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SUMMARY

All the studies presented in this thesis involve aspects
of the regulation of hGH énd hPRL release. The first two
sections d escribe studies of the effects of diphenylhydantoin
(DPH) and alcohol and the third section describes studies of
hypothalamic regulation of hGH and hPRL release in normal

subjects and in patients with Huntington's chorea.

Studies of the effects of DPH demonstrate that this
drug potentiates the hCGH response to exercise (Chapter 1).
Glucose loading demonstrated impaired glucose tolerance and
"insulin release in epileptics receiving long term treatment
with DPH (Chapter 2). The effect of alcohol on hypothalamic/
pituitary function was investigated by examining the effect
of alcohol on hGH and hPRL release (Chapters 3, 4). Alcohol
increased the hGH;résponse,to exercise in normal subjects
suggesting that alcohol alters hypothalamic/pituitary
‘regulation of hGH release. The hGH responses to exercise
and insulin induced hypoglycaemia were impaired in a number
of alcoholics and clinical evidence suggested that the presence
of an impaired hGH response may be related to alcohol

- withdrawal (Chapters 5 and 6).
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The investigations described in Section III provide
evidence that hGH and hPRL release is influenced by
hypothalamic dopaminergic, noradrenergic and serotonergic
receptors. The dopamine agonist bromocriptine produced
significant elevation of hGH concentrations in normal
subjects and suppressed both hGH and hPRL levels in a
patient with acromegaly (Chapter 7).  Studies of the
effects of the phenothiazine derivative, fluphenazine,
demonstrate that this drug elevates basal hPRL concentra-
tions, enhances the hPRL response to insulin induced
hypoglycaemia and impairs the hGH response to this stimulus
(Chapters 8 and 9). These effects of fluphenazine on hGH
and hPRL release are consistent with the dopamine receptor
blocking properties of phenothiazine drugs. The intra-—
venous administration of the noradrenaline receptor agonist
clonidine was associated Qith elevation of hGH and suppres-
sion of hPRL concentrations (Chapter 10). Administration of
5~hydroxy-L—tryptophan, the precursor of serotonin, produced
a significant rise in both hGH and hPRL concentrations

(Chapter 11){

The regulation of release of hGH and hPRL by hypothalamic

peptide factors was studied by investigating the effect of

xii
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somatostatin on hormonal and metabolic changes during and
after exercise in normal subjects (Chapter 12). The

growth hormone release inhibiting property of this peptide
was confirmed and the suppression of the hGH response did not
appear to have any marked effect on fat mobilisation during

exercise.

The presence of an earlier hGH response to insulin induced
hypoglycaemia was confirmed in patients with Huntington's
chorea (Chapter 13). Further studies of the hGH and hPRL
responses to bromocriptine, clonidine and 5-hydroxy-IL-
tryptophan in patients with this disorder demonstrated
significantly reduced hGH responses to these three agents
and a greater hPRL response to 5-HTP. The results do not
provide eyidence of increased sensitivity of hypothalamic
catecholaminergic or serotonergic receptors stimulating hGH

release in patients with Huntington's chorea.
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This thesis describes the work carried out by myself
while working as a research student in the Department of
Neurology of the University of Glasgow. The introduction
provides the background to the various studies and the
results have been organised into three sections; (I) studies
of the effects of diphenylhydantoin, (II) studies of the
effects of alcohol and (III) studies of the regulation of
release of groﬁth hormone (hGH) and prolactin (hPRL).

Within each section the results are presented and discussed
separately in each chapter. A final chapter contains a

~general discussion and suggestions for future research.

All the studies included in this thesis involve aspects
of the regulation of hGH and hPRL release. In some inves-—
tigations intermediary metabolism was also studied particu-

i
larly in relation to known metabolic stimuli affecting hGH
and hPRL release, Growth hormone release was examined in
subjects treated with various drugs thought to have an action
on the hypothalamic/pituitary axis and regulation of hGH and

hPRL release was investigated in normal subjects and patients

with evidence of altered hyputhalamic/pituitary function.



GENERAL

Animals grow, differentiate, reproduce, respond and
maintain themselves by virtue of a great number of individual
integrated biochemical reactions that together constitute the
metabolism of the animal. It is the integration and
regulation of these reactions that is essential for normal
function and survival. The concept that internal secretions
can regulate internal function in animals dates from the
studies of Claude Bernard (1855) on hepatic glycogen. Baylis
and Starling (1904) published their work on secretin and
demonstrated that a specific chemical messenger or hormone
could be secreted by an organ or tissue into the blood
stream and éffect the function of another organ or tissue.

