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ABSTRACT : )
v . ) .

The pfimary objeptive og éhis study was to determin;
if acute ergometric exercise performed at a heart rate of.
1&0—160 beats per minute for one hour by physically untrained-
males (aged 19-51 years) has -a time course effect on the
serum‘concentration oF High Density Lipoprotein cholesterol
(HDLc), Low Density Lipoprotein cholesterol (LDLc), Total
Serum Cholesterog (TSC), Total Serum Triglycerides (TSTGL)
and on the HDLc:TSC ~eatio. The seqondary objective of this
study was to compare the chaqges'in these parameters after

l and 3 sessions of acute ergometric exercise performed at a

heart rate of 140-~160 beats per minute.

The 31 subjects who participated in th;s study were
normolipidaemic (TSC: 2l59-6.48‘mmol/1; TSTGL: 0.}9-2.82 mmeol/1l),
untrained (Gozmax_( 50.0 ml./kg./min.) males without diabetic
tendencies, with clinically normél blood pressure ( &£ 140/90
mm. Hg.) and no ciinical_evidence of coronary heart disease

(CHD), myocardial infarction (HI): electrocardiogram {EKG)

abnormalities, respiratory or other.uncontrolled chronic

disease.

All subjects. conformed to a sedentary lifestyle carried
-~
throughout the study. The subjects were ésked to keep
written records of diet, alcohol and-cigarette consumption
during the course of the study. Variable compliance with
this request to submit dietary (iﬂcluding alcohol) diaries
made interpretation of the impact of exercise more difficult.

Significant differences were determined by comparing

the change in all possible combinations of.any two post-




exercise points in the treatnentlgroep and comparing it to

the difference over the comparable period in tHhe comntrol group.

The HDLc:TSC ratio 1ncree§ed {.317 to and the Low
Density Lipoprotein cholesterol concentration deereaagd
(2.33 to 2.20' mmol/l), sfgn;ficantly r < Oilplin go}ng free-
immediately post- to 1 hour post exercise ‘in£he acute
treatment group when 30 subjects were considered. The
biochemistry of these chaﬁges 15 discussed. All results I
were linearly corrected for changes in hematocrit. However,
signiflcant changes were lost wgzzf;\antrol Subjecge taking
propranel were dropped and ee the groups were matched on
the besis of age, weight and Body Mass Indexé(ﬁﬁl).

Thus, while the trends towWard an incf€§sed‘HDLc:T5C
ratio and decreased LDLe at one hour post- exercise
remained the same regardless of the method of grouping
and matching Subjects, it 1is concluded.that_a single bout of

acute exercise does not significantly affect the HDLc:TSC

ratio and LDLc.

it
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CHAPTER I

THE PROBLEM °

Introduction and-Rationale £

\\J

The search for ways to increase‘the serum concentration

of High Density Lipoprotein cholesterol (HDLc¢c) has received

‘much attention since Miller and Miller (1975) suggested an

—

iéverse relationship'ﬁetween HDLc* and coronary atherosclerotic
heart disease (CASHD). CASHD is the major cause of death in
.many western countries (Eenditt 1977). | o

This effort £;‘based on the observation that HﬁL
decreases the avallability of cholesterol to the artérial
wall. Glomsegf(1968) suggested that HDL removes cholesterol
from the a}terial wall via the action.of lecithin cholesterol
acyl transferase (LCAT). HDL is proposed to carry the
cholesterol to the liver where the cholesterol is metabolised.
FurEher, HDL inhibits the internalization Sf Low Density
Lipoprotein (LDL) by porcine smooth muscle cells and human
endothelial cells in culture (Carew et ai 1976, Stein and
Stein 1976, and Steinberg et ;1 1976). Thus, any process
which augments HDL and its ability to decrease the availability
of cholesterol to the arterial wall to form plaques should

theoretically result in a reduction of the risk for developing

CASHD (Miller and Miller 1975).

*All references are to gserum enzyme activities,
lipid and lipoprotein concentrations except
where noted otherwise. 7 Vj :

ot A I g 3 Pl T . A e e o Ca
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Chronic endurance exercise as a possible agént in the
management of CASHD has recaeived mucg attéﬁtion-in the past
25 ye;;s. While chronic exercise appears to increase HDLc
(Wood et al 1976,'¥977), it may, given the proposed role of
HDL in CASHD, have the more important effect of increasing the
HDLc:Total Serum Cholesterol (TSC) ratio {Murdoch 1980).l Thus.
the proportionate amount of choleste;ol‘availaﬁle for
déposition in vascular walls is reduced.

The cumulative effec;; of a number of acute endurance
exercise sessions repeated over a short term is not well
documented. Erkeiens et al (1979) found that HDLc increase&
significantly after one week of moderate exereise. This result
coﬁbined with acute studies which showed a significant increase
in HDLc suggeststhat thf summation of acute effects is possible.

Chronic endurance exercise 1is essentlally an accumula~
tion of the acute effects of stimuli provided through inter-
mittent and regular acute exercise. Acute exercise, however,
has received‘relatively littlewattention with regard to its
singular and cumulagive effe;ts on the distribution of
cholesterol among the lipoprotein fractions.

An increase in HDLc may be a pbst- acute exércise
(recovefy) phenomenon. This increase may be mediated by
lipoprotein lipase (LPL). HDLc ﬁnd TSTGL are inversely

related, the explanation for which may be the reaction:

LPL

VLDL*HDL;—f——T—-}HDLZ+LDL Kinnunen (1979).

L)



LPL removes fatty acids, by hydrolysis, from the triglyceride
(TGL) associated with the Very Low Density Lipoprotein (VLDL)
fraction. VLDL is the major carrier of TSTGL.: Given that
skeletal muscle triglycéride falls with prolonged acute aerobic
ex;rcise (Oscai et al 1978, Litheli ¥979a) and that this.
TGL must be repleted, perhaps from fatty acids (FA) from
TSTGL, it follows that there must be a pattern of deplétion—
_repletion in that tissue. Aerobic exercise recruits mostly
slow oxidative muscle fibres (Gollnick et al 1972, 1973 and
Edgerton et al 1975) which have the great;st oxidaiive
capacity among human fibre types (Karlsson et al 1978).
Froberg et al (1978), using 13 male MI survivors and 14 males
from a lipid clinic population in resting studies, found that
there was a correlation of r= -0.62 between the k2 (fractional
removal rate from plasma of intravenously (IV) injected
Intralipid*) and the TGL concentration of the muscle.
This'sﬁggests a higher skeletal muscle LPL activity
following acute exercise that recruits slow oxidative tissue.
Perﬁaps, giveﬁ the reaction of Kinnunen (19?9) cutlined above,
an increase in LPL may lead to an increase 1in HDLc. Then as
the muscle fibrté,are repleted with TGL it would appear that
k2 decreases. This suggests a drop in LPL activity which in
turn implies that HDL production slows down and that the serum
levels of these lipoproteins may eventually return to their

. *Intralipid 1s a soybean 01l emulsion stabilized
with 10% egg lecithin.
Intralipid contains triglycerides and is
used as a fat tolerance test (Boberg et al 1969)
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pre-acute exercise levels. The work of Kekki (1980) supports
this theory. He noted that LPL activity and k2 correlated .

r= +0.91 and r= +0.90 respectively'with HDLc in normolipaemic

adults. . 3 - t

Furthermore, if LCAT activity increases it.is also
possiblé that HDLc will increase. Schmitz et al (1982) found .

that, in vitro, 'LCAT was responsible for the HDL

to HDL

3 2

conversion and that over time the cholesterol ester content
” .
of HDL3 decref%ed while t;at of HDLZ-increased as the result
of that eni;ﬂﬁ's activity. Consequently, one might suggest
that an iﬂérease of cholestefol carried by HDL or {its major
subfraction, HDLZ, is possibie wiFh acute and/or chronic
exercise. . . ©o
There is little evidence In the current literature to

" confirm or reject significant redistribution of cholesterol
among the lipoprotein fractions in untrained adult males as

]
the result of exposure to 1 hour of endurance exercise,

Enger et al (1980), Thompson et al (1980), and Dufaux et al
(1982) observed ; significant redistribution of cholesterol
among the lipoprotein fractions on each of two successive
days following acute exercise that lasted longer than one
hour. The occurrence of peak HDLc levels well into the post-
exercise period might explain the d;lay in the occurrence 6f
a peak in the HDLc:TSC ratio and m;y_hé due to a lag in the
peak rate of activity of LPL and/or LCAT. 1If TSC remains
constant or falls simultaneously (Enger et al 1980, Thompson

et al 1980) with an increase in HDLe during the post-exercise

period then the HDLe¢:TSC ratio may also rise.



Statement oflthe Problem

The primary objective of this sﬁudy was to determine

-—

if acute exposure to continuous bicycle ergometer exercise
performed for one hour haé an effect on the immediate and
extended post—exerc;ée profile of lipoprotein cholesterol
fractions in untrained adult males. Specifically, this study
was design;d to determine if one hour of cycling at a heart
rate of 140 to 160 beats per minute (bpm) affects the

immediate, 1 hour, 2 hour - and 24 hour post-exercise

measurements of serum HDLe, TSC, TSTGL, the HDLc:TSC
ratio and the calculated LDLe in 19 to 51 year old untrained
males.

A secondary objective of this study was to examine the
post-exercise profiles in subjects who have either experienced
or not experienced three bouts of exercise in the preceding

6 days.

Delimitations

The subjects volunteered and were selected on the .
basis of availaﬁility, willing;ess and scheduling compatability.
Therefore, the results from this experiment arelonly applicable
to this experimental population. Risk factors ass;ciated with
CASHD such as diabetes, hyperlipidaemia, and hypertension
(7 140/90 mm Hg.) were not considered. Furthermore, the

subjects demonstrated no clinical evidence of coronary heart

disease (CHD), myocardial infarction (MI), electrocardiogram



(EKG) abnormalities, respiratory or other uncontrolled chronic

diﬁease.

Hypothesis

On the basis of information in the introductiou,

measurable concomitant trends will be seen in increased

HDLe and decreased TSC in the post-exercise period. These trends
should affect the HDLc:TSC ratio. It is further hypothesized

"that an additive effect of these acute trends will not be

significant after 3 exercise sessions.

Limitrations of the Study

Interpretations of the data must consider that:

1. Increased HDLc concentration does not necess;rily
suggest an increase in the number of HDL particles. It may
mean an increased cholesterol csntent of each particle due
to an increased total or apo A-I Pprotein content of that
micelle or an enhanced ability of that parzicle to bind
cholestercl. A summary of lipoprotein metabolism occurs in

Appendix I.

varn,

- -
]

7
2. The proposed intensity (target heart refte) for
exercise is likely only an approximation of the point where

the muscle lactate of some subjects begins to pass in

significant quantities into the blood. Therefore the level



LY

of exercise stressor presented to each subject is only
approximately equal and may not be sub-anaeropic threshold
in all cases. Generally speaking, however, the intensity

should be below that threshold.

~

3. The Friedwald formula was used to calculate LDLe on
' )

the assumption that VLDLc was equal to TSTGL/S5. As this

assumption is not always Galid, the use of LDLc comparisons

is limited. However, as the relationship of HDL to CASHD is

thought to be independent of that of the LDL-CASHD relationshig

this gtudy is not invalidated.

r

4._ Ultracentifugation is the techniqué of choice for

'
lipqprotein analysis. The technique used in this study
correlates r= +0.82 with the former method, (Lopes-Virella et
al 1977). Since any change in the ;pecified variables would
likely be small, one must be sure that every change 1is outside

the range of error of the biochemical determinations before

suggesting a statistically significant change.

5. There was no strict control on diet, caloric intake
or alcohol consumption. These factors affect lipoprotein -

cholésterol metabolism (Appendix II).

Definition of Terminology

The following terms are used~in this study:

1. Serum Lipoproteins: Since lipids are insoluble in serum

they must be conjugated with soluble proteins in

order to be carried in the blood. Triglycerides (TGL),

»




™~ .
pho§pholipidb,_chgﬁésterol, and choleéterfl esters

are transporteg by serum Iipoproteins (Eiseﬁberg'1979).
The cholesterol concentration of -a-lipoprotein includes
the free and ésterified forms of that sterol. .Sope of
- the characteriséics_of the lipoproteins are defined

in Table I.

2. High Density Lipoproteih (HDL or alpha (« J-lipoprotein):

HDL,, a major subfraction of ADL, is thought to be

-~

antiatherogenic (Gofman et al 1966, Hammett et al 1979)
while HDL3, the other major HDL subfraction, appears

to play no role in the CASHD<REEEgSS ”Hbch is

disproportionately decreased relative to HDL3c in
N

CASHD (Gofman et al 1966). Hammett et al (1979)

found a more marked reduction in HDL,c¢ than in HDL.c

2 3
in patients with angliographically determined CASHD.
Further, there is little or no differeqce in HDL3c

between the age-matched sexes, yet females of child
;earing ge demonstrate a reduced risk of CASHD but
much hii:er levels of HDch than do age-matched

males (Miller and Miller 1981). CASHD rist\factors
are associated with a disproportionate decrease in‘

HDL2c relative to the decrease in HDL_c (Miller and

3
Miller 1981). Further, the cholesterol:protein ratio
isrgreater in HDL2 than in'HDL3 (Nichols 1967)

This may suggest that HDL2 has ' a better binding‘

.capadity'for cholesterol and hence is‘the better

subfraction for the removal of cholestlrol at the

- -

*




TABLE I (Morrisett et al 1977) ?

