or four weeks at +49C, ,

CAROUSEL FORMAT: (Cholesterol and Triglycerides)

Cup 01 : A HZO.
Cup 02 - ' , HZO ‘
03-05 . Precilip
06-10 - Serum samples
11 : C8

_ 12-20 Serum samples
*“See note 2 21 ' : Validate-E-L
22-31 v Serum samples

Aliquot 50 ul of H,0, serum samples and controls into sample
cups. '"'Sera-seal'"each cup immediately after aliquotting.
The carousel is used for cholesterol and triglyceride
determinations. , 1

PROCEDURE:

1. With "POWER" OFF, position 500/600 filter.

Switch POWER ON. Set operating parameters.

2. Pour sufficient working reagent for the days samples
into amber reagent vials. Prime 1:101 syringe plate.

3. Load the first Earousel, check the position of the sample
probe in the sample cup and cuvette as described in the
ABA 100 manual, S :

4. Start the run by pressing "STQP'". then "RUN".

5. At the end of the first revolution, when the carousel is

in the 00 position press "STOP" then 'TEST". ‘Remove the
sample probe from the sample arm and place in the reagent
vial, ' v

6. Manually rotate the carousel td position 0l. Set zero
to 0000 on the display using . the zero control. Rotate to
position 02, check zero.

7. Rotate to position 03, Using scaling vernier aajust the’
nixie display to the package insert value for Precilip.,
Push calibrate control and record calibration factor.

8. Repeat step 7 for cup positions 04 and 05. Average the

calibration factors found.



10,

NOTES:

LINEARITY:
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Push calibrate contgoliand use the scaling vernier to-
adjust the display to read the averaged factor from
step 8. :

Rotate the carousel to 00 posifion. Push "STOP" then
"RUN'". Allow the carousel to move to position .0l then
move the carousel on to position 00. Allow to print.

Bl

Results are printed out in mg/100 ml cholesterol.

Validate -E-L (Warner-Chilcott) can be used as a high
control.. This control serum does not store well once
reconstituted., Make up one vial of Validate and run for
two days whenever new working reagent 1s prepared.

Dilute specimens with ‘high values with 0.97 Saline.

Accepted to 500 mg/100 ml.

" NORMAL RANGE:

75-250 mg/100 ml.
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SERUM PRIGLYCERIDES - ABA 100

.

PRINCIPLE:

A mixture of :lipase and an esterase split the triglycerides
_quantitatively into fatty acids and free glycerol, The
. giycerol liberated will react as follows: '

Glycerol + ATPé——_-L_)glyceiol-3-phosphate + ATP

ADP + PEP & B. X, +ATP + Pyruvate ’

Pyruvate + NADH + HﬁF—EBE—$Lactate + NAD

The amount of NADH oxidized during the reaction is equivalent
' to the amount of glycerol in the specimen., The resulting
decrease in absorbance i$ measured photometrically at 340 nm,

~ INSTRUMENT PARAMETERS:

Filter - S 340/380 (ABA 2 FF = 4.73)

: Power, o - ON
- Incubation ‘ 37°%
* Mode : , ’ END :POINT
Reaction Directlon - DOWN
Analysgis Time , 10 mins, «
Carousel Revolution - 2 ' ‘
Syringe Plate 1:51
Sample Size Sl
Decimal Position : 0000
Zero " Co 0000
*Calibration Factor 486

*NB Use filter with F.F. 4 73 only.
REAGENTS: - | <

1. Bio- Dynamics/BMC Triglycerides (Fully enzymatic)
© Cat. # 15970

2, Bocine Albumin powder Fraction V. Cat.# 7110-05.
Metrix Clinical and Diagnostic Division
Armour Pharmaceutical Co.
Chicago, Illinois 60690

3. Glycerokinase Sigma Chemical Co. Cat.# 05751

4, Standard The procedure is standardized on the extinction
coefficient of NADH (see Note 3.).



PROCEDURE:

NQTES:

135

Reagent ?reparation

As new kits are received 250 mg Bocine Albumin is added

1‘
to each Bottle (1) (Buffer). Mix thoroughly "until
dissolved.