A number of hormones have now been found to regulate
metabolism by modifying some aspect of cellular metabolism
and the tissues which re;éase these hormones are known
collectively as the endocrine system. The nervous system
and the endocrine system are both linked developmentally
and in some cases the endocrine system acts as an extension
of the nervous system. The pituitary gland or hypophysis
is of major importance in the endoecrine system as it links
the central nervous system to the endocrine system and as a
number of pituitary hormonmes regulate release of hormones

from other endocrine tissues.



The Adenohypophysis

The hypophysis or pituitary gland develops embryo-
logically from Rathke's pouch, an evagination of epithelial
tissue that will form the roof of the mouth and a down
growth of neural ectoderm from the tissue that will eventually
form the floor of the third ventricle. I£ is possible to-
divide the gland histologically into the highly vascularised
anterior pituitary or adenohypophysis which receives blood
from the portal plexus system (Harris and Green, 1947), and
the posterior or neurohypophysis with its rich supply of
branching unmyelinated nerve fibres most of which originate

in the hypothalamus (Fisher, Ingram and Ranson, 1938).

The sixteenth century anatomist Vesaluis believed that
the pituitary gland functioned as a filter or trap whereby
the phlegm or pituita, the waste product of the transformation
in the cerebral ventriclés ofvital spirits into animal spirits,
found its way into the nose or pharynx (Singer, 1952). This
early interpretation of the relationship between the gland
and the brain may be somewhat incredible today but much of
the twentieth century research work into the regulation of
release of pituitary hormones still involves the concept of
a '"flow of secretion' from the brain to the gland. Crowe,
Cushing and Hamons (1910) reviewed the early work on hypo-
physectomy. Most of the early studies were unsatisfactory
as the animals usually died immediately afterwards and few

observations were made on animals that did survive for any



length of time. Smith (1930) carried out successful hypo-
physectomy in young rats and noted end organ atrophy and
dwarfism. The effect of excising the adenohypophysis is
now known to include atrophy of the gonad, thyroid and
adrenal cortex, failure of milk synthesis and arrest of
growth, Recognition of these effects stimulated the

search for at least six anterior pituitary hormones. At
least seven distinct anterior pituitary hormones have been
identified.  Four of these hormomes follicle stimulating
hormone (FSH), lueitinising hormone (LH), thyroid stimulating
hormone (TSH) and adrenocorticotrophic hormone (ACTH) act on
other endocrine glands. However, the remaining three
hormones, growth hormone, prolactin and melanocyte stimulating

hormone (MSH) exert their effects directly on target tissues.

The identification of the portal plexus system and its
close association to ner;e fibres from the hypothalamus led
to the suggestion of a neurohormonal junction between the
hypothalamus and glandular cells of the adenohypophysis
(Harris, 1955). An essential feature of the early ideas of
hypothalamic control of the adenohypophysis was that nerve
impulses released humoral agents into the portal plexus system
which stimulated secretion of anterior pituitary hormones.
Evidence for the existence of these humoral factors has come

mainly from observations of the effects of lesions in the



hypothalamus and the effects of extracts of hypothalamic
tissue on release of hormones from adenohypophysis tissue
'in vitro'. A hierachy of control has been suggested in
which the anterior pituitary hormone promotes secretion of
target organ hormone which can feedback on the hypothalamus
or pituitary to regulate further release of pituitary hormone.
The coﬁtrol of growth hormone and prolactin release was
thought to invélve feedback of the pituitary hormone itself
on the hypothalamus or pituitary (Greer, 1957; Guillemin,
1964).  An important feature of these ideas of pituitary
hormone control was that the various mechanisms operated

independently for each hormone.

Growth hormone

Growth hormone is synthesised by specific anterior
pituitary cells distinct from those that synthesise other
pituitary hormones incluéing prolactin (Martin, 1973).

Growth hormone is a single chain polypeptide containing 190
amino acid residues the sequence of which has now been
elucidated (Li, 1972). It accounts for 4-107 of the wet
weight of the anterior pituitary in the human adult (5~15 mg/
Agland) and circulates in the plasma in an unbound form. The
half life of hGH has been estimated at 1745 minutes with
metabolic clearance occurring principally by hepatic uptake

(Cameron, Burger and Catt, 1969).