-

COMPOSITION AND PROPEﬁTIES OF HUMAN PLASMA LIPOPROTEINS

- r

Properties *  Chylomicrons VLDL - LDL - HDL
Density, g/ml <o0.95 0.95-1.006 1.006-1.063 1.063-1.210
Molecular weight > o.z_.-lo9 . 5-10%-10-10° 2.7-10%-4.8.10% 1.8-10%-3.6-10°
Major apoproteins apoB apoB apoB apoA-1
apoC-I apoC-1I | © apoA-II
apoC-1II apoC-II ) o U/;r\\
apoC-T1I - apoC-1II1I ' \T\ .
;boE
Minor apoproteins apoA-1 \\ apoA-1 « apoC-1
. apoA-11 ) apoA-11 L apoC-I1
apoD " apoC-III
’ apoD
apoE
Major lipids | triglyceride 'triglycer de rcholesteryl phospholipids .

esters

~

phospholipids cholesteryl

‘ esters
, - -

Minor lipids phespholipids phospholipids free cholesterol free
’ cholesterol

cholesteryl esters triglyceride




3.

200 ‘ "

arterial wall. This conflicts, perhaps, with the fact

that HDL2 has less apoprotein in terms of percentaée of

total weight and in absolute terms (Cheung and Albers 4
1977). _
Low Dénsity Lipoprotein (LDL or Beta(f )-lipoprotein): -

- see'Tablg I.

~

Fd

4. Very Low Density'Lipoprotein (VLDL or prelﬁ-lipoprotein):

5.

6.

7.

see Table I,

Total Serum Cholesterol (TSC): The total amount of the

L4

sterol carried in the fasting blood.  Normal TSC -
levels in adult humans are 4.92 mmol/l with a range
of 2.59-6.48 mmol/1. Serum' cholesterol occurs 1in

free and esterified form in a ratio of 1:3.

-

Total Serum Triglycerides (TSTGL): The total amount of

triacylglycerols in fasting serum. -In adult humang.
the concentration range is normally 0.79-2.82 mmol/1l
with a mean of 1.81 mmol/l. Endogenous TSTGL is ,

-

carried by VLDL.

Lipoprbtein Lipase tLPL): catalyzes the hydrolysis of

‘fatty acids from TSTGL and perhaps participates
™

s

in the reactdion:

LPL

VLDL + HDL, > LDL + HDL, \

The enzyme 18 activated by apoprotein C-II which is

found in VLDL and HDL. Acute exercise appears to result in

Kinetic induction (eg increases in the serum insulin: glucagon ratio) of enhanced
LPL activity . Chronic exercise appears to increase the synthesis aqf new enzyme
protein leading to enhanced enzyme activity by increased enzyme concentration in

thoa race nfF TDT and Tantehde Aahalaceawal aoeel bewon [ -,
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~
-

8. Lecithin Cholesterol Acyl Transferase (LCAT): esterifies
cholesterol in serum HDL2 and may participate in

the conversion of HDL3 to-HDLz. It is activated by

) apoprotein A-I which is found in HDL and VLDL.

—

, max (M@Oé): the maximal rate of oxygen uptake that

can be achieved by an exercising animal or person.

10. Friedwald equation: LDLc = TSC- (TSTGL/5)-HDLc

;-

This formula is not accurate iﬁ TSTGL exceeds 4,52
mmol/1l. VLDLc is inaccufately estimated as |
TSTGL/5. LDLc values determined by this formula
reflect those determined by ultracentrifugation

(Friedwald et al 1972).

11. Acute Exercise: a single session of continuous exercise:

1)

~
1

on one day as opposed to chronic exercise which is

a series of distinct exercise sessions over a period

J
of days, months, or years. '

L . -
12. Aerobic Exercise (or endurance exerclse): exercise

which is performed at a sub-anaerobic threshold level.
Anaerobig threshold (A.T.) usually occurs between

60 and 80% 602 max.
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CHAPTER II

REVIEW OF THE LITERATURE

~

The focus of this review is to outline the exercise
approaches used in an attempglto manipulate the distribution
of serum cholesterol among the lipoprotein fractions. ’;his
chapter is broken; down into &4 sections (see Table I1).

The first secdtion ﬁiscusses the proposed relationships
between lipoproteins and CASHD pathology. These reiationships
a;e linked in the next part to the metabolism of lipoproteins.
The fgllowiné section deals with the relationship between
‘lipoprotein metabolism and exercise studies. The exercise.
studies.aré subdivided into acute (including an in;erprﬁpation
of the state of the art) and chronic exercise studies. .The
chronic exércise sectiqn is further divided into cross-
secgioﬂal and longitudinal stuéies. .The penultimate section
deals with chronic exercise and its impact on LCAT and LPL
activities. These are thought to be the two key enzymes in
lipoprotein metaﬁolism ag it pertains to exercise. Finailf,
there is an interpretation of the stﬁte of the art of chronic

exercise studies.

CASHD Pathology and Lipoproteins

Epidemiological studies have demonstrated a negative
correlation between serum concentrations of HDL (6r HDLc) and
CASHD risk (ﬂedalig et al 1973, Berg et al 1976a, b, Miller
and Miller 1975, Rhoads et al 1976a, Castelli et al 1975,

1977a, Yaari et al 1981). Bondjers et al (1976) found a
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TABLE II
FLOW CHART FOR THE REVIEW OF THE LITERATURE

L}

CASHD1 pathology and lipoproteins

lipoprotein lipase, lecithin cholesterol
acvl cransferase and lipoprotein
metabolism (relation to CASHD pathology)

EXERCISE STUDIES

1)* acute exercise and lipoprotein
J 4 profiles (includes summary of the 4 .
changes in hematocrit state of the art) alcohol
“chlnges in weight 2)* chronic exercise auedicatlons
4 a) cross-sectional studies and 4
changes in adiposity lipoprotein profiles diet
. b) longitudinal studies and actsare::es
lipoprotein profiles f
. . 2

2) human LPL™ and LpATJ studies

—_— d) summary of the srate of the art

* gections deal in part with lipoprotein
metabolism

1} CASHD - Coronary Atheroaclerotic Hal}t Disease
i) LPL -~ Lipoprotein Lipase
3) LCAT - Lecithin. Cholesterol Acyl Transferase

4) Factors affecting concentration of cholesterol in
lipoprotein fractions.
In many atudies these factors are not adequately
controlled and thus tha state of the art {is
not as refined as it could be. The current
atudy controls for changes in hematocrit, weighe,
adipoaity and cligarede consumption. Poor subject
cooperation made control of the other factors
tzpossible.

-

ey B T T —
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significant correlation of r= -0.80 between HDLc and the
cholesterol content of mesenteric arterial tissue in 13 /
severely obese humans. As with all'cdrrelatiéns, causalit; [
. was not'p;oven. Some authors (Carew et al 1976, Stein and
Stein 1976,;Steinberg et al 1976) have disqovered that HDL
‘inhibits the internalization of LDL by porcine smooth muscle
cellg and human endothel%al cells in culture. However, most
authors (Burke 1980, Hgia ét al 1975, Miller and Miller 1975,
Havel 1979, and Stein ef al 1975a, 1975b;’view HDL as a cleaning
agent which picks up cholestefolrfrom the arterial wall and
transports it to the liver where it is cataboiized. According
to these notlons, as the serum HDL concentration increases,
the capacity to control cholesterol levels in the arterial
walls perhaps increuses.

Hilliams et al (1979) found the HDLc:TSC ratio to be
one of the most powerful predictors of athefosclerosis-in
humans. This observation of Williams et :al (1979) may be
related to CASHD in that there 1is -a high positive correlation
between TSC and LDL. LDL is thought to déposit cholesterol
on the arterial walls (Goldstein and Brown i975, ?féin and
Stein 1976, and Stein et ai 1975a2) thereby promoting the
formation of,atheromae and partial or complete occlusion of
the lumen. . An increased HDLc:TSC ratio, therefore, suggesés
a reduced availability of cholesterol for LDL and h;nce a

reduced CASHD risk.
As Miller and Miller (1975) have indicated, the

HDL/LDL concept of cholesterol removal/deposit is the only



15

theory which so thoroughlf takes into account the positive
risk factors of hypercholesterélémia+*, hypertrigly;éridemia+*,
obesity*, diabetes mellitus+, and perhaps the negative risk
factor of physical activity, while accounting for the higher
‘incidence of CASHD in men than in women (Aldersberg i957,
Ho et al 1960). All of these major positive ;isk factozs or
conditions are associated with a lower level of HDL or HDLc.

A npgmber of authors have demonstrated a relation
between the angiographically determined extent of CASHD” and

both lipid and lipoprotein parameters (Pearson et al 1979,

Jenkins et al 1978, Milne et al 1981, Papadopoulous et al 1973

‘and Crowley 1971). Papadopoulous et .al (1973).and Crowley
(1971) found si.gnificantly ‘elevated TSTGL and TSC in CASHD
diagnosed by coronary angiography. Thése findings ma& be
related to the lipoprotein theory of atherogenesis_in that
there is a significant high positive correlation (r= +0288)
between Beta-lipoproteiﬁ and TSC (Castelli et al 1977b) and
an inverse relation between HDLc and VLDL-TGL in man

ENikkila 1978a). Elevated TSTGL may reflect low LPL activicy
which would reduce HDL ptoduction (Kinnunen 1979). Pearson
et al (1979) reported lower total HDL in'patients with CASHD,
The lower HDL levels in the afflicted group support the

antiatherogenic concept of HDL. A study by Milne et al (1981),

however, demonstrated a significant inverse relation between

*major positive risk factors for the development of
clinical CASHD (i.e. myocardial infarction, sudden
death, and angina pectoris-Simborg (1970)

+major positive risk factors for the development of
clinical CASHD-Hurst et al (1974) '

/
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the severity of corenary artery disea;e a;d the HDLc¢:TSC rapid
Jbut not Pbtween CASHD and HDLc. Inté;estingly, Gordon ;t al
(19?7) sugéested‘that the HDLc:TSC ratio may be a more poﬁerful
negative risk factor thag HDLé;

HDL (or HDLc) héﬁ an inverse rélatidnship, and LDLc a
" direct relationship with clinically diagnosed ‘CASHD (Berg et
al 1976a, Zilversmit 1977, Robinson et al 1979, Castelli et
al 1977a, and Brunner et al 1979). K

The angiography work of Pearson et él.(1979), Jenkins

et al {1978), Papadopoulous et al (1973), and Crowley (1971)

i

and the c;inical studies of Berg et al (1976a) and Zilversmit
(1977),sho;ing that HDL (or HDLe¢) has an inverse relationship,
and LDLc a direct relationship with clinically diagnosed CASHD,
are supported by in vitro studies (Ci;fw et al 1976, Hsia et al
19?5).‘!?hese studies suggested that HDL and LDL respectively,
have a cho1estero1 removal and deposit function for the
arterial wall. While HDLs carry cholesterol, one of their
features that makes them antiatherogenic is their lack of
'apo—B which gives LDL the ability to bind to the negatively
charged glyéosaminoglycans that are present in the arterial
intima (Havel 1979, Camejo et al 1980). .
Burke (1980) has suggested that the 1ipid (lipoprotein)
theory hag.not been proven and that prospective studies are
required to determine its validity. This view is suppofted
by the Ontario Ministry of Health’et'al (1980).
The question of the carfying capacity and the saturation

v
kinetics of HDL is also important in determining the wvalidicty

.
L ]
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. of the proposed protective effect of HDL against CASHD . Hsia
et al (1975) repd@ted that, normally, lipoproteins are not
\ . s

saturated with cholesterol. They found that when cholesterol

pulverized by sonication was mixed with human serum, the HDL

by

fraction solubilised 29X of the serum cholesterol binding
reserve (SCBR) oi.tbe original serum. SCBR is the ability

of human serun_to“solcbilise exogenous cholestercl in_the

in vitro medium in cddition to its endogenous cholesterol
contept (i.e. the cholesterci‘elready associéted with the
.lipoproceins). Further, patiente with clinically diagnosed
CASHD demonstrated a significant lesser regression line slope,
relative to non-cases, with TSC {abcissa) compared to the
SCBR (ordinate). This suggests the poséibility that in non-
cases there is an increaeing number of HDL particles with
increasing TSC if one assumes the same or approximately 'the
same saturation levelbs of cholesterol for a given HDL mo;Lcule.
The negative regression line slope in CASHD patients might be
.explained by the finding of Berg et al (1976a) that CASHD
patients have significantly less total HDL than ;symptcmatic
controLs. That i1s, as TSC increases in CASHD patients, the
ability of HDL to bind that choleste®sT is reduced 1if one
assumes the same or approximately the same levels of
cholesterol saturation for HDL. This may explain the finding
of Castelli et &1 (1977a) that CASHD patients, across all
ages, had significantl& higher TSQ and LDLc but lower HDLe
than non-CASHD patients. The significdntly higher levels of

total HDL in asymptomatic controls (Berg et al 1976a) might

in pare, explain the positive cszgzation between TSC and
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SCBR in non-CASHD subjects (Hsia et al 1975). These results
of Hsia et al (1975), Berg et al (1976a), and Castelli et al
(1977a) combine to support the antiatherogenic concept of HDL.
‘The.large support for the HDL/LDL hypothesis of
cholesterol removel/deposit is found in coronary angliography
studies, HDLc¢ and LDLe lévels in elinically diagnosed CASHD,
and in vitro studies. Kinnunen (1979), however, has suggested
that ﬁDL may not be éntiétherogenic. He argues that the
atherogenicity of léd HDL does not apply to Tangier disease.
Tangier disease is characterized by the absence -of HDL_ ®and

2
HDL3 but the presence of a particle (HDLq). Further, in

Tangier disease-therg are low levels of LDLc (1.35 mmol/1)

and TSC (2.13 mmol/l) and an HDLc of 0.05:-mmol/l1 thus giving

an HDLc:TSC ratio of .02 (Matthes et al 1981). The low TSC

and LDLc suggest that there is a reduced need for HDL to
4ecrease the uptake or promote reverse cholesterol transport.
Thus, low HDLc in Tangier disease does not seem to conflict

with the HDL/LDL concept of cholesterol removal/deposit at

the arterial wall. Indeed, Fredrickson et al (1978) have stated

that the limited number of older subjects with this disease

"precludes firm conclusions regarding premature atheroscletosis"

in such people.