2. Reconstitute one Bottle (2) (NADH/ATP/PEP) with 2.0 ml
deionized water,  (Stable for 2 weeks at +4°C.) Bottles
(D, (3), and (4) are used undiluted,

3. The working reagent is prepared immedlately before each
carousel is sampled., For one full carousel prepare the

_ following volume of reagent.

Bottle (1) (Buffer) . 10 nmls

Bottle (2) (NADH/ATP/PEP) - 200 4l

Bottle - (3) (LDH/PK/Lipase/Esterase) 200 «1

Bottle (4) (Glyceroklnase) - 60 ul f

Sigma glycerokinase may be used to‘supplement and extend the
life of the BMC kit.
Half-volumes of the above reagent can be prepared as requ1red.

The carousel prepared for fhe cholesterol determinations
is re-sampled, If additidnal sera are to be run the same
carousel format.as for cholesterols should be observed.

Load the 1:51 syringe plate-wirh working reagent.
As soon as.'the cholesterol run has printed Switch Power -

OFF, change the filter, Turn Power - ON and set operating
parameters,

Place the first carousel to be run in position with a
new cuvette in place. Turn to 00 carousel position.

In ”TEST” mode set zero to 0000 against air (00 carousel
position),

Push "CALIBRATE" button. Use 'SCALING VERNIER" to enter

486 on the display. ' . '

Check the position of the sdmple probe in the sample cup
and cuvette. Adjust as per ABA 100 manual if necessary.

Push "STOP". then "RUN". Allow to dispense and print out.

The first reagent blank (Position 01) should read in the
range 9100-9300., The second reagent blank (Position 02)
should read 0000 + 4,



2.

REPORT:
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Check the results for the controls
a) Precilip - label claim value

b) .C8

Standardization:. ,
The calculation for the triglyceride calibration factor
is as follows:

Scéliﬁg factor _ Total vol. (mlsl mol wt,
Filter factor Spec. vol. (mls) 10

= calibration
factor -

0.500 _ 0.255 _ 885

4,73 © 0,005 X 10 = 486

Serum Triglycerides = .,.,......... mg/100 ml.

" NORMAL RANGE:

60-165 mg/100 ml.

 LINEARITY:

Accepted to 500 mg/100 ml,
Dilute high specimens with 0, 9% saline.
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- HDL CHOLESTEROL

~ Subtract reagent blank values from HDL values, and multiply corrected
HDL values by 1.1 (to correct for the dilution with the addition of
heparin and MnClz). (Not required for (LDL + VLDL values.)

If the sample was diluted prior to preéipitation (7a), multiply both
HDL and (LDL + VLDL) values by the dilution factor, \

However, if the sample was diluted by adding NaCi, héparin, MnCl, to
the already precipitated sample, multiply ONLY the HDL value by %he
dilution factor (7b). : ' T

Résults are in mg/dl.

e.g. Reagent Blank = 1 mg/dl
~ HDL = 30 mg/dl N
Then 30 - 1° = 29 mg/dl ; '
© and 29 x 1.1 = 32 mg/dl  HDL Cholesterol :
If the sample was diluted 1 in 2, then 32 x .2 = 64 mg/d1l HDL cholesterol
present. ' ; : \

(LDL + VLDL)- CHOLESTEROL

Dé not subtract reagent blank values nor apply a 1.1 correction factor.

If the sample was initially diluted (7a) and 0.5 ml used for precipita-
tion, multiply the result by 2. ' o

If the samplé has been diluted by adding NaCl, heparin, MnCl, to the
already precipitated sample, no correction factor is'réquireg since
the precipitation of LDL + VLDL is dissolved in 0.5 ml citrate. See
Note 6. ' : : )

If no dilution correction is required, the results from the ABA-100
(in mg/dl) are taken directly for LDL + VLDL cholesterol and the native
cholesterol. : .