Studies in humans have demonstrated that hGH can enhance
uptake of FFA and decrease glucose uptake (Rébinowitz, Klassen
and Zierlexr, 1965). It is released in response to a fall in
blood glucose (Roth, Glick, Yalow and Berson, 1963; Hunter,
Fonseka and Passmore, 1965a), a fall in plasma FFA (Hartog,
Havel, Copinschi, Earll and Ritchie, 1967; Irie, Sakuma,
Tsushima, Shizume and Nakaro, 1967) and as a result of diurnal
variation (Glick and Goldsmith, 1968). The secretion of hGH
appears to produce metabolic adjustment in fat and carbohydrate
metabolism such that there is decreased glucose use, maintenance
of glycogen stores, increased oxidation of fat and maintenance of
blood glucoée levels in addition to its better known effects on
prutein metabolism. The mechanism by which growth hormone
regulates carbohydrate and fat metabolism is unclear but it
seems likely that it integferes with the phosphorylation of
glucose and this may involve FFA or ketones which are known to

inhibit indirectly the phosphorylating enzyme hexokinase.

Prolactin
Until comparativély recently the existence of a distinct
. human prolactin hormone had not been conélusively demonstrated
although there was considerable clinical evidence to support
the existence of this hormone (Forbes, Henneman, Griswold and

Albright, 1954). The similarity in physical, chemical and

biological properties of growth hormone and prolactin has

S



contributed to the difficulty in isolating human prolactin.
In addition, pooled pituitary extracts contain large concen-~
trations of growth hormone and small amounts of prolactin
(Guyda and Friesen, 1971). Recent studies have, however,
provided overwhelming evidence to support the existence of

prolactin in primate species {(Nichol and Nichols, 1971).

The biological role of prolactin in various vertebrate
species is only now beginning to be defined. An amazing
number of activities have been ascribed to this hormone
including maé%trophic, lactogenic, osmoregulatory, diabet-
"ogenic and luteotrophic effects (Nicol and Bern, 1972). A
role for prolactin in lactogenesis in man is fairly well
established (Tyson, Khojandi, Huth and Andreassen, 1975)
and intravenous infusion of prolactin produces marked
lipolysis in man. (Berle, Finsterwalder and Apostolakis,
1974). Exercise and hyﬁoglycaemia are both known to

stimulate hPRL release (Noel, Suh, Stone and Frantz, 1972).

Regulation of hGH and hPRL release

There is considerable evidence from a large number of
studies in man and animals suggesting that hGH and hPRL
release is controlled by the hypothalamus. This evidence
includes fhe observations that pituitary stalk section

prevents the normal rise in hGH in respomse to hypoglycaemia



(Brown and Reichlin, 1972) and that median eminence lesions
prevent growth hormone responses in monkeys (Brown, Schalch
~and Reichlin, 1971). In addition, transection of the
pituitary stalk in man (Turkington, Underwood and Van Wyk,
1971) as well as autotransplantation of the pituitary in
animals (Everett, 1966) produces elevation of prolactin
levels relative to other pituitary hormones. These
observations suggest that growth hormone release is under
the c ontrol of a hypothalamic releasing factor and that the
tonic influence of the hypothalamus on prolactin release is
inhibitory. However, although there is considerable
evidence that peptide hypothalamic hormonal factors regulate
hGH and hPRL release none of these factors have been
isolated and characterised with the exception of a growth

hormone release inhibiting peptide, somatostatin.
[}

In recent years a vériety of'peptide hormones have been
isolated from the mammalian hypothalamus and several,
including thyrotrotwphin releasing factor (TRH) luteinizing
hormone releasing factor and growth hormone release
inhibiting factor have been characterised and synthesised
(Marlarkey, 1976). However, recent research has questioned
the independence of hypothalamic/pituitary control mechanisms.
For example, TRH .which stimulates TSH secretion, has also

been shown to stimulate hPRL release (Jacobs, Snyder, Wilber,



Utiger and Daughaday, 1971), and hGH release in patients
with acromegaly (Saman, Leavens and Jesse, 1974).
Somatostatin, a cyclic tetradecapeptide originally isolated
from the ovine hypothalamus (Brazeau, Vale, Burgus, Ling,
Butcher, Rivier and Guillemin, 1973) can inhibit hGH
secretion in response to a number of stimuli (Hall, Besser
and Schally, 1973; Hansen, Orskov, Seyer—Hansen and
Lundbask, 1973), while also inhibiting secretion of thyro-
trophin (Siler, Yen, Vale and Guillemin, 1974) glucagon
(Gerich, Lorenzi and Schneider, 1974) and insulin (Chideckel,
Palmer and Koerker, 1975). Multiple actions have been
described for all the hypothalamic factors so far isolated
and the concept of a single hypothalamic factor regulating a

