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ABBREVIATICRS

The following abbreviations are used throughout the text of this lhesis:

ADP Adenosine diphosphate

ATP Adenosine triphosphate
ATPase Adenosine triphosphatase
ACTH Adrenocorticotrophic hormone
cal _ Calorie

cp Creatine phosphate

Fia Free fatty acids

GK Glycerckinase

ht Height

hr Houx:

HBDH Hydroxybutyrate dehydrngenase
HGH Human growth hormone ‘
IRT . Inmuno-reactive insulin

iv : Intravenous _
LDH Lactate dehydrogenase

Log Logarithm

NAD (WADH) Kicotinamide adenine dinucleotide (reduced)
min Minute .

PCA Perchloric aeid

PEP Phosphoenol pyruvate

YK Pyruvate kinase

R | Respiratory exchange ratio
rpm Eevolution per minute

SEM ) Standard ervor of the mean

wi wWeight
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PLREFACE

-In October, 1970, T enrolled ag a research student in the
Department 6f Biochemistry, University of Glasgow, with Frofessor R.M.S.
Snelliie as my professorial supefvisor. On higs advice I joined Dr. Tt.H.
Johnsont!s research group to work under his supervision in the University

Department of Neurology.

Dr. Johnson sugegested, in view of my previous experience as a

1 t

pharmacist, that I should begin by studying the metabolic changes with
fenfivramine, a drug prescribed for the treatment of obesity. This study
was carried out with a comparative studyv on the metabolic changes during
therapeutic stsrvation for obesity. On acceptance in 1972 as a Ph.D.
student I exlended my research programme to examine the metabolic effectis
of exercise and their alteration by drugs, iﬁcluding fenflursmine, alcochol

and nicotinic acid. ’

It was therefore necessary lo investigate biochemical. and
hormoral changes during exercise in normal man. During exercise, mobilizatio:
of fuels varies with physical fitness, nutritional state and pathological
condition, Differences may be secondary bto changes in hormonal production
during exercise. The effects of athlet.c fitnessz, obesity and distery
restriction were studied in owrder to gain further knowledge of variations
.which may cccur in normal man. In addition patients with metabolic and
hormonal abnormalities were studied for comparison. A case of oculare

myopathy was also studied.



These studies have necessitated the development of techniques
to measure human growth hormone and immunoreactive insulin. I have
therefore gained expertise in biochemical, enzymatic and radio-
immunological techniques. All assays of blood metabolites and hormones
have been performed by myself ond the results form the material for this

thesis.
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l. Preface Knowledge of the regulation of metabolic pathvays has
developed at a remarkable rate during the past decade and hag made it
possible to gtudy the storage, synthesis and witilization or various iluels
concerned in energy production. Experimental studies on physical
activity in man and in animals have provided much information on fuel
mobilization and uwiilization. Such basic information mskes 1t peossible
to study metabolic control in clinical disorders and the effect of

various drugs. Most of the research in metabolic and hormonal regulation
has been carried out relatively recently and some theories are still
controversial. I have, therefore,; summarized the available experimental
evidence in this introduction and explained the reasons for the develop-

ment of the studies reported in this tuesis.

2. Historical background.

The human body continually converts chemical energy obtained
from food into work and heat. An inherent difficulvy in studying
normal metabolism arises because it is not possible to separate accurately
the processes of catébolism from those of storage and synthesis. Thus
skeletal muscle not only performs mechanical work but also contains
important reserves of carbohydrate and some futb. The energy used by
muscle in performance of work is derivad from chemical reactions going
on within the cells. The nature of these reactions was the subject of
much experimentation and controversy during the latter half of the nine-
teenth century; but quantitative and reproducible results were not
obtained until the classical work of Fletcher and Hopkins (1907). They
showed clearly that fatigue is accompanied by lactic acid production.

Later, in 1914, Parnas ond Vagner sghowed that lactic acid is derived from



glycogen. Tor forty years physioclogists concentrated upon the reaction
in which lactic acid was formed from carbohydrate and considered it the
only energy-providing reaction. Thie remaincd unchallernged until the
discovery in 1927 by the Eggletons, of "phosphagen®. Later identified

as CP and ATP by Lohmann in 1930. Their discoveries made it possible

for lundsgaard and other workers to demonstrate that muscle contraction

is proportional to the breakdown of phosphagens. In addition to extensive
© studies of the energy supplies for contraction, work has also been

progressing in the role of stores of fuel in muscle in enevgy metabolism,

It was long thought that the primary if not exclusive fuel for
muscle mctabolism was carbohydrate. In 1938, Lundsgsard sumarized the
available information responsible for this hypothesis and in addition
cited the work of Biixenkrone—MgllerP 1938) which had demonstrated that
ketone~bodies were utilized by the tissue of a perfused hind-leg of the
cat. It therefore appeared that other substrates might be involved in
miscle metabolism. Christensen and Hansen provided evidence in 1939 to
suggest that fat could also be metabolised by muscle. Their evidence was
derived primarily from low R values in exercising subjects and in isolated
muscle preparations. Ten years later Geyer and co-workers (1949)
provided more dicect evidence to indicate that fatty acidsz can be
utilized oy isolated skeletal muscle. These discoveries threw new light
on many =arlier observations and increased interest came 1o be shown in
the study of the relation of fat and carbohydrate metabolism in clinical

situations.

3. Carbohvdrate metabolism —~ genersl congiderationsg,

In carbohydrate metabolism the rate of glucose entry into the



cell and its subsequent phosphorylation with ATP to glucose-t-phosphate
is the preliminary step for its uwtilization. Glucose~b6~phosphate formed
may either be used for glycogen synthesis or catabclised to pyruvate
through the glycolytic pathway. The sequence of events up to the
formation of pyruvate are identical in the presence or absence of oxygen.
Thereafter the products vary with the available oxygen supply and
pyruvate is either reversibly converted to lactate or decarboxylated to
fowm acetyl CoA. The oxidation of glucose to pyruvate in the Embden—
Meyerhof pathway is achieved by hydrogenation with the use of NAD-MADH

which act as electron itransfer agents.

The liver is the principal source of glucose entering the
circulation. Glucese output from the liver is regulated partly by a
homeogfatic action of the liver itself and partly by hormonal infliuences.
When the level of blood glucose falls, the formation of glucose from
glycogen (glycogenolysis) or from 2 and % carbon fragments (gluconeOgenesis)
is increased. A reverse process occurs when blood glucose tends to rise.
Various hormones influence hepatic glucose output directly, in conse-
guence of their effect on hepatic metabolism and also as a result of
their metabolic actions in other tissues. Insulin is known to cause a
fall in blood glucose. This results from increased peripheral glucose
utilization with increased -glycogen depogition in liver and muscle, and
increased fat synthesis combined with lowered rates of gluconeogenesis
and hepatic glycogenolysis. The hormones adrenaline, nor-adrenaline,
HGH, glucag0ﬁ>and ACTH are known te stimulate the hydrolysis of both fat
and glycogen. The primary effect of each may be to increase the
production of ¢yclic AMP by actbivating the adenyl cyclase system

(Sutherland et zl., 1968).



A1l have a diabetogenic effect, either directly by inhibiting the
release of insulin from the pancreas (e.g. adrenaline and nor-adrenaline;
Williams and Ensinck, 1966), or indirectly by decreasing the peripheral
uptake of glucose and its subsequent oxidation, perhaps by enhancing fat
mobilization (s.g. HCGH, Randle et al., 1963}, It appears, therefore,
that these hormones provide reserve capacity to regulate fat and carbo-

hydrate metabolism,

4, I'at metabolism « general congiderations

In the brezkdown precess, fat in the form of triglyceride
stored in adipose tigsues is hydrolysed by lipase to FFA and glycerol.
Because the enzyme glycerokinase is low in aclivity in adipose tissuec,
glycerol diffuses out into the plasma from which it is withdrawm and
meltabolized by the iiver and kidney to u«glﬁoeroPhosphaten The IFA
formed by lipolysis can be either re-esterified in the tissue and stored
as triglyceride or oxidized by the liver and peripheral tissue through
B=oxidation to acetyl_CoA. The preliminary step for I'FA oxidation
requires ‘the availability of ATP and CoA ester to form long chain acyl
COA, which then undergoes a series of reactions catalysed by oxidative
mitochondrial enzymes and confactors to acetyl CoA. The fate of acetyl
CoA may depend on the availability of carbohydrats. Glucose enhances
the complete oxidation of acetyl CoA to 302, water and ATP, but when the
supply of glucose is short as in starvation, ketone~body formation from

acetyl CoA is increased.

The rate of release of TFA from adipose tissue is affected by
many hormones that influence either the rate of esterification or the

rate of lipolysis. Insulin by increasing The oxidation of glucose,

b



inhibits the release of FFA and enhances the synthesis of triglycerides.
All these effects are dependent on the presence of glucose in the medium
and can be explained, therefore, on the basis of increased uptake of
glucose into adipose tissue. Insulin in adipose tissue also inhibits

the activity of the enzyme lipase, reducing not only the release of T'FA
but also of glycerol. Other hormones such as adrenaline, nor—adrenaline,

gilucagon, HGH and ACTH act to stimalate the rate of lipolysis by

i o gme

5. Supply and use of fat and carbonvdrate.

Fat and carbohydrate are the major fuels and with a few
exceptions notabiy, brain, the various tigsues oif the body can burn either
efficiently, but the amounts used tend to vary under different nutiritional

pathological and with changing demand for energy during exercise.

Sa. Nutritional state

1. Post prandial: Carbohydrate as glucose after absocxption
is either stored as glyoogen in liver and muscle or enters the systenic
circulation. The energy rich ¥FA, like glucose enters the tissues
rapidly and sexves as a readily available energy source. During food
absorptitn and as a result of increased insulin secretion and uptake of
diet~derived glucose into several tissues, the uptake and storsge of fat

in adipose tissue is promoted while mobilization is inhibited,

2. Pogt-absorptive: Owen and Reichard (1971) have found
that fasting of short duration, depletes storcd glycogen whereas suores
of triglycerides in adipose tissue can continue to supply energy needs

for one to two months.
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In starvation as the rate of fat mobilization increases, the
rate of ketone~body production also increases. In this situation, the
rise of blooi ketone~bodies may alter the relative contribution of
metabolic fuels for working muscle, since ketone-bodies have been shown
to inhibit glucose oxidation in muscle and impairs the responsiveness

of this tissue to insulin (Garland and Randle, 1964

r

).

5b. Exercise: During muscular exercise the ilmmediate fuels include
high energy pho-phate, mainly CP and ATP and the conversion of glycozen

to lactate (Hultman, 1967)° Use of stored glycogen, evidenced by

release of lactate, occurs at the onset of exercise (Pernow and VWahren,
1962)q This appears to diminish after a few minutes, presumably ax

blood flow increases (Jorfeldt, 1970). The use nflglycogen seems to
depend upon the extent to which other fuels, particularly FFA from blood
can supply energy needs. Their entry into the blood from adipose tissue
increases rapidly with exercise (Havel et al., 1963; Havel et al., 1964).
Adreﬁergic stimulation of adenyl cyclase system in adipose tissue, arpsars
to be mainly responsible for release of FFA (Havel, 1965). Levels of

HGH in plasma also rise with exercise (Hunter et al., 1964). Increased
secretion of HGH may contribqte to fat mobiliation afte: exercise of long
duration, but is unlikely to be respornsible for rapid mobilizaticn
(Hartog et al., 1967). In;reased sympathetic activity could inhibdit
secretion of insulin (Porte and Williams, 1966) and increase the
production of glucose, lactate and pyruvate from liver and muscle (Young

et ale, 1967,

Subjects in athletic training however tend to have a smeller

rise of blood FFA and lazectate concentraticns during eXercise and lower



blood ketone~bodies in the post-exercise period (Johnson et al., 1969).
Training has been found to induce changes in pathways regulating fat and
carbohydrate oxidation (Mole et al., 1971; Oscai and Holloszy, 1971).
Since most of the metabolic processes which are known to bhe altered by
physical training are influenced by endocrine acliviiy., L is posgivie
that training modifics the relesse of hormones including IIGH and insulin.
Although an increase during exercise in plasma concentration of HGR and
a decrease in IRL concentration have been reported (Roth et al., 1963
Hunter and Greenwood, 1964; Hunter and Suklkar, 1968), there is however
little informztion abeout the changes of 1lhese hormenes when related to

physical fitness.

6. Patuological states:

ba. Oteaity. Studies in man hdve provided evidence that
individuals who exercise regularly have a greater lean body mass than
sedentary individuals of the same weight (Parizkova, 1963). In studies
on growing rats, animals hich were exercised regularly were found Lo be
leaner than sedentary animals living on a restricted diet (Crews ef zl.,
1969). Thege observations suggest that lack of physical training leads
to a mild relative degree offobeSity which would alter the relative
contribution of fat and carbohydrate as fuel. In obesity, fat synthesis
is increased, and the rate of fat mobilization and oxidation appears to be
decreased (Gordon et al., 1962). Obese individuals appear to handle a
glucose 1load éuantitatively differently from normal subjects. Glucose
tolerance is often lower in obese subjects and this may reflect differences
in peripheral uptake of glucose which is often defective in obesity

-

. plasma,

—

24

Butterfield et al., 1965). This abtwormwiiiy, wibth the rai

[A%]

e

2

[}



12

insulin levels frequently seen in obese subjects (Karam et al., 196%)
would facilitate lipogenesis in adipose tissue. Higher concentrations
of plasme ¥FA than normal are found in obese subjects after overnight
fasting (Opie and Walfish, 1963) although HGH levels are low (Beck et al.,
1964). It would seem that energyv in obesity results much more from fat
oxidation, although fat stores in obese subjects are found tc be less
sensitive to the effect of starvation (Beck et al., 1964). During
starvation in the obese the increase of plasma FPA is freguenily less
which may be due to decreased adrenergic activily (Januszewicz el al.,
1967) or to lower HGH concentrations (Beck et al., 1964). Obese subjects
also produce ketone~bodies at a slower rate during scarvation and develop

less ketosis (Kekwick et al., 1959).

6b. Digbetes mellitus: Diabetes mellitus is dve to insufficiency

of insulin relative to the requirementis of the tissues. The juvenile
igbetic has little detectable circulsting insulin and his pancreas
fails to respond to a glucose load. On the other hand the maturity
onset diabetic may show insulin resistance, and with a glucose load has
continued elevation éf glucose concentrations. He may however secrete
ﬁgre insulin for a given glucose load than do normal subjects (Seltuser
et al., 1967). Thus, plasma glucose/insulin ratios are usually much

higher than normal in these subjects (Hales et al., 1968).

Insulin deficiency results in an abnormal balance of hormonal
control, Thus the relatively insulin deficient subject is in a siate of
hormonal imbalance favouring the action of corticosteroid, HGH and
glucagon which add to the stimulation of gluconeogenesis, lipolysis and

decreased intracellular metabolism of glucose (uandle et al,, 1963).



bc.  Muscle diseasess A number of chronic myopathic disorders

characterised by apparently specific histo-pathological abnormalities
in voluntary muscle have been described. These have included myophos--
phorylase deficiency (MeArdle's syndrome) and other conditions in which
there seems 0 be struelural and funciional abnormaiities in the puscle
mitochondria (MoArdle, 19515 TLuft el al., 1962; Shafig et al., 1968;
Bradley et al., 1969). Mcirdle (1551) has found that individuals with
myophosphorylase deficilency cammot utilize their store of glycogen in
skeletal muscle eifectively. Lactate thereionre does not accumulate

during exercise or hypoxia.

In one patient with an abnormality of the mitochondria
(Bradley et al., 1969) there were excessive amounts of ¥FPA in the muscle
fibres and a defect in FFA oxidation was suggested. it, therefore,
seems likely that alteration in the supply.of fuel for energy under
these conditions may cause a considerable effect on substrate utilization

as well as the ability to perform physical activi%&.

T Pharmacological agents sffecting fat and carbohydrate metabolism:

Indrecent years many studies have concentrated on the use of
drugs as a tool for the eludidation of the bicchemical mechanisms
involved in regulation of fat and carbohydrate metabolism., Two factors
have contributed towards this progress. One ig the improvement of
analytical methods,; the other is the development of pharmacological
agents whichﬂairectly affect biosynthesis, degradation, storage or ralease
of metabolic substrates. In general, liver and p@éipheral tissues are
primgrily responsible for the gupply and utilization of fat and carbo-

= oo

hydrate, Some drugs act by interfering with one or more meigholic



14

pathways. Since most of the metabolic procegses in liver and peripheral
tissves are influenced by hormones, some drugs may also act by altering

endocrine activity.

Ta. Fenfluramine: This drug is a derivative of amphetamine

vhich has had an extensive clinical use for the management of obesity.
It was originally suggested that its action may be dependent on appetite
suppression, but evidence has accumulated that the drug also has an
action on tissve metabolism, It appears to improve the peripheral uptake
of glucose (Butterfield and Whichelow, 1968), although the basis for
thig action ig not clear. It also causes a fall in concentrationg of
serum triglyceride (Pawan, 1969). During therapy with fenfluramine
concentrations of plasma FFA, glycerol and total ketone~bodies increase
(Pawan, 1969). VWhether these effects of fenfluramine are direct or
secondary to dietary restriction or to possible effect on centres
regulating hormonal activity is not certain. Observations in animals
have indicated that *the hypothalamus is a possible site for the action

of the drug (Anand, 1971).

Tb. Nicotinic acid: This drug is a potent agent in reducing

o

fat mobilization from adipose tissue (Carlson and Org, 1962) and this
may in tuwen affect the ﬁtilization of glucose by peripheral tissues.
Although nicotinic acid inhibits the activity of adipolytic lipase both
‘ig.zixg and in vitro, the precise details of its action on fat metabolism
are not clear.” The effect of nicotinic acid on carbohydrate metabolism
- is even less defined and both hypo- and hyperglycemia have been

reported (Mirsky et al., 1957; Parsons, 1961).
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Tc. Ethyl slcohol: Ethanol exerts several different types of

action on body metabolism. Alcohol is mainly metabolized in the liver
by enzymatic mechanisms which are common to lhe metabolic pathways of
fat and carbohydrate metabolism, pariicularly those dependent on the
availability of NAD and NADH. Tollowing either acute or chxonic
admiﬁistration of ethanol to mammals, the hepatic concentrations of NiD
and NADH change, shifting the redox state of the liver to a more reduced
state (Gordon, 1972). This may, in turn, reduce the production of
glucose and inérease the synthesis of fat (Hawkins and Kalant, 1972).
Other interesting metabolic effects of alcohol include ite ability to
depress secretion of pogterior pituitary antidiuvwretic hormone and
stimuwlation of corhicosteroid secretion (Jenkins end Connolly, 1968;
Bellet et al., 19703}, Since alcohol is believed by some investigators
to activate hypothalamic, pituitary and adrenal activity, it is possible
that alcohol also interferes with the release of HGH, as the hypothalamus

regulates the release of HGH (McCann, 1970; 4art%p, 1973).

8. Scope of the present gtudies.

Tolerance tests:

8a. Acetoacetate tolerance test: Following the administration
of ketones to animals gr man, a decrease in the concentration of blood
glucose und FFA has been observed by many workers (Madison et al., 1964;
ngrntorp and Schersten, 1967; Balasse and Ooms, 1968; Senior and
Loridan, 19685; This effect of ketones has been accepted as compatible
with stimulation of the release of insulin (Madison et al., 1964).

Although a rise in plasma insulin after adminisiration of ketones has

Iy
ot
i
Q
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been demonsirated in dogs, the relationship between ketone-bedies and
insulin release is less clearly defined in man. The effect of aceto-
acetate administration upon fat and carbohydrate metabolism in man was
therefore studied to determine its effect on insulin and growth hormone

release at rest in normal suvbjects.

8b. Glucose tolerance test: This was performed before and
after the administration of fenfluramine on patients with obesity and Of
nicotinic acid in normal subjects in order to investigate the action of

these drugs on carbohydrate metabolism in relation to insuvlin release.

Bc. Observations after an overnight fast and during dietary
restriction: Serial measurementsor ¥FA, gluuoese, glycerol, aceto-
acetate and 3-hydroxybutyrate were madc in twe groups of obese subjects.
One was taking fentluramine, the other were maintained on reduced diet.
This was ocarried out in order to examine vhether fenfluramine action on

fat and carbohydrate metabolism is related to a reduction in dietary iniske.

8d. Exercise studies: In the past decade while considerable
intercst and effort have been devoted 1o increasing our understanding of
factors regulating energy metabolism duvring exercise in normal subjects,

little information is availaﬁle, however, on the changes during exercise
in patients with altered metabolic and nutriticiral situations such as
obegity and silarvation. Exercise stuilies were designed to compsre the
patterns of blood metabolites and hormonal responses 10 exercise hetween
physically well trained subjects and healthy untrained subjects.
Comparative studies between patients with obesiiy and normal non-obesge
subjects werc alsc carried out. The weason for carrying oul these

investigations was both Lo egtablish the usual respense of blood

o~
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metabolites and hormones to exercise and 1o measurc these responses
after the administration of drugs such as fenfluramine, nicotinic ascid

and alcohol.,

Ixercise was chosen because it produces considerable demands
on fat and carbohydrate metabolism and changes in endocrine activity.
In this situation any metabolic or hormonsl effect of pharmacological

.

agents, pathological and altered nutritional states could be expected to

be magnified.

v



METHODS - A SUMMARY

A full account of all methods used in the: present work
appears in Appendices I and IIL. This section gives a short

description of the main techniques.



(a)
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Ixperimental Procedureg

Catheterizations The subjects undergoing clinical investigations

were brought to the laboratory between 09.00-10,00 hours alter an
overnight fast. A catheter (gauge 18-20) was placed in the ante-
cubital vein under local anaesthesia, flushed with saline (0.%)

and strapped to the forearm.

Exercises After catheterization, two resting blood samples were
taken. The subjects then exerciged on either a bicycle ergometer
(¥)ma, Schgnander Constant load ergometer EM %69) or a treadmill for
a period of 2030 min, followed by a period of resl of 90 min.

Heart rate was recorded during the investigation and for a further
15 min using miniature chart elzctrodes with an electrocardiograph.
Blood samples were taken at 5 min intervals during exercise and then

at 15, 30, 60 and 90 min afterwards.

Glucose Tolerance Test: 200 ml of 25% w/v glucose was taken orally

in gbout 2 min. .The subjects remained at rest throughout the test.
Venous blood samples were taken beforehand and at 30 min intexrvals

after glucose ingestion for 180 min.

Acetoacetate Talerénce Tegt: 200 ml of Q.4 sodium acetoacetate,

prepared according to the method of Krvebs and Eggleston (1945) was
taken orally. The subjects remained gt rest throughout the test.
Venous blood samples were taken beforehand, after 40 min and then at

subsequent 20 min intervals for a further houxr.
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(b) Biochemical techniques

Venous blood (14 ml) was taken on each occasion and divided
into two parts, 4 ml of this blood was immediately deproteinized with PCA.
The remaining 10 ml of blood was heparinized and the plasma was separated
later from the cells by centrifugation. The acid extract of the first
sample was neutralized with KOH and used for the estimation of metabolites
in the blood. lactate, pyruvate, acetoacetate, 3~hydroxybutyrate and
glycerol were analysed by enzymatic methods. The disappearance of NADH
wag measured gt 340 nm using a spectrophotometer. Glucose was estimated
hy a colorimetric method using giuCOSe oxidase and oriho=diznigidine as
an indicator. The plasma sample was analysed for i#A by a colorimetric
method after chloroform extraction and soap Ifcrmation with a copper salt.

Details of the methods are given in Appendix I,

(¢) Hormonal assays

A redio—immuno-gssay has been developed for %he measurement
of both HGH and IRI in plasma. In the FGH estimation a double antibody
technique was modified in order to precipitate the bound HGH. Albumin
coated with charcoal was used to absorb free insulin. The immunclogical
activities of both hormones were derived from graphs of resulls from
control samples in which the percentage of hormone which was bound had.
been plotted againgt the log of the total concentralion of the hormone.

Details of the hormonal assays are given in Appendix IT.
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INTRODUCTTION
Several drugs which affect fat and carbohydrate metabolism

in which such metabolism is altered. Among the drugs are derivatives

of amphetanines and biguanides. Their modes of action are still not
fplly‘understood. There isg also little information about their effect

on metabolism during exercise. In order to elucidate these actions in
patients suffering from metabolic abmnormalities, such as obesity and
diabetes, it is necessary to be aware of the metabolic changes which occur
during exercise in normal subjects. The study of exercise is of value
because metabolic processes and the mechanism regulating the fucl suvpply

are accelerated.

Normal subjects are not, however, homogeneous for their
degree of physical fitness varies considerably. ;g_order to investigate
the range in normal subjects, I have studied well-trained athletes as well
as untrained subjects. In previous studies athletes have been shown 1o
have lower concentrations of blood lactate and pyruvate during exerrise
(Robinson and Harmon, 1941; lemgren and Strom, 1959; Cobb and Johnson,
1963; Saltin and Karlsson, 1971), ardi lcower concentrations of plasma FFA
and blood ketone~bodies in tﬁe post—exercise period (Johnson et al., 1969;
Johnson and Walton, 19?2). Nevertheless they had higher blood glucose
and glycexrol concentrations during exercise than untrained subjects
- (Remnie- el al., 1974). As there are differences in the rate of fuel
mobilisation, endocrine activity is also probably altered as a result of

athletic training. Although some alterations, in the response of
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catecholamine {(von Euler and Hellnex, 1952) and HGH (Sutton et al,, 1969)
as a result of physical training, are known during exercise, there is;,
however, little information about changes in the plasma IRY in relatiocn

to physical fitness.

To establish the hormonal changes with exercise further, 1
have studied trained and untrained subjects during exercise of an
increasing severity. This investigation was carried out in conjunction
with M.J. Rennie who has reported the catecholamine changes in his thesis,

but I was alone responsible for the observations which follow.