NOTES:
1. Either the 1:101 or 1:51 syringe plate may be used. for: g
cholesterol estimations with good results for native ’
serum, HDL and (LDL + VLDL) fractions. The calibration

fagtor with the 1:51 plate will be about 180 with
precilip set at 124 mg/dl. - ;

2. EDTA plasma may be used instead of serum. However, HDL
values will be about 5 mg/dl higher in plasma than in
~comparable serum. . .
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HDL supernates must be clear after centrifugation. Any
turbidity indicates incompleteness of pre01pitat10n and

" samples must be diluted and re-precipitated.

.Llpoprotein electrophoresis may be performed on native

serum to determine the presence of lipoprotein abnormal-
ities, -and on the HDL supernatant to verify completeness
of LDL + VLDL precipitation. The method used is that
performed in the routine lab. (1 4l sample on 1% agarose

“for 30 minutes at 20 MA, in EDTA barbital buffer)

A fine prec1pitate develops in the HDL supernatant on
standing, or if left overnight at 4°, This is manganese
oxide, which does not lnterfere with cholesterol
estlmatlonsf

If less than 0.5 ml of serum is precipitated and the _
precipitate dissolved in 0.5 ml sodium citrate, multiply
the VLDL + LDL result by 0.5

: ~ml of serum

’

‘The MnCl, and heparin have been shown to have no effect o

on the efizyme activity for the cholesterol estlmatlon.

58
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APPENDIX L

. STANDARD SERUM ANALYSIS:
Jisi Y OF HDL-CHOLESTEROL DETERMINATION




.

X
&

o

b

STANDARD REFERENCE
VALUES OBTAINED IN LAB:

- RELIABILITY OF HDL-CHOLESTEROL DETERMINATION

9, Serum .

April 9

June

10
10
15
16
8
25
29
30

»

-.HDL-cholesterol

43.0 # 3.3 (x + SD)
45.2 + 5.4

47
45-
46
39
40.
A
40
45
37
39
48
53
48
47
48
41
37
48
42
| "
59
51
48

140
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APPENDIX M S

WORK COMPLETED DURING EACH TRAINING SESSION
Stage I - 0 - 3 Weeks
Stage IT - 3 - 6 Weeks

Stage“III - 6 - 9 Weekg
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" APPENDIX N

DESIGNATION OF 'HI-FIT' AND 'LOW-FIT' GROUPS:

PREDICTED 002 MAX
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1

PREDICTED VO, MAX (ml/kg.min-l) AT THE PRE-TEST

EXERCISE GROUP  ° CONTROL GROUP

HI FIT: -  Subject # Va;ué« ~° Subject # Value
. ©o02 57.9 - 14 s56.7
03 57.4 . 16 55.9
06 55.8 | 17 54,0
01 54,1 13 53.5
05 53.1 15 '52.5
04 149.6 ‘
x = 54,7 . X . = 54,5
LO FIT: ,
10 48.9 21 50.3
12 48,0 19 49,2
11 46.7 .18 42,4
09 462 20 . 381
08 35.2 | |
07 350 \
T L |
X = 43.3 X = 450 A
% == =
o
‘Overall x = 49,0 = 50.3
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APPENDIX 0

ANOVA TABLES
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APPENDIX P

CORRELATION OF METABOLIC AND LOCAL MUSCLE PARAMETERS
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APPENDIX Q

RAW DATA .
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.J
APPENDIX Q = - L
R  RAW DATA
APPENDIX,  I - Serum Lipids and Lipoporteins
. APPENDIX II . Biéycle Efgometer Test
APPENDIX-IIT . Anaerobic Threshold
APPENDIX -IV. -~ Body Composition and Diet.

APPENDIX . V ©  SDH Activity

APPENDIX VI ~ Muscle Fiber Types

Y



COLUMNS:

1,2 -

Variable:

156

Q-1 Serum Lipids 1 - ;

Subject  ID
Fitness (1 = Hi-f1it 2 = Lo-fit)
Group - (1 = Exercise 2 = Control) .