single anterior pituitary hormone is no longer tenable,

Regulation of hGH and hPRL release by hypothalamic neuro-~
transmitters

There is growing evidence that hypothalamic neurotransmitters
regulate anterior pituitary hormone release. For example, there
is evidence for a stimulation of secretion of hGH by the dopamine
receptor agonists, apomorphine (Lal, de la Vega, Sourkes and
Friesen, 1973; Maany, Frazer and Mendels, 1975), and bromocriptine
(Cammani, Massara, Belforte and Molinatti, 1975; Tolis, Pinter

and Friesen, 1975) while the drugs chlorpromazine and reserpine



which alter brain catecholamine metabolism impair the hGH
response to insulin hypoglycaemia (Sherman, Kim, Benjamin

and Kolodny, 1971; Cavagnini and Peracchi, 1971). There

is also evidence for serotonergic involvement in hGH

release (Imura, Nakai and Yoshimi, 1973). Recent research
suggests that there is a hierachy of hypothalamic control

of hGH release. Chlorpromazine and reserpine impair the

hGH response to hypoglycaemia but the increase in hGH in
response to L-dopa administration is not altered by hyper-
glycaemia (Boyd, Lebovitz and Pfieffer, 1970). In additon
ok-adrenergic blockade prevents the hGH response to hypo-
glycaemia (Blackard and Heidingsfelder, 1968), exercise
(Hansen, 1971) and to L-dopa (Kansal, Buse and Talbert, 1972).
However, sleep induced hGH release is not altered by adrener-
gic blockade (Lucke and G%ick, 1971). These observations
suggest that there is a hieramhy of control of hGH release in
the hypothalamus with a final common pathway probably involving

the release of growth hormone releasing factor.

There is also evidence that hPRL release is modulated by
hypothalamic neurotransmitters. This evidence includes the
observations that hPRL levels are decreased by L-dopa (Friesen,
Guyda, Wang, Tyson and Barbeau, 1972) and elevated by pheno-
thiazines (Beumont, Gelder and Friesen, 1974; Wiles, Kolakowska,

McNeilly, Mandelborte and Gelder, 1976). Studies of specific

10



dopamine receptor agonists apomorphine and bromocriptine
suggest that dopamine inhibits hPRL release (Martim, Lal,
Tolis and Friesen, 1974; Del Pozo, Brun, Varga and Friesen,
1972). There is also evidence that serotonergic mechanisms

release hPRL (Kato, Nakai, Imura, Chihara and Ohgo, 1973).

There is therefore considerable evidence suggesting
that hypothalamic neurotransmitters control hGH and hPRL
release. The mechanisms for this action are unknown but it
seems likely that modulation of release of hypothalamic
peptide release or inhibiting factors is involved.  However,
as already discussed, only growth hormone release inhibiting
hormone has been isolated and charagterised, therefore, any
discussion of catecholaminergic or serotonergic regulation of
the other proposed peptide factors must be speculative.
Nevertheless, the effect‘of hypothalamic neurotransmitters on
hypothalamic peptide facﬁors remains an exciting area for

future research.

A major objective of the studies described in this thesis
was to investigate the effects of various drugs on growth
hormone and prolactin release and to determine if there was
any evidence for an alteration of hypothalamic/pituitary
function. In addition catecholaminergic and serotonergic

aspects of hGH and hPRL release were also examined in normal

11



subjects and in patients with evidence of altered hypothalamic/
pituitary function. The following part of this introduction

provides the background to the various investigations carried

out.
Diphenylhydantoin

Studies in animals have demonstrated that DPH stimulates
the pituitary gland and adrenal cortex (Woodbury, 1952). In

man DPH administration produces an initial inecrease in hydro-
xycorticoid excretion (Costa, Glaser and Bonnycastle, 1955)
and it is possible that this effect is due to stimulation of
the hypothalamic/pituitary axis. It was therefore decided to
investigate the effect of DPH on growth hormone and metabolic

changes in response to exercise and glucose loading.