METHODS

Six male racing cyclists and six wale untrained subjects
(table 1.1) have been studied. They were investigated on two occasions.
On the first occasion, the maximum worlk capécity for all the subjects was
determined after cycling at work loads increasing by 100 kpm every minute
until exhaustion. On the second occasion, the sﬁbjects vere studied
during and after 32 minutes of exercise on a bicycle ergometer. They were
studied between 1700 and 1900 hr an® hed not eaten since mid-day. The
exercise consisted of continuous cycling at 60 rpm for four periods cf 8
minutes, each at work loads ;ere approximately 30, 45, 60 and 75 per cent
of maximal capacity. Blood samples were taken from a catheter placed in
an antecubital vein. One resting sample was taken and further sampres
were also taken at 8 min intervals during exercise and then at 5 min after
the exeroise: Samples were treated as described in appendices I and IT
and analysed for lacitate; pyruvate, glucose, glycercl, ketone-bodies, FFA,

IRI and HGH. Heart ralte was recorded with a continuous electrocardiogram.



Table 1l-1: Individual data on age, height, weight, maximum work

load and heart rate of 6 trained cyclists and 6 untrained

subjects
(a) Trained cyclists
Age |Height | Weight | % increase | Maximum Heart rate
above work load _ R
yE o e ideal weight kpm beats/min
Rest | End of
exercise

M.D. 27 182 79 8 2500 58 193
DM, 27 168 62 3 2100 48 195
4.7, 27 185 | 80 |7 6 2300 96 192
I 25 168 60 2 1900 70 196
BE.McD. 22 172 67 3 21.00 55 193
A.McD. 26 175 63 2 1300 48 198
Mean 26 175 68 4 2133 63 195
STM I i3 oy T *oog ol 1
(b) Untroined subjects
e 25 182 65 3 1400 - 84 196
M.R. 27 188 90 17 1600 &8 182
SWHe. 28 . 186 68 4 1700 81 185
5.5, 28 176 778 16 15C0 S4 192
WeSe 33 168 15 . 18 . 1200 85 182
D.P. 33 178 T3 8 1400 67 185
Mean 29 180 75 11 1466 83 186
SEM O T ta t 3 For ) o




RESULTS

The trained subjects were relatively younger and somewhat
shorter and lighter than the untrained group (table 1:1). Significantly
greater work losds were achieved by the trained subjects with relatively

similar maximum heart rates to that of the untrained subjects.

FPA and glycerol (table 1.2); Resting FFA concentrations were similar

in both groups. Exexrcise caused a slight fall in FPA at 8 min in the
control group, but the fall was more marked for the cyclists whom it was
obsexrved for 16 min of exewvcise. In both groups FFA concentrations rose
after the initial fall both in the remaining part of exercise and at the
end of the invcetigation, but the rise was greater for the controls (6656

of resting) than the cyclisis (8% of resting).

Glycerol concentrations were similar at rest in both groups,
but with exercise there was a rapid elevation in the cyclists. In both
groups the highest concentration was achileved at the end of the investiga-~
tion, but the values were higher in the cyclists 0.3%08 pmol/ml (i 0.03 pmol

SEM) cowpared with 0.158 pmol/ml (f 0,02 gmol SEM) in the controls.

Lactate and pyruvate (fig 1.1); Resting concentrations of blood lactate

were similar in both the trained and untrained subjects. After 16 minvtes
of exercise, tﬂe mean lactate values were 0.98 pmol/md (£ 0.23 pmol. Sifi)
and %.65 pmol/ml (i 0.83 pmol SEM) respectively. At the end of the

. exercise perioé, the cyclists had a mean value of 5,04 umol/ml (i 1.13 pmol
SIM) and in the untrained subjects, lactate concentrations had risen to

8,41 pmol/ml (i(k97 umol SEM). Atter exercise lactate concentrations fell



E X B R C I s B
Time (min) 0 8 16 24 32 37
plasma 5 1.02 1.00 © 1,04 | .12 1.30 1.70
x by * .y I £
FFA 0.08 0,12 0,01 0.09 0.09 0.16
(vequiv/ml) T 0.98 0.90 0,96 | 1.02 1.02 1.06
* I * I * *
0.04 0.06 0.02 0.04 | 0.05 0.07
NS  [P<0,05 |P«0,05 NS  P<0.01 $<0.00L
Blood U 0.096 | 0,098 0.099| 0.,112 | 0.119 | 0.158
X I X ol ) *
0.0L0 | 0.010| 0.010| ©€.01%| 0.013 | 0.020
glycerol
i
(pmol/ml) T 0.083% [ 0.120] 0,166] 0.21%3 | 0.273 | 0.308
\ I X ) - X *
0.003 | 0.012| 0,027 | 0.028 | 0.037 | 0,030
NS | P<0.05| P<0.01 | P<0.001 P<0,001| P20.001

Table 1=2: Plasma FFA (pegquiv/ml) and blood
) + o ;

glycerol {umol/ml, mean = SHM) during
and .after exercise in 6 trained
cyclists (T) and 6 untrained subjects (U).
All subjects exercised for four
successive periods of 8 min, each at
30%, 455, 60%° and T75% of their maximum

capaclty.



Fig. 1-1.

Blood lactate and pyruvate (umol/ml, mean ¥ Si#) during
and after exercise in 6 trained cyclists (&-————®@)
and 6 untrained subjects (& wmmmemm RB)., All subjects
exercised for four successive periods of 8 min, each at

50%, 45%, 60% and T5% of their maximum capacity.
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in the cyclists, but continued to rise in the untrained subjects so that
the difference during the first few minutes after ceasing cxcrcise was

considerable.

The changes in pyruvate concentrations were similar to those

of’ lactate hoth during and after exercice,

Glucose (fig 1.2) At rest, blood glucose concentrations
were not significantly different betbween the itrained and untrained groups
(p = 0.05). After 24 minutes of exercise, the mean glucocse values ware
116 mg% (i 7 mg SEM) and 85 mg%n(i 7 mg SEM) respectively. At the end
of the exercise period, the concentrations were greatly elevated in the
cyclists, whereas thgre wvas a much smaller increase in the value for the
untrained subjects (p < 0.01). The differences between llhe two xroups

were maintained in the post~exercise period.

Plasma IRI (fig 1.2) Kesting concentrations of plasma IRI
were similar in both groups. The concentrations fell during exercise in
the untrained subjects, but remained unchanged in the cyclists go that the
differenceyr in the concentrations of IRI between the two groups were
significant throughout the exercise (p < 0.01). After exercise the
concentrations rose consideragiy in both groups, but the rise was much

greater in the untrained subjects.

Plasma HGH (fig 1.3) At rest plasma HGH concentrations
were not significantly different between the two groups (p > 0.05).
ixercise cavsed a rise in the concentrations of HGH in both groups, but
the increase was much greater in the untrained subjects. At the end of

the investigation the concentrations fell in the cyclists whereas in the



Pig, 1l=2.

Blood glucose (mg/100 m¥) and plasma IRT (u units/ml,

mean & SEM) during and after exercise in 6 trained

cyclists (@ ~— @) and 6 untrained subjects (Eme—-mm— ).
All subjects exercised for four successive periods of 8 min,

each at 30%, 45%, 60% and 75% of their maximum capacity.
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Fig' 1""3 .

-
Plasma HGH (p units/ml, mean £ SEM) during and after

“exercise in 6 trained cyclists (& ———— @) znd 6

untrained subjects (M —-ee—m B). All subjects
exercised for four successive periods of 8 min, each

at 309%, 45%, 60% and 75% of their maximum ca.p_e_af:ity.
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untrained subjects they remained elevated so that the values of HGH
during and after exercise were significantly higher in the untrained

subjects than the cyclists (P <€ 0.01).

DISCUSSION

There were considerable differences in the bicchemical
responses o exercise between the “Wwo groups. The trained cyelists had
a significantly lower concentration of blood lactate and pyruvate. These
changes persisted even when the trained subjects had worked barder in
absolute terms than the control subjects as evidenced from the work loads.
Thus these results are compatible with previous reports (Robinson and
Harmon, 1941l; Holmgren and Strom, 1959; Cobb and Johnson, 1963;

Johmson et al., 1969). Metabolic mechanism may be adapted in athletes
fesulting in more efficient aerobic pathways. Fvidence for this has been
obtainéd,in animals. Higher concentrations of certain oxidative enzymes
have been reported after adaptation via training progremme (Holloszy et al.,

1971).

In these investigétions there were also marked differences
between the two groups on the effect of exercise on the blood concentrations

of other metabolites.

The much greater rise in blood glycerol concentrations, in
the trained cyclists, suggests that they have a great degree of fat mobil-
ization. Both the concentrations of FFA and the rate of their increase

with exercise were, however, lower in the cyclists and it therefore appears
’ 9 y



25

that the cyclists ubiltise FPA liberated during exercise much more rapidly

than the controls.

The rapid'rise of blood glucose concentrations with exercise
in the cyclists compared to the changes in the controls was remarkable
and similar to the observation of Remnic et al., (1974)., Working muscle
at high worl. loads does not use circuiating glucose as a fuel until
muscle glycogen falls to a low level (Hultman, 19673 Wahren, 1970) and.
as reported above, IPA is probably metabolised tc a greater extent by
cyclists. It therefore appears that the large increase in blood glucose
cencentration was due to a decrsase in the peripncrsl utilisaticn of
glucose. This might be exaggerated by giucose entering the blood after
stimvulation of the liver by catecholamines and glucagon (Sutherland, 1950;

Sutherland and Cori, = 1951).

In this study there were also striking differences in the
hormonal responses to the exercise between the two groups. Plgsma JRI
vwas depressed to a lesser extent in the c¢yeclists during exercise and they
also had‘a smaller inofease in plasma Ikl after the end of exercise.
Normally, the major mechanism regulating insulin secretion from the
pancreas is blood glucose concentration, Experiments using infusion
techniques have produced evidence that adrenalin in animale (Kris et al.,
1966) or noradrenaline in man (Porte and Williams, 1966) result in reductiorn
or prevention of an increase in circulatiing insulin even after ingestion of
glucose. During exercise there is known to be an ingrease in output of

catecholamines (von Euler and Hellmer, 1952; Vendsalu, 1960; Kotchen
et al., 1971). Therefore, it seems reasonable to suppose that in both

groups the failure of exercise induced hyperglycacmia to stiwulate insulin
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release could be due, at least in part, %o an increased secretion of
catecholanines. Lower concentrations of catecholamine metabolites in

the urine of fit individuvals compared with untrained subjects have been
reported during exercise (von Buler and Hellner, 1952).  The differeﬁces
in adrenergic activity durving exercise between the two groups may explain
their differences in plasma IRT concentrations. It is also possible

that increased aerobic oxidation of fat and lactate as a result of
training may reduce the need for insulin in the cyclists as FFA and lactate
transport across the cell membranes is independent of insulin (Williams

and Lnsinck, 1966).

This suggestion is consisteunt with the obsexrvation of Devliin
(1.963) who observed insulin-like activity (ILA) before and after a

“‘training programme in man and found that the fzll of ILA during exercise

vas less after the programme.

During exercise plasma HGH concentrations were lower in the
cyclists and they retbturned to resting values rapidly after the end of
exercise. Similax obéervations related to physical fitness have been
reborted (sutton et al., 1969). Although the role of HGH during exercise
has not been clearly established, it has been suggested that it causes
lipolysis and enhances the availability of FFA as a fuel (Hunter et al.,
1965). The early changes in FFA concentraltions are, however, probably
due to adrenergic activity (Havel and Goldfien, 1959), The action of HGH
is delayed (Raben and Hollenberg, 1959). However, HGH may ennance glucose

utilisation soon after its release (Frohmen et al., 1967).



27

The present resuvlts demonstrate significant differences in
JRT and HGH responses to exercise between athletically trained and
untrained subjects, even when the physically active groups worked at

the same percentage of thelr meximum capacity as the untrained subjects.

As there are differences in the concentrationg of IRT with
exercise belween the two groups, there could be differences in tissue
sensitivity to insulin. Increased body weight as well as fal content is
known to reduce the sensitivity of insulin in obesity (Rabinowitz and
Zierler, 1962). Although ne direct measurements have been made in this
study to asoess the degree of obesity, there is evidence to suggest that
individuals who exercise regularly have a greater lean body mass and
smaller fat tissue than sedentary individuals of the same weight
(Parizkova, 196%; BjSrntorp et al., 1972). The cyclists were, however,
lighter and nearer to their desirable weight than the controls and this
may have resulted in higher insulin sensitivity in the peripheral tissue

of the trained subjects.
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SUMMARY

Le In order to obtain information on the range of hormonal
and metabolic changes which occur in normal subjects, six well~trained
subjects and six untrained subjects have been studied. They were
investigated on two occasions. On the first occasion, the maximum
work capacity for all the subjects was determined by increasing the work
loads until exhaustion. On the second odccasion the subject exercised:
for four successive periods for 8 minutes each ab 30, 45%, 605 and 75%
of their maximum capacity.  Venous blood samples were taken beifore,
during and afier exercise and were analysed for blood hormones and

metabolites.

2. There were remarkeble differences in the patterns of blood
hormones and metabolite responses to exercise between the two groups.
During exercise the fall in plasma IRI and the rise in plasma HGH were
much less in the cyclists even when they exercised at similar percentages
of “their maximum capacity as the untrained subjects. The cyclists also
had lower concentrations of blood lactate; pyrvvate and FFA and higher

concentrations of blood glucose and glycerol,

3 These Observations indicats that physical training alters
IRYI and HGH values in relation to exercise. There may he not only changes

in concentrations, but also changes in tissue sensitivity to IET.



CHAPTER 2

STUDIES OF PATTENTS VITH OBESITY COMPARED WITH NORMAL SUBJECTS

=7
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INTRODUCTION

In the study reported in chapter 1 there were differences
in metabolic responses to exercise hetween well trained cyclists and
mtrained subjects. The cyclists had lower blood concentrations of
lactate, pyruvate, and FFA and higher concentrations of glucose and
glycerocl during exercise. Hormonal differences between the two groups
‘were also obgerved both during and after exercise. These might be
true metabolic differences between athletes and untrained subjects

which could be due to adaptation as a result of athletic training.

metabolism dvue to mild obesity, which was relatively greater in the

untrained subjects (table 1.1).

Many metabolic and hormonal abnormalities have been reporied
in obesgity. These have included an incerease in total number of adivnose
tissue cells (Hirsch et al., 1966), increase in serum falty acids (Opie
and Walfish, 1963) and also in triglycerides (Albrink and Meigs, 1965).
The fasting concentration of IRT is elevated (Bagdade et al., 19€7), and
although‘the secretion of IRI in response to glucose load is greater than
in lean subjects (Karam et al., 1963), glucose tolerance may be decreased
due to veduced peripheral uptake of glucose (Butterfield et al., 1965).
A decreased HGH response to starvation and insulin induced hypoglycemia is
also reported in obesity (Beck et al., 1964). These changes in obesity may
result in abnormal energy metabolism during activity for although the rate of
lipogenesis increased in obesity, the rate of fat mobilization appears to

decrease in response to various stimuli such as starvation (Gordon, 1960), and
7 7



nor-adrenaline infusion (Ortho and Williams, 1960). Exercise is known
to accelerate metabolic activity. This chaplter reports a study of

fat and carbohydrate metabolism during and afier exercise together
with studies of HGH and IRT made in patients with obesity and the
results compared with normal controls. These investigaticnc were
carried oul to provide further information about the meiaholic effects
of exercise. Such obzervalions were mnecessary Ho give a background Lo
studies reported later in this thesis upon the effects of drugs upon

metabolism in obese subjecis.

METHODS

Subjectss

Five patients (three female and. two male) with obesity and
six healthy male controls (table 2-1) were étudied. No patient had
wdergone dietary restriction in the year before the study and were not
receiving drugs at the time of the investigation. The obese subjects
were T8% (i 8) overweight. The control subjects were from the medical
staff and research workers at the hezpital.  They were slightly

. 2or F . - . .
overvweight (13% = 2) but none was known to have 2 metabolic disorder.

%
<

Procedure:

Patients and controls were brought to the laboratory afte:
an overnight fast, and exercised for a mneriod of 30 min on a bicycle
ergometer fixed at a work load of 500 & 100 Kpm/min. Heart rate wae
recorded during the investigation and for a further 15 min using an
electrocax@iograph. A catheter was placed in the antecubital vein and

B - " B o5

blood samples were taken before exercise, at 5 min intervals during
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exercise and then at 15, 30, 60 and 90 min afterwards. The samples
were trected as described in appendices I and II and analysed for

lactate, pyruvate, glucose, glycerol, ketone-bonies, ¥Fi, HGH and IRIL.

RESULTS

Heart iates (Fig 2:1):

The resting heart rates vere 83 beats/min (i 5 SEM) in the
patients and 77 beats/min (i 3 SHM) in the controls. In both groups
heart rate increased during the first 15 min of exercise (controls 8454,
patients 80%) after which the rate wac steady vnitil the ond of cxercize
when a rapid fall occurred to within 11 - 16% of the resting heari rate
15 min after exercise. The percentuge heart-rate chunges in the
patiente end the controls were not significantly different at any time

during exercise or the post-exercise period.

Pyruvate (Fig 2:2):

Resting pyruvate concentrations were similar in both groups.
Blood pyruvate concentrations rose to a maximum at 1% min of exercise
in the controls whereas in the patienis the maximum occurred at the end
of exercise. ?yruvate concentrations vere relatively highexr in the
patients both during exercise and in the post-exercise period, but they
were not significantly different. The concentrations then fell towards

normal levels by the end of the investigation.

Lactate (Fig 2:2)?

Resting concentrations of blood lactate were not significantly

different between the two groups (P » 0.05). Rapid elevatlion of blood



Tig. 2.1, Heart rate (beats/min, mean X SEM) in 6 control

subjects (B —mmmmm— B ) and 5 obere patients (@ ———

during and after 30 min of exercise.
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Fig. 2.2,

Blood pyruvate and lactate (umol/ml, mean = SEM)
in 6 control subjects (M@ ~———m—m B ) and 5 obese
patients (@ ———®@) during and after 30 min

of exercise, ’ e
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lactate values to a peak at 15 min of exercise occurred in both groups.
The maximum being significantly greater in the patients. The concen-
trations in the patients remained significantly different (P < 0,05)
from their resting values for the remaining part of exercise and for

30 min after the end of cguxcrcise. The contrels, however, showed & moxe
rapid return to approximwately pre~sxercisge values so that there was no
significant dift'erence between the resting cencentrations and those

30 min after the end of exewcise.

Glycexol (Tig 2,3):

Blood glycexrol concentrations were significantly higher
(P.é.OoOS) alt resi in the patients compared witl' those of the controls.
The peak valuves were significantly higher in the patients than of the
controls, but the percentage increase(igo%) was similar in both groups.
The concentrations in the patients remained elevated 15 min after
exercise and returned slowly to resting values at the end of the
investigation. Glycerol concentrations in the controls, howevern,
showed a wapid return towards resting values and at 15 min after exercise

the wvalues were not significantly different from those at rest.

Keltone=bodies (Fig 2.%):

Blood ketone-~body concentrations (acetoacetate 4 3 hydroxy-
butyrate) were significantly higher at rest in the patients comparec
with controls (P< 0,01). Concentrations at rest and at the end of
30 min of exercise were not significantly different in both groups.

After exercise the concentrations increased considerably both in controls
and in the patients, but the maximum values occvrred in the obese

patients 30 min after the maximum in the contxols.



Fig' 2'3.

Plasmo, FFA (uBquiv/ml), blocd glycerol and
ketone-bodies (umol/ml, mean £ SEM) in 6 control
subjects (B —wmmwmm B ) and 5 obese patients

(@

0) during and after 30 min of—

exercise.
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A (Fig 2.3):

Resting plasma FFA concentrations were significantly higher
(p < 0005) in the patients than in controls. During exercise the
concentrations rose in both the patients and controls to a maximum at
the end cf execrcise vhen there was no significant difference between
the two groups (p > 0005): The patients showed a small fall in FFA
coricentration 5 min after the beginning of exercise. Although FFA
concentrationg were relatively highex in the patients both during the
second half of exercise and in the post-exercise period, they were

ignificantly dilferent at only 15 min after exercise. OCu woth

j#2]

occagions the concentrations returned ir approximately pre-exercise

values by the end of the investigation.

Glucose (Fig 2.4):

Resting blood glucose concentrations were not significantly
different between the groups (p > 0,05). [xercise caused a fall in
the concentrations earlier in the controls.  The minimum cccurred at
20 min in both controls and patients, and valuves increased both in the
remaining period of exercise énd for 30 min aflerwaxrds. Controls
values were significantly lowexr througho1t exercise and at 15 and 40

min afterwards,

Plasma HGH (Fig 2.5):

Plasma HGH levels were similar at rest in both groups.

They rose by 600% in the controls and 3505% in the patients hy the end

33



Fig. 2.4,

-

Bluod glucosa (mg/100 ml) and plasma IRI (p units/ml,
mecn + SEM) in 6 control subjects (B —emw——- B) and
5 obese patients (& ————@) during and after 30 min

of exercise.
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Fig. 2.5. Plasma HGH (u units/ml, mean < SEM) in 6 control
subjects (E ~mm—m B ) and 5 obese patients (@-—-———@)
during and after 30 min of exercise.
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of exercise. The patients showed a small change in the {irst 10 min
of exercise. The concentrations at 10, 15, 20, 25 and %0 min were
significantly higber (p <. 0,0L) during exercise in the conirols
compared with the patients. In the 90 min following exercise HGH fell

0 resting levels in both controls and patients,.

Plasma IRI (fig 2.4):

Resting concentrations of IRIL were significantly higher in
the patients than the controls (p < 0,05). The concentrations fell
during exercise earlier in the controls, whereas in the patients they
roge slighcly in the early part of exercise and fell as the exercise
continued. The miaimuam concentrations occurred at 25 min of exercis
in-both groups and values increased in both the romaining period of
exercise and for 1% min afterwards. Although plasma IRI concentrations
were higher in the vatients both during exercise and in the post-
exercise period, they were significantly differont at only 5, 10, 15

and 20 min of exercise.
DISCUSSICON

Exercise is known to cause elevation of both blocd glycerol
and plasmsn FRA levels in normal subjects. This probably occurs as &
result of increased rate of fat mobiliuaiion, stimulated by increased
adrenergic activity. In this study the concenirations of blood glyccrol
were higher in the patients-with obesity both during and after exercise.
This suggestls that the patients had a greater degree of fat mobilization.

v a
¥

The concentraiious of plasma FFA at the end of exercise were, huwevel,



gimilar in both groups, but the concehtr@tions at rest were higher in

the patients and had fallen in the early part of exercise. it therefore
appears thai patients with obesity have the ability to mobilize and
utilize more fat than the controls. The patients azlso showed a

greater blood glucose level throughout and this may be [urther evidence
for the greater reliance on fat as a tuel for energy during exercise

in obesitr (Harr et al., 1969).

After exercise the concentrations of bhoth FFA and glycexol
showed & rapid return to resting values in the controels whereas in the
vatients they remained clevated. Similar resulis have Leen reporied
by Shwarz and co~vworkers (1969) who suggested that the patients might have
been able to mobilize fat in excess of their needs. As the concentrations
of blood ketone~bodies hardly altered during exercise, there is probably
an equilibrium between production and utilizétion. After exercise,
however,; when muscular utilization of fuel decreases, there is a rise
in the ketone~body concentrations (Johnson gﬁlak.;ﬂi969; Johngon and
Walton, 1972). The much greater rise alter exewcise in the patients
may reflect a decrease in thelr ability to oxidise acetyl CoA through
the citric acid cycle. The inadequate carbohydiate utilization and
also insulin resistance which:have been reported in obesgity, would also
tend to increase ketone-body production, The patients also had
Jdncreased concentrations of lactate and pyruvate. Increased rate of
fat oxidation increases the level of acetyl CoA which in furn blocks
pyruvate oxida%ion, resulting in the aécumulation of both pyruvale aud

lactate (Garland et al., 1964).
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In this study the fall in the concentrations of plasma IRI
and the rise in the concentrations of HGH in respouse to exercise were
much less in the patients than of the controls., Thig could be
explained if the patients were more fit than the controls (Sutton et al.,
1968}, but it is uwnlikely since the concentrations of blood lactate
during exercise and of ketcne-bodies after exercise were higher in the
patients. They might have been expected to be lower than thogse of tre
controlsg if the degree of filness was the explanation. There was a
relatively poor 1esponse of HGH to hypoglycaemis in the obese subjects,
as previously reported (Beck et al., 1964 )., This may account Tor the
differences of HGH response between the twe groups, if the {all in blood
glucose during exercise was the stimulus. Anotboer possibility is that
the patients had a higher rate of fat mobilization as indicated b
higher glycerol concentrations. This might have caused a reduced
regponse of HGH to exercise since it has been found that increased fatl
mobilization has an inhibitory effect on the release of HGH.  This
occurs in response to hypoglycaemia induced by insulin whereas decressad
mobilization gtimulates the release of HGH in response to hypoglycaemia

(Quabbe et al., 1972) and %o exercise (Hartog et al., 1967).

It can be concludeé that exercise causes chkanges in blood
metabolites of carbohydrate and fal in obese patients of a similar
pattern to controls, although the changes tend to be more marked. The
changes in the concentrations of HGH and IRIT, however, are less marked in
obese patients’and are probably related to obesity rather than differences

in physical fitness.



SUMMARY

Lo

2D

5‘

Five patients with obesity and six healthy volunteers were
studied before, during, and after %0 min of moderate steady
exercise on a bicycle ergometer. Venous blood samples vere

taken for estimation of blcod metagbolites and hormonss,

Exercise caused changes in blood metabolites in obese patients
of a similar pattern to controls, Pyruvate, lactate and
glycerol were considerably elevated and post-exercise ketosis
developed. These changes were more marked in the patients.
Throughout the test FFA and gluccse concentrations were

higher in the obese than in the normal subjects.

During exercise the rise in plasma HGH and ithe fall in plasma

IRT were less marked in the patients.

The differences in blo?d glycerol, FFA, and ketone~bodies
between the patients aﬁd controls, may suggest a great reliance
on fat metabolism in the patients. They also suggest thatl the
higher rate of fat mobilization in the patients may reduce the

response of both HGII and IRI to exercise.