HDL and LDL are thpught, respgctiQelf, to remove and
deposit cholesterol from :E:\E?rerial wall (Glomset 1968,
Hsia et al 1975, Miller and Miller 1975, Havel 1979, Stein et

al 1975a, and Goldstein and Brown 1975). Alternatively, HDL

idhibﬁts the internalization of Low Density Lipoprotein (LDL)
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by porcine smooth muscle cells and human endothelial cells in

culture {Carew et al 1976, Stein and Stein 1976, and Steinberg
et al 1976). These cBncepts seem possible in view of the
findings by Berg et al (1376a,b), Papadopoulous et al (1973),
and Crowley (1971) that HDL (or HDLc) has an inverse relafioq;-
ship, and LDLc a direct relationship with clinically diagnosed
CASHD. |

These relationships_between the lip;proteins and CASHb
will be elaboraved upon in the n‘ext/)section which will deal

with the key enzymes in lipoprotein metabolism,.

Lipoprotein Lipase, Lecithin Cholesterol Acyl Transfefase, -

‘

gnd'LigoErotein Metabolism

v
LPL, LCAT, and lipoprotein metabolism have been

extensively investigated since the early 1950s when th; serum
1ipoprotein% were first suggested to have some relation to
CASHD (Gofman et al 1950,4Russ et_al‘1951, Jencks et al 1956).
¢PL, which acts at, and is bound to the luminal surface
(endothelium) of the capillary walls of extrahepatic organs,
1s significant because of its proposed role in the apparently
irreversible (Patsch et al 1978) reaction:

‘ LPL

Hm.3 + VLDL > HDL

2 + LDL (Kinnunen 1979)

HDL2 1s thought to be the antlatherogenic subfraction of
HDL (Miller and Miller 1981).
Eisenberg et al (1975) reported that LPL leads to the

rapid hydrolysis of the triglyceride of V}DL (supported by



20 .

Musliner et 8111979) and the trénsfer of Apo C-I, II, and III

to HDL. Eisenberg et al (1975) also noted that most of the

estertffied and unesterified cholesterol, removed from VLDL
as the result of LPL activity, is transferred to HDL. -
The nature of the relationship between LPL and fatey

acid hydrolysis from VLDL-triglyceride (VLDL-TGL) is quite

clear, however the nature of the contribution of LPL to /;,
protein transfer between lipoproteins is not well defined.

What is certain is that LPL is an essential requirement for

the reaction proposed by Kinnunen (1979) to proceed when HDL3

and VLDL are incubated together (Patsch et al 1978). Schmitz

et al (1982), however, found that LCAT and not LPL was »
responsible for thé‘lﬂ vitro conversion of HDL, to HDL,. They

suggeé ed that Patsch et al (1978) failed to assess residual
LCAT a&tivity.

iCAT, which is synthesized in the liver and acts in
the serum, apparently esferifies cholesterol picked up from
thé_arteﬁial wall by HDL (see Fig. 1). LCAT is activated by
Aéo A-I (GClomset 1968). Schmitz et al (1982) noted that, in
vitro, LCAT ingreased the cholesterol ester content of HDLZ.

A summary of lipoprotein metabolism is presented in

Al

Appendix I,

Part of the following sections on exercise will deal

with the relationship between physical activity and lipoprotein

metabolism.
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\ cell lecithin:.  PL
”.'c’“hf"“ chelestaral  PL
\ PL dcyitronslersse PL
c‘ PL - “
_ kigh dansily
fL FL lipoptolein
¢
PLFUploke of C
C': from membrane
v {by physical Uptake of CE,
pi | equitibration repleniskment of PL
(; by liver
- )
P PL -
tl' PL CE
¢ ¢ ‘

. .. Postulated mechanism %or the wansport of cholaterol
from membrancs of peripheral cells to the liver. Lecithinzchol-
esterol acylreansferase reacts with circulating lipoprotcing to form
cholesterys eaters from unciterified cl:olesterol and lecithin, The
lipoprote’ns subsequently pick up unesterified cholesterol from cell
membranes; circulate through the liver, and rcicate osterified
cholesterol.  C, unesterified ¢holesterol; CE, cltolﬁ:tq'f‘csler; PL,

phospholipid,

Fig. 1 (Glomset 1968)

»
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Exercise Studies

.

C .
Acute Exercise and Lipoprotein Profiles in Humans

The existing acute exercise studies (Table III) 1in
which serum 1lipid and lipoprotein profiles were examined,
have, with few excgptions (Enger et al 1980, Thompson et al
1980,. Dufaux et al 1982), failed to follow the serum
chemistry for .a period of time post-exercise. Given that
there may be a lag i; the increase of LPL activity (Lithell
et al 19793, Enger et al 1980), such post—exeréise work should
continu€ to confirm {f 1iﬁoprptein cholesterol changes occur

~—

A significant decrease in TSTGL with acute exercise -

in that period.

has been observed by Carlso;\ﬁhd Mossfeldt (1964) while no
change has been noted by Holloszy et al (1964). . in the
Carlson and Mossfeldt (1964) study, abéu; TQf of the fall in
TISTGL was due to the decréaée in VLDL-TGL. This study,
however, unlike Holloszy et al 61964), may be criticized for
improperly controlling the diet im that the subjects were
allowed unlimited calories immediately prior to the 1962 ski
race. The result of this lack of control may have been a
teﬁporary Increase in TSTGL (see Appendix II) thus preventing
those investigators from seeing the full impact of Exercise
on the resting levels of this 1ipid parameter.fﬂ?k

Nikkila et al (1978a) observed an inverse relation
‘between VLDL-TGL and skeletal muscle 'LPL thle Nikkila (1978b5
noted that HDLc is inversely related t& VLDL-TGL in humans insresting

studies. .
Lithell et al (1979a) found that the post-exercise LPL

Il
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.

of the vastus lateralis was significantly higher with the
greatest increase in that enzyme's activity taking place in
the least trained skier. it seems possible that with acute
exercise a significant increase in HDLc is possible via the
LPL mediated transfer of cholesterol and cholesterol esters
from VLDL to HDL ﬁijsenberg et al 1975).

Lithell et al (1979b) observed no significant change
in the skeletal muscle LPL activity immediatély after 1 hour
of acute-ex;rcise. Therefore, any exercise-mediated and
hemafocrit—torrected increa;e in the extended post—-exercise
profile of HDLc might result from enhanced LPL in the post-
exercise period. Lithell et al (1979a) suggested that with
acute exefcise there may be a lag in peak LPL activity after
exercise. Indéed,gonéomitant'maximal HDLc and minimal TSTGL
levels have been observed in the extended post-exercise profile
(Thompson et al 1980 and Enger et al 1980). This suggests
a lag in the peak of LPL activity.’

Enger et al. (1980) and Thompson et al (i980) observ;d
that the peak HDLc and minimum TSC levels occurred 7
simultardeously 1 day after the end of exercise. Even if
HDLc and TSC do not change significantly one might see a
slignificant increase in th; HDLc:TSC ratio 1in the extended
post-exercise profile. Enger et al.(1980), however, failed
1) to account for any changes in hematocrit (Hct.) and 2) to
take ledd ffom fasfing subjects. These two situations could

conceivably have introduced variability into their analyses

(Burke 1980). Further, Enger et al (1980) used the heparin-

.
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maﬁganese precipitation'techniéue which tends to overestimate
HDic (Lopes-Virella ei al 1977).
Tﬁe literature, therefore, suggests that‘;quté

-exercise can lead to increases in HDLc. If TSC concomiténtly
decreases (Enger et al 1980) or remains the same, an increase
in HDLc:TSC ratio is also-a possibility. Further, such
3pggest10ns imply that lipoprdtein metabolism may be g
sensitive tolan exerclse stressor and that the improved,
lipoprotein profiles associated with increased physical
adtivity‘may actually be attributgd to the exercise. ﬁone
of the existing acute studies havVe é;counted, however, for the
short ter; effects of diet, cigarettes, alcohol and medication
on lipoprotein métabolism nor have they corrected TSC, TSTGL.
and lipoprotein cholesterol concentrations for shifts in
hematocrit. It is difficult, therefore, to ascertain the
lmpact of acute exercise on the distribution of cholesterol
among the lipoprotein fraét%onsz

. The'effects‘of chronic exerciseé which will constitute

the next topic, may be the accumulation of a series of acute

T
T

effects. T

Chronic Exercise Studies

It has been suggested that chronic aerobic exercise
tends to augment HDLc levels (Ratliff et a 1978, Wood et al
1576, 1977). HDLc has been shown to be inversely related to

- CASHD (Miller and Miller ,1975, Pearson et al 1979). The effects
of chronic exercise are perhaps the result of a series of acute

effects - the acute and chronic effects not necessarily

3
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being the same. In this regard it has been noted by Bjorntorp
(1976) that acute studies may reveal how early these effects
océur, the ordef of these changes, and also which changes are
characte%istically representative of the sort of adaptations
n in the exercise period -.i.e. which of the acute ;nd

chronic effects are the same except'fo; magnftude. The thoughts
of Bjorntorp (1976) apply to the current study in that a'more
thorough examination of the nature of the proposed exercise
induced changes in serum Higﬁ Density Lipoprotein cholésterol

Ay

concentrations is required. ‘ ’ © N

Cross-Sectional Training Studies and Lipoprotein Profiles

in Humans
e e i

-

fhe lipld and lipoprotein profiles of long distance
runners and cross-country skiers have,general}y representgd
a decreased CASHD risk (higher HDLg, lower LDLc - that is, anr/
lmproved lipoprotein profile) relative to sedentary subjects
(Enger et al 1977, Masarei et al 1982, Hartung et al 1978,
1980a, Wood et al 1976, 1977, % ' " Adner’'

pnd Castelll 1980, Krauss et al 1977 (see Table IV)).
Significantl; higher HDLc levels were found in the trained
subjects in all these studies. Schnmabel and Kindermann (1982)
found that sports requiring a.high aerobic capacity generally

produced a significantly higher HDLc as compared to sédentary

control subjects.

The higher HDLc migﬁf’ﬁgﬁéiplained-by the observation

of Krauss et al (1977) that endurance runners have higher
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serum apb A-i levels. Since apo A-I is an essgntial activator
of LCAT, it would appear that HDLc should théreby rise
(Glomset 1968). .

Enger et al (19?7) demonstrated a significantly higher
HDLc:TSC ratio in well-traiﬂea skiers. LDLc was significantly
lover in a study by Wood et al (1977) but not in Adner and
Castelli (1980). The significantly increased Hth:TSC ratio
might be explained by a finding of a 'significantly lower
LDLe. LDLc has a high positive correlation ;ith TSC (Castelli
et al 1977k).

All of these cross-sectional results are to be
interpreted in light pf the. following concerns:

1) In papers‘in which smoking was considered (e.g.
Enger et al 1977), it is hard to evaluaté the preciée effect
of nicotine in lowering HDLc. The number smoked can only be
considered as a rough guide to the actual dosage of nicotine
received by each subject because th; dosage. varies according
co.the‘brand and type.(filter or non-filter) of cigarette
smoked. - |

2) The blood was drawn from non-fasting skiers -
(Eﬁger et al 1977). The use of serum from non-fasting

individual® can affect the results of HDLe analysis (Burke

1980).
. 3) The lack of identification of which lipid
components of the lipoproteins changed in fhe study by

Hoffman et al (1967) makes that study more difficult to

compare to more recent.studies (Wood et al 1976, 1977, Adner
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and Casteili 1980, Krauss et a) 1977). Further, Hoffman et
al (1967) igd not use a truly sedentary control group and
this makes comp;risons to other stqdies more difficult.
4) Shephard et al (1980) felt that there were
difficulties ih separating the effects of exercise from

"inherited constitutional differences" found in cross-sectional

studies (Wood et al 1976 and Enger et al 1977). Young and
Barboriak (1980) questioned ;he conclusion of Hartung et al
(1980a) that the distance run is the single most important
variable in lipoprotein levels because they felt that the
shared healfhy dietary pattern of the marathoners madé them
unlike other men. Therefore, they argued, long distance
ruﬂning may be a symbol of.gaod Jifestyle and runﬂing may be
as lmportant éymbolically as 1t 1s physiologically - a view
supported by Hartung et al in a later paper (1980b).

5) Wood et al (1977) has been criticized by Haskell
ét‘al (1980) for not adjusting their results for clgarette
smoking, adiposity, or alcoheol consumption, all of which
affect»lipoprotéin metabolism (see Appegdix II).