Alcohol and Alcoholism

Oral alcohol ingestion has been reported to elevate hGH
(Bellet, Yoshimine, De Castro, Roman, Parmar and Sandberg,
1971) and cortisol (Merry and Marks, 1969; Bellet, Roman, De
Castro and Herrera, 1970) in normal subjects and the cortisol
response is reported to be absent in patients with pituitary
adenomas (Jenkins and‘Connolly, 1968). This evidence suggests
that alcohol has an effect on the hypothalamic/pituitary axis

and it was proposed to investigate the effect of alcohol and.

12



exercise on hGH and hPRL release in normal subjects and to

study hypothalamic/pituitary function in chronic alcoholics.

Regulation of release of hGH and hPRL

There is evidence that hypothalamic neurotransmitters
regulate hGH and hPRL release and some of this evidence has
already been discussed. A major objective of this thesis
was to investigate catecholaminergic and serotonergic regu-—
lation of hGH and hPRL release in normal subjects and to
develop techniques for the investigation of hypothalamic

neurotransmitter function in patients.

Bromocriptine

Bromocriptine is an active ergot alkaloid with the
properties of a dopamine receptor agonist. It was decided
to investigate the effect of bromocriptine om hGH and hPRL

!

release in normal subjects and an opportunity also arose to

study the responses in a patient with acromegaly.

Phenothiazines

Oral administration of phenothiazines is known to elevate
hPRL levels in man éﬁeumont et al., 1974) and to impair the
hGH response to hypoglycaemia (Sherman et al., 1971). Most
studies of phenothiazines have involved oral administration of

chlorpromazine and it was therefore proposed to investigate

13



the effects of a depot preparation of fluphenazine on basal

hPRL levels and on hGH responses to hypoglycaemia.

Clonidine

Clonidine is an antihypertensive drug which stimulates
central noradrenaline receptors. It was decided to
investigate the possible importance of noradremergic
mechanisms in the regulation of hGH and hPRL release by
examining the response of these hormones to intravenous

administration of clonidine.

5-hydroxy-L-tryptophan

Administration of 5~HTP, the precursor of serotonin, is
known to elevate brain serotonin levels (Corrodi, Fuxe and
Hokflet, 1967}). It was proposed to investigate serotonergic
regulation of hGH and hPRL release by examining changes in
hGH and hPRL levels following intravenous infusion of 5-HTP in

normal subjects.

Somatostatin

Somatostatin is a cyclic tetradecapeptide postulated to be
"a hypothalamic growth hormone release inhibiting hormome
(Brazeau et al., 1973). Somatostatin inhibits hGH responses

to exercise (Hansen et al., 1273) and also inhibits insulin

14



(Chidechel et al., 1975) and glucagon release (Gerick

et al., 1974). Synthetic somatostatin may be a useful
tool in the investigation of the metabolic effects of a
number of hormones and it was therefore proposed to study
the effect of somatostatin induced suppression of hGH,
insulin and glucagon on ketone production and utilisation

of metabolic fuels during and after exercise.

Huntington's chorea

Huntington's chorea is an inherited disorder of the
nervous system affecting the basal ganglia and in particular
the caudate nucleus and putamen (Bruyn, 1968; Earle, 1973).
The disorder is characterised By the appearance of involuntary
movements or chorea which develop in most cases between the
ages of 40-50 years., 'There is evidence to implicate dopamine
in the disorder, as dfugs which alter-brain dopamine metab-
olism, for example, haloperidol (Vaisberg and Saunders, 1963)
phenothiazines (Candelise, Faglioni and Spinnler, 1973) and
tetrabenazine (McLellan, Chalmers and Johnson, 1974) alil
reduce chorea. Biochemical abnormalities in the brains
obtained post mortem from patients who have suffered from
Huntington's chorea include a reduction of ¥-aminobutyric
acid (GABA) concentrations and glutamic acid decarboxylase
activity (Perry, Hansen and Kloster, 1973; Bird and Iversen,

19743 Stahl and Svanson, 1974). There is further
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evidence for a relationship between GABA and dopamine
turnover (Shoulson, Kartzinel and Chase, 1976) and it is
possible that the hyperkinetic condition present in the
disorder may be related to a change in the relationship
between dopamine and GABA. Patients with the disorder show
excessive sweating and weight loss and this has been
attributed to altered hypothalamic function (Bruyn, 1973).