RN

It is concluded that these changes were related to metabolic
adaptation due to obesity rather than differences in physical

fitness.
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CIAPTER 3

PATTENTS WITH OBESITY DURING AND

ATTER DIETARY RESTRICTION



INTRODUCTION

In the comparison of exercise by patients with obesgity and
by healthj cantrols reported in chapter 2 there were differences in
metabolic responses between the two £roups. The patient had higher
blood concentrations of lactate, pyruvate and glycerol during exercise
and higher concentrations of blood ketone~-bodies in the post exercise

. period. A decreased elevation in the concentrations of HGH and a
smaller depression in the concentrations of insulin were also observed
in the obese subjects during exercise. The physical activity of the
obege patients was limited and, therefore, it was suggested thal Lhe
differences in physilcal fitnegs between the two groups‘oould account
for the differences in metabolism. A further possibility was that
there was altered energy metabolism (Gordon et al., 1962) because of
metabolic and endoc.sine adaptations to obesity (sims and Horton, 1968).
It was concluded that these changes were probably relsted to metabolic

adaptation to obesity rather than to differences in physical fitness.

Resting observations have been made in obese patients Auring
starvation therapy for 2-4 weeks and are reported in chapter 7. oaring
starvation by pavients with Qbesity the blood concentrations of glucose
fell, wh=i2as concentrations of FFA and ketone-bodies rose., A rise
in the ratio of 3~hydroxybutyrate/acetozcetate was also observed. As
there are changes in blood concentrations of metabolites, the patterns
of utilization of metabolic fuels by active tissues including muscle are
also protably altered as a result of dietary restriction. Hecent work
in man has demonstirated that metabolic pathways of fat and carbohydrate

are altered during the adaptation to starvation (Cahill et al., 1966;
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Owen et al., 1969)° Although some alteration in metabolic and
hormonal responses as a result of starvation have been recognised at
rest, there is little information about changes in metabolites and

hormones with starvatlion when related tc exercise.

An opportunity to study the metabolic and hormonal changes
during exercise is provided by the study of a group of patients under—-
going starvation therapy for obesity, Observations in this situation
are described in this chapter and indicate remarkable differences in the
patterns of metabelites; which are discussed in relation to plasms HGH

and IRI concentrations.

METHODS

Six  adult female patients (table %.1) with obesity were
studied on two occasions. On the first occasion they were in hospital
underzoing starvatioﬁ therapy. One patient (A.B.) was receiving a diet
of 400 kecal/day and the remainder were receiving water with added.
vitamins. The subjects weré studied on secona occasion after they had
left hospital and were eating normal diet with no restrictions, but had
fasted overnigut before the investigation. One patient (M.S.) was only
studied while being starved and was not prepared to have a further

investigation after discharge.

Procedure

‘The investigation had been explained to all the subjects and

their consent had been obtained. On the day of the investigation the
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subjects came to the laboratory between 09.00 and 10.00 hours. A
catheter was placed in the antecubital vein and a first resting sample
was taken. A further.resting sample wes taken 10 min later, They
then exercised on either a bicycle ergometer or a treadmill for 30 min,
followed by a period of xest of 90 min, The work on the bicycle and on
the tresdmill was regulated according bto the subjects ability to achieve
a mean heart rate of 150 beats/min towards the end of exercise., Heart
rate was vecorded using an electrocardiograph. Blood samples were teken
at 5 min intervals during exercise and then at 15, 30, 60 and 90 min
afterwvards. The blood samples were treated as described in appendices
I and IT and analysed for lactate, pyruvate, glucose, glycerol, ketone-

bodies,; FFi, HGH and IRI.

RESULTS
Heart Rate (fig.3.l) In all subjects similar heart rates were

achieved at the end of exercise and the heart rates for the last 10 min
of exercise were not significantly different on the two occasions
(P » 0.035) although the rate of increase at the beginmning of exercise

was greater during starvation..

Lot e ey

Glucose (fig 3%.2) Blood glucose concentrativas were significantly
higher at rest in the control investigation compared with those during
starvation. At the end of thirty min of exercise glucose concentrationg
.had risen 16% from resting levels in the control investigation, but with
starvation the concentrations showed a grezter r

ise, 609 above resting

levels, so that there was no gignificant difference at that stage bastween



Tig 3.1, Heart rate (beats/min, mean x SEM) in 5 patients with obesity

after two periods of 30 min exercise,

Starvation (@ ——=——@); normal diet (B --———=-H8),
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Fig 3.2. Blood glucose (mg/l00 ml) and plasma IRI (p units/ml,
mean = SEM) in 5 patients with obesity after two periods of

30 min exercise.

Starvation (@ —————@}; normal diet (B —-m—m = DR
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the two occasions. During recovery glucoge concentrations were
relatively higher on the control occasion and they returned to resving
levels 60 min after exercisc, whereas with starvation the concentrations
remained about 265 above the resting values for the remainder of the

investigation.

Lectate (fig 3.3%) At rest lactate concentrations were significantly
lower with starvation than on the control occasion. Rapid elevation of
blood lactate valuves to g pesk at 10 min of exercise occurred with
gtarvation, whereas in the contrel invegtigation the peal cccurrved at

20 min. Although lactate concentrations werc relatively higher wit
starvation both during exercise and in lhe posi-exercise period, they
were significantly different at only 95, 10 and 15 min during exercise
and at 15 and 60 min after excrcisc. n both occasions lactate concen-

trations returned to resting levels by the end of the investigation.

Pyruvate (fig 505) Resting pyruvate concentrations were significasntly
(p-(r0.0S) lower with starvation than on the control occasion, During
exercise the conoentratiéns roge to z maximum at 25 min when there was

ne significant difference between the two occasions. Pyruvate concen-
trations returned to resting valuves 60 min after exercise in the control
inver.cigation, whereas with starvation the concentraiions remained avout
16% above the resting levels for the remainder of the investigation, but
as the resting concentration during starvation was much lower the pogt-

exercise levels were below the control values.

A (fig 3.4) With starvation FFA concentrations were significantly

P 4 - N . 1a 2 { - ~
higher al rest beiore exercise than on the conlrol occasion (P <1 0,01)



|

.~
Fig 3.3. Blood pyruvate and lactate (wcmol/ml, mean & SEM) in 5 patients

with obesity after two periods of 30 min exercise.

Starvation (& ————— @); normal diet (& ————m——m ).
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Exercise caused a slight fall in éoncentrations on the control
investigation (4% of resting), but with starvation the fall was greater
(16% of resting). On both ocecasions FFA concentrations rose af'tex

the initial fall to meximum towards the end of exercise. The maximum
value was highexr wilh stervaticn, buv vhe percentage rige w
on the control cceasion (42% of resting) than with starvaition {13% of
resting). On the centrol occasion FFA concentrations returned to
resting levels by the end of the investigation, whereas with starvation

WA remainea elevated in the post-exercise period.

Glycerol (fig 3.4) Hesting glycercl concenteations were sigunificantly
highor with starvation than in the control investigation (p-. 0.0L).

Eleed glycerel concentrations increased during exercise earlier on the
control occasion. The peak‘values vere not significantly different, but
they occurred at diflerent times. With starvation the peak was at 25
min of exercise, whereas in the control investigation it was at the end

of exercise. The concentrations at 5, 10 and 1% min were significantly
(p < 0.05) higher during exercise on the control occasion than with
starvation. On both occasions glycerol concentrations returned to

resting levels by the end of the investigation.

Ketone-bodies (fig 3.5) At rest, blood ketone-bodies (3-hydroxy-
butyrate + acetoacetate) concentration was 0.060 pmol/mi (F 0.02 SiM)

on the control occasion and 1.5 umol/mi (¥ 0.2 SEM) with starvation.

On the control occasion, exercise caused a slight fall in concentrations
for 15 min (14% of resting) but with starvation the fall was more
marked (45% of resting) and the maximum fall was observed at 20 min.

On both ocezsion

o]

the levels rose after the initial fall both
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Fig 3.4. Plasma F¥A (pequiv/ml) and blood glycerol (umol/ml, mean
in 5 patients with obesity after two periods of 30 min

exercise. '

Starvation (@ ———@); normal diet (B ~———m—m- a).
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Tig %.5. Blood ketone bodies (umol/ml, mean ¥ SEM) in 5 patients

with obesity after two periods of 30 min exercise.

Starvation (@ ———0); normal diet (@ —m————eH),

P
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Tig 3.6.

-
Plasma HGH (u uvnits/m3, mean % SEM) in 5 patients with

obesity after two periods of %0 min exercise.

Starvation (@ ~=©Y; normal diet (B wmmmmmmm— B).
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in the remaining part of exercise and for %0 min afterwards. The
concentration was much greater at 30 min after excrecise on the control

investigation (330% of resting) than with starvetion (28% of resting).

Plosma HGH (fig 3.6) With starvation HCH concentrations wore
significantly higher before exercise tran on the control occasion
(p < 0.,01), On both cccasions eXercise caused a rise in the concen-

rations to maximum at 30 min of exercise. With starvation the change

n

in abgolute values were much greater (up to 15 pU/ml mean increase) thean
on the ceatrol occasion (up to 7 uU/ml mean increase), In the recovery
period the concentrations of HGH returred to approximately pre-—exercise
ralues at 90 min after the end of sxercise in both with starvaticn and

control investigautions. )

DPlasma IRL (fig3 .2) Resting plasma IRT concentrations wewre not
significantly different between the two occasions; they rose slightliy
in the early pexrt of exercise and fell as the exercise continued. The
minimun concentrations occurred at 25 min on both occasions and vilues
increased in both the remaining period of exercise and for 15 min after-
wards. Control values were higher thrwoughout exercise and duvuring
recovery but the aifferences in concentrations of IRI between the

occasions were significant at only 15, 20 and 30 min of exercise.

DISCUSSION

FFA, glycerol and ketone-bodies and lower concentrations of blood glucose
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than on the control occasion. Thus these results are compatible with

previous reports (Cahill et al., 1966; Owen et al., 1.969).

Sympathetic activity is probably increased during starvation
resulting in fat mobilization. The high concentrations of HGH logethexr
with low concentrationg of IRI may also have contributed to the observed
changes. The high concentrations of blood ketone~bodies during
starvation wefe probably related to the concentrgtions of plasma IFA as
the rate of formation of ketone~bodies depends on FPA concentrations

(Wieland, 1965; Krebs, 1966),

In this study exercise caused an initial fall in the concen-
trations of FFA both when the subjects were starving and on the control
occasion. This may be explained by increased TFFA ﬁptake by working
muscle via increased peripheral blood cjréulation at the begimming of
exercise, With starvation, the fall in the concentrations of FFA was
more sustained and the percentage rise at the end of exercise was much
leés than on the control occasion, suggesting that during starvation the
subjects are able to utilize more fat during exercise. Utilization of
ketone~bodies by skeletal muscle has been demonstrated in animals
(Blixenkronemmgller, 19%8) ané in man (Hagenfeldt and Wahren, 1968).

In the present studies exercise caused a fall in the concentrations ot
blood ketone-bodies on both ;ccasions and this may have been due to
"increased rate of utilization. The change was greabter with starvation,
but the enzymes capable of utilizing ketone-bodies are widely spread
among other tissues such as kidney, heart and brain (Medes et al., 1946;
Williamson and Krebs, 196l; and Owen et al., 1967). It ig likely

therefore that the utilization of ketone-bodies by these organs is also



incressed under the influence of gtarvation.

The rapid rise of blood glucose concentrations with exercise
when the subjects werve starving compared to the changes on the econtrol
occasion was remerkable and compatible with the observations of Hagenfeldt
and Wehren {1971). Since all the subjects were overweight, it is
possible that there was a decrease in the peripheral uptake of glucose
and its sﬁbsequent oxidation (Dutterfield et al., 1965). Thigs could
have been exaggerated by both increased fat and ketone-~body utilization
and also active glucose production by the liver during shtarvation. The
rise of bhlood lactate and pyruvate in reanonse to exercise was grcater-
with starvation than in the control study. This is unlikely to bLe
related Lo the concentration of glycogen in the exercising muscle since
diminished glycogen stores of muscle have been found after a short period
of starvation (Hultmen and Bergstrom, 1967). It is possible that
ketone~bodies may facilitate an aerobic glycolysis and lactate production
by decreasing the intracellular oxidation of glucose (Williamson and Krebs,
1961). Blood levels of amino acids including alanine have been reported
to increase during exércise by normal subjects (Felig and Wahren, 1970)
and since starvation stimulates alanine uptake (Felig el al., 1969) ty
the liver, it is likely that alanine may be converted to pyruvate and

later to lactate.

There were also differences in the hormonal responses tg the
exercise betwgen the two occasions. Tne patients were able to raise
their plasma HGH considerably during exercise on both occasions, The
concentrations of plasma HGH were higher, however, at rest with starvation.

They also rose to a greater extent during exercise with stavvation comparsd
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with the control occasion. Thig could have been due to a greater
stress of exercise during starvation as was suggested by the more rapid
rise of heart rate on that occasion, Protein catabolism, which is
increased during starvation, may have also contributed to the greater

rate of increagses in the lovels of HCH with starvation

known stimulalor of HGH release (Habinowitz et azl., 1968).
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SUMMARY

1. Bix adult female patients with obesity were studied before,
duriag and after 30 min of moderate exercise on two separate
occagions. On the first occasion they were in hogspital undergoing
starvation therapy. The subjects were also studied on another
occasion after they had left hospital and were eating s normal
diet. lleart rate was recorded and venous blood samples were taken

for the estimation of metabolites and hormones,

2. Exercise cauvsed a rise in the heart rates to a similar value at
the end of exercise on both occasions, but the rate of increasse at

the beginning of exercise was greater during gtarvation,

5. During starvation the concentrations of pyruvate, lactate and

glucoge were lower af rest and rose during exercise to much greater
extent than on the control occasion., The rise of blood glucose
with starvation was 60%, whereas in the control study the rise was

only 165 of resting.

4. Concentrations of FFA were higher at rest with starvation, fell in
the early part of exercise and rose as the exercise continued.
Vith starvation the fall was greater (16% of resting) compsred with
the control study (4%); - The rise was smaller with starvation (13u)

compared with the control findings (429 of resting).

5e In the control study there was a fall in the concentrations of

ketone~bodieg during exercise and a rise in the post exercise period,

but with starvation the concentrations were considerably higher av
rest and showed a remarkable fall with no further rige in the post

exercise pexriod.
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6. Plasma LIGH concentrations were higher at rest with starvation
and rose during exercise to a much greater exltent than on the

control occasion,.

T IT IS CORCLUDED that exercise during starvation causes remarkable
differences in metabolites, particularly IFFA and ketones, and also
hormonal. concentrgtions in the blood compared with control

observations.

These studies of exercise in starveltion indicate that the
sensitivity of the growth hormone relesse mechanisms are greatly increased
in gtarvation. In addition support is given for previous observatlions
that fat is the major fuel during starvation. These investigations

also indicate that ketone~bodies are a major fuel in starvation contriary

to some other reported studies.

s



CHAPTER 4

THE EFFECT OF ACETOACETATE UPON HUMAN GROWTH HORMONE

AND INSULTN RELEASE

e
v



INTROLUCTLION

When the blood levels of insulin and growth hormone were
studied in trained cyclists and non-cyclisis during and after cycling
on o bicycle ergemeter for 32 min, the cyclists showed a silight fall
in the concentrations of TRI duving ewxercise, but hardly any rise in
IRL concentrations in the post~exercise period. The non~cyclists,
however, showed a greater fall during exercisc and a considerable rise
in IRY concenirations after exercise, observations previocusly reported
in chapter 1. A rise in the conceniraiions of ketone-body is known o
oconr in the posteexercige period and subjects in reguler athletic
training have a smaller rise compared with non-athletes (Johnson et al.,
1969). The difforences in kétonewbody production and ITRI release in
athletes compared with non-athletes suggest that there is a relotionship
between ketosis and insulin relesse. The literature on this problemn
ig confusing. In dogs increased level of IRI after ketone administration
has been shown by many workers (Madison et al., 1964; Xavier et al.,
1970). However, others have suggested that in man, the effect of
ketounes of lowering glucose and FPA is secondary to ‘the inhibition of
both fat mobiligzation from adipose tissue and glucose output from the
liver (Balasse and Ooms, 1968; Senior and Loridan, 1968). To
investigalte the effect of ketone-body on the release of IRI, I therefore

studied six subjects during an oral acvtoacetate tolerance test.

METHODS

Subjects:

s 1

1=

Six subjects, five males and one female (aged 3%0~56 vr) were

studied. None of the subjccts was known to have abnormal fat and



carbohydrate metabolism and thev were eating normal dicts with no

restriction.
Frocedure:

The subjects were brought o the laboratory after an ovor-
night fast and remained al resti lhroughout the investigation, which was
carried oul beltween 0800 hr and 1000 hr. Atter catheterigation, venous
blood samples were taken before the ingestion of sodium acetoazcetato
(200 mi, 0.4M) (see page 18 ). 40 min later and then =t 20 min intervals
for a further 80 min, The blood samples were treated as described in
appendices T and II and analysed for glucose, acetoacelate; 3--hydroxy-

butyrate, FFA, HGH and IRT,

RESULTS :

The ingestion of sodiuvm acetoacetate produced a peak level
of total blood ketonémbodies of between 0.5 and 0.9‘ﬁm01/m1 at 60 min
and thereafter the blood level declined towards pre-ingestion value
(Fig 4.1). Blood glucose fell from 2 fasting value of 85 me% (& Bim g SEM )

to 62 mg%é(i 8 mg SEM) at 60 min and returned ‘o pre~test value during the

o

i

remaining period of the investigation, The concentrations at 60 and

80 min were significantly lower (p « 0,01) than fasting concentration.
Plasma IRI rose from 8 pU/ml (% 3 wU SEM) to 23 pu/ml (¥ 6 pU SEM) at 40
min after the ingestion of acetoacctate, followed by a graaual decline to
pre~ingestion v;lue by the end of the investigation. The values at 40 and
60 min were significantly higher {p « 0.05) than fasting concentraticn. FFa
concentrations fell promptly and reached a nadir at 60 win after the

ingestion of acetoaceiate, e concentraition then returned towards the



Fig (4.1): The changes (meanFSEM) in the five subjects of ‘total
ketone-bodies (acetoacetate plus 3-hydroxybutyrate),
.HGH, IRI, glucose and FFA after ingestion of a solution
of sodivm acetoacetate (200 ml; 0.4M) at the time

indicated.
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pre~test value by the end of the investipgation. The values at 40,
G0, 80 and 100 min were pignificantly lower {(p< €.035) thun the

pre-~ingestion value,.

DISCUSHION

Whereas the glucose lowering effect of ketone=bodies in
- dogs and in men has been known for many years (Neptune, 19563 Jenkins,

1967), the mechanism of the hypoglycaecmis remains unclcar, Mel

and Madison (1964 ) have reported that in dogs the hypoglycaemia results
from a greatly decreased hepatic glucose cubtput. They also beve
demonstrated that infusion of ketones was agssociated with a rise in
insulin concentration in the pancreaticoduodenal vein (Madison et al.,
1964}, The present study shows that in man a significant enhancement
cccurred in the peripheral concentration of insulin with the ingestion
of 0.4M acetoacetate. Insulin rose to a peak at 60 min after the
ingestion of acetoacetate. This response was paralleled by those of
ketones, suggesting a close relationship between the two. Subsequently,
the fall in insulin concentrations coincided with the disappearan:e of
the ketone-bodies, This finding is compatible with the observations
reported by Xavier et al., (£970) and consistent with studies of
isolated perfused pancreas which indicate that the secretion from this
organ stops once the stimulatory substances disappeared (Grodsky et al.,
1967). The rise in insulin concentrations obtgined in this study may
be sufficient to explain the observed fall in blood glucose. The FFA
concentrations wore alse lowered after the ingestion of acetoacetate,

This mey be dwe to both increased ingulin secretion and the direct effect

rad : . 4 » =1 .00 + ~ - - : N
of ketone bodies inhibiting FEA velease (Bgornzorp and Scherston, 1967).



The degree of ketosis obtained in this study is within the range which
may be observed in exercise, nevertheless no significant change in
growth hormene occurred even though there were chenges in glucose,
insulin and FFA as a rvesult of the ketone ingestion, When blood
ketone bodies aré raised during excrcise, an increase in insulin
secretion might be expected. Observations supporting this possibility
are to be reported in the next chapter. It ig therefore possible that
ketone~bodies by Siimuléting the secretion of imsulin, lower the bhlood

concenirations of FFA end limit their production,



SUMMARY

In order to investigatc the relationship between ketone bLodies
and hormone release, six subjects, five malc and one female

(aged 3056 yr) were studied after the ingestion of acetoacctate.
Venous blood samples were taken for the estimation of metobolites

and hormones.

The ‘ngestion of acetoacetate caused a rise in the concentraticns
of IRT and a fall in the concentrations of FPA and glucose.
Acetoscetate however caused havdly any charnge in the coucentrations
of HGH. Those observations indicate that the degree of postm

exercise ketosis may depend on differences in growth hormone

secretion rather than vice versa.

It is also suggested that the rate of production of ketone bodies
may be limited by a feedback mechanism dependent upon insulir

release.

AN

Wi



CHAPTER 5

AN EXAMIRNATICN OF 7THE RELATICHSHIP DBETWEER
KETONE-BODY CONCENTRATIONS AND INSULIN VALUES

IN PATIENTS WITH ACROMEGALY
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INTRGDUCTIOR

In the previous chapter the following findings were Ieported:
a fall in plasma FFA and blood glucose concentrations after the ingestion
of acetoacetate was associated with a rise in concentrations of plauma
IRT. These results indicated that fat mobilizaticn is reduced by the
presence of ketones. They also suggest thatlt in man, ketone~body
production may be limited by feed~back control dependent on insulin
release. An opportunity to examine further the relationship between
ketone-bodies and insulin release ig provided by the study of patientis
with acromegaly. Acromegaly is an endccrinc disorder of the pituitary
assoclated with an eoginophil tumour of the gland in which there is
abnormalily high producition of HGH which nct only affects hone growih but
also metabolism (Martin, 1973). Patients with acromegaly show an
abnormal peak in blood ketone~bodies and insulin during exercise and
hardly any post-exercise ketosis (Johnson et al., 197%). These charges
might have been duve to the effect of the chronic elevation of HGH in the
plasma as this hormone is known to reduce tissue sensilivity to insulin
and to activate fat re-esterification (Merimee and Rabin, 1973). In
normal subjects a second pericd of exercise carried out within several
hours of the first results iﬁ'a greater degree of post-exercise ketosis
after the second exercise compared with that observed afler the first
exercise period. Studies of two periods of exercise should therefcre
provide an opportunity to examine the relationship of different
concehtrationé-of ketone~bodies and ingsulin in the same patient. wo
patients with acromegaly have been studied and the results compared with

hree normal subjects.



METHODS

Subjects: two female patients (aged 24 and 57 yr) with acromegaly
and three controls (one female and two male, aged 25 and 40 yr) were
studied. The patients had clinical symptoms of a pituitary tumour and
acromegaly. The control subjects were matched as far as possible for
height and weight (table 5,1) and did notv have a metabolic disorder.

The acromegalic patients were investigated before therapy was instituted
and they were not receiving drugs at the time of the invesitigatlion. All

subjects were eating normal diets with no restriction.

Procedure: patients and controls were brought to the laboratory
between 09.00 and 10.00 hours after overnight fasting. The subjects
vere exercised for two periods of 30 min with an interval of 90 min, on
a bicycle ergometer fixed at a work load of 500 L 100 kpm/min. The
observations were made for g further 90 min after the second period of
exercise. Venous blood samples were taken before exercise, at 5 min
intefvals during each period of exercise and then at %0, 60 and 90 min
afterwards., Heart rate was measured and the blood samples taken and

treated as described in appendices I and ITI. The samples were analysed

for ketone-~bodies and plasma IRI,

RESULTS

Ketone~bodies (Fig. 5.1): Resting concentrations of ketone=bodies

(acetoacetate + %~hydroxybutyrate) were similar in both groups, but
changes during and after the two periods of exercise were different.

After a decreuse in the first 10 min the values in the patienis rose



Table 5.1 Individual data on age, weight, height and plasma HGH

Plasma HGH
Patients Sex Age Weight Height uU/ml

I kg e Rest Tnd of exercise

lst period 2nd period

A.T. F 57 68 163 116 305 348

J.B. T 24 65 160 68 94 116
controls

Mode M 26 88 182 340 28 36

R.H., M 39 73 17% 2.1 25 38

M.S. F 33 68 163 2.4 33 45




rig (5.1) Changes in blood ketonew-bodies (u mol/ml) in two scromegalic

patients (m @, O El) and three contrel subjects

{ 00———0 ) during and after two %0 min of cxercise.
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rig (5.2) Changes in plasma IRI (u units/ml) in two acromegalic
patients (B————a, OQ~—~-01) and three control subjects

(0——-0) during and after two %0 min of exercise.

"
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Fig (5.3): The relationship between the highest observed values
for total bhlood ketone~bodies and plasma insulin
concentrations during exercise by patients with

acromegaly. (r.97; p <€ 0.05).
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rapldly to a peak at the end of the first period of exercise and then
fell in the recovery period. The concentrations rovse agein during the
second period of exercise but to a much greater extent, and remained
elevated both during the remaining part of exercise and for 15 min

alterwards. The concentrations then fell progresgively io pre-exercizse

values 60 min later. In the control group ketone-body concentration

o)

changed liittle during the two periods of exercise, but they rose after

The end of each period, more sc after the second.

Plesma IRI (FMig. 5.2): Resting concentrations of plasma IRI were

higher in the patients than in controls. The cong

Bl

entralione fell in the
control subjects during the two periods of exercise and rose slightly
above thelr initial wvalues in the second post~exercise pericd. The
patients however showed a rapid rise in lthe concentrations of IRI beth
at the end of the first exercise period andlthe end of the second period.
The rise was much greater on the second occasion, In the acromegalics

plasma IRI concentrations returned to resting valugs 60 min after each

period of exercise.