Most of the cross-séctional studies lack the control
bf longitudinal studies and have failed to proggz)y assess tpe

-

important variables of cigafette smoking, alcohol constption -
and diet which affect Fhe distribution of cholesterol among ‘
the lipoprotein fractions: The usefulness of existing crébs-
sectional studies in the assessment of chronic endurance

exercise on the distribution of cholesterol among thé lipo-

protein fractions, therefore, is limited.
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Longitudinal Training Studies and Lipoprotein Profiles in Humans

Several ;tudies in which prev{ously sedentary adults
were éxposed to training programs of varying intensities,
freguencies, and durations (13.1 to 45 min./session, over a
period ﬁf 7-20 weeks):havé deﬁonstrated;a variety of results.
In most pPapers, an increase in HDLc and a decrease in\LDLc
and TSTGL was observed (AltekFuse and Wilmore 1973, Clark et
al 1981, Hutt;nen et al 1979, Lopez-S et al 1974, Hartung et
al 1981, H;rtung and Squires 1980, Peltonen et al 1981,
'Ratliff‘ét al 1978, Murdoch 1980, Roundy et al 19478, Webster
et al 1978, Erkelens et al 1979) (Table V).

There ié‘some controversy over the duration of an
ekercise prograﬁ required to produce significant changgs in
lipoprotein cholesterol concentrations in the serum.
Significant increases in ﬁDLc were noted after three weeks
(wﬁbster et al 1978) and one week (Erkelens et al 1979),
Murdoch (1980), however, found no significant change in HDLc
after 12 weeks, the explanation for whi;h may have been a
decrease 1in HDL3Q proportional to an increase in HDch as seen
by Nye et al (1981) or insufficient intensity in the exercise
prograﬁ. Murdoch (1980) suggested that intensity, is a very
important factor in the speed with which such a change occurs.
The results of Mhyre et al (1981) suggested that lower
intensity, longer duration exercise ﬁroduced greater increases
in HDLe. Further, the Erkelens et al (1979) study may have

discredited its findings By using the heparin MnCl, precipitation

technique which, as noted earlier, overestimates HDLe
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sometimes because of incomélete precipitation 'of VLDL and .LDL"
from the serum (Lopes-Virella et al 1977).

Other criticisms pof léngitudinal stpdies include?
1) failing tﬁ specify the type of diet since changes in the
sources of calories can affecta(flipoprotein 1évels and have
the Iinverse effect'on pre-}ﬂand}?-lipop?qtein'(Alcekruse and
Wilmore 1973) (see Appendix II), 2) the failure to control for
weight loss (Rifliff et al 1978 aﬁd Hartung et al 1981) and
3) failing to use a céntrol group as exemplified by Hartung
et al (1981) which makes it diffiéult to know whether it ;as
the exercise or seasonal variation in the iipoprotein
concentrations (Warnick and Albers 1976) that was responsible
for the increase in HDLec.

The TSTGiwconcentration droéped significantly in some
studies (Hutteg;n et ai 1979,'Hartung and'Squires 1980,
Lopez-S et al 1974, Ratliff et al 1978, Webstér et al 1978).
This may have been due to enhanced peripheral uptake of fatty
acids (FA) from TSTGL, which in turg may h&ve been because
of increased LPL activity (Froberg 1969). Increased LPL
activity may lead to enhanced HDLc¢ (Eisenberg et al 1975)
TSTGL did not change significantly, however, in studies by
Altekruse and Wilmore (1973) and Erkelens et al (1979).
Peérhaps the findiﬂg ofrn; significant difference found by
AlEekruse and Wilmogé (1973) regulted from either the short
duration each session or the faci-thaé increases in of-'
lipb:;otein may not be mediated entirely by LPL.

The majority of longitudinal studies have failed to
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provide a comprehensive‘analysis of cigarette and alcdhol .
cons&mption,'dietary patterns and medications. Murdéch (1580)
has written the most comprehensive study to date in termsrof
the factors affecting the distribution of cholesterol among the
" lipoprotein fractions. Murdoch -found no significant change
in HDLc but observed a sigﬂ&fiéant risé in-the HDLc:TSC ratio
in the pre- to post-exercise treatment group as co;pared to
the same period in the control group. Analysis of dietary
pattern (including alcohol consumption) and cigarette
consumétiOn showed né change in either group and suggested
that the significant changes seen wire l1ikely due to thi |
exercise (Murdoch 1980). Thi§ study suggested that medication
had not effected the changes seen in the biochemical variables.

-

Human LPL and LCAT Studies with Chronic Exercise

The levels of LPL and LCAT may rise with chronic
physical activity (Nikkila et al 1978b, Lopez-S et al 1974).

Enhanced LPL activity, perhﬁps required to replete
intramuscular TGL stores after each session of aéute exercise,
m;y lead to increased HDLc (Nikkila et al 1978b). LPL
'qétivity may rise secondary to an increase fn skeletal muscle
capillarization, the latter being dependent onmn chronic
physical activity levels (Lithell et al 198la).

Chronic exercise may lead to.increased;épo A-1 levels
which may result in ‘an énhanced LCAT activiﬁy‘(Alpers et al
1976). 'An increased LCAT activity was noted in 4 of 13

‘subjects (Lopez-S et al 1974). It was not specified why only

!

ff/ L
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4 of the 13 subjec:s Were assayed for LCAT activizy and so
the’significant increase in LCAT activity may not fepresent
theywhole §pbject PQEulgtioE;’#Enrfﬁ;r, apo A-I wij;:jt meaSured.
and therefore it is not known whether the increase'seén in
the four subjects was' an apo A=I induced or enzyme concentration
induced change or perhaps a sombination of those;processes.
The method used to measure LCAT was that of Portman and Sugano
(19€f). This technique‘measqres the enzyme concentration.
LCAT has been suggested to augment HDLec concentrations
(Glomset 1968). - ' -

;Human studies suggest that an increase in LPL or LCAT
activity is possible with chronic physical activity and that
these increases may be the way by which exercise perhaps

increases serum HDLc concentrations (Nikkila et al 1978b, ’

Lopez-S et al 1974). ‘ g

Summary of the State of the Knowled of Human dhfohic ixercise
Studies, Lipoproteln, 3PL_ and LCAT SrofIIes -

A lower risk of CASHD had been:observed*in the face of
increased HDLc serEm_concentracions (Miller and Miller 1975,
Rhoéﬂs et ai 1976a, Tyroler et al 1975, and Castelli et al
1975). TSTGL and HDLc seem, respectively, to fall (Kiens et
al 1980, Clark et al 1981) and rise (Webster et al 1978,
Erkelens et 31.1979) significantly with chronfc'aerobic exercise.
It seems that-cwronic exercise may be responsible for a more
positive 1lipid and lipoprotein‘profile'tilative tc CASHD,.

However, in the studies indicating positive results {(increased

- .
.
b .
' - . .
i h .

AN T
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K
HDLc¢ and HDLe:TSC ratio),thete are a number of inherent

problems. These include the failure to control for weight
loss, alcohol usage, changes in the levels 6f adiposity, the
effects of the use of blood from non-fasting subjects and the
i;precise data for the effects of sm king. Other problems
include the failuég to separate the effects of exercise from
inherited constitutional differences and the lack of

appropriate control groups.
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CHAPTER Il

METHODOLOGY

Introduction

There were two objeétives for the experiment:

primary: to determine if one hour of cycling
at a heart rate of 140-160 beats
per minute  (bpm) affects the
immediate, ; hour, 2 hour and 24 hour. N
post-exergise meaSurements/gf serum
HDLe, TSC, TSTGL, - the HDLc:TSC
ratio and the ﬁalculated‘LDLc in
19-51 year old untrained males.

\ -
secondary: to examine\whether the post-exercise

profiles wele significantly altered

in subjects fho have either experienced
or not experienced three bouts ‘of

exercilse the preceding 6 days.

All subjects conformed to the requirement of at least bne

year of sedentary lifestyle carried through the study.

’

Subjecti’/// .

The thirty-one male volunteers ranged in age from 19

to 51 years. They were normolipidemic®, untrained (bO max <

2
50 ml/kg/min) "without diabetic tendencies and with

J¥TSC: 2.59-6.48 amol/1 ‘ *
TSTGL: 0.79-2.82 mmol/1
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.

clinically normal blood pressure (B.?ﬁ?} £140/90 mm Hg ).

They demonstrated no glinical evidence of CHD, MI, EKG‘
;Enormalities, respiratory or other uncontrolled chronic
disease. The acute treatment group (n=17) had a mean age of
24.6 years + 6.1 (+ §.D.) with a range of 19-45 years, while
the'aiyte control group (n=14)‘had a mean age of 35.6 years ‘
+11.3.with a range of 19-51 years. The chronic treatment grouﬁ
(n=5) (subjeéts 2, 3, 8, 15, 17) had a mean age of 29.6 years
+9.3 with a range of 21-45 years while the chronic control

group (n=4) (subjects 19, 22, 31, 33) had a mean age of 26.0

.years +7.6 with a range of 19-34 years. An insufficient

number of volunteers wanted to particJLate as their own

controls in the 2 experiments. This meant that two completely

-

different groups of subjects had to be used in the treatment

‘and control group. The percentage of recommended body weight

was determined by.the body mass index (kg /mz) found in

Thomas et al (1976). People with a TSTGL concentration of

less than 4.52 mmol/l were used to meet that criterion of the

Friedwald equation. Anyone taking specific antihyperlipidemic,‘
antibiotic, terpene, nicotinic acid (niacin), corticosteroid,
anti-malarial, tranquillizer, D-thyroxine, antiepileptic, or

diuretic medications, and/or exposed to chlorinated hydrocarban

insecticides was eliminated from consideration because of the

effect that these drugs ,and chemicals have on lipoprotein

and/or lipid concentrations in the seruhl (Appendix II). All

subjeéts were asked 1f they were using any of these agents at

the time of the experiment. Subjects were asked to keep written
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4

records of alcoholrand cigarette consumption as well as dietary

patterns. Subjects were asked to maintain a normal but
relatively isocaloric diet during the course of the study.
There was, however, poor cooperatiﬁn with the alcohol and
diet request by some of fhe subjects but good cooperation by

~ ¥
2ll smokers with regard to cigarettes.

-

Testing Procedures

A flow chart of the methodology for the acute and
chronic ‘phases of the ?gberiment is-found 1n Tables VI and
VII. The treatment subjects cycled for only 3 hour on days 4

and 5 of the chronic experiment because the majority of them

were unwilling to comply with % one hoyr rides due to

‘;f%nstraints~on their time and, more mportantly, to exert

themselves for one hour on each of 3 days.

The ?Ozmax for all the treatment subjeets was
determi?ed én a Monark bicycie ergometer and by open circuit
gas analysis. The starting load was 600 kgm/min. for 5
minutes, with intermittent loads incréasing by 300 kgm for
each bout until the subject was able to complete 3 but not
necessarily S minutes of a given load or was unable to
accept a higher load of exErcise. The expired air of the

. last 30 seconqs of the 3rd and 5th minute of each exercise
bout was collected and analyzed for;c;}bon dioxide and
oxygen. There was a 5 minu;e r;st BT recovery to a heart
rate of 110 bpm) between each exercise bout. The subject was

-

considered to have reached his ﬁozmax if he demornstrated a
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. TABLE. VI
. ACUTE EXPERIMENT
FLOW CHART OF METHODOLOGY (n-17 treatment
=14 control)

Day 1 :

1) pre-exercise blood* and hematocrit
(pre(a))

2) weighing of subject

3) VOzmax test :

/‘.

approximately 48 hours

Day 2

1) pre-exercise blood and hematocrit
(pre(b))

2) weighing of subject

3) 1 hour of exercise at 140-160 bpm

4) immediately post-exercise blood
sample and hematocrit {post)

5) 1 hour post-exercise (1) blood
sample and hematocrit

6) 2 hour (2) post-exercise blood

. sample and hematocrit

L

24 hours
Day 3
1) 24 hour post-exercise bléod and
hematocrit (24 (a))

2) weighing of subject

-

* all blood samples = 3 vacutainer vials x 5 cc blood/vial

control group treated identically to treatment group
except for exercise

"



47

TABLE VII
CHRQNIC EXPERIMENT -FLOW CHART
OF METHODOLOGY
n=5 trestment subjects
n=4 contral subjects

Pays 1 to 3 inclusive

Acute experimental pxotocol for
subjects 2, 3, 8, 15, 17 * .
Control subjects 19, 22, 31, 33.

24 hours

Day 4

1) Weighing of subject

2) one haif hour of exercise at
140-160 bpm

T

48 hours

Day 5 v
1) weighing of subject

2) one-half hour of exercise at
140 to 160 beats per minute

24 hours .
Day 6
1) 24 hour post-Day 5 exercise
(24b)

2) weighing of subject

small number of subjects.

'} p0 - non-exercising control group'equivalent of

immediately post-exercise

Pt - non-exercising control group equivalent of

1 hour post-exerciis

e - non-exercasin: g ~21 grour equivalent o7 2 hours
pPocY- ‘ : ‘

xRrc,;r
R Ly et

’ ]
immediately, post-exercise(p0), 1 hour post(p1)
and 2 hours post-exercise(p2) samples were taken
‘but this data could not be used in the repeated
measures analysis of covariance due to the .

N
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plateau}ﬁg of his oxygen consumption in the final 2 or 3

L]
bouts. A linear regression analysis was done between VO_max

2
(ordinate) and load (abcissa) for each subject to determine

the 60% ﬁozmax load.