-Variable Blogk

= serum cholesterol

= serum HDL-cholesterol

= (VLDL + LDL)—cholesterol’U

= HDL-cholesterol/Total cholesterol
= serum triglyceride

BN

(-1 = missing data)
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Q-II Bicycle Qrgomgter Test

i
- |

COLUMNS : 1,2 Subject -ID
4 Fitness (I = Hi-fit 2 = Lo-fit)
6 Group | (1 = Exercise 2 = Control)
8 Variable Block
10 Variable: 1 = Maximum heart,raté_1
2 = V02‘max (ml/kg-min ~)-
3 = VOZmak (l/mintl)_
4 = VE max
5=HR 117.6 .
6 = HR 176.5 ‘
7 = Work load at VO2 max
8 = Vo, 117.6 -
9 = VO2 176.5

(-1 = missing data)
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o

Q-I1I Anaerobic Threshold

Subject  ID
Fitness . (1 = Hi-fit . 2 = Lo-fit)
Group ‘ +(1 = Exercise 2 = Control)

Variable Block

§
Variable: 1 AT-VO

2 = AT-PO
3 = ATml

2 B ©

(-1 = missing data)
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R
Q-IV Body Composition and Diet '
coLUMNS: 1,2 Subject ~ ID . - - Y} |
4 Fitness (1= Hi-fit 2 = Lo-tit)
6 . Group o (1 = Exercise '.‘2 = Control)
8  Variable Block : . .
10 Variable: 1 = Weight -
- 2 = 7 protein
- 3 = Z carbohydrate
4 = 7 fat ,
= caloric intake

% body fat

(-1 = missing déta)‘
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Q-V SDH Activity

- COLUMNS: 1 Group (1 = Exercise 2 = Control)

3 Time (1 = Pre-test 2 = Post-test 3 = Post-detraining)
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COLUMNS: -

L

Group (1

‘Variables = # fibers, % ST, % FTa, ZFTb

173

Q-VI Fiber Types

Exercise 2 = Control) : ‘ i

Pre-test 2 = Post-test 3 = Post-detraining)

[}

Time (1

(-1 = missing data)
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anaerobic threshold (AT)

Onset of metabolic acidosis. (Davis.et al,1976)

detraining

Cessation of formal traininp, (Drinkwater and Horvath

1972)
endurance .

The ability to persist in performance of physical

acc1v1ty
e

i

- fast twitch (FT) -
f Skeletal muscle fibers that stain dark for myo-
fibrillar ATPasé following alkaline pre=- ~-incubation.
lecithin cholesterol acyltransferase (LCAT) o
| ;onzyme which catalvzes the conversion of lecithfn and

unesterified cholestetol to lysolecithin and cholest-

erol. (Lopez 1976)

11pid ‘
Yater insoluble biomoiecule.With high'solubility in

” .‘organic solvents, (étfyef,l975) |

‘liéoprotein - ; '

acromolecular complex of lipids and protein. (Lopez,

1976) ' S .

» e !

maximuin oxygen int ake ({'02 max)
The highest oxygen intake that the 1ndividua1 can attain

during physical work breathing air at sea level

/



metabolic
4Refe;ring to biochemical reactions which cause the
' formation of métabolités an&'Lhe manufacture of ATP.
(stryer,1975) "
myofibrillar ATPase feaction_
| Histo;hemiéal.sqéin used to designatg’muécle‘figéré
as FT and ST . (ﬁouston,l978)
NADH—diabhbrase reaction |
Histochenical stain used to differentaite ﬂuscle
fibers on the basis of oxidative potential, (Hous;on,
. 1978) - ;“
slow twitch.(ST) T
Skeletal‘muécle fiberg that stain ligﬁﬁ.fo; myo-
fibrillar ATPase following alkalime pre-incubation.
succipate deﬁydrogenase (SDH). | |
“ Enzyme of citrié aéid cycle.which catalyzeé the
oxidation of succinate to fumarate with the con—
;comitant’prod;ction of FADH2 (Stryer, 1975)
systemic ‘
; .Referring to the flow of arterial blood from the heart

co the body tissues and of the ‘venous blood back to

the heart.

vencilatory equivalent (VF/VOZ)

’

Ratio of volume of expired air to volume of oxygen

P
{
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consumed.“(Davié et al,1979)