DISCUSSION

There were considerable differences in the pattern of ketone-
bodies and insulin changes during exercise between the two groups. The
patients had a considerable rise in blood ketone-bodies which was absent
in the control subjecis. Plasma IRI concentrations were increased in
the patients, whereas in controls they were depressed. These changes
were remarkable and were similar to the observeitions of Johnson and

Remnie (1973). Throughout exercise for 30 min by acromegslics Johnson



and Remnie found no change in blood glucose concentlralions and therefore

the changes in plasma IRT are not related to hyperglycemia.

Growth hormone reduces tissue sensitivity to insulin and the
higher than normal concentrations of plasma HGH which occur in acromegaly
may indirectly result in greater amounts of insulin being released.
However a rise in plasma IRT was absent in the controls despite a greater
celevation of HGH in their blood during the second period of exercise,
Other factors must therefore bhe invelved in causing insulin release.

The increased IRI concentration in the acromegalic patients might be in
response t0 the rapid increases in ketone-bodies. These are koowl Lo
stimulate ingulin release and observations are described in chapter 4.
Evidence is provided for this explanation by the high correlation

(r. 97; p < 0.05) between the highest observed concentrations of plasma
IRT and blood ketons~bodies in the acromegaiics (rig 5.3). After
exercise the blood ketone~bodies fell in the patients so that no post-
exercise ketosis developed. This may have been related to the rise in
plasma IRI as insulin‘is known to limit fat mobilization and therefore
inhibits ketone body production (Bieberdorf et al., 1970). The pres::Int
Observations imply that the action of ketone-bodies in stimulating
;nsulin release and the ability of insulin to suppress ketone-body
production are active in spite of high concentrations of HGH. These
findings tupport conclusions based on animal work (Jenkins, 1967) that
the explanation for the raised plasma insulin concentrations assccioted
with reduced ﬁptake of glucose often seen in certain diseases such as in
oObesity and diabeies may depend upon the high plasma FFA and blood

ketone~body concentrations found in these disorders,



SUMMARY

Observations upon the relationship between ketone-~bodies and
ingulin release a®t rest have been reported in chapter 4 and this
chapter reports studies on ketone-bodies and plasma insulin
during and after two periods of exercise in two patients with

acromegaly. Three normal subjects were also studied as controls.

In the acromegalics ketone-bodies concentrations rose during
exercise and fell in the post-exercise period, whereas in the
controls the concentrations changed little during exercise but
rose above resting valuves immediately after exercise. The rises
in ketone~bodies in both groups wexe associated with proportionate
rises in plasma IRI concentrations. These gﬁanges in blood

ketone-bodies and plasma IRI were more marked during and after

the second period of exercise in both groups.

These observations support the previous finding (chapter 4) that
ketones stimulate insulin release in man. They also provide
more evidence for the suggesiion that ketones prevent ketosis by

feed-back control dependent on insulin release.



CHAPTER 6

PATTENT WITH MUSCLE DISEASE

(Mitochondrial inclusion body myopathy).
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INTRODUCTIO]

Experience gained in carrying out the projects reported in
the previous chapters on muscle metabolism during exercise in normal
subjects and in paticnts with obesity have mude LU possivie to examine
fat and carbohydrate metabolism in patients witlh diseases of muscle.
One discrder which has been studied is that of cculoskeletal myopathy,
patients with which, present with progressive ptosis and external
bphthalmoplegiae In this disorder electron microscopy har allowed
delineation of intracellular abnormslities affecting organelles. A
number of studies have reported abmormal histochemical and ultra-
gtructural changes inside the mitochondria of muscle cells affected
(Bradley‘gjigg,, 19693 Morgan-Hughes and Mair, 1973). There is,
hovwever, no information about the effect of the disorder upon metabolic
$rocesses. Investigations were designed, therefore, to provide more

information about energy metabolism in this disease.

This work was carried out in conjunction with Dr. D. Doyle
(Neuropathologist, Southern Genera). Hospital) who has performed the
biopsies and is responsible for histological and histochemical studies,
but I am only responsible fQ; the biochemical studies both at rest znd

during exercise.
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CASE HEPORT

AB., (Institute of Heurological Sciences, Glasgow, 807875)
was a 49 yr old married man with two children, who was employed as a
lorry driver., His mother died of carcinoma of the stomach at 62 yr,
and his father of a myocardial infarction at 67 yr. He had five
giblings, three of whom were well, one had died of alcoholic cirrhosis
(50 yr) and the other of istomach trouble' (51 yr). 'There was no family
history of muscle disease, ptosis, or diabetes. He complained of
drooping of his eyelids for many years, and he was aware of trying to
1ift them with his forehead. He had also had very occasicnal double
vision on lateral gawe for about 2-% mcnths. These symptoms were worse
later in the day. Photographs indicated that he looked normal at 18 yr,
but a left ptogis had become obvious ab about 33 yr. He made no
complaint about tiredness when first seen, but later admitted that this

had become a problem for 1-2 yr; it was not related to time of day.

On examination his height was 176 cm and weight 62 kg. There
was ne owvious muscleiwasting, He had vwrinkling of his forehead,
bilateral ptosis, and there was weakness of upward conjugate gaze and
glight weakness of conjugate gaze to either side. Convergence was poor.
His voice had a nasal quality but the palate moved normally. In the
limbs there was no muscle fatiguability but slight weakness of both
triceps muscles and of the small muscles of both hands. All reflexes

vere normal. ~ The remainder of the physical examination was negative.

Muscle Biopsies

Piopsies were taken from the left triceps and the left deltoid
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mnuscle under local ansesthetic. "They were examined by light microscopy
with routine stains. Glycogen distribution was identified by periodic
acld Schiff staining (Hotchkiss? 1948) and fat by staining with 0il red O
(Lillie and Ashburn, 1943). Specimens were also examined by electron
microscopy (Philips 201 electron microscope), goniometry {(Pnilips 301
electron microscope with double tilt goniometry), electron diffraction
and X-ray microchemical analysis (‘Edax‘ (Energy Dispersive Analysis by
Xeray)) with Philips 301 electron microscope. Histochemical analysis

was carvied out for the engzymes shown in table 6.1, Succinic dehydrozenase
was examined by the method of Seligman and Rutenburg (1951); myosin
ATFase by that of Padykula and Hermann (l955a, b); glucosan phosphorylase
by that of Takeuchi and Kurigki (1955); and leucine aminopeptidase by
that of Wachlas et al., (1957). The asher enzymes were studicd by the

methods of Scarpelli et al., (1958).

Light microscopy with phase contrast and polarised light revealed

virtually normal muscle and the abnormalities seen in stained preparations

were minor. In the specimen from the left iriceps muscle about 5% of the

fibres were atrophic, some being exceptionally small in cross sectional
area, (20 u) with clusters of peripheral nuclei. In atrophic fibres

there were also some nuclel thch were larger than normal (15 p diameter)
and these had very large nucleoli (5 u diameter). Some obviously
abnormal {ibres (approximately 2% of total) had unusually pale borders
which had abnormal mitochondrial aggregates. The nuclei and nuclecll
were larger iﬁrthese areas. The remainder of the muscle fibres, although
appearing normal, occasionally had internally placed nuclei and in a few

scattered areas these occurred in 50% of the fibres. Longitudinal
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sectlon showed that some nuclel vere concentrated close to capillsaries

and these nuclei appeared larger than normal. The chamiges in the specimen
from the left deltoid muscle were similar but only 1% of the fibres were
atrophic, Atrophic fibres appesared in groups of up to six but no
evidence was found of denexvation as mobtor end plates and terminal
innervation appeared normal. There was a largei proportion of fibres
with pale borders in this specimen than in that from triceps (about 556) o
in longitudinal section large nuclei were irequently seen in relation to
capillaries. In hoth specimens glycogen was found to bs reduced in =1l
{ibres. The concentration of fat in type I fibres was reduced and it was
virtually cbsent from type IT fibres: +the fat which remained was mainly

peripheral in the fiores.

Electron microscopy (EM) (fig 6.1) of both specimens revesled no normal.
mitochondria. The least abnoxmality was the arrangement of cristae in
concentric circles in the mitochondria rather than transversely as is
found normally. Some mitochondria also showed crystal-like inclusions.
These mitochondria were most nunerous in the pale peripheral borders of
the abnormal fibres seen on light microscopy. The crystals appeared
to be invested by the inner mitochondrial membrane which was not incore
porated in their structure. The crystals varied in length from 0.2 to
5 1 and were slightyy curved. They were sometimes square but were
usually oblong. Bach crystal consisted of bhands about 0.04 p in width
separated from adjacent bands by a clear region 0,008 u across. The
bands had 11;;11% and dark longitudinal stripes (0,008 i side).  Although
the majority of crystels had such a pattern, in some the bLands were
ar?anged cbliguely and others had a grid-like structure. Goniometiy

confirmed thot come of the cwystals were curved and it was possible %



Fig (6.1): [Electron micrograph of the crystalline inclusion bodies
in mitoychondria showing the patterns which are
determined by the angle of incidence ;f the electron
beam, Two mitochondria are shown which do not contain

crystals but have abncrmslly arranged cristae (X 12,500).

-

Fig (6.2): Abnormal succinic dehydrogenase activity in a type I muscle
fibre, The intense zone of peripheral activity was

characteristic of the abnormal fibres. (X 700).
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show that the differenceg in the appearances of the bands depended
uwpon the angle of incidence of the electron beam on the crystal.
flectron diffraction and microchemical X-ray snalysis were non-contritutary

because of the low mass of the crystals. M confirmed that theore was a

general reduction in the fat content of the mmscle fibres,

Histochemical examination showed the usgual distribution of fibre types

with mycsin ATPase, fibres of types I, XII and IIa being distinguished.
Fibre tyvning however was more difficolt with other enzymes. Marked
abnormalities were observed in fibres of types I and ITa, 20% of all

fibres being affected, but fibres of type TIb were not clesrly seen.

ot
=
O

gbnormalities were found in type II fivres. Abnormalities were
principaliy seen in the activities of mitochondrial or predominantly
mitochondrial enzymes but there were also changes in several enzymes in
cytoplasm. In the biopsgy from {riceps there was a general reducthion

in the activity of succinic dehydrogenase but there was a peripheral zone
of considerably increased activity in type I and type IIalfibres. In
the biopsy from deltoid the activity of succinic dehydrogenase wes &lso
increased peripherally in type I and type IIs fibres (fig 6.2). Several
other mitochondriasl enzymes showed increased activity and similar changes

were obscwved in cytoplasmic enzymes, including lactate dehydrogenase.

Biochemicuyl Hesponse to Txercise

The biliochemical changes during exercise in our patient were
studied on two occasions during and after a 30 minute period of exercise.
The results were compared with thogse from 6 normal male subjects (aged

The investigations were performed betwsen 09,00 hr
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and 11.00 hr after an overnight fast. A catheter wag placed in an
antecubital vein and flushed with saline. Two resting sanples were

H
taken. Work was performed on a bicycle ergometer (Elma Schonander
Constant load ergometer, EM§69) al 600 kpm for 30 min. Heart rate wes
recorded during the investigation and for a further 15 min, using
miniature chest electrodes with an clectrocardicgrapn. Blood samples
vere taken at 9 min intervsals during exercise and then at 15, 30, 60 zand
90 min alterwards. The controls were investigated in a similaxr way,
but their work lvad was adjusted to obiain a comparable increase ia
beart rate to that in the patient (500 ¥ 100 kpm) . In the second
investigation expired air was collected in a Douglas bag and analysed
for 02 and 002 to determine oxygen consumption s:.d respiratory quotient (R).
Measurements were made at regt and during exercisc and recovery. The

blood sammles were analysed as described in.appendices I and II,
Similar maximum heart rates were achieved during exercise.

Glucose (fig 6.3) Concentrations at rest were similar in the patien® and
the controls but there was a marked difference during and after exercise.
The blood glucose rose to 135 mglt in the patient at the end of exercise,

whereas there was no significant change in the controls,

Lactate (fig 6.4). Concentrations at rest were similar but with
exercise there was a rapid elevation in the patient to 12,5 p mol/ml
compared with 4.0 u mol/ml in the controls. The concentration in the
patient decliﬁed after exercise but hasd not returned 4o the resting

value 90 uwin after the end of exercise.

Pyruvate (fig 6.4). Concentrations at rest were similar and the exercisc



Fig (6.3):

Plasma IRI (uU/ml) and blood glucose (mg% in the

patient (@=———®©) and six normal control subjects

(0= 0) (i SEM) during and after 30 min of ekercise,

indicated by the solid bax, —
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TFig (6.4):

Blood lactate and pyruvate (u mol/ml) in the
patient (@——@) and six normal control subjects
(0--—-=0) (% SEM) during and after 30 min of

exercise, indicated by the solid bar.
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caused a rapid elevation.

0:%9 p mol/ml) was achieved 15 min after the end of exercise.
. !

The highest concentration in the patient

Alter

this the concentration declined but had not returned to the resting value

by the end of the investigation.

The maximum lactate/pyruvate ratios

were greatly elevated in the patient (400¥ above resting) compsred with

the controls (2303 above resting),

higher than in the contraols
second. On both occasions

compared with the controls,

Blood glvcerol (fig 6.5).

higher than in the controls

Concentrations at rest in the patient were 80%

on the first occasion but similar on the
concentrasions declined during exercisc

in which they rose.

Concentrations at rest in the patient were

on the first occasion but similar on the

second. In both studies they rose to nearly twice the mean level in

the controls hy the end of exercise. The concentration then decliread

in hoth the patient and the controls, the resting values being achieved

by the end of the investigations.,

Total. blood ketone~body (fig 6.6). Concentrations at rest in the

patient were five times higher than in the controls on the first occasion
and within the normal range on the second. The concentrations fell
during and after exercise whereas *they rose in the controls. On the
first occasion the %-hydroxybutyrate/acetoacetate ratio for the patient
was 2.24 before exercise and rose to 4.40 after 5 min of exercise and then
fell progressively to 1.0 30 min after exercise, In the second exercise
investigation on the patient the changes were similar. In the controls
the mean value at rest was 2,16 and it fell to 1,36 after 5 min of

exerclsge. After %30 min

L.
13
-

. - o
of exercise it wos 2.83

L

and 30 min later

-
W
o

risen to 3.8.



Fig (6.5):

Plasma FFA (p equiv/ml) and blood glycerol (pmol/ml)

in the patient (@ -@) and six normal control
subjects (Omm—rm 0) (% smM) during and after 30 min of

exercise, indicatéd by the solid bar.
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Fig (6.6): Blood ketone-bodies (3~hydroxybutyrate + acetoacetate;

g mol/ml) in the patient (@ @) and six normal

control subjects (Omwmwm— 0) (i SEM) during and after

30 min of exercise, indicated by the solid bar.
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Plasma Iﬁg‘(fig 6.3). Concentrations at rest were similar but the
. exercise coused a fall in plasma IRI in all studies. The fall wag
greater in the controls after 20 min of exercise. After this the

do L

concentrations rose, both in the remaining part of exerclse and for 15 min

T

~

in the patient (200% of resting) than in the controls (1%%% of resting).
The concertrations retwrned to resting values by the end of the

investigations.

Plasma LgH (fig 6.7) Concentrations at rest were similar but with
exercise there was a rapid olovation in the patient 1o 40 ul/al cunpured
with 27 in the controls. The concentrations then declined but had nnt

returned to the resting values by the end of the investigations.

Oxygen consumption at rest was 0.24 1/min. -The values at 6, 20 and 30

min during exercise were L.54 1/min, 1.38 1/min and 1.45 1/min.  The
oxygen consumption then returned to normal 20 min after the end of
exercise. R values were 1.04 at resi; they fell progressively during
exercise to & minimum of 0,74 at the end of exerciée. The value 20 min

aftervards was 0.84.

The effect of heparin upon lipolysis

The investigations were carried out in the wmorning after en
overnigh' fast according to the method of Fineburg et al., (1972). Corn
0il (60 g) which had been emulsified with egg albumin (15 g) vas given

orally. This was followed 3 hours later by an intravenous injection of

heparin (50 mg). Venous blood samples were taken before ingestion of

Ao

.
min intervals aftor the

the corn oil, at 30 min intervals and then al 1

injection of heparin for o further 2 hours, The test wes repeaved on

i



Fig (607):

Plasma HGH (pU/ml) in the patient (@

®) and

six normal control subjects (Qmmrw- 0) (¥ smi)

during and after 30 min of exercise, indicated by

the solid bar. J—
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another occasion omitting the corn oil. The blood samples were
analysed for IFA and ketone~bodies (acetcacetate plus 3~hydroxybutyrate)
as already described. Following the ingestion of the corn oil plasma
FFA concentrations remained unchanged and just prior to the injection

of heparin the concentration wag 0,80 ucquiv/ml, The concentraticn

45 min after the injection of heparin wasg 2.4 uaquiv/ml and it thern fell
to a value of 1.8 uequiv/ml 25 min later. In the control investigatlion
on the patient injection of heparin alone also caused & rise in the
concentrations of Fia, but this was less than that obtained after
ingestion of corn oil. The rise in FI'A concentrationy after heparin

wvere assocliated with a considerable rise of total ketone bodies.

o

A standard glucoss volerance test was performed after an
overnight fast. Glucose (50 g) was given orally and blcod samples
were obtained at 30 min intervals for 2% hours. Lactate, pyruvate,
glucose and plasma IRT were estimated as in the exercise investigation.
The rise and the subsequent fall of both glucose and plasmsa IRI were

similaxr to those of normal subjects. Trhe tolerance to a glucose load

vias therefore normal in the patient.

DISCUSSION

Abnormal muscle mitochondria have been reporited in several
apparently unrelated conditions. The first report of a muscle disorder
with abnormal mitochondria was made in 1959 when increased metabclism was
found. Tie paticent's mitochondria contained large crystalline

inclusions {(Mrnster et al., 1959; ILuft et al., 1962). HMitochondrial

o
———
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abnormalities without assocliated hypermetabolism have been reported

in childhood (Shy‘gg_gg.g 1966). In one of these, 'megzconisl myopsthy',
rectangular inclusion bodies were obhserved in the muscle mitochondriz.
Mitochondrial inclusiong have also been reported in the skeletal muscle
of adults (Shafiq et al., 1967; DBradley et al.,1969). None of these
reports included observations upon the effect of the muscle disorder

upon metabolism,

In this study the patient had an abnormal metabholic response
To exercise compared with controls, Concentrations of lactate and
pyruvate during exercise rose to values above those observed in the
contrels., He alsc showed a rapid rise in LLood glucose concentration.
These observaiions suggest that although glycolysis was proceeding there

was a block to complete oxidation of carbohydraﬁe via acetyl Cod and the

tricarboxylic acid cycle.

The lactate/pyruvate ratio rose during the first part of
exercige in the patient above those observed in the controls. Some
elevation is the usual response and is probably due tc a rapid fall in
the ratio of cytoplasmic nicotinamide adenine dinucleotide/reduced
nicotinamide adenine dj.xﬁw].eotide (NAD/NADH) (Krebs, 1967).  This
cytoplasmic activity is normally linked to the concentration of NAD/NALH
in mitochondria but may be independent (Devlin and Bedell, 1960). These
changes in the mitochondria may be reflected in the ratio of the
concentrations of 5mhydroxybutyrate/aoetoacetate in the blood (Williamson

et al., 1967}u In the patient tnis vatio first rose and then fell,
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vhereas the converse was observed in the controls. Such findings are
obtained vith relative cellular hypoxia (Alberti et al., 1971). The

changes in lhese ratics are therefore in keeping with the suggestion

already made of a block of oxidative metabolism for carbohydrate.

There was also a much greater rise in blood glycerol concen-—
tration in the patient compared with countrols suggesting greater fat
mobiligation in the patient. Lipolysig results in preduction not only
of glycerol but also FRA, The rise in the concentralion of plasma IFA
during ewercise which occurred in the controlg, and is the normal

inding, was, howevor, absent in the patient. Tests of lipopiotein

£
lipase activily had shown that there was no block in the normal production
of TFA. The depression of plasma FFA in the patient during exercise may
therefore have been due to either greater catabolism of FFA or re-
esterification to fat. There was no evidehce from the muscle biopsies
that deposition of fat was occurring excessively in the muscles studied.
Normally ketone-body concentrations rise during the post-exercise period
(Courtice and Douglas, 193%6; Johnson et al., 1969) but this change was
absent ir the patient, The block of carhbohydrate metabolism could

result from increased fat oxidation to acetyl CoA, a process which is
known to block further pyruvate oxidation (Garlend and Randle, 1964)

and cause accumulation of pyruvate and lactate. This would also account

for some of the elevation of glycerol for this is normally metabolised

through the glycolytic pathway via o-glycero-phosphate.

The rapid rise of blood glucose implies both decreased carbo-
hydrate uwtilization during exercise and also active glucose production

by the liver. Pathways subserving carbonydrate storage as glycogen were



70

normal, however, as adduced from ithe normal glucose tolerance test.

The block of carbohydrate metabolism did not prevent the paitient
exercisging and it is probable that energy production depended uporn
metabolism of fat as mobilization was occurring and yet there was no
accumlation of TFA during excrcise and of ketone~bodies after exercise.
Additional support for the conclugion that fat was actively metabeliced
by the patient was the finding that the patient had a relatively low I
(002 produu'bion/o2 consumption) during exercise. R normelly rises in
severe exercise to a value of 1.5 -~ 2,0, The value above unity Tofnre
the investigation might result from hyperventilation but it would be
unlikely that this would have driven off so much 002 prior to excreise
that 30 min later the R would still be below noraal values, as occuired.
This argument is aglso supported by the histocheminral findings of
increased activities of enzymes involved in oxidative metabolism such as
succinic dehydrogenase and cytochrome oxidase inside the abnormal mito-

chondria.

There were algo differences in the hormonal responses 1o
exercise of the patient compared with the controls. Flasma I3L concen-
tration was depressed to a lessper extent in the patient during exercise
compared with the controls and he had a greater increase after exerciss.
During exercise there is an increase in circulating catecholamines
(von Ruler and Helluer, 1952), which may explain the failure of the
increased glucose concentration in the patient to stimulate insulin
release, as adrenaline and nor-adrenaline inhibit insulin release (Kris
et al,, 1966; Porte and Williams, 1966). The higher concentrations of

plasma Iul in the patient compured with controls after exercise coulu,
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however, be related tc the increased blood glucose as concentrations of
blocd catecholamines return rapidly to normsl, the fall being of the

order of 60% in % min (Johnson et al., 1974).

Plasma HGH concentrations were higher in the patient durin
gxercise. The role of HGH during exercise has not been clearly
established. 1t has been suggested that it causes lipolysis and enhances
the availability of FFA (Hunter et al., 1965) and therefore the
difterence in FFA response bto exercise in our patient compared with the
controls may be related to the differences in HCH concentration,

However studies of patients with hypopituitarism have shown that i3 is

not essential for FFA release (Johnson et al., 1971).

There appear to be considerable differences in the metabolic
effects of disorders in which abnormal witochondria are found. The
patient with myopathy described by Bradley et al., (1969) had mitochondriza
changes on &M which appeared similar to those in the patient reported in
this study. Hoviever in contrast, they found excessive fat in muscle
fibres. The two patients described by Coleman et al., (1967) had
increased activity of swceinic dehydrogenase and other enzymes but no EM
sbudies were reported. Thesé patients however also had abmormal
accuwnulation of fat in muscle Tibres. Mitochondrial aggregates have
been described by Engel (1964) in the muscle fibres from three patients,

" but these mitochondrial aggregates lacked succinic dehydrogenase activity,
thus difrering irom the abnormal mitochondria in the patient reported in
this study. The patient described by Tuft et al., (1962) had increased
metabolic activity and they considered that fhis occurred in spite of a

defecyv in mitochondrial enzyme organisation. The increased fat metabolisgm
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during exercise which we now-repcrt is compatable with their findings.
These obscrvetions indicate that excrcisc provides a useful tool for
examining the metabolism of abnormal mitochondria. An abnormal
metabolic response to exercise has been found and I suggest thal sgtudies

of further patienls may allow delineaiion of specific patterns of

metabolism of value in diagnosgis.



SUITMARY

Le A male patient (49 yr) presented with bilateral ptosis of
15-20 yr duration and weakness for 12 yr. Muscle biopsieg were
performed from the deltoid and triceps muscles and svudied by means o

histology, histochemistry and electron microscopy.

2. Routine histology showed only minor changes; 2~5% of muscle
{ibres hnd pale borders in which there were eeggregates of mitochondria
and 1=5% of fibres showed atrophy, Histochemical examination showed
increased activity of succinic dehydrogenazse in mitochondria znd lactate
dehydrogenase in cytoplasnm, Electron microscopy showed crystalline

inclusiong in many subsarcolemmal mitochondria.

% Metabolites were studied during and after exercise on an
ergometer and revealed remarkable differences from normal. Blood
lactate rose to 12,5 u mol/ml and pyruvate to 0,%9 p mol/ml compared
with up t0 4.0 and 0,16 p mol/ml respertively in controls. Concen~
trations of ketone-bodies and free latty acids fell during and after

exercise whilst they rose in the controls.

4 These observations imply a major mitochondrial defect which
cauvses dramatic biochemical changes in fuel supply in blood during

eXercise, The changes suggest that fat metabolism was accelerated in
this patient and was related to a block of carbohydrate utilization ag

fuel.,



CHAPTER 7

A COMPARYLZON OF TRLEATMENE OF OBESITY WITH FENFLURAMINE AND WITH

DIETARY RESTRICTICN
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INTRODUCTTON

The first part of this thesis has provided evidence that
obesity causes marked changes in the patierns of carbohydrate and fat
- metabolism during exercise. Compared to healthy subjects, Tat people
show higher concentrations of bloed glucose and glycercl during excrcise
and blood ketone hodies during and after exercise (original observations
together with disqussion are given in chepter 2), As there are
differences in blood concentrations of metabolites the pattern of
utilization of fuel by working muscle is probably altered as a resulv of
ohesity. In obesity there geems to be a bleck to muscle glucose upteke
which is related to the degree of fatness (Butterfield et al., 1965).
In this situaticn if muscle is not used for glucose disposal, the glucose
must presumably be stored as fat in adipose tissue for use when reguired
by muscle. When dietary measures alone fail‘to correct the metabolism in
oObegity, drugs such as amphetamines have been used, but their value is
short’lived and amphetamines have the side effect of-sﬁimulaﬁing the
nervous system. Recently fenfluramine, a derivative of amphetamine but
gaid to have fewer gide effects was introduced as an appetite depressant
in the treatment of obesity (Munro et al., 1966). Several investigations
have suggested, however, that ﬁart of its action is related t: a divect
effect on carbohydrate and fat metabolism. The arug improves glucose
tolerance, possibly because it increases glucose uptake by muscle (Butter-
field and Wnichelow, 1968), There is also eQidence for a direct effect
on adipose tissﬁe. Fenfluramine has a lipolytic activity and may depress
lipid synthesis in wvitro (Dannenburg and Kerdian, 1967; Wilson and

Galton, 1971). During therapy with the drug there are increases in
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concentrations of FFA, glycerol and total ketone-bodies (Pawan, 1969).
Whether these effects of fenfluramine are direct or secondary to dietary
restriction has been unclear. The present study was undertaken to
exagmine further the effect of fenfluramine on fatl and carbohydrate
metabclism in man and to compare the resulis with the effect of dietary
restriction, which has been shown in chapter 3 to also cause marked

increase in fat metabolites in blood.