A submaximal predictiv; 602max test wasg Qége; at the
request 6f their physic¢ian, on a bicyle ergometef by eighg
of the older control subjects‘for whom maximal exercafe may
have offer some risk. This was performed following their

last blood fample on day 3. It was felt that there was no

value in having the 6 remaining control subjects do a VO

_ pmax
test,

The heart géte for the exercise treatment group wa?
determined by g;aphing heart rate (ordinate) hgaiqst 602
(abecissa) for each pf fhe' kloads of the Gozmax test. The
intersection of the 60% ai point with the plot determined

the heart rate‘for_thé;ekerifse treatments. So as to present
approximately the same exef%ise stressor to each subject,

the intensi;y was maintainéd begween 140 and 160 beats per
minute and was assessed at ten-minute intervals during the
ride. Open c;rcuit gas analysis and heart rates were used

to ensure the maintenance of the pre~determined intensity for
a given subject (deviatioﬁs of no more than +150 ml of Op/

hour (open circuit gas analysis) or +5 heart beats/min were

allowed).

The Cambridge VS4 EKG iustrument was used to determihe
heart rates. CGas analysié was done by a Tissot tank, Godart
Oiygen analyzer and Godart capnograph. A -Narco foﬁr-B

M L]
physiograph was used to record VO, and the volume of expired

»
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L)
CO2 per minute (VCOZ)‘ A potentiometer attached to the Tissot

tank was.used to determine the ventilations and the total

e;&ired gas volume per minute (Ve).

The subjects were asked to cycle at 50 rpm* (as

assessed by an rpm counter) until they had cycled for the time

dictated by the experiﬁental prbtocol or until they met the

major American College of Sports Medicine (ACSM 1976)

guidelines for the cessation of exercise. These are:

1.

1
The presence of successive or multifocal premature

ventricular contractions (PVC's), the occurrence of
$ oo

2 PVC's within & 6 second interval or a PVC falling

on a T wave.

A rapid continuoua fall in the STp segment, below
+ o

— -+
-2 mm. or an Tfé segment reading of -2.5 mm.
A horizontal or downéloping 3T, slope, with an ST,

segment depression of -1 mm. or more.

A rise in the diastolic B.P. over 100 mm. Hg; or a rise -

- »

of more than 20 mm. Hg.

A sudden or continuous fall in the systolic blood

pressure.
Symptoms of significant exertional intolerance such as

dizziness, angina, unusual fatigue, claudication or pain.

*50 rpm was selected as being the most comfortable
pace for the subjects for the VO, max test and
this pace was carried into the exXperimental
protocol.
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7. Signs of intolerance, such as staggering, mental

confusion, cyanosis, pallor, dyspnea, or nausea.

PR
. - —vn

These criteria were applied to the VO _max test as well.

2
. ' £
The control group differed only in that they did not

L]
*

do the exercise treatment for a given experiment.
b ¥

Blood Analysis

The blood sampling protogol was identical for the
experimental and control group and is detailed in Tables VI
and VII. I

Hematocrit (Hect.) was done at each of the blood
sampling times. All hioéﬁemical‘parameters were linearly
corrected for changes in hematocrit on the basis of:

Yy = X-% Ilncrease in hematocrit (x)
- Percentage is for a
L given post-exercise point

relative to pre-exercise.
y = x+% decrease in hematocrit (x

X = uncorrected value

y = corrected value.

Fasting (12-14 hours) serum was used for all
determinations of lipoproteins and lipids. The subjects vere

asked 1f they had complied with the request to fast. Two

-
-

sampies were taken within approximetely 48 hours of each
other to determine mean.resting levels of all biochemical

paramefers. Samples were taken at the same time every day.
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HDLc Analysis

Samples taken for HDLc analysis were assayed within one
month of being drawn to .avoid the increase in HDLc¢ observeé
with prolonged freezing of serum (Reckless et al 1977).

HDLc¢ was isolated from LDL and VLDL By precipitation
of the latter two 1iboproteins with polyvalent anions and
bivalent cations, a ﬁethod originally developed by Burstein
and Samaille (1960),. Tﬁe basis of the precipitation
technique for.the determination of HDLé in this study was
basgd on the precipitation*of the apo-B containing lipoproteins
(VLDL and LDL) by sqgium ph&§photungstate and Mgclé. It is
thought that the sodium phosphotungstate binds to the lipopro-
teia and then HgZ+ binds to the sodium phosphotungstate,

This process formed an insoluble lipoprotein-polyanion-

divalent cation complex (Burstein et al 1970). The -

‘e

centrifugation step led to the completion of the precipitation
of the VLDL and LDL leaving the HDL in the supernatant, The
determination of the cholesterol in the supernatant,

therefore, reflected the chdlesterol‘content of the HDL
fraction.

Sodium phosphotungstate and magnesium were used since
the alternaté heparin manganese pPrecipitation has been noted
to overestimate HDLc levels (Lopes-Virella et al 1977).
This overestimation occurs because of incomplete precipitation.
of VLDL and LDL. The.ﬁethod of precipitation used in‘this
study correlates r = +0.82 with ultracentrifugation, but

according to Albers et al (1978) and Calvert et al (1980)

b
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may give an underestimati?n In some cases. As the sodipm
phosphotungstate is stable for six months (Lopes-Virella et
al 1977) which is*not the c;se with heparin, it may be used
for a greater numger of ﬁampleg. Therefore, the variability
in HDLc analysis is less using sodium ph?sphotungstate than
it is with heparin (Murdoch 1980). \“

The supernatants were preparéd for HDLc analysis -
according to the megpod of Lopes-Virella et al (1977) except
that all vo}qmes'here reduc;d by one-ialf. The -cholesterol
of the supernatant was analyzed according to .the Worthington
cholesterol reagent method which is based largely on the
technique of Allain et al (1974). .

The reproducibility of this method was determinel\\
using 10 aliquots of pooled serum which were analyzed for
HDLc at the same time. Intra-analysis variability was
determined by separating the serum into 3, 1.5 ml. aliquots
all of which were analyzed on different days for HDLc. The
quality control work appéars in Appendices III and IV.

FY

TSC and TS5TGL Analysis

TSC and TSTGL were analyzed enzymatically, the former
by the Worthington cholesterol reagent method and the latter by

the Boehringer Mannheim triglyceride kit (based on Eggstein

and Kreutz 1966). &

The first step of the TSC determination was the
hydrolysis of cholesterol esters by cholesterol esterase to
ctholesterol and free fatty acids. The cholesterol was then

.
-
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roxidized by cholesterol oxidase to cholesten-3-one and

. hydrogen peroxide. The hydrogep'peroxide was coupled by‘
-péroxidase with the ch:omogen; ﬂ—aminoantipyrine, iﬁ the
presenqg of 5henol to produce a q;inoneimine dye. The change
in absorption at 500 nm., the absorption maximum for the

»
dye, directly reflected the TSC (Lopes-Virella et al 1977).

The first st;p of-éhe TSTéL determfnation was the
saponification of the trigiyceri&elwith élcoho}ic potassium
hydroxide to form glycerol and free fatty acids. Glycerol
kinase cbnvertea the glycérol anq ATP to glycerol-3-phosphate
‘and_ApP. 'Pyruvate kinase converted the Aﬁb and_pﬁOSphoenolﬂ
pyruvate to AfP and pyru#ate‘ The Ryruvate in the bresence
of NADHiénd protons.was changed to lactate. NaDt was alsg;::::?:;)
produced in this last reaction; The amount bf NADH, =
photoabsdrptive-molecule, oxi&ized is equal to the glycerol
énd henLe the TSTGL in the sagﬁle._ That 1is, the decrease

in the absorption is a direct measure of the TSTGL.

Two different runs on different days using cholesterol

and ;r;g%yceride standards .were done to determine a
co;fficient of variance“respectively for TSC and TSTGL.
'Reliaﬁility was assessed by analyzing a pooled séruﬁ sample
on two different dayé for TSTGL and TSC. The cholesterol
stan@ard (2.93 mmol/1) was diluted to 1.465 mmol/l and also
analy;;d on two different days as'zn additional measure of

the reliability of the HDLc determinations. Appendices III,

and IV contain qdality control work for these assays.
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LDLec Analysis.

_LDLc vas determined by calculation (LDLe = TSC- (TSTGL
" /5)-HDLc¢) (Friedwald et al 1972) and for this reasen only those
‘ subjects with TSTGL levels of less than 4.52 mmol/1 were

accepted for study. . . : '

e

.J/F\\\ﬁ Statistical Analysis

-
]

A.tuJ;way repeated measures analysis of covariance

(ANCOVA) was ysed for the hematocrit, weight and biochemical_

variables of the acute and chronic experiments.
L]
: hY

In ANCSVn,.the post-exerclse means are adjusted to
account for the variance/fn\t/he' pre-exercise means. That is,
the post-exercise means were adjusted on the basis of the

vqriance‘id the pre-exercise means. The statdistical analysis

:
.

pertained onl& to the adjusted post-exercise means. In the

»

treatment group, signif#éan; change (p < .05) was determined,
for both designs, by compafing thésdifference-between'a11
possible combinations of any two post-e#ercise'points.to the
,compafabre period in the control group.,

Treatment subject 9 was dropped from all repeated
R -

measures ANCOVA due to missing data. Treatment subject 5 was
dropped from all statistical analyses with TSTGL due to 2

missing pre-values. Control subjécts 27 and 28'were initially -

considered and then were removed due to their use ‘of.

propranolol. This explains the two control groups consisting

___—of 14 and then 12 subjects,

~
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There wwre 2 pre-exercise values taken for each of the
biochemical parameters. Full correlations were done between
all of the biochemical variables using the averaged pre-exercise

values in the total subject pool. Partial coireiations for

. -
_the total subject pool were run among the averaged pre-

ﬂ
exercise values of all the biochemical variables; in this case,

the effects of age, weight and body'ﬁass index (BMI) were
factored outt Paftial'corrélation; for the treatment gréup'
were also run between each of the avérgged pre;exercise v;lues
of the 5 biochémical variables. 1In this case,’ﬁozmaft‘agg,
weight and BMI were factored out" qu%elationé between HDLc

-

and TSTGL, HDLc and TSC, the HDLc:TSC ratio and TSTGL, and-TSC

/

and LDLE were done for the immediately post-exercise to 1 hour postl

' - -
exercise interval.Immediately post- to 1 hour post-exercise

was important because of the significanct increase in the HpLc:TSC ratio

and the significant decrease in LDLe¢ in that iﬁterval of the

.

acute experiment.

In the total subject pool (n=9) of chronic expe(?ment,
full and partial,correlations were  run between each of thé
mean pre-exercise levels of each of the 5 blochemical
variables. When the partial correlations were done, the
effect of age, weight and BMI on the aueraged'p;e-exercise
values of the biochemical variables were factored out,

In order to give more meéaning to the correlations, tﬁeirv95z

confidence intervals are found in each table of correlations.

. | Correlations were not‘done between age, weight, BMI, VO, max
and the biochemical variables or changes in the biochemical variables &ince
there was no significant difference between the full and partial correlations.

®rrelations were not done for any biochemical variable and changes in that -

variable since an ANCOVA would compensate for any effect that any group
differences in the pre-valuég could have on the post-yalues. Correlations
are only a measure of assoclation and not necessarily of cause and effect.
Significance (p <?.05) means that there is less thap a 5% chance of
rejecting a null hypothesis.‘ ,
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CHAPTER IV ' /

RESULTS AND DISCUSSION

ner

-

In this chapter the acute data is presented and

discussed. This is followed by the presentétion and

-

discussion of acute data where the treatment group has been

matched with the control group on the basis of age, weight and

BMI. The final section deals with the chronic experiment's
data. An outline of the chapter is presented in Table VIII.

The statistically significant changes are defined in

the context of going from one post-exercise point to another
[ ]

[
-

post-exercise point in the treatment group and comparing it

to the same period in the control group.

Acute Experiment - Biochemical Data

There was aNStatistically.significant (p € .05) increase

and decrease respectively in the HDLc:TSC ratio and the LDLc

. -—
N4

concentration in going from immediately post-+to 1 hour pPqst-
exercise ~+ The statistical analysis used was a repeated
measures ANCOVA,

The levels of LDLc were significantly lower (Table IX)
and the HDLc:TSC ratio significantly higher (Table X) at 1 hour
post—exercise than at any other post-exercise point. There
were no other statistically significént fesults in the
biochemical variables.

In the treatment group (n=16), HDLc and the HDLec:TSC

ratio consistently rose to 1 hour post-exercise. By two hours
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, TABLE VTII
FLOV CHART FOR THE PRESENTATION AND
DISCUSSION OF RESULTS OF THE CURRENT
. EXPERIMENT

Presencation snd discussion of ) \
un-matched” acute experiment data

in hematocrit concern expressed over tTaataenut vs lalcnhol
control group differences in age, 1

in veight ‘ veight and body mass Index (1) y wedications"

in adiposity . LI lates
prasencatbn and discussion of Ici[ll‘ettcu

uatched® acute data
resentstion and discussion of
chronic exarcise ‘data
(includes statemsent of vhather chroafc

sffacts are the dccumulacion of
acute affacts)

- * un-matched - use of dara whers the treaatmant
g£TOUp was not past-hoc matched
with the coatrol group on the
basis of age, veight and BMI

* matched - use of dara vhere the treatmant
group vas poat-hoc matched wich

ths control group on the basis o

' age, weight and 3MI '

1 factors affecting concentration of cnolesterol]
in lipoprotsin fractions, .
The current study controlled for changes in weight,hematocrit,
adiposity and cigarette consumption. This is a refinement
" of the state of the art for acute exercise
studies.
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post-exercise they had decfeased,but approaching 24 hours_
post-exercise (24a) showed a slight rise_(Tables X and XI).
In the control group (n=14), HDLc and the HDLc:TSC ratio
increased to pﬁ*’but.dec%eased to pe* levé;§ at pl* and then
rose graduailly through p2* to p24a* (Tables X and XI1).