METHODS
Subjects

Ao  Treated with fenflurumines (Table 7. 1A)  Six

volunteer subjects who were overweight (5 male, 1 female, aged 24-47 yr)
vere studied for five weeks while taking fenfluramine. They took an
wrestricted diet and carried out their usual aciivities. The dose of
fenfluramine was 40 mg in the first weck, 60 mg for the second and thinrd

weeks and 80 mg for the lasgt two weeks,

B. Treated with partial or complete starvation: (Table 7. 1B)

Four subjects (2 wale, 2 female, aged 22-60 yr) undergoing dietary
restriction therapy for obesity were also studied. Two of the patients
received a diet of 600 calories for 12 days and two received water only

with added vitaming, for five weeks.

3. Treated with fenfluramine and reduced diet: (Table 7., 1C)

Two subjects who ucre overweight were studied. One of these (C. lMcH)
was given a 600 calorie diet for 24 days. In the second half of the

period he also received fenfluramine (100 mg daily). The second subject
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(S.Ta) was also given 600 calories for 24 days but received fenfluramine

(100 mg) daily for the first 12 days.

A et o

Body weight was measured at intervals for five weeks.
Venoug blood was taken between 09,00 and 09.30 hr after an overnight fast,
at the beginning and at four day intervals throughout the investigation
period. Blood samples were treated as described in appendix I and
anulysed for glucose, lactate, pyruvate, acetoacetate, 3~hydroxybutyrace,

glycerol and free fatty acids,

RESULTS

All subjects were overwelghtb, bﬁt the group who underwent
dietary restriction were somewhat shorter and heavier then those
receiving fenfluramine, as Judged from their reciprgéal ponderal indices
(ht/égag) or their % wt above their ideal wt (Metropolitan Life Insurance
Co. figures quoted in Giegy, 1962),

Subjects treated with fenfluramine compared with those treated with
dietary restriction

With both treatments weight loss occurred. Those undergoing
dietary restriction lost more (4.3 - 20,0 kg) than those receiving
fenfluramine (2.0 - 7.7 kg : table 7a1)c During the five weeks of
investigation the concentrations of plasma ¥FA (Fig 7.1) increased
congiderably. The concentrations were much higher in those undergoing
dietary restriction (p < 0.01), The changes in bleed glycexel concen-~

trations (Pig 7.1) werc similar %o thc changes in plasma TFA.

-~



Fig (7.1): Plasme FFA (p equiv/ml, mean & SEM), blood gi;oerol and,
total. ketone-bodies (p mol/ml, mean * SEM), during
fenfluramine therapy (6 obese subjects, @ ) and dietary *
restriction (4 obese subjects, @ ), as only -two subjects

. underwent dietary restriction for more than 12 days their

individual results are shown.
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Fig (7.2): 3-hydroxybutyrate/acetoacetate ratios (meén X SEM) in
the six obese subjects treated with fenfluramine (B )
and four obese subjects treatcd with dietary restriction

(® ). (see legend of Fig 7.1 for furthor details).
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The concentrations of ketone-bodies (acetoacetate 4 3=
hydroxybutyrate, Fig 7.1) became greatly elevated in the subjects under-
going dietary restriction whereas there vere much smeller increases in
those receiving fenfluramine. The initial ratios of 3~hydroxybutyrate/
acetoacetabe vere not significzantly differsnt beiveen the two groups
(p » 0.05). There was, however, a marked difference in the subsequent
changes: the ratio increased in those subjects who underwent dietary
restriction, vhereas the ralio decreased in those receiving fenfluramine
(Fig 7.2). Clucose concentrations fell in the subjects undergoing icotal
starvation. During the first week, however, when the ketone-body
difference became apparent, there was nc statistical difference in gluccse,

lactate or pyruvate concentrations between the twu groups.

Subjects treated with fenfluramine and reduced diet

The observations in two patients treated with a combination
of dietary restriction together with fenfluramine were in accord with the
findings in the groups treated by either dietary restriction or fen-
fluramine alone, In fhe patient who had a 600 celorie diet and then took
fenfluramine, the ratio of Bwhydroxybutyrate/acetoacetate concentratbions
initially increased and was depressed during the period he took the drug
(Fig To3, D). In the other patient who was also treated with a 600 calorie
diet but took fenfluramine for the first 12 days, the ratio was initially
depressed but rose above resting values when fenfluramine therapy was

stopped and the dietary restriction was continued alone (Fig TeDy A), The

‘glucose concentrations did not appear to be affected by fenfluramine,

Ho consistenl changes occurred in lactate or pyruvate concentrations in

either paticnt.

2]



Fig (7.3):
top,

bottom,

3-hydroxybutyrate/acetoacetate ratios (A) in one patient

(8.T.) who underwent restricted diet for 24 days with

_ fenfluramine therapy in the first 12 days ( @ ), (B) and

in six subjects with fenfluramine (from Fig 7.2: @ ).
3-hydroxybutyra£é/acetoacetate ratios (C) in four subjects
tréated with dietary restriction (frem Fig 7.2: @ ) and
(p) in one patient (C.McH) who underwent restricted diet
for 24 days with—fenfluramine therapy in the second half

of the period ( X ).
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DISCUSSTON

Several trials have indicated that fenfluramine is of value
in the treatment of obesity (Munro et al., 1966). The introduction to
thig thesis explained that this work began because of curiosity about the
action of fenfluramine for, alithough widely used, the rationale remained
unknown. The studies reported in this chapter were designed to
investigate whether the metabolic effects of the drug are related to
reduction of food intake or whether theve is a direcl effect of fen-

fluramine on pathways of fat metabolism,

In starration there is an increase in the concentration cf
plasma FFA, probably due to increased lipolysis. During fenfluramine
therapy in our investigstion there was a vise in the plasms concenirulion
of ¥FA by 60% (Iig 7.l). The increase may have been due to a decrease
in the rate of re-esterification of fat as fenfluramine inhibits the
metabolism of glucose to w~glycercophogphate in adipose tissue and decreases
fat synthesis, perhaps by interference with the acylation of glycerole3-
phosphate at the acyl transfer reaction (Dannenburg and Kardian, 1957;
Wilgon and Galton. 1971). The higher concentrations of ketone-bodies
in the subjrects undergoing dietary reztriction compared with those taking

fenfluramine reflects the differences in their plasma FFA concentrations.

Despite the raised concentrations of total ketone~hodies in

the blood in all the subjects during the investigation, the ratio of

5

Bmhydroxybutyrate/:cetoacetate decreased in thcge taking fenfluramine

P

whereas the ratio increascd in the starved subjects. An increase in the



a fall in a ratio of oxidised and reduced nicotinamide-adenine
dinuclectide (WAD/HADII), since oxidation of fatty acids results in the
production of NADI. NADH increases the catalytic conversion of
acetoacetate to 3-~hydroxybutyrate (Williamson.gjigg;,, 1967)ﬁ The
depression of the ratio by feafluramine is therefore unlikely to be
related to a fsll in NAD/NADH as in both groups fatty acid oxidatlion was
occurring as adduced from the elevated ketone-body values. This would
change the ratios in the oppogite direction to that observed. A decrease
in the ratio of 3mhydroxybutyrate/acetoacetate would occur if the
peripheral utilization of acetoacetate was decreased. However, this
explanation is also unlikely as the rise in ketone-bodies was very small
with fenfluramine and the effect on the ratio was also produced by giving
feniluramine during starvalion when the rise in ketone~bodies was much
grealer. Another explanation for the change in the ratio is that the
drug causes decreased activity of the enzyme 3-hydroxybutyrate dehydrogenase
in the liver. This may result from reduced synthesis of lecithin, an
obligatory co~factor for the enzyme (Gotterer, 1967). Lecithin synthesis
depend:s on an adequate supply of amglycerophosphate, the production of

vhich is affected by fenfluramine (Wilson and Galton, 197L).

It is possible that the increases in FFA and total ketone.-
bodieg observed in the group-treated with fenfluramine were due 10 an
effect of partial starvation, because of a reduction in appetite due to
the drug. However, the differences observed in the Z-hydroxybutyrate/
acetoacetate ratio in this grouvp compzred with the patients uvndergoing
dieftary restriction in&icate that fenfluramine is an aclive compound

alffecting metabolic pathways of fat metabolism. The relationship of
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these changes to the causation of fat mobilizastion with fenfluramine still
remained to he explored and observations upon the relationship of growth

hormene to these changes are reported in the next three chapters.
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SUMMARY

1.

Five subjects taking fenfluramine daily (40-80 mg) for five
weeks and four subjects undergoing dietary restriction for the
same period without drug therapy, were investigated. Venous
blood samples were taken for estimation of ¥FA, glycewol,

ketone~bodies, lactate, pyruvate and glucose.

In both groups the level of FRA, glycerol and ketone-bodies

rose, bat to a much greater extent in the group undergoing
dietary restriction, The ratio of I=hydroxybutyrate/acetoacetate
increased in this group while in those receiving fenfluramine the

ratio decreased,

The differences in ketone-body level and ratios between the two
grouvps may be related to an effect of fenfluramine upon enzymes
involved in ketone~body metabolism. These obgervations imply a
fundamental difference between the metabolic effect of fen-

fluramine and that of dietary restricition,



CHAPTER 8

ORAL GLUCOSE TOLERANCE TESTS DURING TREATMENT WITH FENFLURAMINE

COMPARED WITH DIETARY RESTRICTION IN THE SAME SUBJLCTS



THYRCDUCTION

In the previous chapter it was shown that fenfluvrazmine given

with a low calorie diet causes increased concentrations of FRA and

ketone~bodien in the bleed. It has also been ghown thab weight
reduction by diet or drugn such as fenfluramine ip asscclated with an

increased peripheral uptake of glucosc {Butterficld et al., 1971).

These changes during fenfluramine therapy raised the problem of whether
these effects are the results of weight reduclion caused by the lower
dietary intake or by the direct effect of the drug on fat end carbohydrate
metabolism. To investigate the effect of fenfluramine oun carbohydrate
metaboliom a glucose tolerance test was carried oul on three occasions.
The first was before therapy. The second was after two weeks of dietary
restriclion, and the third was after two weeks on bolh dietasry restriction
and fenfluramine treatment. The investigation was casrried out in a

convinuons four weeks period.
METHODS

Subjectss Five patients with obesity were investigated in this study
{tablc 8,1). All the subjects weve studied for four weeks, with tke

exception of W.H. and H.C. who completed the control investigation only.

Procedures The subjects were admitted to hospital for the whole
investigation. Initially they were brought to the laboratory and an oral
glucose tolerance test (50 g) was performed. The subjects were then

o

given a 1low calorie diet {600 calories) for four weeks. FPenlluramine in



Table 8:l¢: Individual data on age, height, weight and reciprocal

pbnderal index.

Sex Age Height Weight  Reciprocal Weight loss
ponderal K
index g
nt/3 Diet glone  Fenilura-
yr cm kg \7 wt mine -+ Diet
S.Th. M 56 170 96%0 3'7.0% 2.5 2.8
CMch, M 51 180 92.3 39.82 . 247 2.5
J.D. iy 34 165 78.8 39.00 2.0 2.2
W.R. M 31 168  80.6 39.63 - -
H.C. ¥ 26 165 79.8 38,37 - -
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a, daily dose of 100 mg was added to the diet in the last two weeks of

this dietary regimen, Glucose tolersnce tests were xepeated bhelore

and after fenfluramine thevapy vander conditions similar to those of the
first test, All glucose tolerance tests were performed in the morning
after an overnight fast with subjects resting in hed. Several venous
blood samples were tlakeni in the fasting state and then at ) hr intervals
i
-

for 2% hr after an oral load of glucose. The samples were treated as

gescribed in appendices 1 and 2 and analysed for glucose, HGH and IRIL,
RESULTS

Glucose (Fig 8.1): Pasting morning blood giacose concentrations

were lower with fenfluramine and with diet alone than in the control
investigation. Penfluramine caused a marked increase of glucose

tolerance so that the absolute values of blood glucose concentrations at
any time throughout the test were lower than in the control study. Diet
alone however, caused a decrease of glucose tolerance and the concentrations
of Dblood glucose were considerably higher at 60, 90, 120 and 150 min during

the tcst than in the control study.

Plasme IRT (Fig 8.1): Festing plasma insulin concentrations during
fenfluramine therapy were similar to those with veduced diet alone, and
oﬁ both occasions the values were lower than on the control occasion.

The rise in the levels of plasma IRI during the test paralleled the
glucose concentralions, thus the levels of plasma Iil were lower through-
out the test with fenfluramine. On the control occasion and with

fenflurvamine the maximum rise in plasma IR occurred 60 min after plucose



Fig (8.1):

The changes in the obese subjects of blood glucose (mg%),
plasma IRI and HGH (p wnits/ml) after ingestion of a
solution of glucose (50 g) at the time indicated. Control

study (5 subjects: X); reduced diet with fenfluramine

(3 subjects; ® ); reduced diet alone (3 subjects: 0)).
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ingestion; whereas with diet alone the maximum occurred at 90 min.

Plasma HGH (g 8.L)s Fasting morning plasma HGH concentrations were
lower with fenfluramine than in the controi study. With diet alone,
however, the fasting levels were higher than in the control study. Tn
both the control investigation and with diet alone, glucoge caused o
depression in the concentrations of HGH at %0 min and 60 min later, but
with fenfluramine, glucose caused Little change. On all three occasions
the concentrations roge after the depression, The values at 150 min
after glucose load were higher with fenfluramine than in the control gitudy,

but they were lower then with dietary restriction alone.

DISCUSSION

The present observations are in géod agreement with the
recognised impairment of carbohydrate metabolism in obesity (Bortz, L969),
and showed an improvement by fenfluramine therapy. The altered carbo-
hydrate metabolism observed in obesity and discussed in chapter 2 has
been attributed to a metabolic block in pevipheral uptake and oxidation
of glucoze by muscles (Butterfield.gﬁlgig, 1965). Skeletal muscle has
also been found te be the primary site of insulin resistance in obesity
(Rabinowitz and Zielew, 1962). The consequent hyper-insulinaemia found
in obesiiy would facilitate fat synthesis and its deposition in adipose
tissue, In this study, there is a difference in glucose tolerance
between Llhe therapy with fenfluremine and diet alone, although the losg
of weight was similar on both ceccasions, VWi‘h fenfluramine, there was

an increasc in glucose tolerance, whereas with diet alone ithe tolerance
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was decreased at 90, 120 and 150 min. Similar changes have been found
with fenfluramine by Asmal and coeworkers (1971), in their study of the
effcet of weight reduction on carbohydrate metabolism. They sugéested
that weight reduction by both fenfluramine and diet improve the peripheral
uptake of glucose. The present ohservation on diet alodire, howevel,
shows & decrease in glucowse Lolerance, which may indicate that welght
reduction by fenfluramine is unlikely to be the main cavse of the
improvement of glucose Ttolerance. Furthermore, the small degree of mean
weight loss (2.650) does not parallel the marked increase in glucose
tolerance with fenfluramine. Therefore fenfluramine may prcoduce direct
metabolic changes and hence cause an increased glucose tolevance.

Several processes could have been affected by fenfluramine and so alter
the tissue response. Thege could have included a greater rise of plasma
ingulin in response to the glucose load and increased sensitivity of
glucose transport mechanism to insulin. & further possibility is that

the capacity of the cells to fix insulin may be altered.

In this study however, the rise of plasma insulin in response
to glucose was reduced bﬁ fenfluwramine, whereas with diet alone, the rise
was delayed even though the response was similar in the early part of the
test on both occasgions. These findings suggest that fenfluramine
improves glucose tolerance by increasing the sensitivity of the peripheral
muscles to insulin. It is also possible that decreased glucoge tolerance
with diefary restriction could be caused by the rise in the concentrations
of FFA and HGH which are known to result in a decrease of insulin
sensitivity (Stein et al., 1962; Garland and Randle, 1964).  With
fenfluramine the fasting concentrations of plasma FFA were lower than on

diel alone perhaps dvue to the drug inhibitory effect on lipolysis which



has been experimentally stimulated by nor-adrenaline and growth hormone
(Danncoburg and Kardian, 1969). The finding reported in this chaptex

of increased sensitivity of tissues to insulin duwring fenfluramine

o
therapy raises the possibility that the drug might be active hypoglycemic

agent in diabetes mellitus. The action of fenfluremine in diabetes was

therefore studied and the results are reported in the next chapicr.
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SUMMARY

Five patients with obesity vndergoing dietary resiriction
with and without fenfluramine were studied. The subjects were
given a reduced diet of 600 calories for four weeks. Feniluranine
in a daily dome of 100 mg was then added to diet therapy in the
last two weeks of ‘the study. Glucose tolerance tests were
performed before gtarting the therapy and after each two weeks, l.e.
before and after fenfluramine, Venous blood samples were taken

for the estimation of blood glucose, plasma IRY and HGH.

Fenfluramine increased glucose tolerance and reduced the
insulin response during an oral glucose tolerance test. Reduced
diet alone however, caused a reduction in glucose tolerance and a

delay in the rise of insulin response to the glucose load.

The hypoglycemic effect of fenfluramine therefore appezrs o
be due, at least in part to a direct effect of the drug increasing

the tissve sensitivity to insulin.



CiAPTER 9

S‘NGLE ADMINISTRATION OF FENFLURAMINE IN NOZMAL

SUBJECTS AND IN PATIENTS WITH DIABELIES MELLITIS
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INTRCDUCTION

In the previousg chapters it was shown that fenfluranine given
with a low calorie diet causes concentrations of plasma ¥FA and blood
ketone~bodies to rise. Tncreased glucose tolerance and reduced
insulin response to glucose losd were alsc observed with fenfluvramine
and low calorie diet. They imply that the metabolic changes with
fenfluramine include a direct effect which is not necessarily secondary
to dietary restriction. These changes might have been duc to the drvrtc
action on pathways in peripheral tissue regulating glucose frangsport
and insulin metabolism. Since most of the metabelic procvuesues which
are known to be altered by fenfluramine are influenced by hormones, it
is algo possible that the beneficial effects of thig drug are medizted
through alteration of endocrine activity and studies of the effcct of
the drug on growth hormone release are given in the next chapter, It
is the purpose of the present study to examine fat and cerbohydrate
metabolism in relation to plasma HGH and IRI after acute administration
of fenfluramine in normal subjects and the results showed that fenfluramine
causes a slight fall in the concentration of plasma HGH. Abnorm.lities
of fat and carbohydrate metabolism associzted with high levels of HGH
have been reported in diabetes mellitus (Randle et al., 196%). The
plasma HGH level fluctuates in this disorder, but is frequently very
high for rong periods of time (Lundbzek, 1971). The hyper-secretion
of HGH may lead to the development of angiopathy in some cases of
diabetes which may lead to severe wvetinal changes. Attempts to suppress
growth hormone rilease in these patients has veen made by pituitaxry

i .
extgrpation (hypo

g

hysectomy) as the use of various pharmacological

e . . « - oAy )
agents have failed 1o give satisfactory resulls (Hensen, 1571).
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An opportunity to examine further the effect of feniluramine
on HGH release in relation to fat and carbohydratec metabolismn is
provided by the study of patients with diabetes. 1 have therelcre
studied a group of patients with diabetes. They were given fTenfluramine
intravenously at regt to delermine the way in which thelr wetabolic
responses to the drug diffeor from those of normal gubjects. The
changes in the patterns of blood metabolites which resulted are discussed

in relation to the drug actions on HGH and Iil release.

METHODS

Bffect of acute injection of fenfluramire in normel subjects:  Seven

healthy volunteers (5 male and 2 female, aged 24=54 yr) with mean ht of
164 cm and mean wt of 78.2 Kg verc studied. They were not receiving
any drugs at the time of the investigation and were eating a normal diet.
The subjects were brought to the laboratory between 09.00 ~ 10,00 hr
after overnight fast. A catheter was placed in an antecubital vein and
intravenous fenfluramine (20 mg) was administered. Blood samples were

taken before the injection and 5, 10, 20, 30, 45, 60, 90 and 120 min lster.

2

Effect of acute injection of fenfluramine on patients with diabetes

mellitus: Pive female pafients with diabetes (aged 43~60 yr) with

mean ht of 158 cm and mean wt of 83 Kg were studied in the same manner as
described above. Their mean blood glucose concentrations alter overmight
fasting was 160 mg/100 ml (¥ 12 mg SiM) and they vere studied while
investigated for diabetes when no therapy had been started. The blood
samples were tregted as described in appendices I énd II, and were

analysed for metabolites and hormones.

b



RESULTS

Iffect of acute injection of feniluramine in normal subijects

Blood glucose and plasms, TRI (Fig, 9.1): fhe initiel concentratiions
cf both VWlood glucose and plasma 1T were wiihiln the normad range and

4

remained unchonged by fenfluramine throughout the pericd ol investigatlion,

Plasma T4 and blood plveerol (Figo 902): EBefore the injection of

fenfluramine the concentrations of plasma FI'A snd blood glyecerol wera

0.56 u equiv/ml (¥ 0.04 p equiv S1M) end 0,048 p mol/ml (¥ 0,006 1 mel
SIM) respeetively.  After fenfluramine there was a rise in the aoncer-
tration of FiA which was first observed 60 min after the injection of

the drug. The maximun rise occurred at the end of the investigation.

FFA values at 60, 90 and 120 min were significantly different from rest

(p < 0,05, 0.01 and OeOl), blood glycerol cbnoentrations, hovever, were
net significantly altered by fenfluvamine, although they fell slightly

in the early part of the investigation. Tnereased ratios of FFA/glycerol

were observed at 60, 90 and 120 min after fenfluramine injection.

Total ketone-bodies (Fige 9.%):  Fenfluramine caused a Tise in tie

concentrations of total ketone-bodies which was Tirst observed 60 min
after the injection, The maximun at the end of the invesiigatlion was
significantly different from thoge before the injection (p <« 0.01).  The
ratio of %-hydroxybutyrate/acetozcetate was decreased from 2,06 (X 0.13)
to 0,56 (i 0.06) 5 min after the injection., Decreased ratios were
maintained for a further 25 min, after which a progressive rise towards
the initisl values was observed. The value at the end of the
investigation was sligbtly lower but not significantly different from

that before the injection.



Fig (9.1): Blood glucose (mg¥) and plasma IRI (uU/ml; mean x SEM)
in seven healthy subjects after administration of

fenfluramine (20 mg i.v.).

-

Fig (9.2): Blood glycerol (u mol/ml), plesma FFA (p equiv/ml) and
FFA/Clycerol ratio; mean I sEM in seven healthy subjects

after administration of fenfluramine (20 mg i.v.).
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Fig (9.3): Blood ketone-bodies (p mol/ml) and the ratio of
B—hydroxybutyrate/acetoacetate; mean & SEM  in seven

healthy subjects after administration of fenfluramine

(20 mg i.v.).

Fig (9.4): Plasma HGH (uU/ml; mean & SEM) in seven healthy

subjects after administration of fenfluramine (20 mg i.v.).
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Plasmna HGH (¥ig 9.4):  'The initial concentration oi plasma HGI was
P S - . ; . Vs T

2.8 pu/ml (=~ 0,5 pU Shi). renfluramine ceused an immediate fell in

the concentraticon to a minimum at 30 min. HGH concentration returned

to pre-injection value at 60 min and then rose.

Effect of acute injection of fenfluromine on patients with diabotes

VG

mellitug

Blood glucose (Fig 9.5): Before the injection of fenfluramine the

concentration of blood glucosc was 160 mg % (_i 12 mg SAM). Litewr
fenflurenine there was a fall in the concentration of glucose which was
first observed H min after the administration of the drug. The minimumn
values at 45 min were significantly difterent Lro.a those before the
injection of fenfluramine (P < 0.01). The concentrations then rose

to achieve pre-injec¢tion values %0 min later. Plasma IRIL concentrations

however were not significantly altered by fenfluramine.

Plasme, IF. and HGH (I'ig 9.5): The initial concentration of IFFA was

1.05 i equiv/ml (% 0.02 4 equiv Sffi).  Fenfluramine caused a rise in

the concertrations of ¥I'A which was first observed 45 min after the
injection. The maximum rise 0ccurped at 90 min, The values at 45, 60
and 90 min were significantly higher than those befors the injection

(P < 0,05). Plasma HGH concentrations before tue injection of
fenfluramine were 7.8 p U/ml (i 2.3 1 U 8iM). The drug caused the
concentrations of plasme HGH to fell immsdiately after the injection %o
reach a minimum at 30 min, The values at 20 and 30 min were significantly
Jower thaen the initial value (P < 0,01). HGH roncentration then returned

1o pre-injection valuve within 60 min aiter the injection of fenflucamine.



Fig (9.5):

Blood glucose (mg¥%), plasma FFA (u equiv/ml) and HGH

(uU/ml; mean ¥ SEM) in five diabetic patients after

administration of fenfluramine (20 mg i.v.).-
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DISCUSSLOH

In this study of the offects éf intravenous adwministzation
of fenfluramine to normal subjects; the drug caused a delayed risc in
hoth i and ketone-~body concentrations. Fiia release would oceur if
fenfluramine stimulates fat mobilization from adipose tissue, but this
is unlikely since the rise of A was not accompanied by a parallel vis
in blood glycerol. Another explangtion for the rise in the concceuvration
of TFA ig a decreaced ratbe of fat ro-esterilication in wdipdose Lissae.
This may result from reduced synthesis of cwplyeepophogphate from
glucose, 'lthe oxidailion of which ig reduced by fenfluramine in adipcse

3

tissue (Bﬂnnenburg and Kardian, 1969)° Purthermors fenfluramine hias
been snown to interfere with the acylation reaction and leads 1o the
accumulation of long chain acyl Coi in liver hemogenates (VWilson and
Galton, 1971). Such a suggestion is cunsistent with the {indings
reported in chaplexr 7. The rise in the values of ketone~bodies
concentratvions is probably secondary to the rise in the concentration

of ¥FA and thelr subsequent oxidation in the liver. Increased rate

of ketonewbody production is always accompanied by elevation of the

ratio of *-hydroxybutyrate/acetoacctate, probably as a result of
decreased ratio of NAD/NADH at the site of %-hydroxybutyrate dehydrogenase
within the mitochondria, as in starvation. With fenfluramine however,
the ratio was depressed, mostly within 5 min of the injection of
fenflursnine,; and a low value was maintained to the end of the
investigation., This also is compatible with the previous finding
reported in chapter 7 in which it was suggested that fenfluramine aliects
elzymes regulating ketone~body ﬁe,nhoiism, Thae most etriking finding

vas the errect of fenfluramine on HGH concentrations in the vlasma.
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Although the initial concentrations of HGE were low, they fell slightly
in the first {ive minutes alter the injection of fenfluramine. ‘his
may be due 1o a central depressive actibn on centres in the hypothalamus
regulating the release of [GH, as feufluramine is known to have an
ef fealt on contvnq.in the hyvothalamus reguleting appetite (Foxwell et alas
1968). It was surprising that the drug had no effect on fasting tleod
glucose and plasms, IRT concentrations in normal subjects, but when it
was given to patients with diabetes meilitus a merked fall in the
concentration c¢f blood glucose was observed. This fall disappearcd as
soon as there was a rise in plasma FPA concentration. Subseguent to
carrying out this investigation the observaiions of Turtle and Burgess
(1975) heve been reported and the resul s are cursistent. Blood
glucoge depression may have been due to the drug's action upon peripheral
uptake of glucose (Butterfield and Whichelow, 1968), The aeclion was,
however, of shoxt duration and another explanation could be dependent
on FPA concentrations as IFA are known o interfere with glucose
metabolism (Garland and Zandle, 1964). Tn the patients with diabetes
mellitus fenfluramine also caused a marked fall in plasma HCH concentration
similar to the changes observed in normal subjects. This is consistent
with the suggestion that fenfluramine may intevfere with pathways in
the hypothalamus regulating the relcas< of HGH. The possibie
impertance of HGH in diabetes mellitus has already been discussed in
the introduction to this chapter. It was explained that the high
concentrations of HGH found in diabetes may be causative in the develop-
ment of blood vessel pathology.
Om”l
The findings reperted in this chapier of both glucose/growih

noimone suppression by fenfluramine suggest thot the drug mey be of
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value in clinical management of disbetes mellitus.

A basic problem in the observations upon HGH reported in this
chapler is that at rest plasma HGH concentrations sre low in normal
subjects (2~6 pU/ml). In diabetes mellitus concentrations are
variable although higher values are observed (6-10 pU/ml ). The action
of fenf{luramine on BEGH release wag therefore studied during exercise in
normal subjects, as release of HGH usually occurs during exercise.
These observations together with studies on the action of fenfluramire

on HGH release in acromegaly are reported in the next chapter.
it F
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SUFRMARY

NC. WAL SUBJECTS

1

2.

The effectsof acule administration of lenlluramirie were stuldded
at resi in seven healthy volunieers. Fenfluramine (20 mg)
was given intravenously to all the subjects after an overnight

fast.

Fenfluramine caused a fall lu the concentrations of plasms HGH

immediately after the injection and for %0 min afterwards,.
The drug also aflfected plasma FFA and blood ketone--bodies

concentrations,

DIABRTES MELLITUS

The effect of fenfluvramine was obzserved in five patients with
diabetes mellitus. A fall in the concentration of IIGH was

also seen in the disbetics.  Their blood glucose concentrations
wvere lowered by fenfluramine, but returned to pre-injection

vaelues soon after the release of FIA,

These observations suggest that fenfluramine has in addition 1o

a peripheral action on fal and carbohydrate metabolism, a centra

action affecting the release of HGH. These effects were more
marked in the disbetics suggesting that the drug should be

evaluated in the medical management ol disbetes mellitus.

Ut

1



CHAPTER 10

EXERCISE AFLSR ACUTE ADMINISTRATION OF FENFLUSAMINE



IHTrODUCTLION

When the acute effect of fenfluramine was studied in normal
individusls ana in patients with diabetes, changes in the concentrazionsz
of lIGI were observed. Although the initial concentrations of hiH were
low, fenfluramine caused a depression in the levels of plasma HGH when
subjects were at rest (chapter 9). This effect of fenflurawmine might
have been due to a deﬁressant action on centres in the central nervous
system regulating appetite and food intake (Foxwell et al., 1963).
Experimental observations cn animals have indicated the hypoiholamus as
a pogsible site for the action of the drug (Anand, 19713 Anand and
Blundell, 197l)° The hypothalamus iniluences the secretion of hormones
of the anterior pituitary, including growth hormone, via intermediaxy
neuvohormones (FcCarn, 1970). It is therefore possible that alteration
of release of growth hormomne may occur with drugs affecting the hypothalamus.
The resting levels of HGH are however very low in normal individuale
(2-6 pU/ml) and I thervefore decided to observe the action of the drug in
conditions in which HGH concentrations are raised, and chose exercise and
acromegaly. Ixercise is a situation known to stimulate the relecse of
HGH (Hunter and Greenwood, 1964:; Hunter et al.. 1965), and I have
studied the effect of fenfluramine on the release of HGH and insuvlin in

exercise in normal volunteers.

Hypothalamic dysfunction may result in zcromegaly in some

individvals. In acromegaly the hypersecretion of HGH is not always
autonomous (Cryer and Daughaday, 1969; Lawrence et al., 1970) ané the

level may rise with an appropriste stimulus such zs exercise (Jonnson

and wennie, 1973). I have therefore studied a group of patients with



acromegaly when given fenf{luramine. Cne patient wes also exercised
alter being given the drug. The present observations in normal subjeclis

and patients with acromegaly indicate the suppressive action of fen-

fluramine on KGH release.

METHODS

e

FPive healthy male volunteers (aged 24-33 yr) with mean ht of 174 cm

and mean wt of 78.2 kg, exercised on a bicycle ergomeiler on twe separate
occasions. On both occasions the subjects had fasted overnight, and
exercised ror 20 min at 600 kpm, followed by a periocd of rest of $0 min.
Blcod samples were taken from a cathelter in an antecubital vein. Two
resting sauples were taken, further samples were also taken at 9 min
intervals during exercise and then at 15, 30, 60 and 90 min afier the
exercise. On the second occasion fenfluramine (20 mg i.v.) was given
between the resting samples and exercise was started 5 min later. Heart

rate was recorded with a continuous electrocardiograph.

The effect of acute injection of fenfluramine or patients with acromegaly

(a) At rest Four patients with acromegaly (three female and one male,
aged 44~T2 yr) with mean ht of 161 cm and mean wt of 72.% kg were studied.
Their mean resting plasma HGH level after overnight fasting was 65.5 pU/ml
(i 14,7 uU SEM) and they were studied during investigation for acromegaly

when 1o other theraspy was being given. On the doy of the investigation, the

patient had fasted overnight and rested in bed. A cathelter was placeq in @i
£ E



antecubital vein and fenfluramine (20 mg i.v.) was adwinistered. Veaous
samples were taken before the injection, and %, 10, 20, 30, 45, 60 and

90 min later.

(b) Ixeccise One male patient with acromegely (aged 24
wt 76 kg) wes studied on two separate occasions in the same manner as

described above. His resting plasma HGY level after overnight fasting

was 76~74 pU/ml and no treatment or replacement therapy had been staited.

The tlood samples were tresied as described in appendices

1

I and IT and analysed fox glucose, lactate, pyrvvate, acebtozcstate

¢

¥

3-hydroxybutyrate, FFA, IRT and HGH.

KESULTS

Lactate and pyruvate (fig lOol) Resting blood iéctate concentrations
were similar on both occasions. During exercise the concentraltions rose
to a maximum at 15 min when there was no significant difference betueen
the two occasions. The lactate concentrations returned to resting levels

7y

60 min after exercise. The chonges in pyruvate concentrations were similsar,

Glucose (fig 10.2) There was no difference in the concentrations of
blood glucose on the two occasions. Bxercise caused a fall in the
concentrations at 5 min in the control investigation, but with fen-
‘fluramine the fzll was more marked aflter 15 min of exercise vhen the
concentration was significantly diiferent from that of the conwxrel situdy

(P 40.05).  Llthough the levels during recovery were not stasist



Fig 10:1 Blood lasctate and pyruvate levels (p mol/ml, means = SEM)
in five subjects during and after two periocds of 20 min

exercises

control period@—--~-~~-E ; with fenfluramine §——@
3
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Fig10:2 Blood glucose (mg¥%) and plasma IRT (p units/ml, means & SEM)
in five subjects during and after two neriods of 20 min

exercise;

]

control period B----- B;: with fenfluramine @

[
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divferent at any one time on the control occasion; the concentrations
were congsistently higher and retuwrmed to the resting level 15 min after

excrcise, whereas with fenf{luramine the concentrations remained below

the rvesting level throughoul the remsining period of investisstion,
O & [Eg €
FEA (fig 10:23) Renting plasma P4 concentratvions weve nob

sigaificantly different on the two occasions. Brercise cauped similar
rises in the concentrations of FFA with the maxins al the end of
exercise. In the control investisstion the concontroiions roturnaed o
resting levels by the end of the investigation, whereas with fenfluramine
the concentrations of FPA rumulned higher in the pusieexercise period
although they were only significantly different {rom that of the control

study at 30 min after exercise (P < 0,01).

Ketone-hodies (fig 10:%) Resting levels of total ketone-bodies

(acetoscetate plus 3-hydroxybutyrate) were not statistically different

at rest. Exercise caused a small fall in concentrations on the control
occasgion, but with fenfluramine the fall was more marked (P < 0,01).

On both occasions, thé levelg rose aifcr the initial fall, both in the
remaining part of exercise and for 15 min afterwards. The concentration
was much greater at 15 min after exercise on the control occasion (L0CS
of resting) than with fenfluramine (14% of resting). In the remaining
period of the investigations the levels of ketone-bodies slowly returned

toward the resting value.

Plasma IRT (fig 10:2) Regting concentrations of plasma IRT were not

staticstically different on the two occasions. The concentraiion fell

during exercise in the control study, dbut rose with fenfluramine so that

the difference in the conceuntrations between the Lwo sbudles was



) Piaspma FPA (u equiv/ ml) and blood ketone bodies (u nol,/ml;

neans ¥ SEM) in five subjects during and after two periods

of 20 min exercise;

control period @---m@; with fenfluramine - %
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Fig (10.,4) Plasma HGH (u uni'l:s/ ml, mean ¥ SEH) in five subjects after

two periods of 20 min exercise;

~.
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Fig 10:5 Percentage change in plasma HGH (means = SEM)

&«
() in four acromegalic patients following administration

of fonfluramine (20 mg i.v.) at rest o

(b) in an acromegalic patient during and after two

~

periods of 30 min exercise;

——

control period B~ — — - i+ 34 with fenflufamineﬂe

(20 mg i.V.)_ )
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significant throughout execrcise (P < 0.05). In the control investisnticn
the level of 11l retuwrned Lo the resting valve 15 min after exercise.

but with fenfliuvramine the level returned more slowly and renained above

the resting value.

*ta

Plasma HGH (fig 10:4) At rest plasma HGIT were simiiar on both
occasions. During exercise there was a rise of 6005 in the level

toward the end of exercise on the control investigation. Yith fen-

fluramine , however, the rise was abolished.

The effect of acute injection of fenfluramine on watients with acromesnly

(a) at rest (fig 10:5a) Fentluramine ceused the concentration of
HGIL to fall s/, 20% and 285% 20, 30 and 45 min after the injection,
respectively (P < 0.01), The concentration returned to ithe original

concentration 60 min after the injection.

(b) Exercise (fig 10:5Db) On the control occasion exercise caused
a progressive rise of HGH to a maximum of %24 above the resting lev:zl,

whereas with fenfluramine the maximum was 179 above resting level,

DISCUSSION

Lxercise improves the peripheral uptake of glucose and its subsequent
vhilization. Increased glucose utilization also activates ketone~Lody
utilization in exercised muscle. Fentluramine caused a grezter fall
in the coacentrations of hlood glvcose and kel ne~hodies during
exercise whicn may be attributed to increased peripheral untake of

Zlucose ana its subsequeni nii
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» by exercizsing muscles devends on the concentration of glvcogen within
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the muscle. Although I have not studied muscle glycozen content; 1%
ig unlikely that decreased glycogen concentration in the muscle iu

the cousce of the changes with fenfluramine because lactaie and pyruvate
concentraiions werc not sltered, Fenfluranine, however, coused & risc
in the cencerndtration of plasma L2l during oxorcize instead ol the wual
fall. Ihis increase could have contributed to difterencesg in the level
of blood glucose and ketone=hodies. Tespite the risc in the level of
lplasma 1 with fenfluramine the changes in FRA with exercise were
gimilar on both occasions. In the investigaticon with fenfluramine,
however, the level of ¥¥A remained higher in the post-ecxerecise period,
This might su gest that fat mobilization is not appreciably affected by
fen{luramine, althcugh the drug may reduce the rate of fat re-esteriti~
cation., This supports the observation that ip vitro fenfluraming
inhibits {he metabolism of glucose to a-glycerophosphate in adipose

tissue and decreases fat synthesis (Wilson and Galton, 1971).

The secretion of HGH from the anterior bituitary is
influenced by the hypothalamus through an intermediary neurohormone
system which is probably controlled by adrenergic mechanisms (Fuxe ani
Hgkfelt, 1969; Wurtman, 19703 Forhman, 1972).  Some drugs, such as
I-DOPA (Eddy et al., 1971; ﬁ;nsa]. et al., 1972) and amphetamine (Besser
et al., 1969), cause increased nor~adrenaline synthesis or turnover in
brain anc stimulate the release of HGH probably by stimulating hypo-
thalamic activity. The cause of IGH release with exercise may therefore
result frem increased nor—adrenaline in the hypothslamus. Tenfluramine,
however, depletes cerebral amines and decrcases their concentration
particularly in the hypothalamus (Costa et al., 1971; Ziance el a

1972}, aud it may, therefore, interfore with 1IGH relesse by affecling
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the adrencrgic activity of the hypothalamus. This mecnanism may also
3 Yl .
explain the failure of the lall in glucuse councentrations to stimulate

HGH prodacticon in the investigation with lenfluramine, fox hypoglycaswmia

1

also acts via its effect on adwencrgic mechanisms in the ain {Hlackacd

and Keidingsielder, 1968),

In acromegaly, BGH release may still occur in response to
some stinmuli such as a glucose load and exercise (Cryer and Davgnadtay,
1969; lawrence et al., 1970), indicatiag lhat the hyvothalamic~piiuitary
axis 1s still active in come patients. In the patienls of ihis study
fenfluramine cauvsed a devression in Lhe conceniration of HOH at reond
and the rise in'HGH during exercise in one patient was attenuated by the
drug. These cbservations suggest that the drug may be of value in the
medical management of acromegaly. There are, however, other situotions
particularly childhood and adolescence in whioh the drug nmight have
undesirable effects on growth. Short periods of treatlment in patients
with obesity in these age groups therefore require further study, in view
of the observations now reported from which I conclude that fenfluramine
interferes with pathways in the central nervous system regulating the

release of HGIH.

1
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SUMMALY

l(l

N

In oxder to investigate the effect of fenfluramine on hormenal
ano. metabolic changes with exercise, five normal volunteers have
been studied during and alter 20 minutes of steady exercise on a

bicyele ergomoter after injection of fenfluramine (20 mg i.v.).

FPenfluramine abolished the rise of plasme growlh hurumune wnich
occurred in control investigations. Fenflueamine also affected

placma insulin, blood glucose and ketone--body levels,

The acute effect of fenfluramine on the release of growth hoimone
was examined further by studying its effect in patientg with
acromegaly. A marked depression of growth hormone occurred

both at rest and with exercise,

These observabions indicate that fenlluramine has a direct efflect
upon pathways controlling growbth hormone rslease. It also
suggestls that this action may have practical use in the medical

treatment of acromegaly.



CHAPTER 11

ORAL GLUCOSE LOAD APFTER NICCTINIC AGID
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IRTRODUCTICH

In chapter 8 it was shown that oral administrziion of len-
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fluramine reoults in o significant improvement in glucose

after ihe ingegtion or gincone Ty patients with obesity. It ow

suggested tnat o part of Lis aclion may be due to a direct eriect on
factors regulating the peripheral uptake of glucose, Increased ratle
of fat utilization is known o upset the peripheral metabolism of glucose
as in obesity and diabetes (kandle et al., 1965). Drugs that louew 1ai

mobilizatlion such as nicotinic acid may provide addiiional iniozmation

about the eifect of drugs on cavrbohydrate metabolism.

The adminigtration of nicotinic acid causes devression of blood
cholesterol, IFA and ketone bodies (Gurian and Adlersberg, 1959;
i i )
Carlson and Oro, 1962; Bjorntorp, 1965). These changes may be secondary

to the inhibition of fat mobilizatiocn by nicotinic acid.

Factors svch as effects ¢of rising blood gluccse and insulin

might 2lso inrluence the concentrations of fat metabolites.

The reports on the effect of aicotinic acld on blood glucose
are contradictory. Both hypgr and hypoglycemia have been reported
(Mirsky et al., 19573 DParsons, 1961), although an impairment of carbo-
hydrate tolerance seems to be more generally accepted in diabetes mellitus
particularly (Molner ot al., 1964), ILittle is known about the effect of
nicoetinic acid on insulin metaboliscm, It has been shown that the drug
nes an insulinase inhibitory effect in men (Mirzky et 21., 1957). To

o

examine the effects of nicotinic acid on carbohydrate metabolism o glucose
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tolerance test was carried oul and plasma TRI ano HGH were determined

A

during the test.

Suhjcets: Seven subjects, four femsle {aged 30, 40, 50, 52 yr) and
three male (aged 54, 58, 62 yr) were siudied on three mornings. They
had mean heights of 163 cm and mean weights of 63 kg. The subjects
were volunteers, none of whom was known 1o bave abnormal fat and

carbohydrate metabolism.

La Control glucose tolerance test. After catheterization, the

subjects ingested 50 g glucose orally within 2 min. Blood samples were
taken beforehand and at 15 min intervals for the first hour. Further

blood samples were also taken at 30 min intervals for a further 2 h.

2. Glucose tolerance after nicotinic aeid. On second occasion,

a glucose tolerance test was perlormed as described above except that

nicotinic acid (20 mg) was given orally 10 min before the glucose load.

b

Control study with nicotinic acid alone. Cn the third

occasion nicotinic scid (20 mg) was given alone and blood samples were

taken for 150 min in the same manner as on the previous occasions.

HESULTS

Glucose (fig 11.1): Nicotinic acid given alone had no eficet

on the fasting concentration of blood glucese, but it caused o decreasc



Fig (11.1): The changes (mean & SEH) in seven subjects of blood
glucose (mg¥#), plasma insulin (uU/ml) and blood
lactate (p mol/ml) after a control glucose load
(B----~- )s glucose load after nicotinic acid
administration (@ ————®), and alter nicotinic

alone (X_.__.....X ).

-
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of glucose tolerance when it was given before the glucose load. After
nicotinic acid the concentrations of glucose were higher, but smignificantly

diiferent {rom the contrel values at onily 90 min (P < an5)n

Plasma, Til (Fig 11.1): Fasting concentrations of Inl wers
similar on lthe Lheee ocecasions. Nicotinic acid alome cad net alter them,

The glucose Load caused a rise in the concentration of IRI to a peak at
45 min on both with or without nicotinic acid. Jith nicetinic acid the
concentrations were relatively higher, bubt not significantly diirerent

from that of the control =zt any point throughout the test The comewni-

trations then returned to resting values by the end of the investization.

Lactate (Fig 11.1): Fasting concentruations of blood lactlate
were cimilar on the three otccasions. They rogse after glucose load both
in the control and after nicotinic aecid to a maximum at 60 min, but with
nicotinic acid alone the concentrations remained unchanged. During the
glucose tolerance test lactate concentrations were relatively higher with
nicotinic acid compared with those of the control investigation, but
were significantly different at 45, 60 and 90 min after glucose ingestion

(p < 0.05)9

DISCUSSION

In this study of glucose tolerance after the oral administration
of nicotinic acid the concentrations of glucose were higher after
nicotinic acid than control values although significance was only reached
at 90 min, This intolerance to glucoss, although ot only a small

degree, occurred despite similar response of insulin in both studies of



glucose tolerance. The lactate concentrations wvere significantly
higher during the test after nicotinic acid. Uptale of glucose by
muscle in the presence of insulin is impaired in diszbetes, acromegely
end alter dictary restriction (Himsworth, 1939; Butterfield, 1901).

A A Ve ey IATIA 4
LDCTCascO ond PLESTA rfia 4B

In thoge discracrs HGH
frequently raised, PFA has been shown to reduce sensitivity to ingulin
by impairing phosphorylation of glucoese and diminishing the cffect of
insvlin on membrane transport of glucose (Xipnis, 1959; Newsholme and
Randle, 1961: ARandle_gﬁlginy 1963), Impaired gluctse tolerance after
nicotinic acid administration ig, however, unlikely to be dues to ilncrezsed
tissue resistance to insulin via changing FMA and HGH, as nicotlinic ceid

and glucogse caused a fall in plasma FFa and HGH rather than a rise,

Impairment of glucose tolerarce might also be an effect of
nicotinamide, a metabolite of nicotinic acia. Nicotinic agcid does not
directly interfere with tissue respiration, but nicotinamide produces
hyperglycemia (Bergman and Wislicki, 1953%). This ocecurs as a result of
suppression of tissue respiration, with inhibition of the activity Qf
those enzymes which contain nicotinamice such as NAD and NADP (Fiegelson

et al., 1951).

Since nicotinic acid had no effect on fasting concentraticn of
blood glucose when it was given alone and since it is known to cause liver
damage (Parsons, 1961), it is possible that its effect may depend upon a
delay in glucose uptake by hepatic tissues. In the liver, the rate
liniting step for glucose uptake is controlled by hexokinase. It is
possible that nicotinic acid may facilitate glycogen breskdown by

lowering plasma FRA resuvlting in increased production of glucose-E-pheophate
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This would inhibit the activity of hexokinase snd thus hepatic uptake or
glucose. Metabtoliom of glucose would then proceea end be ithe explanation
of the increase in lactate concentration. Whether the efiect of
nicotinic acia on glucose iolerance via nicotinamide ov secondary to

the lowered plasmy FFA ls unclear. The effeet of nicetiuic acad on fat

mobilization and related eifccts have thorefore been studied during
{5

exercise and the results are given in the next chapiler.



To investifate the effect of nicotiniec seid on carbohydrate

metabholism, seven healthy evhiects were studied ztter oral

T slucoge
with and without the drue. The subjceels were 2lgo studien when
nicotinic acid was acministered alone. Venous blood sgamples

were taken at regular intervals and were analysed for gluccss,

lactiate, TFA, Tul anda HGH.

The hyperglycemia and lactaemia atfter the aoministration ot

glucose was increased with nicotiric acid. The rige in plasma

IRT in response to the glucoge load was similar with and without

-~ 2] s

v hlood Zlucose

-

nicotinic scid. The effects of nicotinic acid o

and lactate concentrations were not produced when the drug was

given alone.

These studies suggest that nicotinic acid caused the disposal
of glucose to be reduced and araerobic glycolysis to be increased,

even though insulin release was not altered by the drug.

o

O



CHAPLER 12

EXERCICE AFTsit NICOTINLC ACID



IHT.0DUCTION

The sludies of oral administration oi nicotinic acid reported
in the previous chapter showed a sgignificant inecrease in blooa lactate
concentration atter glucose ingestion compared wilh cont
A minor degree of decreased tolerance was glso ohserved. Whether thege
eftects of nicotinic acid result from interference vith tiscue respiration
or werc secondary to the changes in FFA is nobt clecar. Studies have bheen
conflicting during exercise. Carlson et al., (1963), found that during
exercise nicotinic acid had no significant effect on the concentration
of blood lactate. Bergstrgm and his celleagues (1969), however, found
a sigificant increase in hlood lactate associated with a decrease in
glycogen in working muscle. Since most of the metabolic processes
during exevcise are under the control of endocrine wctiviby, il is
possible that the drug may alter the pattern of hormonal activity in
response to exercise. It was the purpose of the present study to examine
the effect of nicobtinic acid on the pattern of metabolic and hormonal

regponses 1o exercise.

METHODS

Subjectss Five healthy male -volunteers (aged 24 ~ 39 yr; mean height

174 cm; mean weight 78 kg).

. ) . .
Procedure: The subjects exercised on a bicycle ergometer at 600 kpm
for 30 min on two gseparate occasions after fasting overnight. Blood
samples were taken from a venous catheter. On the second occasion

nicotinic acid (20 mg) was given orally betueen resting samples and
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exercise was started 10 win later. The techniques for cztheterizztiion,
handling of blcod samples anc monitoring the heart rate sre tescribece b

appendices 1 anda I1.

RESULTS
Nicotinic acid administralion caused a generalized Flush and
a feeling of warmth aboul 10 min after the beginning of exevrcise. It

gradually disappeared about 50 -~ 60 min after taking the tablets. One

of the subjecls developed a skin rash arvound the elbows and knees.