TSC remained fairly const;nt in the_treatment.group
except foé a 4.0% drop at 1 hour post-exercise relative to
the pre-exercise level (Table XII). This pattern w#s
repeated by LDLE (Table IX)}. 1In the controilgroup, both
LDLc and TSC maintained a reasonably flat profile with a mild
drop between p2 hours and p24a (Tables IX and XII). LDLc,
however, was somewhat elevated at Pl and p2 hours in the

control group.

The treatment group revealed a fairly stable profile
in TSTGL except for a pronounced 10.1% drop at 1 hour post—é
exercise relative to the pre-exercise level (fable XI1II).
The TSTGL-levels'of the contrel group were coustant until a

sharp drop at Pl. This depressed mean value was maintained

through p2 hours. The p24a levels were near those of pe (Table XIII),

\

*pe = equivalent in the non-exercising control subjects
of pre~exercise in the treatment subjects,

¢ *p0 = equivalent in the non-exercising control subjects
of immediately post-exercise (post-) in the treatment
subjects. N ) :

.*pl = equivalent in the non-exercising control subjects
of. 1 hour post-exercise (1) in the treatment subJjects
*p2 = equivalent in the non-exercising control subjects
of 2 hours post-exercise (2) in the treatment subjects
*p24a = equivalent in the non-exercising control
subjects of 24 hours post-exercise (242) in the

treatment subjects.
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Any concerns about the size of the standard deviations

were alleviated by the recognition of their similarity to

standard deviations in the published data of the acute
exercise field.

Acute Experiment - Weight and Hematocrit Data

A two-way repeated measures analysis of covariance .
revealed a statistically significant (p € .05) decrease in
the treatment group's (n=16) hematocrit (47.%+ 2.1 to 45.86+ -
2.4) in the immedietely post-exercise to 1 hourlpost-egercise'
interval. The mean hematocrit ievel was, reletive to all other
post-exercise points, eignificantly at 1its highest level
immediately post-exercise. Hemetocrit‘leyels in the t}eatmen;
éroup approached pre-exereise levels at 1 hour post-exercise
where they remained until 24a. A summary of blooq related
'paraeeters.ie found in Table XIvV. weigﬁts increased
significantly from day 2 to day 3 (73.0 + 11.7 kg. to
73.3 + 11.7 kg.) (treatment n=16). The weights and hematocrit changed

significantly when compared to the n=14 but not to the n=12 i

control group.

. [ : . -
Dietary Adherence and Cigarette Consumption - \ .
- . ] m - -
Because some of'tﬂe squects did not keeb adequate ) {

written recorps of diet, including alcohol consumption, it

-was not possible to assess the extent of dietary adherence.

Cigarette consumption did not change in either.experiment.
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Acute Experiment-Discussion "

The most important finding of this study was a

s:atishically significant increase in the HDLc:TSC ratio in

going from immediately post- to 1 hour post—-exercise (Table X)

when 30 subjects were considered.

.HoweVEr, wvhen two of the control subjects (#27 and 28)
were &ropped from considera;ion due to their use of propranolol:
(Inderal), the HDL¢:TSC ratio no longer increased significantly.
The data (Table xiV) suggests that it was the increase in

variénce in the n=12 control group that may have led to' the
. ° [

discrepancy.
ihere were no statis;ically significant differences, . as

determined by a t-teét, between any of the 2 setsefpre-exercise

values of the 5 biochemical variables.’ further, there were

reasonably high coyrelations betw%pn the 2 sets of pre-

exercise 1eyels (Appendix V). These two facts suggest

that there was good reproducibility in the biochemical analysis.

‘ L]
This is justification for allowing the pre-b values of subjectt

T 6 foa the TSTGL and SE; TSC parameters to stand as' the averaged

espective pre-exercise levels. The same hgplies to the pre-b

value~for iSC fo; subjeét 5.
Maximal exertion ﬁozmax determinatiohs‘were done only
in the treatment group. 1In the trea‘ﬁent group, there were
no ;ignificant differences between the‘full and partial
correlations between. t%g avgraged pre-exercise values of the

- 5'blochemical variables when the effects of VO, max, age,
weight and BMI were removed (Table XV) This suggests that
Vozmax did not affect tﬁq}interrelationships between the 5
biochemical variables }ﬁ the time course pattern of the

- . . 3
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treatment group. The ﬁozmax values determined by a submaximal

" predictive test for 5 of the 8§ older control subjects are

found in Appendix VI. ‘A summary of pre-exercise meass for ‘
i ' 2
age, weight, BMI and Vozmax is also found in Appendix VI.

Of the 8 older* subjects (#24, 25, 26, 27, 19, 29, 30, 32),

-subjects 27, 28 and 32 were taking bradycardia-inducing

medication. ‘?bds, any ﬁozmax value obtained ffoé a submaximal

predictive test would be inaccurate.

There were significant group differences in the acute
experiment between averaged pfe-exercise (pe) values for
LDLe, TSC, TSTGL, age, weight,gand BMI (Tables IX, XII, XIII

and Appendix VI).. However, there were no significant

.differences in the full "and partial correlations between the

averaged pre-exercise values of the 5 biocHemical wvariables
4

(Table XVI). The age, weight and BMI factors were

- partialled out. This suggests that they did not affect the

relationships among the pre-values and therefore weré
hnlikely to affect the same relationshipé in the post-exer-
cise period. ‘Post-hoc dumping of data was not the best
approach according to the purists.iﬁ the statisti;s field.
There were no significant differencgs in the préjexefgise
tredtment and control group means for the HDUc:TéC ratio and
HDLc., These are the two most important variab%es fﬁ this
experiment due tb their'proposed antiatherogenic nature.

-

Therefore, significant group differenqgs in the other biochemical

e Ry e e e ——————— -
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variables were not as relevant. It should be recognized that
the 31 subjects in the acute experiment pool were close{ to
the population at large toﬁard which the results are meant to

-
be extrapolated.

. Finally, this was the first acqte'study to adjust for
shifts in hematocrit and account for cigarette smoking. This
assists in establishing whether lipoprbtein.metabolism'is

i ) 4
sensitive to an exercise stressor.

High Density Lipoprotein cholesterol

The finding ;f no significant change in HDLc was
similar to the results of Carlson and Mossfeldt (1964) and
Taskinen et al (1980) but was contrary to those of Enger ét
al (198@5, Dufaux et al (1982) and Thompson et al (1982).
‘Certain subjects (#1, 5, 6, 12, 14, 15) however, showed
appreciable increases in HD}c at 1 hour post-exercise
relagive to the pre~-values (Taple XI}., While the absolute
:dhanges were small the percentage changes were more
substantial. These subjects had\phe"comnon features of being

young (legs than 34 years of‘ge)-, non-obese, and all but

one had ca d average or below average HDLc levels.

Thus, one possibility ma( be that such characteristics.”

predisposed the subject?)to substantdally increased HDLc
b ]
“levels. Greater numbefs of subjects and/or exercise volume

- may also lead to signiffcant changes in HDLe. &

: 1; .
That H&ic did not change may have been the result of

no'change in TSTGL and LPL. There is an inverse relationship
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between changes in HDLc and TSTGL which can be explained by
the Kinnuneu (1979) equation.” This equation is mediated by
LPL which hydrolyzes VLDL-TGL,‘the major proportionm of TSTGL.
Lithell et al (1981b) noted that it took more than one hour
of exercise to producé éignificant increases in-LPL dctivity
immediately post-exercise. Indeéd. there wére Qniy 2 subjects
\ .
(#6, 14) with concomitant increases in HDLc and decreases in
TSTGL at 1 howur post—exerc}se (Tables XI and XIII). Furﬁher,
it may pE'difficuit to reconcilg a lagg in LPL sin;e LDLc
decreased at 1 hour post-exercise.é_The ;bserva;ion of ﬁo
significant change in TSTGL may also be explained by the
suggestion of Thompson et al (1980) that in ﬁart. free fatty
-acid concentfations determine hepatic free fatty acid uptake
(McElroy et al 19§0 and Spitzer and McElroy 1960) and hence
hepatic triglyceride output. That;is to say that it was
pbséible that the rates of serum triglyceride catabolism
and synthesis were similar at the times when blood was sampled.
This is gupported, perhaps, by the absence of significant
change of the treatment group correlations (- 0 26 to ~0.11)
(bo:h P77 .05) between TSTGL and HDLe going from immediately
lpost~e§ercise to 1 hour post-exercise (T;ble.KVI;). The same
is true of th; non-significant correlations (-.49 td —ng)
between the HDLc TSC ratio and TSTGL in going-from immediately.
post—- to 1 hour post-exercise (Tablq XVII). The absence of
, significant cﬂaﬁge in TSTGL was unlike the studies of Catrlson
" and Mossfeldt (1964), Enger et al é1980) and Thompson et al
(15980). ‘
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TABLE XVII
ACUTE EXPERIMENT

IMPORTANT CORRELATIONS AND THEIR $5% : -
CONFIDENCE INTERVALS FOR THE IMMEDIATELY

POST-EXERCISE TO ONE HOUR POST EXERCISE TIME

FRAME IN THE TREATMENT GROUP

\ Immediately post

1 hour post-exercise

interval

HDLC vstFSTGL -.26 (N.S.)® * . -.11 (N.S5.) \\\\\\
(N=15 ) :
957 confidence’ -.67 to +.26 -.57 to +.41
interval
HDLc vg TSC' ~.17 (N.8.) * ~.22 (N:S.) IR
. (N=16) ‘ L
95% confidence ~-.60 to +.35 ~.64 to +.31
interval -
HDLc:TSC ratio .49 (N.5.) * . -.42 (N.S.)
vs -
TSTGL (N=15) -
95% confidence -.79 to 0.00 -.75 to +.09
interval . .
TSC vs LDLc . .97 (p < .05) * .97 (p < -.05)
N=16 : . )
95% confidence .91 to .99 ~91 to .99

HDLc = High Density Lipoprotein Cholesterol

'LDLc = Low Density Lipoprotein Cholesterol

'TSC = Total Serum Cholesterol  »

"ISTGL = Total Serum Triglycerides : v

* no

a
N.S.
b

C Ne16,

N=15,

RN

significant differ.ence. bet'en the correlations in going from 1mmediate1y

non=significant

post to l-hdur post-exercise

subjects 5, 9 missing . . . -
subject 9  missing . . ‘ . *
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If LCAT did not increase then the observation of no
significant change in HDLec migﬁt be explained. LCAT is
thought to be responsible for increasing the cholesterol
content of HDL (Glomset 1968). Unfortunate}y, fhere appears

to be no literature on tﬁe effect of acute exercise on LCAT.

Low Densiti_Lipogroteih cholesterol and “Total Serum Cholesterocl

LDLc was significant1§ lower at 1 hour post-exercise
than at any other post-exercise point when 16 treatment subjecte
were'compared to 14 control'subjects (Table'XIV) When‘two
of i.e control subjects (#27 and 28) who were taking

.Eropranolol were dropped,-this significant difference
disapgeared (Table XI}). Subjects 27 and 28 had pe levels
of LDLc that were below the average pe level for the 14
contrel subjects. Propranolol increases LDic (Tanaka et al
_1976). One may, therefore, be justified in keeping subjects .27
and 28 as part of the.fepeated.measuree ANCOVA.'VOne ﬁusé be
careful in the interpretation that the significant decrease

- in LOLc resulted from acute exercise. since the ¥Friedwald
equation which. inaccurately estimates VLDLe to be equal to
TSTGL/S5, was used to celculate LDLc. Therefdte.-tDLc P
eomp&risoes‘afe.diffi;ult. '
‘ The nature of the decrease in:LDLc is unknown and it

PR

could bg that decreased LDLe concentration does not

-

necessarily auggest a decrease in the number of LDL particles

1! It may mean a decueased cholesterol contEnt of each particle

due to a decreased total or apo B protein eontent of- that

> ~
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‘micelle. or a reduced ability of that particle to bind

cholesterol.

The significant decrease in LBLc may have been caused

‘by a transient increase in the hepatic lipoprotein lipase (HL).

Kussi et al.(1979) and Jansen et al (1980) have suggested

that when HL perhaps hydrolyses the phospholipids 'in LDL at

-the liver's endothelial cells, part of the cholesterol of LDL

is taken up oy the liver. - . ‘ | )
7 _LDLc correlated .97 (p < .05) witp TSC in the treatment )

group at immediately post- and 1 hour post-exercise (Table |
XVII). The tendency toward a decrease in TSC ‘at 1 hour post-
exercise reflected a significant decrease in LDLe at the
same pointu The observation of no significant change in TSd”'
did not conform to the results of Enger et al - (1980) and
Thompson et al (1980) and may reflect an inadequate stimulus
to iower VKDLc.

The significant change in LDLc 1is unlike the results
of Taskinen et al (1980) but 41s similar to those of:Thonpson

et al (1980).- ’ L %

-
‘.

" HDLe:TSC Ratio

.

The significant increase in the HDLe:TSC ratio was due

-

Jfirst to a tendency toward an'increased cholesterol concentra-

tibn in the HDL fraction and second to a tendency toward a_

-

decrease in ISC -both occurring at 1 hour post-exércise
o o
(Tables x XI and XII). These tendencies may have resulted

from the increased hemoconcentration at immediately poat-

L
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exercise.: This enhanced hemoconcentration may have-led to an

-

increased concentration of reacdtants, dpo-protein enzyme

activators: and enzymes responsible for the appreciable

~

-increases in HDLc in sublects 1, 5, 6, 12, 14, 15 (Table. XI)
and the” decreases‘in TSC in 'subjects 4-55»—7-.14 ahd 16 at ]
1 hour“post-exercise (TaHle XII)."All changes ere'reiative--
to oreéexercise levels. That HDLe was not a reflection of 3

TSC levels is shown in the absence of a significant correlation

o
change of -0. 17 to -0.22 (both p ;’ os) between HDLc' ‘and TSC

1)

in, going from immediately post exercise to 1 hour: post— o

" exercise in the treatment group (Table XVII) .
&nterestingly, the results of Thompson et al (1980)

and Enger et al (1980) are similar to those of the present

study in that the lowest TSC and greatest HDLc were observed

- '

simultaneously at a point well after the exercise had ended..
The nature of the significant increase in the HDLc TSC

ratio is partidlly unknbwn since an increased HDLc TSC ratio
)

does not necessarily suggest an increase in the .number of ~
HDL particles. It may mean a tendency toward increased
.cholesterol content of each particle due to an increased

total or apo A-1 protein content of that micelle or‘aw .
i : o
enhanced ability of that particle to bind cholesterol. - o

1

Since the cigarette consumption Hid not change
significantly, the change in the HDLc TSC ratio could not’ have

been caused by that factor. The significant increase in weight

\

going from Day 2 to-Day k] does not complicate the analysis

\l
)

since it results in increasedeDLc and . decreased HDLc

~

(Garrison et al 1978, Ho and Chan 1975), . the combination of

ot ¢ [] ‘_4

. * 4 ’ - 0
A ' s N t _ y
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which would resultrmost likely in a decreased HDLC:TSC ratio.
The increased HDLc:TSC ratio is significant fotitwo
reasons. Firstly, it suggests that the ratic may be sensitive

to an exercise stressor. This is suggebted since the .

- -

biocﬁemical parameters were examined over a relatively short
period of time, thus possib1y~preventing any substantiale

intervention by the other exqéenous factors (e.g. diet) that
affect lipoprotein~met§bolisﬁ. Secondly, Gordon.,et al (1977)
suggesﬁgd that the-HDLc:TﬁC ratio might ?q a more powerful

negatiye risk factor than HDLc. The increased percentage of
TSC Q‘rriéd gy HDL may imply incr;;séd;cholesterol transport

from the periphery to the liver (Burke 1980) or a reduced

amount of cholesterol available to LDL.

Acute Experiment - Post Hoc Matching of Subjects

Because of concerns about group differences in age,

weight and BMI, 7 treatment (#1, 3, 6, 7, 8, 13, 17) subjects

weTe post-hoc matched with 7 control (#19, 20, 23, 24, 27, 31,
33) subjects on the cambined basis of those 3 factors

(Table XVIII). When the groups were matched there were ho

significant differences in age, weight, BMI and the 5

bilochemical variables. This matching was done since the

partialling out of‘age, welght, and BMI 1is only a statistical

.approach and does not remove all doubt J;ﬁﬂ

differefces in those 3 factbrq might affect the outcome of the
: [
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expetimEnt. Matching the. treatment with the control subjects

s

would have been best from the cutset but with volunteers one

-

cannot easily do this procedure.

There were no stetisticallf significant results in
:. : .

the matched acute ‘expertment (Tabie XVIII). _Tiis qay have been
due to the small sample size. Certain subjects (#f; 6)‘showed
appreciable increases in_HDLec at 1 hour post-exercise (Table X1).
These subjects were young (less then 34 years of age), non-
obese ;ndlhae beiow a;erage HDLc levels. These factors may
Predispose one to more'pronounced increases in HDLe., The

-

’ characteristics- of youth (less than 34 years of age) and non-
> & : .

obesity may have resulted in subjects 1, 6 and 7 -having
" substantial increases in the HDLc:T8C ratio at 1 hour post-

exercise (Table X).

Chronic Experiment

«

A two- way repeated measures analysis of covariance
. e
revealed no statistically significant (p< .05) changes in the.
welghts, hematocrit or in thﬂgkiochemical parameters of the

chronice experiment.

In the treatme;t and control groups, HDLc ehowed an
ihcrease'going‘from pre-exercieq (pe) to‘ZAa (p2;a). The
treatment group demonsttated an increase in the HDLc levels
in the 24a to 24b interval but the reveree was true in the
control group between p24a and P24b (equivalent in non-

exercising control subjects of 24 hours post the final acute

exercise session for the experimental subjects) (Table XIX).
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In the'tredtment group, th;re‘was a slighé decrease in the
HDLc:TSC ratio between pre~ and 24a and a .further decrease

from 24; to 2&£. In the. control groﬁp, the HDLc:TSC ratio
peaked at p24a and then_declined to pe levels at p24b

(Table' XX).- -

| TSC Tose from pre exercise to 243 and further increased
'toward 24b in the treatment group (Appendix VII). The control
group showed a decrease from pe to p24a, but a rise from

p24a to p24b (Appendix VII1).

LDL¢ rose to 24a Mith a further increase to 24b in the
treatment group (Appeﬁdix ViII). In the control group, thete
was a decrease in LDLc between pe and‘pZ&a, but a rise from .
p24a to p24b .(Appendix VIII).

' The‘TSTGL~of tﬁe treatment group was near pre-exercise
levels at 24a and 24b (Appendix IX). 1In the control group,
there was a decrease in fSTCL from pe to p24a but an
"increase betwaen\pZAé and pZ&E (Appendix IX).

The pattern in the hematocrit in the treatment and the
control group'was similar to tﬁ;ir respective counterparts

'

In the acute experimént. A summary of the blood related

a—

parameters 1s found in Table XXI. The flat profile of the

weights was identical over-time in the two groups.
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That HDLc did not change sigﬁificantiy is possibly
.o
because it is unlikely that ﬁ;ch muscle TGL depletion occurred.
Unfrained individuals use less of their intramuscular lipid .
stores (Lithell et al 1979a, Paul 1975). Froberg et al (1978)
found a correlation of r= -0.62 betwee& the k2 (fractional‘ .
removal rate from plasma of intravencusly (IV) injected
Intralipid) and the TQL concentration of the muscle in resting
subjects. LPL gctivity,correlated .91 with k2 in normolipeamic
adults (Kekki 1980). LPL'may increase ﬁDLc {Kinnunen 1979).

Therefore, it is possible that there were no adaptive increases
in LPL activity. ‘

There is some controversy over the durétion of an
exercise prograﬁ required to produce significant increases
in HDLc concentrations (Webster et al 1978, Erkeleni et al
1979, Murdoch 1980). The intensity and/or duration of the
current study may have been insuff X : to produce
significant changes. Furthér, grFater numbers of subjects
in Erkelens et al's experiment over the current one may have
contributed to their observation of significant change.

It seems that youth (less than 34 years of age) and
non-obesity may have contributed to the appreciable increases in HDLe and
in the HDLc:TSC ratio in subjects 15 and 17 in the pre—-
exercise to 24b interval (TablesXIX AND XX}.

A possible absence of significantly incréased LCAT
activity may have led to the lack of a summation effect in
HDLc and the HDLe¢:TSC ratio. Aﬁ-increasgd LCAT activity

LY

with training.was noted by Lopez-S et al (1974). Animal
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studies (Simko and Kelley 1979a,b) support the concept of

increased LCAT as the pesult of chronic exercise. Even 1f

LCAT led to significantly increased HDL_c (Schmitz et al 1982)

2
there was no increase in HDLc. Nye et al (1981) reported a

significant increase and decrease in HDch and HDL3

respectively with no significant increase in HDLec with chronic

o

exercise. Further, HL may have failed to sufficiently lower
LDLc and hence TSC. Concomitant increases in HDLc and
decreases in TSC can lead to 1ncreases.1n ﬁhe HDLc:TSC ratio.

Due to a low number of subjects, the treagment group
could not be post-hoc matched with the control group omn an
age, welght and BMI basis. Ho;ever, any concerns aboﬁt group-
differences in BMI and'weights may be allayed by 'the _knowledge
of no significant difference in the full and partial correla-
tions between each of the 5 biochemical variables using the
averaged pre-exercise variables. Age, weight and BMI were
factored out for the partial correlations (Table XXII}. There
were no other group differenceé.

There was no accumulation of acute effects in HDLc,

the HDLc:TSC ratio, TSTGL, TSC and LDLc. The reasons for this

[}

are uncertain.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOHHENDATIQ@S

* -

§ummarx . . .
The primary objectrive of this study was to determine
1f acute exposure to continuous. bicycleergometer exercise

[

performed foi‘one hour has an effect on the 1mmediate and
extended post-exercise profile of lipoprotein ChOlESterOl -
fractions in untrained adult males. Specifically, does one
hour of cycling at a heart rate of 140-160 beats per miéute
(bpy) affect tht immediate, 1 hour, 2 hour and 24 hour post-
exercise measurements of serum HDLc, fSC, TSTGL, the
HDLc:TSC rati® and the calculated LDLc iﬁ 19-51 year old

” .
untrained ma}gs.. -

A secbndary obj?ctive of this study was to examine‘the
post-exercise profiles in subjects who have either experienced
or not experienced three bouts of exercise in the preceding
6 days. All subjects conformed to the requirement of at
.least one year of sedentary lifestyle carried through the
study. -

'Thé effect of acute and chronic exercise on HDLc and
the HDLc:TSC ratio was of importance for two reasons. Firstly,
HDLc and:-the HDLec:TSC ratio have been inversely related to
CASHD. Secondly, ic is of 1mportance to explore the effects
of acute and chronic aergbic exercise on the metabolism of
“HDLc and the HDLc.IﬁC ratio. That is, are the effects of

chronic exercise an accumulation of the effects of acute
LY .

exercise?
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Thirty-one males, 19-51 years, participated in the
study. All were normolipidemic within the definitions given
above. The subjects were divided intp a treatment group (n=17)
and a control group (n=14) for the athe phase of-this study.
In the acute experiment, subject § was dropped from all 2 way
repeaged measures AﬁCOVArdue to missing.daFa. Subject 5 was
dropped from all gtatistical analysis invoiviﬁg TSTGL due to f
2 missing pre—exerciag levels. For the acute experimént,r ;
2 pre-exercise values, an immediately post, one hour post (1),‘

2 hour post and 24 hour‘jjféﬂzzzzyL;Jexercise samples were

taken. To ease concerns Bbout group differences in age, weight

*
-

and BMI, T'treatment subjects were postwhoc'matchgd with 7
control subjgcfs on the combinea'baéis of ?%ese 3 factors.

For the chronice experimentn 5 of the 17 acﬁte treatment and

4 of‘the 14 acute control SUbjeEEs were used in similar roles.
The chronic expergiment {ncluded 2 pre (first acute) -

exercise samples, a samplé at 24 hours t243) post - the first
acute session and a 24 hour (24b) sample after_ﬁhe final
exercise session. Significance, i{n both designs, was determined
by measuring the change in every combination of any 2 post-
exercise polnts in the treatment Broup and comparing it to

the comparable time period in the control group.

Conclusions

Within the scope and limitations of this study, the

following canclusigns about the effects of acute and chronic

exercise may be drawn'



1) HDLc was not significantly affected by the acute

C ]

A S

exercise. However, some subjects demonstrated appreciable
> ' ”

increases at one hour post-ekercise in the acute study.
2) When the data from all the éubjects is coﬁsideredaj

the HDLc:TSC ratio was significantly increased in the sample

taken Qné hour folloﬁing.the acute exercise.session.

However, when'the_two'control subjects  (#27,28) who weré

taking propranolol were removed, this significant difference

was lost. Similarly, there was no‘significant difference

in the HDLc:TSC ratio whén experimental and con&rol'

subjects were matched on the basis of age, weight and BMI.

Thus, while the trends toward an increased HDLc:TSC raFio

at one hour post-exercise remained the same.regardless of

the method of grouping and matching subjects, it ts

concluded that a single bout of acute exercise does not
signi;wntly affect the HDPLc:TSC ratio.

3) Sidilarly, the significant decrease in LDLec
at one hour post-exercise in the acute experiment is lost
when the "propranolol" sublects are removed and when the

groups are matched on the basis of age, weight and BMI.

-
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4) The TSTGL and_ng did not change significantily
as the result of the écute eief‘éise.
o
———5) The-HEPEcy;~TSG; the HDLe:TSC -rat-i.p‘ LDLe and -
TSTGL did not change significantly in the tliree exercise
sessién éﬁﬁeriment. Thus,three sessions were not
sufficiently "chronic" to achieve significant positive

changes in any of the_ﬁeasured lipoprotein fractions.

’
t

¥
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Additional Observations N

q . . ) . . .
i 1) " The exact roles. of LPL, HL and LCAT in HDL

me;abolism as well as their metabolie regulation have not

been fully eiucidafed. Given in XELEE studies, it seems that
LPL, HL and LCAT may havé cooperated in the production of a'
significaﬁtly increased HDLc:TSC ratio at 1 hour-post-exercise

in the treatment group of the acute session.

-

2) More exercise volume and/or subject numbers may
be required to produce significant changes in HDLe, TSC and
TSTGL with acute-exercise and all of the biochemical

parameters of this sghdy with chronic exercise.

Recommendations

-

Within the éxperimental protocol of this study the

following are recommended:

1) Clarification of the biochemical mechanisms by
which exercise affects total HDL, HDLc, HDL,, HDL,, VLDL,
VLDLe, LDL, LDLec, TSTGL and TSC metabolism including the roles

of LCAT, HL and LPL.