Heart rate: The changes in heart rates during exercise and recovery

were similar on both occasions.

plood metgbolites

Pyruvate (Fig 12.1): lesting pyruvate concentrations were not
significantly different. They rose t0 a maximum gt 15 min of exercise
in the control study whereas with nicotinic acid the maximum occurred
at 20 min of exercise. Pyruvate concentrations were higher with

nicotinic acid both during exercise snd in the recovery period, but

significance was reached at ohly 20 min during exercise (p < 0‘05),

Lactate (Fig 12.1)s At rest blood lactate concentrations were
similar and rapid elevation occurred during exercise. The concentration
was significantly higher after nicotinic acid {p .. 0.05) at 25 min

during exercise and at 15 min afterwards.

FFA and Glyeerol (Fig 12.2)s At rest the concenirations of

plasma FFA were significantly lowered by nicotinic acid (v - 0.05).



Fig (12.1):

Blood pyruvate and lactaie levels (p mol/ml; mean & SEM)
in five subjects before, during and after two periods
of %0 min exercise. '

Control period (E---~--- ); with nicotinic

acid (@————@ ). T
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Fig (12.2):

Plesma ¥FA (u equiv/ml), blood glycerol and ketone

bodies (u mol/ml; mean % 3EM) in five subjects

nicotinic acid (®@——@),
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During exercise the concenirations rose in the control situdy to a

maximun ot the end of exercise. Vith nicotinic acid, however, thre rise
wass zbolished (p < 0.001). In the control investigaiion the concen~

1

tration returned to the resting value 60 min after excrcise, wnereas
K4
after nicotinic acid the concontrations roge only oiter the end of

exercise Lo a maximum 60 min later. The concentration then returned

slowly but zemained above the westing value. The cnanges in glycerol
concentrationg on the two occagions were similar in paitern 10 tnose of

plasna A,

Ketone~bodies (Wig 12,2): fieating Jevels of total ketone~hodies

were similar and concentrations ait tho end or 30 min of exercise were noi
significantly dificerent. AfVer exercize the concentrations incrcased
congiderably boll in the study after ingestion of nicotinic acid and the
control investigation, The maximum values occuried in the study with

nicotinic acid and they were observed 30 min aitec the maximum in the

control study. The peak values were significantly dilrerent (p < 0,01).

Glucose and plasme IRL (FIG 12,3): The concentrations of blood

glucose and plasma IGL were not significantly difierent at any time
throughout the investigation, although they fell during exercise and rose

immediately afterwards.

Plasma HGH (Fig 12.4): Resting plasma HGH concentralions were
not significantly different on the two occasions. The concentrations
rose 1to g maximum at the end of exercise, where the concentration waa

significantly higher after nicotinic acid administration (p < 0.05). In

£
o
[e]

ontrol investigation the concentra

ot
Kn

o .
@

nd of the investigation, wherezs with nicetinic geid the concontr



Fig (12.3):

Blood glucose (mg%) and plasma IRT (uU/ml; mean =~ SEM)
in five subjects before, during and after two periods
of 30 min exercise. Control period (B--—-— H);

with nicotinic acid (@———@ ), —.

2
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Fig (12.4):

Plasma HGH (uU/ml; mean ¥ SEM) in five subjects
before, during and after two periods of 30 min

exercise., Control period ( B------ ); with

nicotinic acid (® @),
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of HGH wemained higher in tho post-exercise period, and were significently

Gificrent at 1% min after exercise (p : OQOBD,

DISCUSEION

Hicotinic acid weduced the wise of FFPL and glycerol which
normally occur ducring edercise. Increused fal mobillzation during
exercise probably results from increased adrenergic activity (Basu et al.,

19603 Havel et al., 1963). Hicotinic acid prevents the increase in

the concentration of FFA which follows injection of nor-adrenzline

o

; . . . .
(Cerlson and Oro, 1962) and this sction may account tor 1

. .
he failure of

{

FFA concznirations to rise during ewercise after the administration of

nicotinic acid.

At the end of excrcise both FFA ahd glycerol concentrations
rose dramatically with nicotinic acid to a maximum 30 min afler exercise.
Similar findings at rest have been reported by Pereira (1967) and he
suggested they might be due to greater activity of the pituilary and
adrenal glands. The greater response of HGH during exercise in the
study with nicetinic acid compared with the control occasion is in keeping
with this suggestion. ‘ The 5échanism by which nicotinic acid stimulates
the release of HGH is not clear, but since FFA supply was diminished
alfter nicotinic acid, it is possible that HGH release was exaggerater as

a feedback response (Tshushima et al., 1970).

There was probably no difference between production and
utilization of ketone~bodies on both occasions, as the concentrations

hardly alter during exercise. Normelly in the posi-exercise veriod when



the vwtilizetion of kevone-hodies as a fual is decrensed, there is o
vise in ketone-budy concentrations {Courilice ana wuglas, 1936; Joimson

aley 1969). As withh ¥F4, the increase was greater alter nicovinic

acld suggestliog that the druz had not blocked WA oxidatiocn iln the Livoer,
e N ]

The higher lactate and pyruvate concentration during exercis
after the adminigtration of nicotinic acid sugoests that the drug either
increased the rate of glycolysis or decreased the rate of luctatle disposal.
The latter pousibility seems unlikely, however, since the watioc of
lactate/pyruvate and the rate cf their disappearance was similar on bolh

1
ocezgions, In cddition, sergstrom et al,, (1969) have found that afiew
the administration of nicotinic acid much glycogen is decreased during
exercise. It scems more likely, therefore, that the rate of laclate
production wvas increased consequent on grester glycogen breakdown.
Lactaemia may have been exasperated by laobéte entering the circulation

from the liver as a result of sympathetic activation of hepatic glycolysis.

In studies reported in the previous chapter glucose tolerance
was impaired after nicotinic acld administration and lactate production
was increased. It was suggested that this action of the drug may depend
upon a delay of hepatic vptake of glucose and rot be due to a defect in

the peripheral metabolism of glucose,

In the present study the blool glucose concentration did not
rise with nicotinic acid after 30 min of exercise implying that there was
an increasaz in the wrate of glucose utilization possibly due to the acute
reduction of plasma FFA enhancing the utilizaticn of glucose by aclive

n

muscle (Bergsirom et al., 1969; Lassers ct al., 1972),



SUMMARY
1. To investigate the effecls of nicotiniec acid on metabolic and

hoxmonal changes with exercise, five hesalthy volunteers have
been gtudied during and after 30 min of moderate exercise on s
bicycle ergomeler after oral adminigtration of nicotinic acid

(20 mg).

2. Nicotinic acld caused a greater rise Lo pyruvate and laviu

-

ge
concentrations during exercise, compared with control invegtigation.
Nicotinic acid also abolished the usual rise of both ¥FA and
glycerol concentrations during exercise, but caused a massive
release of IVA and glycerol in the poét exercise period. After
exercise the rise of ketone hodies concentrations was greater

after nicotinic acid administration. HGH fesponse to exercise

was glso altered by nicotinie acid.

These observations indicate that nicotinic acid interferes with

N
L]

the mobilization of fuel substrate during exercise, thus

inhibiting fat mobilization and enhancing the rate of glycolysis.



CHAPTER 13

ETHYL ALCOHOL AND HUMAW GROWTH

HORMONE  RELLASE
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LETRODUCTICN

siudies oh the release ol growth hormone in normal subjects
and in pallents with acromcgely ov with diabetes mellitus have been
described in chaptexr ¢ and 10. Although the nmecnanisms involved in e
secyetion of growth hownone from the pituitary gland have not Leen
delineated, experimentzl observations suggest that the hypeinalamus
plays an important role in this process by releasing an intermediazy
nourohormone (Kartin, 197%3). It was thereiore, thoughtliscly that
alteration of growth hormone secretion would occur with diugs affecting
hypothalamic activity. Evidence supporting this was provided by thn
observations that fenfluramine, an appetite depressant agent which is
known to deplete amines in the hypothalamus (Costa et al., 1971; iance
et al., 1972) reduced the rise of growth hormone induced by exercise in
normal subjects and also in patients with acromegaly. It was suggested
in chapter 10 that feniluramine has a direct efiect on pathways in the

hypothalamus regulating the release of growth hormone,

Ethenol is also known to interfere with the metsbolism of
cerebral amines (Qursey and Olson, 1960), It is possible thatl alcohol
may also afiect the release 6% growth hormone. Al though a rise in plasma,
HUGH and cortisol after alcohol administration has been recognised (Bellet
et al., 1970; Bellet et al., 1971), no information appears to be
available about the possible effect of alcohol on plasma growth hormone
concentration during exercise. Studics were therefore designed to
examine the effect of acutely administered alcohol on growth hormone

release doring subsequenl exercise in noimal suniects. Since hypothualamic
%) q_ o L
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and pituitary function ig known to be disturbed in patients with cheonie
alcoholiom (Merry and Marks, 1969); exercise studies in ithis situation

may provide additlonal inilormation about the role of the hypothalanus in
regulating the release of growth hormone. The exercise resnonge of six

subjects with chronic alconolism was aleo siundicd.

These studics were carried out in asscciation with Mre Hed.
Chalmers who was iuvterested in the metabolic response to exercise afiter
alcohol aduinistration. Assays ol growth hormone and insulin during:

these investigalions however, were personaliy made and these remults

constitute the subject of this chapter.

METHODS

Effect of ethvl alecohol on growth hormone relegse in

normal volunteerss:

Subjectss  Six trained male athletes (age 20 -~ 23 yr, mean ht
174 cmy mean wh 68 kg) participated in this investigation. The subjects
were students at Jordanhill College for physical education. None of them
had taken alcohol on the day before the investigation and they were taking

Y » “E
normal unrestricted diet. '

Procedure:  The subjects exercised by running round a track in
the gymnasium on two geparate occasions. On both occasions the subjects
had fasted overnight and exercised for 30 min covering distances [rom

4 ~ 6 lm. Blood samples were taken {rom a catheter placed in an

antecubital vein, Two samples were taken at rest; further samvles were

taken gt 10 min intervals during exercise and at 5, 20, 50 aud 80 min aitev
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exeveise, The exercisc wvas interructed on the cowplelion ol each

10 min ol exercise pericd Tor bleod szmpling. 11 the gecono occasion
. o - /s - o N R < e . ot

they dreank 0.5 g/kg booy weilght ol ethyl alechel beitveen tne rosting

samples and started the cxercise 10 min later.

TmsULYSs

Plagma HGH (Fig 13.1):  Resting HGY cencentralions were not smignificanily

Pty

L

dgifi'erent with and without alcohol. They rose to a maxisw at 20 min of
exercise in the control situdy whereas with alcohol the maximun occurred
ali the end of exercise. Plasma HGH concentrations were higher with
alcohol both during and after exercise but differences were significant

only at the end of exercise and at % min after exercise.

Lactate concentrations were similar st rest on both occasicns,
(COHtrol studys: 0,75 wnol/ml meani 0.3 pymol 3L#; with alcohols 0,72
pmol /ml mean X 0.1 pmol. ST) . During exercise the concentrations rose
t0o a maximum at 10 min when there was no significant difference betwucen
the two occasions. (Control study: 8.4 pmol/ml mean : 1.3 pmol SEM;
with alcohol: 8.1 pmol/ml mean X 0.7 pmol SEM). Lactate concentrations
fell during both the remaininé part of exercise and the recovery period
in both investigations, but with alcohol, they were still significantly
above the resting value 80 min after the end of exercise (2.6 pmol/ml

mean = 0.4 pmol SEM; P - 0.01).

The concentrations of blood pyruvate increased rapidly during
exerclise to achieve maximum at 10 min of exercise on hoth studies. The

-i.
maxiinum values were significantly lover with alcohol (0,19 jwmol/ml mean -



Fig (13.1): Plasma HGH (uU/ml; mesn < SEM) in six healthy subjecta
during and after two periods of 30 min exercise..

control period (H=-~----m@); with alcohol (@

[

e —

Fig (13.2): Plasma HGH (uU/ml; mean ¥ SEM) in five healthy control
subjects (B—~—-—- m) and six patients with chronic
alcoholism {@————————® ) during and after 20 min of

gexercise.
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0.07 umol SZH) than the control lovesiigation (0028 pumol/ml mcan - 0.05

- * ! A e, A F oy oy e P . - . o 1. R - e
ol sl Trne pyrevate concentrotions alee renudned ciprniiicantos

Lower boin during the 1cumining porisd of

[}

wsrds (p . 0.05) with alcohol compared with control study.

The lactate/myruvate raiic increased éuring exorcise bui
recovered very quickly after exercisc in the countrol obscervations.

Alcohol however led to higher lactate/pyruvate ratios during exercic

()

which remained clevated.

Blood glucese changed very little duving exercisce on the cuonticl
anvestigation. With alceohol however; blood glucose had {llen by 255

by the end of exercise and fell a further 207, on the post-exercice period.
/

1 3 . il 1 A iy " N 34 - o 3
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The changes in plasma I¥A and Ial concentrations showed no

differences between the control study and thal with alcohol.

Effect oi everelse on growth hormone release on

patients with chronic alcoholism

Subjects: Six male subiccts (age 40-48 yr; mean ht 173 com;
mean wi 68 lkg) with chronic alcoholism and five healthy male controls
(age 26-40 yr:; mean hi 176 ém; mean wt 70 kg) were studied. The watients
were studied 1 - 2 weeks alter they had been admitted to tlhe psychiatiic

wnit for treatment o1 their chronic alcoholism. None of them had laken

alcohol =since admission,

Procedure: Patients ano controls attended to the laboratory
after an overmnight ifast. The navure and the ofrecis of the invesii:alion

.}
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in it subjects exercisced for a poriod of 20 1dn on a bicyele cwgonmcler
at o fiwed voik losd of EU0 knm/miﬁn lteart :ate wos recouvasa duriag

croreioe ond vor Surther 1Y% min altereerds using =0 elecbrocerdiogranin.,
A catheter wun placed in the arm vein and hlceod samples werc taken belor:z

exercise, at 9 nin intervaels during evercise and then at 195, 750

- SNSRI
E B b

90 min aller cxercise.

In all invegtigations the blood samples were treated as described
in appendices I and 11 and personally snalysed fory HGH, L.l and for

retabolites by Mr. Chalmeiss.

HESULTS

The changes in lactate, glucose, PiA ond IRT concentratious

showed no ditrforences between the controls and the alechclics.

Plasma HGE (Fig 1%.2): Plasma HGH concentrations were similar at vest
in the patients end the controls. HGH concentrations rosc in both groups.
The highest value was achieved gt the end of exercise, but the concen-
trations were 407 higﬁer in the con®rols (10 wU/ml mean® 1.5 uU SEM) than
in the patients (6 uU/ml mean t 0.8 uU SEM). In patients and'controls

HGH concentrations fell in thé period following exercise to approximately

pre~exercise values at 60 min after the end of exercise.

DISCUBSTION

These resulits indicate that the release of growlh hormone with
exercise is greater rollowving the ingestion of alcohol by normal subjects.

The means by which alcohol produces such a change during exercise are
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still unkno. n. Hypoglycemia (FHunter et al., 1965), f2ll of plasna Fra

{(Martog et el., 1965) and a rise of blood lazctaie (Bulton et ale, 1964
have been reported as a nossible siinmil for produeing an inciease in
plaosna HGH concentraiicn during cxoreise. The last twe pososibilities
appear tc be unlikely in this situnticn, because ftne changes of plasma
Fi'A and blood lactate during exercise were similar with and without
alcohol, The findings of a significant drop in blood glucose and a risc

in plasme IGH concentrations during exercise with alcohol suggest thoe

S

possibility that hypoglycemia might be a factlor. There is also the
posgibility that alcohol produced the greater clevaticn cf HEH by

ing the releasc mechanisms to such other stimuli,

The secrelion of HGH irom the pituitary gland is controlled by
the hypethalenus through wn intermediary neurohormone system which 1
probably dependent on catecholamines transmission (Forhman, 1972
Mavtin, 197%; DMerimeec and iabin, 1973}, Gursey and Olson (1960) have
gshown that in the rabbit the administration of ethancl is followed by a
rapid release of serotonin and nor-adrenaline from brainstores. It is
theresore pogsible that alcohol interferes with HGH production by dirvectly
affecting the aminergic acﬁiyity of the hypothalamus. The reports of
Jenkins and Connolly (1968) and olher woirkervs {(FBellet et al., 1971; Nerry
and Marks, 1972) who found that in normal individuals an amount of
alcohol sufficient to produce mild to moderate intoxication, stimilates
pituitary snd sdrenal activity as assessed by the release of cortisol and
KHGH. This and the present observation of a greater growih hoimone response

0 exercise atter alcohcel by normal subjects are consistent with an acute
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stimulating effect ol aleoucl on pavhuays reguleaiing the release of 107,

Meryy 2nd Marks (1969) obcerved that plasma cortiscl congen—

tratdons in peuients wilh chronic alconolism were paradoxicclly deprenco
aitor sleohel gdminisvsration. They suggested toal chronically sclf
administered slcohol has a depressor elfect on hyrothelamic pitultary
function. 1nis suggestion is supportled by the present observation of a

lower growth hormone response to excrcise in chronic alcohclics.

ey
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1. In order 1o investigete the eileet of pleohel on hormonzl

metabolic changes with exercise, six valients wiilh chronic alocholien

e
IeRYLes

vere studied. B1¥ healthy volunteers vere alsc studied during and

[

~S

ait
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30 min of exercise following ingestion of alcohol (0.5 o/ kg body welghi e

2. Acutely administercd alceohol couced an incrcasced resgonse of
erowtn hormone. Alcohol zlso affected bioed gluccse, prruvoic and iooi
3. In chronic alecoholism the growth hormone response 1o exercise uas

reduced.

4. These observations indicate that alcohol acts acutely hy

sensitizing the release mechanism for growth hormone probably in the

hypothalanus.

5e The {zilure to obtain normal inecrease in plasma growth hormone

during exercise in patients with chronic alcoholism suggests that chronic

abuse of alcohol suppresses orreduces the ability of the central nexrvous

system Lo release growth hormone.



CHADTER 14

GENFRAL SUMMARY AND CONCLUSIONS
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In the intrcduction 1o this thesis 1 exviained that the

hese investisstiong was fiost to estaullish the osual resvonse

et

parnoese of
o Llood melabolites and hormones Lo various stimall anda in pariiculor
everclise. The second purpose was to compare the rosponsces in alterad
wobritional or pathologicad siales 2nd following tne admipistraticon of
sone pharmacologicsl agents such as [enfluramine, nlcotinic acid eand
aleohol.  Ixercise was chosen because 1t produces greater de$ands on.

tha metabollc processes. In this situation any metabolic or hormonal
eifect of pharmacological agent, patholopical or nutritional states could

be expected to be magnified.

The finding reported in chapters 1, 2, 3 and 6 demonstrated
that the size and the direction of blood meiabolites and hormones changes
during exercise vary with physical fitneoss, mutvitional state and

pathological conditions.

Comparad to healthy untrained subjects, trained athletes
efficiently mobilize fuels stored as glycogen in liver and fat in adipose
tissue as indicated by the amount of glacoge and glycerocl released. In
addition they have lower concentrations of blood lactate and pyruvate
during exercise and of plasma FFA and bloed ketonenbodiés during and afier
exercise. This would indicate that the I'FA mobilized during exercinu
is apparently more efficiently oxidized in trained athletes. Tn untrained
subjects however, incomplete oxidation of fat causes a considerable rise
in blood ketone~bodies after exercise. In addition to these bicchemical
adaptations, training appears to result in modifications in the endocrine
activity. These ave reilected in smaller resnonses of geowth hormone
and insulin in physically trained individuals than untrained subjects ouring

exercise,
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Plasma inculin levels are known to be decrcased both by
Loyver blood slucose concentrations and by increased catocholamine
concentrations (pllis, 1962; Mayhew et zl., 1969},  The chonges oi
blood glucese is not in the same direction s plasma insuiin {(chapior 1),
and the regson for this ie not clear but the increasing lovels O Gulwe
cholamines in response o exercisc may reduce the insulin response,
Lower blood catecholamines have been rejnorted in man atter a tlraining
programme (Hartley~§§'%£.9 1972) and this may permit the higher concen-

trations of insulin in athletes.

»

The studies on the metabolic coffcets 01 obsgity

IR AT Y
LB A VLG

starvation described in chapter 2 and 3 demonstrated that energy is
provided apparently more from the oxidation of ifat and Tat derived
subgtrates. This was more marked during starvation as indicated from

the size and the direction of hoth ¥FA and ketone-bodies changes. In
starvation utilization of ketone~bodies occurred during exercise in spite
of the availlability of glucose, This is in keeping with the suggestion of
Owen and co~workers (1967) that in starvation, the utilization of ketone=
bodies could be an adaptation by the body to spare glucose for the
reguirements of the nervous systen. In addiiion to these adaptations,

starvation also sensitizes the mechanism for growth hormone release.

Growth hormone is & potent lipolytic hormone which may act during

starvation to mobilize wmore fat for energy demand.

The studies on the relationship of ketone-bodies to ingvlin
release described in chapter 4 demonstrated that in man the adminigtration
of ketones stimulates the release of insulin which in tvrp caused the vzll

of plasma MRA and bhlood glucosge. These observationos cuppert the supsesiiin



of Febane and Maoizon (1964) that hyperkecosemia by stimulatins insulin

medulates rat mobilizstion irom adipose ticuue and limits lue naeoductlon

of ketene body. wvidence for this suggeslicn was provided by ihe Liigh

correlation (r. 97: P <. 0.05) bhetueen the highest observed concentraiionsy
4

of plosme insulin andé blood ketone~bodies in patients with acrousiuviv. who
ind R3 - S2

showed an abnormal peak in blocd ketone-hodics and ploacma iuswlisn during

o
©
&
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w

sexcioc, but hordly any posteexercise k (chapter 5)*

The studies on the patterns of metabolic and hormonal changes

during excrcise in normal man and in patients with Obesity (chanter L, 2

pa]

o)

=)
s

L %) provided o backorcund from vhich to compare fat and carbohodiate
f} provided o backoreund f T 5

[e

metabolism in patients with diseuses of muscle. One disorder studied

here vas a cage o oculogkelelal myopathy. In this patient, histochemistry
and eleclron microscopy demonstrated an uvltrastructural abnormalitvy of the
muscle mitochondria. There vere also metabolic abnormalities with exercise.
Bloed lactate and pyruvate rosc, but to a much greater extent than normally
expected. Concentrations of keltone-bodies and A fell during and aflter

exercise whilst they rose in the controls.

Experience gained from the previous studies on the metabolic
and hormonal responses to exergise in normal ma.a and in patients with
obesity or muscle disorders (chapter 1, 2, 3 and 6) have made it aiso
pessible to compare metabolism in man following the adminisiration of pharmaco-

logical agents such as fenfluramine, nicotinic acid and alcohol.

Studies on the metabolic effect of fenfluramine in patients
with obesity described in chapter 7 and 8 demonscrale that the action of

fenfluranine may be due, at least in part,; 10 a direct effect oi tne drug
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on carbohydrate and fat metabolism. It improves glucose tolerance,
poselbly because glucose uplake by muscle is incressed (Butitertield and
vhichelow, 1968). Comparing the melabolic effects of this drug and the
eflecl of dielary restriction, it wag shown that concentrations ol plasgma
A, blood glycerol and tolal ketone~bodies increased, but the size of
thege changes wes much leas with fenfluramince. The changes during
fenfluramine therapy could have been dve to appetite suppression since a
reduction of diefary intake would facilitate fat mobilimetion and ketone
hody production. However an enlirely metabolic effect of fenfluramine
on ketone~body matabolism has been obgerved as reflected by the changes in
the ratio of §whydroxybutyrate/acetoacetate which fell after the awdminio-
tration of fenfluramine but rose with dietary restriction. These
observations imply that the metabolic changes with fenfluramine ilnclude

a direct effect, and are not necessarily secondary to reduced dietary intake.

Further observations were made of the effects of adminigtration

of fenfluramine intravenously in normal man (chapter 9 and 10). Studies
in resting subjects reported in chapter 9 showed a decrease in plasma HGH
concentrations. Since exercise stimulates growth hormone release,
observations of the changes in growth hormone release during exercise were
also made. Observations in animals have indicated that the hypothalamusg
is a possible site for the action ot the drug (Anand, 1971; Anand and
Blundell, 1971) and growth hormone release could be an index of hypothalamic
activity (Frohman, 1972; Maxtin, 1973). Fenfluramine algo abolished the

se of plasma HGH during exercise. This effect was examined further by
studying patients with acromegaly (chapter 10), a condition in vwhich plasma
HGH is elevated. In thesc patients a marked depression of growth hormone
occurred both at rest and dvring exercise. The opoereticn of growth hormene

from the anterior pituitary gland is controlled by the hypotbalamus througn
O kS
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an inteuwscdiary neurohormone system which ie dependent on calecuovlsuine
teansmicsion (Prohmen, 19725 Fartin, 197%). Houvever, since Iontivromine

depletes corebral amines pariicularly in the hypothalanus (Cosia

L7l Ziance et al., 1972) an effect on catecholamine transmisgion nay
cxplaln the failuwe of exeicisce Lo stismnlale growlh Jwosmone producvion

following reniluramine injection.

The suppressive action of fenfluramine on growth relesse was
stndied further in patients with diabetes mellitus (chaptcr 9), In
diabetes mellitus, plasma HGH concentrations {luctuate but are frequently
found to be considerably elevated forx long poriods (Lundbacky 1971) . in
the patients studied here, fenfluramine cavsed & fall in the concentrations
of plasma HGH. Blood glucose concentrations were also reduced. This
fall in blood glucose may be altributed to the increascd peripheral uptlske
of glucosc (Butterfield and Whichelow, 1968). I'rom these observalions
it was concluded that fenfluramine interferes with central nervous system
regulation of the release of growth hormone, and also has a direct metabolic
effect on processes in peripheral tissue regulating fat and carbcohydrate

metabolisy .

Studies on the metabolic effect of uicotinic acid described in
chapter 11 and 12 demongtrate that this drug interferes with one uvr more of
the metabolic pathways regulating fat and carbohydrate meitsbolism. it
reduces glucose tolerance and enhances lactate production, possibly because
glucose assimilation by the liver is reduced (Miettinen et al., 1969).
Micotinic acid also interferes with the mobilization of fuel substrates,
inﬁibiting fat mobilization in adipese tissue and enhencing the rate of

 er A 3 BTN mrmmy b e Joo LY J.
glycogenolysis in liver and muscle. The acute reductio:

of Tat

ot}



mobilization 'ollowiry: nicotinic seid adminigivation agpears to stimulate

the relezse ol growth hormone dvrin: exercise.

[ N

Studies on The metabelic effcet or alechol descuibed in
chiapter 13 demonstrale that acutely admninisitered alcohol causcs an
increased response of prowth hormone to exerclse in normal subjecls.
In patients with chronic alcoholism the response of growth hormone to

exercise was reduced. “Yhese observations supsgesl that alcohol acts

acutely by sensitizing the release mechanism for growth hoymone probabl;

uJ.-.'v
in the hyrpothalamus. The failure to obtain a normal incresse in plesns
growth hormone during exercise in vnatients with chronie alcoholism cugresiz

that chronic abuse of aleohol reduces tue ability cf the central nervous

gsystem to gtimulate the release of growth hommone,

B

I'rom thesge oboervations of the melabolic effects of pharmaco-
logical agoents which affect fat and carbohydratc metabolism, I conclude
that while they may act directly by an action on metabolic pathways in
the liver or in peripheoral. tissues like muscle, they also act indirectly

by modifying endocrine activity.



APPERDIX I
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TwCHNTGUES

Biochemical Yechnigues

L. Prevaration of blood samples

14 m)l blood was taken on each occasion from a forearm vein
by an indwelling canula. 5 ml of this blood was immedistely added to
5 ml 10% (V/V) ice~-cold perchloric acid in a pre~weighed plastic
universal container. This was shaken vigorously and stored in the cold
util the protein precipitate could be centrifuged down. Tme remeining
10 ml of blood were placed in lithiwm heparinized tube and cent
for 10 min at 2,500 r.p.m, The separated plasma was pipetited off ana

N . - A0
stored at 10 C.

B. Treatment of protein free filtrate

After the removal of denatured blood by centrifugation at
18,000 r.p.mo for 20 min, the clear supernatant was decanted into a
graduated tube and. the volume noted. The specimens were neutralised
with 20% potassium hydroxide (1.5~2 ml) using universal indicator. The
tubes were re-centrifuged for,.5 min and the volume noted again. The
insoluble lotaszsium perchlorate was allowed to precipitate completely
by allowing the tubes to stand at 4OC for 30 min. The supernatant was

then decanted into plastic tubes, which were stored at -10°%¢ for subsequent

analysis.
A dilution fector was calculated from the volume of blood
taken and the volume of alkali added as folilows te



Blood volume 4 5 . Neutral volwise
e - - 2l K e ——te
Blood volume Acid volume

Spectrophetometric measurements were carvied out on Hilger & watts

UV spectrophotometer.

C. Analysis of blood pyruvate and blocd acetoscetate

These two metabolites were measured on the same sample by
Williamson et al., (1962) for acetoacetute. The pyruvate wus reduced
to lactate with excess of NWADH using a phosphate bulfer (0.1M. oH 7.0).

pyruvate -4 NADH + BT f%§§; T, = Lactate + NAD

pH 7.0

The reaction was catalised by excess lactic denydrogenase
(Bohringer & Co., London) and the decrease in optical density due to the
oxidation of NADH meagured abt 340nm. The acetoacetate was analysed under
the same conditions by the enzyme Dw(u)mﬁmhydroxybutyric dehydrogenase

(Bohringer & Co., London) which catalyses the reaction of acetoacetate to

3~hydroxybutyrate.
Acetoacetate + NADH + HY PR 3.hydroxybubyrate + NAD
pH To

ar
i

Acetoacetate is slowly decarboxylated %o acetone in neutral solution, so
this analysis had to be carried out immediately after the acid samples

‘were neutralised.

D. Analvsis of blood glucose

Blood glucose was determined by the method of Bergmeyer and

Bernt (1963) using the enzymes glucose oxidase and peroxidase {Bohringer



& Co., London).

IS v

o GLucOse Oxluuase . .5
T. Glucose + O, -+ H.O ~5 Gluconic acid + H.0..

2 2 # 22

- . s peroxidase ' . . . a s
I, H,0, + O-dianisidine 1°‘_“~:i;%, oxidised O-dianisidine.
. e e o . .

11%. Oxidised O-disnisidine 4 H stable colourad solutico.

Ry
P e o

7

Glucose oxidase catalyses the conversion of D-glucose te
D-gluconic acid and the hydrogen peroxide Tormed is decomposed by
peroxidase. The oxygen liberated oxidises O-dianisidine to fown a
stable orange brown complex at pl 7.0. The optical density of the
regetion mixture was measured at 440 nm after incubation in the dark at

37°C for 1 hr.

Duplicate samples of 0,05 ml were analysed in relation o
glucose standard of different concentration. 0.5 mi, O0.75 ml and 1.0 ml

of 0.2 mM standard glucose was used.

. Analysis of blood Z-hydroxybutyrate

This was determined by the nethod of Williamson et al., (1962)
using the enzyme D-B~hydroxybutyric dehydrogenase to catalyse the
-
oxidation of 3-hydroxybutyrate to acetoacetabte in the presence of excess

NAD.

Acetoacetate + NADH + H T fiiibiks D-OH butyrate + NAD

Hydrazin

Acetoacetate was removed in the form of its hydrazone in alkaline medium
by using bydrazine buffer (ph 8.5). The change in optical density due

to the formation of NADR was measvred at 340 nm.
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P  Anzlysis of bleoed lactate

= . - . - - N e il ol
This was determined hy the method of Hohorst et al., (1359}

using the enzyme lactic acid dehydrogenase to catalysc ths oxidalion of

lactate to pyruvate in the presence of excess NAD.

L ~ lactate -+ NAD pyruvete 4 WADD 4+ BT
\
Hydrazine

[&ad
9]

An alkzline medium was used (pH 9.5) and the pyruvetc weomoved in the

Lorm of its hydrazone.

The change in optical dengity dve to the formation of WAL

was meazsuved at %40 nn,

G Analysis of blood glycerol

This was determined by the method of Kreutz (1962) using
the enzynme glycerokinase to catalyse the phosphorylation of glycerocl by
ATP to I~glycerol-l-phogsphate. The ADP formed was phosphorylated back
to ATP with PEP forming pyruvate which was then reduced to lactate with

NADH in the presence of lactic acid dehydrogenasez.

e
The whole reactions were as follows &~

glycerol -+ ATP é&&%ig a~glycerophosphate + ADP
Mg

‘PEP + ADP _P.K = pyruvate -+ ATP

/

LDH I~lactate + NAD

Vs
i

/
pH 7.0

pyruvate 4 NADH -+ H&




Since L molccule of glyccrol 2 1 molecule of LADH the optical densiity

-

change al 340 mm due to the disappearance ol RADM was proportional

[

the glycerol concentration.

H. Analveis of plazme FRA

Plasma FFA were determined vy the method of Itaye ond Ui
(1965)., Chloroform with pH 7.0 phosphste buffer of 0.1M was used to
oxtract the Dlawma FFA, The exlracted FPFA vere complexes with coyrew
triethanol amine to soluble copper salt., After separation of the phases
by centoifuging and removal of the top watery phase by tilteration
through ordinary f{ilter paper, colorimeiric estiwation was carrvied out
with the dye sodium diethyldithiocarbamn-tle. The colour developed by
the dye was measured immediately alt 440 nm.  All FPA determinations
were carried out in duplicate uvusing 0.2 ml samples of plasma in relation
to palmitate standard of different concentrations. 1 mly, 2 ml, 3 m.,

4 ml and 5 ml of 0,1 mM palmitate standard was used.
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SADIC--TMLULIG ASSAY

The development of radioimmunoassazy technigues bus made
possible the routine measuvrement ol physioclogical levels of meny peptide

hormonaz in bioclogical fluids.  The basis of the methos i~ s« follous i

The essential principle of these techniques is the competition for the
binding site of a fixed amount of anti-hormone (anti-4) between a known
amount of rsdiocactively labelled pure hormone (A¥) and unknown amount of
unlabelled hormone (A). A+ anti~i + A% @ At anti-isi® + A% Ao
a result of the competition, the smount of labelled hormone hound o
antibody will drop as the concentration of unlabelled hormeone increoses

4

ion has been allowed to appreach completion, the

o

After the reac
antibody-~bound hormone is separated from free hormone and the distribution
of radioactivity determined. The sensitivity of this reaction depends

upon three reguirements :

1. The availability of radio-iodinated hormone, whoge affinity
for antibody is similar to that of the unlabelled hormone.
2, An anti-gerum having a high energy of reaction,
3. A double equilibrating incubation system (3 days at 400 for each).
To choose a sensible mechod of efficient separation, the

following criteria should be considered

1. Complete separation,

2. Simplicity, speed and reproducibility.

3. Ability to detect non-specific effects occurring during the

w©
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goay, such ags damage to lzbelled hormone
protein on boith the antigen-antibody reaction and the

gseparation procedure itself.
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A Cost of material,

5e izse of processing a lairge number of samples.

The advantages and disadvantages of the mogt imporitant

technigues recorded in the literature may be sssesseca with these eriteria o

A. Chromato=cloctrophoresis on Vhatman naper: In thils weihoa lne

free hormone becomes absorbed on the paner at the point of application
‘while antibody-bound hormone moves with plasma proteins. Chromato-
electrophoresis as described by Yalow aud Person (1960) is a highly
veliable method zllowing excellent control cf the reasctiony elaborate

apparstous is, however, required and the moethod is time--consuming.

B. Chemical precipitation: The antisody~bound hormene may be

precipitated either with sodium sulphate (Grodsky and Forsham, 1960) or

N’

ethanol (Heding, 1966) under conditions in which the free hormonc is left
in the subernatant fluid. This method is simple and a large number of
samples can be processed rapildly. The materials dre relatively
inexpensive, The disadvantage is that the non-specific effects of
protein in this teohnique are considerable and difficult to contrcl,

making it unsatisfaclory for plasma samples.,

C. Differential zdsorpuion onto golid materials charcoal: In this

method the antibody-bound hormone remaing in solution while free hormone is
adsorped nn charcoal. The adsorption of free hormone on charcoal
described by Hunter (1971) ig suitable for insulin, It is readily
reproducibleg'fairly easy to perform and reasonably rapid. I'orthermore
charcoal allows detection of damage to labelled hormone znd it is a

relatively inexpensive materiazl. Unlike insulin, adsorption of free

=i

human growth hormone {IGH) is dependent on lhe molarity and pH of the
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D. Treawnopuecisiiontion: As

ed in ihe sy

L5

4

sten and, therefore, difficult to conircl,

described by Morgon oné lazarcw (LUos)

the ant

ibody--boundg

hormone i< precipl

anti-sorum directed against the immuneoglolwling of 1ihe anti-horuone serus.

The method satisfii

are relatively expcusive,

second

antibody

es almostl =11 the cxcept thet the meterizls
It also devends upon the availability of a

specific enough to precipitate all the bound hormone,

This method has been modified and used
for KCH,

charcoal technique,

routinely

It may slso be used for insulin as a compsrison with

gtandard wethod

Further details of this two anti-~body sys

1. lodination of HGH: The

(1963) with minor modifications.

Materials

The
Growth Hormone (HGH)
tem are as follows :
method used is that of Greenwood el &]

(a)

(b)

(125~1) Todides  Sodiwm {125-1) Lodide (I18-3) (obtained

from the Radiochemical Centre, Amersham). The material is

specilfic between pH 7~9, free from reducing agents and carrier

free the specific activity being 4~12 mC/ug Todine.

Human Growth Hormone: (obitained from the MRC biological

Standard Division, London). flach vial contains approximately

1 mg of HGH (Raben preparation) with lactose. The material

is disgolved in small amounts of bidistilled water, and if

necesszry a drop of 0.1N Nalil is added. The clear solution
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is then diluted with 0.05M phosphate buffer to a concen-

) - . O
tration of 250 pg/ml and stored at «10 C.

(e) Chloramine~T: (B.h.H. Analar grade), A solution of
5 mg/ml in 0.05 buffer is freshly made wp &t the time of

the iodination.

(a) Sodium metabisulphite (B.D.H. Analar grade): A solution

of 5 mg/ml is fieshly made vp at the time of the iodinztion.

v

(e) Potassium icdide (B.D.H. Analar grade): A solution of
10 ng/ml is made up freshly on the day of the iodination

and kept aside from other veagents.

(£) Bovine Serum Albumin:  (B.D.H. Fraction V)

(1) 50 mg is dlssolved in 1 ml of 0.07H barbitone
buffer and placed in a polystyrene 5 ml visl for
collection of the protein eluate from the column.

(i3) 20 mg is dissolved in 1 ml of the same buffer and

is used to saturate the column of Sephadex G=50.

(g) Sephadex G~50: obtained from Pharmacia (Great Britain) I.td.
One gram of G=50 is added to 50 ml of 0.07TM barbitone buffer
the day before thé ilodination, The heads are allowed to
settle in a beaker and the fines are poured as a thick slurry
into a column 10CmX 1Cm, and washed with more buffer. e
column is then saturated with bovine gerum albumin by adding
1 ml of a 20 mg/ml solution directly on the top of the gel
load. The protein is allowed to sink in and the column is

~ then washed with at least 30 ml of 0.07M barbitone buffer,



(n)  Buffers:

(i) pH 8.6 barbitone buffer 0.07 M. This is made up
by dissolving 1,84 g of barbitornc in 400 ml of
hot distilled water followed by 10.% g of =odium
borbitone added to the cooled solution. The
volume is then made up to 500 ml and stored at 4UC.
Jresh dilutions of 3 paxrts of this concentrste
buffer end 2 parts of distilled water ave made

up on the day of usce.

(ii) pH 7.4 phogsphate buffer 0,050, Tnis ic modo up
by dissolving 5.68 g of Na?HpOA and 1.33 g of

NaHl H2O in 100 ml of distilled water.

2p04,
This also can be stored at 4°C and diluted 1 in 10

with distilled water,

Todination procedure

The whole reaction is carried out in a fume cupboard. 10 ul
of_the isotope is drawn up using an oxford pipette and placed precisely
at the bottom of the reaction vial (conical plastic tube clamped in a
vertical position over a magngfic stirrer)c Another 10 pl of isotope is
added to a flask lebelled “stsrling material' containing 200 ml of 15 KI
cin 0,07 M barbitone buffer. After addition of the isotepe 20 pl of 0.5 M
phosphate buffer pH 7.4 are added. The magnetic stirrer is then switched
on and a smali stirrer added (the stirrer consists of a smsll piece of
steel wire sealed inside a glass capillary tulz),  From this point

forward until the ioedination reaction mixture is placed on the column
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speed is essential, 5 pg of human crowbh hormorne in 0.02 mi of 0,054
phosphate buiffer is added. Thig is folluwed by 100 pg of chiloramine-T
in 0.02 mi of the same buifer. 30 seconds lailer, H00 pg of sodivn
metabisulphite in 0.1 ml of buffer is sdded to stop the recaction,
followed by 2 mg of KI in 0.2 mi of buifer. Thne mixture Ls then
transferred Lo the top of the sephadex G~50 Column, The reaction wvial

ig washed with a further 0.4 ml of K1 Sclution and this is added to thne

Column once the initial mixture hag sunk inte the gel bed. he whole,
procedure takes about 5 min. The eluate Tractions from ihe column wre

collected in 5 ml plastic viale uecing 0,07 ¥ barbitone bhurfer pil 8.6,

Todingtion flow Sheed

0,02 ml. 0.5 M phosphate btuifer
0.,0L ml Tsotope (125~1)
0,02 ml HGH in buffer = 5 g
0.02 1l Chloramine-T
mixed for 30 seconds
0.1 ml Sodium metabisuluvhite
0.2 ml  potassium icdide
Top of column Sephadex G-50

0.4 ml wash with potassium iodide

Iractions

1

1.5 ml Hold up volume (H.U.V.)
4,0 ml protein

5.0 ml salt peak (51)

5.0 ml i v (s2)

5.0 mi o ¢ (83)
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STUTNG U1 AN ASSAY

1e 0.051 phosphate buffer pl To4-T:5.

This is made up by dissclving 2.85 g of NaQHpOA and 0,67 ¢ of

KH2p04 in 500 mi of hot distilled water. To this is added

Sodium EDTA 1.86 g
Bovine serum albumin 1ebh g
Sodium chloride 4.5 &
Sodium Anide 0.1 g
Human growth hormone standard., 7.0 standard A, calibroted sgningt

WHO international reference preparation is used for the assay. The
sbock standard of 250 ug/ml previously prepared for the iodination
procedure is diluted with pnosphate albumin buffer to 100 plU/ml,

divided into 100 pl aliquots and slored at ~20%C,

Rabbit anti~human growth hormone serum, DR16, Wellcome.
The content of each bottle (0.5 ml of 1:1000) is reconstituted with

phosphate albumin buffer to a dilution of 1:8000.

Dorkey anti-rabbit precipitating serum.(DARS),
The content of each vial is diluted (1:5) with phosphate albumin

buffer, divided into 5 ml aliquots and stored at -~20°¢,

Plasna samples for assay: the samples are thawed shortly belore use
. - : 3 .
and can be kepl in a cool area at about 4 C until they have been used

in the assay. All samples must be mixed wvell Dbefore use, They may



need to be centrifuged to remove strands of {fibrin forned during

ISR
L Liley

storage ohalt may otherwise interlere with the measvroment ©

volumes of samples t0 be unaed in the assey.

1254 5, c o . :
G, ( 31) Human growth hormone {see iodination page 139 ).

Asgay procedure

The minimum nunber of samples in any one assay is %0.
Tach saaple is assayed in duplicate and a stantard curve is included in
every assay (table 1). The standard consists of 14 tubes: fwo tubes
as controls which contain antibody with labelled HGH, a {uvrther two am
blanks which contain only labelled HGH, and the wvemaining tubes with
increasing amounts of standard HGH (10 yU/ml). ‘he final volume of

each tube being made up to 1,0 ml diluent,

Table 1l:  Example of standard graph

Tube No. | Amount of HGH |Diluent | % Bound | Graph reading | Anti-Log|oreiiuted

(1U/ml) (m1) “%331

14 e 1,0, 64

24 0025 0.975 51 |

3A 0.5 0.95 38

4A 1,0 0.90 25 1

54 2.0 0.80 14

64 4,0 0.60 10

h - 1.05 |

1 0.1lml plasma| 0,90 35 T.78 0.60 6.0

0.1lml plasma| 0.90 3%.5 1,80 0.6% 6.3
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ASSAY PO STLRY

1,0 mi Stoandard HGIE Sclutvion
or
unknown plasma sample
1:10
L
[}

50 pl anti~fHGH Serum
1:8000

mix and incubate at 400 for 3 days
50 pl (12§Y1) 1IGH

2 ng/ml
[

\}//
. 4 ol .
mix and incubate at 4°C for % days

v
50 pl Rabbit serum (1:100)

50 pl Donkey ARS (135)

L

mix and incubate at 400 for 24 h
\‘4 o
1,0 ml dilvent and centrifuge at 47°C, 2300 rpm
for 30 min

Decant supernatant, count precipitate for 2 min.



Some observoiiong on o preciplealion in the double-aniibo
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Immano=assay for HGH

N
°

The effcect of human plasma (Fig l): when short precipitation
periods were used, human plagma consistently reduced preeipitoie
radioactivity to below the levels found in the controls. This

effect was less morked atter longer pericds of precipiloation.

H
f

Increesing the concentration of the second antibody (D-ARS) in
the system led to more rapid precipitatvion of bound hormone, but
even under these conditions human plasms delayed precipitation

to some extent.

The effect of Ethylene diamine tetracetic acid" (EpmA) (Pig 2):
in the absence of human plasma FDTA was found to accelerate the
precipitation of antibody bound HGL. EDTA was also found to
increase the radicactivity of the precipitate in the presence of

i

human plasma.



v v o

Fig (1):

Fig (2):

Precipitation of bound (Y22T) HGH by 50 ul of DARS 1:5
in the presence of 1 ng of unlabelled HGH in dilvent (0);
and 1 ml volume of undiluted human plasma (@); 1:5 dilution

of human plasma (X); 1:10 dilution of human plasma (&).

[

7
e

The effect of 0.01M EDTA on the precipitation of (1251) HGH
by 50 pul of DARS l:5 in the presence of 1 ng of unlabelled
HGH in diluent (0); diluent + EDTA (®) and 1 ml of 1:10

dilution of human plasma (E); 1 ml of 1:10 dilution of human
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ASSAY PO TRSULIN (I 1)

Since the orisinal method was reported tha' choweoal cooaiod with alisin
. AT S T T Sy L N NRCIY 4 Y M K e
can almost inctantly cboordb free insulin (Bertert et sl., 1505), Lwny

3 - 3 A - 5 4T $V e A - s ar
bed., variaple non-gpecilic factors noy

developments have been descri

be yvolie

influence assay resuvllo pariiculerly the effect of protein and
of plasma sample in the incubation mixbture when low hormene concentrations

are under study.

The procedure for first and gecond incuvbhation -n the estination of IXiT
(standards and unknown plasme, samples) is very similar to that of HGI,
except lthat albumin pre-treated chorconl is ucsed for the ssparation of
free from bound insulin as described by Hunbcr and Ganguli (1971), with

minor modification.

Reagents

1. Phosphate busfer pH Te4~T7.5 (concentrated stock solution)

This is made up by dissolving 7.8 g of Naﬂ2p04 - 2H20 and

101.1% g of Nazﬂpo in 500 ml of hot distilled water. The

4

volume is then made up to one liftre and stored at room temperature.

i

2.  Phosphate/albumin buffer pH 7.4
This is made up by dissolving 0.6 g of bovine serum albumin in

200 ml of phosphate buffer diluted l:4 with distilled water.

AN

. Human insulin standard (MR71), Wellcome
The stock solution is stored at a concentration of 1 mU/10 ul

in plastic tubes in dilute 10l (8/100). A% two montbly intervals
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one tube is copened and lhe contents ailuted with ailubte 101
containing 0.25%. bovine serum albwnin to 1CC ut/ulg aivided
Sy g} 14 ERP. 9] G 3 At VR Iy 3.
into 100 pl aliguote and stored at 20 C. ne auch tube i

cpened for each ussay.

Guinea pig antie-pork insulin cantiscrun (E‘ft‘I‘Z;Al) vellcome

o

The content of cach bottle (0.5 ml of 1:1000) is diluted to

1:20,000 with phosphate albumin buller.

125, - - . . i . .

. SL Insuiin (1¥38), Radiochemical (entre, Amersham, kingland

o -l

With a specific activity of approximately 50 pli/pz is diluted
to a concentration of 10 ng/ml wiil phogphate albumin buffer and

. . ) . ,
stored in plastic tubes st -207C. One sucr tube is opened and

uged at a concentration of 1 ng/ml.

Charcoal Slurry: L g charcoal Norite Ik is suspended in
0.% /100 ml bovine serum albumin/phosphate buffer pH 7.4 and
mixed with a magnetic stirrer for %0 min. 1 ml of this suspension

is added to each tube.

Plasmna samples: the samples are treated as previously described

for HGH assay.



ASSAY #LOY SHERT

1.0 ml standard insulin solution
or
unknown plasma samnle
1:10
“+
'50 ul anti-insulin serum

1:20000

W
. [ Q. . - .
mix and incubate at 4 C for 3 days

;

50 ul (125-1) insulin

. 1 ng/ml

\
mix and incubate at 4°C for % days

3 N
1.0 ml chavcoal slurry

\r
mix for 1 min and centrifuge at 400,
2300 rpm for 30 min. Decant
supernatant, wipe inside carefully
with absorbent paper and count for

2 min,
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Validity of the Fothod

The charcoal-coated albumin methed for asszay of IxT was asgoonod o

follows (1-2), It was also compared with the doubic antibody

technigue (%).

L. Agzay of known amounts of insulin in incereasing ciZution &7 Lomen
plasmas
The results ol assays carried out on increasing dilutions o0 ihe

same plasma (originally containing 50 uU/ml) are shown in ~oiis 2

Good agreement was ITound between the results at different 41

o
s
o
]
<
)
0

but the sensitivity of the method decreased usir

PR - [ RN
SANY, PRGBS VOLUnZE

above 0,5 ml s'milar to the obscrvations with HG: (p . 144 ).

Table 2 ¢ Insulin assayed in dilutions of a single placms

e,

plasme. dilution 1/20 1/10 1/5 1/

v sad

Insulin yU/mi 48,30 47,80 47,10 4030

t smm To.92 T2 Fasss Eois

n 5 5 5

.

2a Recovery of known amountg’ of insulin added to human plasuns:
Human plasma camples were assayed after the addition of 2.5-40 pU
of human insulin/ml by the albumin coated-charcoal method snd by
the double antibody technique. The results tend to be higher
by the double antibody technique then by the coated chareos) motl

(table 3).



Table 3

Recovery of insulin added to human plasma

pU insulin added

Insulin ul/ml 2.5 5.0 10 20 30 50
1 i . Mw. . - * 3 .
Charcoal-albumin 100 pl plasma 2.2 3 8.8 18.8 28,4 38.2
technique in duplicate 2,3 x5 9,0 18.6 28,7 38.5
p¥ insulin recovered
Double—antibody 100 pl plasma 2.8 5.3 9.6 21,3 32.0 41.6
technique in duplicate 3.0 5.3 9.2 21.8 " 32,0 42,0
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Comparigon of two assay procedures:

A serics of plasma samples vere assayed by both lLhe albumin
coated charceal methed and the double anlibody technique. i
excellent linear correlation was found between the two tecanigues

(r:0.99) (Fig 3).

oS



Tig (3): Linear correlation between charcoal-albumin technique

and the double antibody technique (r. 0.99).



INSULIN
(Charcoal - Albumin)

HU/mi
40

30 =

20 —

10 ~

o CHARCOAL - ALBUMIN
¢ DOUBLE ANTIBODY

INSULIN
(Double Antibody)

40 pu/mi
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