2) Further to recommendation #1, the kipid and apo-

protein components of HDLZ, HDL3, LDL and VLDL should be

radioactively labelled so that their fate 1in the body as the
_ 4

result of exercise can be determined.

3) Further, to recommendation #2, the concentration

of apo A-I and apo C-II must be determined.
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4). - The first three recommendations should be carried

out under different exercise voluméthnd/or subject numbers

to determine the respective threshold points for significant

change.

5) Studies are required on the short term-effects.of

those agents, such as, caffeine, diet, clgarettes, etc. thap

affect lipoprotein metabolism.

6) The exact role&of HDL in CASHD needs clariffcation.
There is presently considerable debate in the literature
whether HDL transports cholesterol from the'périphery te the

liver for catabolism and excretion (Murdoch 1980).

L

7) Further to recommendation #6, the role of HDL2 and
DL3 in CASHD requires elucidation since data on the lipid:
Protein and the quantitative analysis of the number of micelles

between CASHD and normal subjects is lacking (Murdoch 1980).

-
~

8) Determination of the factor that is most strongly
linked in a cause-effect relationship with CASHD, since
several factors have been proposed: those being, HDL, HDLe,

the HDLc:TSC ratio, the HDLe:LDLc ratio, LDLe, HDL the .

2’

HDLZ:HDL3 ratio and the apo A-I concentration.

9) The precipitation techniques are subject to erfor
and hencelréquire impfdvemen;. The required improvement is
particularly .important in this_étudy since the changes in the
hiocheﬁlpal parameters were relatively small. While

ultracentrifugation is "the method of choice in determining
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lipoprdtein concentrations, the lack of availability of this
instrument forced the use of a precipitation technique and

hence the calculation of LDLc by the Friedyaid equation.
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APPENDIX I

LIPOPROTEIN METABOLISM

A SUMMARY -

VLDL Formation

/’

Much of the serum VLDL is formed in the liver and 1is
the major tramnsport vehicle-for endggenous serum‘TGL. Apo-B
is synthesiz;d in the ribosomes (rough endoplasmic reticulum)

\\\gf liver cells and is incorporated into lipoproteins in the
smooth endoplésmic reticulum which 1is the major syntﬁesis
sife for TGL, phospholipids and cholesterol, It is thought
that garbohydrate residues are added to this lipeprotein in
the Golgi apparatug. The VLDL is released from infestinalﬂo
hepatic cells by "fusion of the secretory vacuole with the
cell membrane (reverse pinocytosis)" Harper et al (1977).
Apo-B 1is essential fo:'th& synthesié of VLDL. - Newiy
secreted VLDL (nascent VLDL) contains little_or no app-C and
it is felt that the Apo~-C complément comes from HDL after

VLDL has entered the serum) (Fig. 2).

VLDL Catabolism .

The role of LPL has been outlined in Fig 2. Both
apo C-II and phospholipids are necessary co-factors for LPL
(Harper et al 1977). The transfer of apoproteins has been

outlined by Eisenberg and Levy (1975) (Fig. 3).
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D Iteszholic fate of very ke density lipopratsing (V'L
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mdch?luter{l ester,) - ‘ ) . u‘? :
) -
. Fig.' 2 (Harper et al 1977)
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Schienntic representation of prubable patlways fiwe VLDL
upupruh in etabolism in rats (A) a5 comparcd o that in huaans (B). Tn hoouans as in

the rat, the liver is the ;\mh.ulnh site of HDL and LDL clenmuner from the Blosd stecan.

Fig 3 V(E'isenvberg and Levy 1975)



LDL Metabolism - . -

It appears that LDL is not secreted from the liver or
the intestine per se. It seems that the _catabolism of . VLDL

results in the‘ormation of LDL as outlined above (Harper et

I

al 1977) (see Fig. 2). . .

N | ,

i

HDL Metabolism -

This lipoprotein is synthesized and seceeted'from '
hepatic and intestinal cellst NascentIHDL frédm the intestine
;entains only apo-A but-net apo-C. Thus, it would ‘appear -
that.apo—C is synthesiz2ed in the liver only and is passed
to HDL of intestinal origin when the 1atte; reaches the

. ‘ !
plasma. Nascent HDL from the-liver is made up-of discoid
phospholipid bilayere which consist of apoprotein and free
cholesterol (these iipoprotein particles are similar to
those found in the serum of individuals with LCAT deficiency)
It has been suggested that LCAT and possibly that enzyme' s
activator protein (apo A-I) attach.to the disec. LCAT converts
the surface phoephoiipid and free cholesterol into cholesterol
esters and lysolecithin. The non-polar cholesteryl esters
are transferred to the hydrophobic interior of the bilayer
with lysolecithin gk}ng to the plasma albuminz This reaction
forms a non-polar core which in turn pushes the bilayer apaftand
continues until a spherical pseudo-micellar HDL 1is developed
The latter particle has a surface of polar lipids and apo-

“
proteins. Thus the,majority of serum HDL formed in the serum-

-f
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-

is from nascent HDL. The liver and perhaps the intestine
appear to be degradative sites of HDL (Harper et al 1977).
A summary of human lipopfotein metabolism occurs in Table XXIII

(Smith et al 1978).

p

*
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LIPOPROTEIN SYNTHESIS AND METABOLISM

01

lipoprotein  Location Process Major components
Chylomicron Intestine assembly, “ apoA, apoB, phospholipid cholesterolz
secretion cholesteryl ester, triglyceride
Lymph transfer apBC, apoEa
Plasma " transfer apoC, cholesterol
Endothelial hydrolysisb triglyceride, phospholipid
< » cell ) R C
- tfﬁnsfer fatty acid, cholgsterol, phospholipidz
' apoC, apoA, apoE _
.VLDL Liver assembly, .apoB, apoC, cholesterol, phospholipid,
E secretion triglyceride, cholesteryl.ester
Plasma transfer . appCa, apra, cholesteryl ester
Endothelial hydrolysisa triglyceride, phospholipid
cell : .
transfer fatty acid, cholesterol, phospholipid,
apoC, apoE
iDL Plasma formation from VLDL and chylomicrons
exchange cholesterol, phospholipid _
Peripheral uptake, degrada- cholesterol, cholesteryl ester
tissues, tion, ’
liver regulation
HDL Liver assembly, . apoA, apoE, phsgpholipid,
‘ secretion cholesterol
Plasma ' formation® from chylomicrons®
- acyltransferc phosphatidylcholine, cholesterol
transfer cholesteryl ester, apoC, apoEa
exchange apeC, cholesterol, phospholipid
Liver, uptake, cholesterol, cholesteryl ester
peripheral degradation
tigsues .

a Inferred but not determined.

't Lipoprotein lipase {triacylglycerol hydrolyase, apoC;II activated).
¢ Lecithin cholesterol acyltransferase.

I

TABLE XXIII
(Smith et al, 1978)
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AFPENDIX II ’

A SUMMARY OF FACTORS AFFECTING LIPOPROTEIN AND LIPID LEVELS
. IN HIMAN SERA

: HDLc total HDL LDLc 1SC * TSTGL
Dietary Factors J ' -
calories 27 L] o T s T’]i;
protein 10 41 low prot. g
fat sac. s U] (It T 17,19
unsat. 10 E D)8
‘ 1 (M) J, 17
cholesterol 11 3 (™)1,18 T 17
carbohydrate Jl T 19 T 19,21
il
aleohol 22 T| 1L T 1
corfee yo 1,9 1 9
(caffaine 9 | k)R ‘L 9
products) ~L
=====E=————.
Cigaretta ' '
spoiciag 22 J, Je
privemre _
waight
reduction 14 T J’ 20,24
obasicy zg ‘L T 19 ™19
Drugs snd Chemicals T
nicotinic acid 23 TL
sitostaral 43 P .
clofibrate |23 T | (M1 - 6 - v 2 42
cholestyramine \ L6
chlorthalidons |\ 26,29
chloroquine / .
phosphate 3
corticosteroids T 16
probucocl b 2
propranolol 7, 30} T 7 ]
D-thyroxine ' Jtot DL 1
Niacin(ate) . :
(Xanthinol) P k 4 2 J1,2
¢hIorInated Bydro-
carbon insect. T
rowachol 28 1
Necmycia <4 33
phgny:oni 3% N PN T %
benzodiazepines LI 2
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endix II
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) contradictory evidence available
? may lead to an increase

Schlierf et al 1977

Compendium of Pharmaceuticals and Specialties 1980
Oster, P. in H. Greten (ed.) 1975 - type II hyperlipoproteinemia
Miller and Miller 1975 ’

Maurois et al 1979 - used only one subject
Nikkila et.al 1978b

Tanaka et al 1976 - propranolol inhibits LPL
Garrison et 1978

Heyden et al' 1979 - combined with cigarettes
Hjermann et al 1979 . -
Francis 1980

Danielsson et al Y978

Ginsberg et al 1975

Wilson and Lees 1972

Burke 1980

Paoletti 1964, p.79 .

Connor 1977

Mahley et al in Dietschy et al 1978

Ho and Chan 1975 '

Mann et al 19558 - B - lipoprotein

Nestel 1973 '

Williams et al 1979

Nikkila 1978a - total LDL

Walker 1953

Shepherd 1978

Gluck et al 1980 -

_Flanagran et al 1980 :.:

Bell et al 1980 - mix of 6 terpenes

Rosenthal et al 1980 '

England et al 1980

Rhoads et al 1976b

Johansson and Medhus 1974 : .
Medical Letter 1980 B .

Kaukola et al 1981

Wallace et al 1980

Brockerhoff and Jensen (1974) have noted that protamine sulfate

and NaCl inhibit extrahepatic LPL and while they did not note it

the lipoprotein metabolism is likely affected by the former two
molecules,
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r APPENDIX IIT
COEFFICIENTS OF VARIANCE (CV) IN THE THREE ASSAYS

DETERMINATIONS BY WORTHINGTON AND BOEHRINGER MANNHETM

[ .
AUTHORS METHOD = - PRECISION +
eV TSC (mmol/1)- S.D.
Worthington Co. argely TsC . + 1.3% 2.51 b 0.03
based on the methbd of ' . +. ’ cv
Allain et a + 1.0% 5.52 - 0.06 within
' + 1 day
+ 1.0% 9.95 - 0.09
?
: o+
+ 2.2 1.83 - 0.04
4 cv
+ 1.4% 4.80 - 0,06 Day to
s Ld + Day

+ 1.3% 12.45 - 0.02
Boehringer Mannheim " TSTGL 3.42 TSTGL _ {mmol/1) ,
Triglyceride test ) rangech
combinations based on ) 0.84-1.94
Eggstein and Kuhlmann . ‘
(1974) and Eggstein CV day to day
and Kreutz (1966)

3.5% abnormally high levels

' o



127

APPENDIX IV
COEFFICIENTS OF VARIANCE IN THE THREE ASSAYS

DETERMINATIONS FOR THE CURRENT STUDY

| ] . ]
HDLe - pooled sera - within day - 1.44' ¥ 0.03 mmol/1 C.V. %.2%

- between days - 1.30' ¥ 0.031 c.v. 2.6

- 1. 461$holesterol standard - between days -
1.327- 0.00 cC.v. 0.0%

~

TSC - pooled sera - between days - 4.50 t~0.081 C.Vv. 1.7%

- standard of 2.93" - between days - 2.70 ¥ 0.03% c.v. 0.97
TSTOL - pooled sera - between days - 1.67 ha 0.13l C.V. 7.96%

- standard of 1.471— between days - 1.42 t 0.05l C.v. 3.3%

1 - all‘concentration units are mmol/1

Pl
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APPENDIX VI
SURIECT CHARACTERISTICS PRIGR TO EXERCTSE

SUBJECT N0, GROUP Xo. QO, !AX+ (=l/kp/mia) ACE (years) BMI (kgfuz)* WEIGHT (kg)

1 1 3§.2 T 23.0 70.8
2 1 0. 21 25.5 65,3
3 1 249 26 1.0 65.1
; 1 28.1 22 30.0 105.2
5 1 43,9 22 23.0 74,4
n 1 32.3 a2 27.0 £3.0
: 1 35.4 T 21 28,0 76.8
8 1 33.8 45 21.0 68.0
$ 1 0.5 20 31.8 106.4
10 1 15.3 23 21.3 ' 54,0
11 1 446 24 22.0 72.8
12 H 47.8 27 23.5 76.6
13 1 17.9 27 25.0 83.4
14 1 i1.5 19 18.5 63.5
13 1 16,2 31 22.5 58.5
14 1 45.9 20 13.0 75.5
17 1- 20,2 25 2.9 1.2
19 27 a4 34 7.0 B4 .4
20 2 a 22 2.0 A%, 3
i 2 N 31 26.5 89.0
hSi 2 a 24, 2.3 67.6
2 2 47,9 50 24.8 73.5
2z 2 33,5 51 27.0 82.5
he 2 5.6 46 24.8 2.0
R 2 5 37 7o 1.5
29 2 b 32 1.5 132.3
24 N J0.9 4) 29,3 82.1
X : .4 4 21.0 89.6
3 2 a 20 . 9.0 86.4
32 2 b 46 18.3 133.0
33 2 a 19 23.3 79.8

* Bodv Mass Index
+ Maximal exertion VO max for treatment subjects
-+ Submaximal predictive V0, max for contrel subjects
V0, max = maximal oxvgen“uptake
1 treatment group
I control groue
A no attrapt made teo ohtain
b  could not be obtalned due to bradycardia inducing medicatlon -
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