. An earlier hGH response to hypoglycaemia has been reported
in patients with the disorder and it has been suggested that
this earlier response may be related to hypersensitivity of
dopamine receptors mediating hGH release (Keogh, Johnson,
Nanda and Sulaiman, 1976; Phillipson and Bird, 1976). A
major objective of this thesis was to confirm these findings
and to investigate catecholaminergic and serotonergic
regulation of hGH and hPRL }elease in patients with the

disorder.
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METHODS



1.  EXERCISE

Subjecté exercised on an electric, variable load, Elema
Shonander bicycle ergometer (type EM 369). This machine
allowed exercise to be performed at a constant known workload.
The subjects maintained a relatively steady rate of exercise
by monitoring the r.p.,m. of the bicycle at intervals. The

exercise test performed in this manner was both quantitative

and reproducible.

2. ORAL TOLERANCE TESTS AND DRUGS

Glucose tolerance test

A standard oral glucose tolerance test was performed by
giving the subject 50g of glucose dissolved in 200 ml of water.
Venous blood samples were taken at 30 minute intervals after

oral glucose for 2} hours.

Alcohol administration

To study the effect of alcohol pure ethanol (Burroughs
Ltd.) was given orally in a weight related dose (C.5g/kg body

weight) and made up to 200 ml with water.

Drugs
The following drugs were used in the various investigations

described in this thesis.
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Bromocriptine (Parlodel) Sandoz Products Ltd.
Clonidine (Catapres) Boehringer Ingelheim Ltd
Diphenylhydantoin (Epanutin) Parke, Davis & Co. Ltd.
Fluphenazine decanoate (Modecate) E. R. Squib & Son Ltd.
5-hydroxy. -L—~tryptophan (5-HIP) B.D.H. Ltd.

Somatostatin (synthetic cyclic somatostatin) Ayerst

Laboratories Ltd.

The method of administration and the dose of drug used

is given in the appropriate chapter.
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3. BIOCHEMICAL ANALYSIS

Sampling technique

Venous blood samples were withdrawn at appropriate
intervals of time from a polythene cannula in an antecubital
vein. For each sample taken, 4 ml was added to 5 ml of ice
cold 10% ¥/v perchloric acid in a preweighed tube for the
determination of glucose, lactate, pyruvate, acetoacetate,
3-hydroxybutyrate and glycerol. An additional 10 ml of
blood was added to a heparinised container for the
estimation of plasma free fatty acids, growth hormone,
insulin, prolactin and cortisol. Immediately after an
investigation samples were weighed, centrifuged at 3,000

r.p.m. for 10 minutes and stored at ~20°C until required.

Treatment of denatured blood

The perchloric acid extract was centrifuged (2,500
r.p.m. for 10 minutes), poured into a graduated tube and
the volume noted. The extract was neutralised with 207%
potassium hyroxide using BDH universal indicator to remove

per

potassium jchlorate precipitate. The volume of the neutralised
extract was noted. Biochemical determination of glucose,
lactate, pyruvate, 3-hydroxybutyrate, acetoacetate and glycerol
were carried out on a known volume of the neutralised extract.
A dilution factor was calculated from the volume of blood

added to 5 ml of perchloric acid and the change in volume

after neutralisation.
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4, BIOCHEMICAL METHODS

Blood pyruvate

Pyruvate was estimated by the enzymic method of
Hohorst, Kreutz and Bucher (1959). This assay measures the
decreased optical density due to the oxidation of reduced
nicotinamide adenine dinucleotide (NADH) at 340 nm following
the reduction of pyruvate to lactate by lactate dehydrogenase
(LPH) at pH 7.0.

Pyruvate -+ NADH + H+“~LQE"* Lactate + NAD

D ——

Blood lactate

Lactate was estimated by the enzymic method of Hohorst,
Kreutz and Bucher, (1959). This assay measures the increase
in optical density due to the reduction of NAD at 340 nm
following the oxidation of lactate to pyruvate by lactate
dehydrogenase at pH 9.5.: Pyruvate was removed in the form
of its hydrazone.

Lactate + NAD~££Hi~APyruvate + NADH + H_

-

Blood acetoacetate

Acetoacetate was‘determined by the enzymic method of
Williamson, Mellanby and Krebs, (1962). This assay measures
the decrease in optical density due to the oxidation of NADH
at 340 nm following the reduction of acetoacetate to
3~hydroxybutyrate by 3-hydroxybutyrate dehydrogenase (HBDH)
at pH 7.0.

Acetoacetate + NADH + H+-E§2E*‘3-hydroxybutyrate + NAD
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Blood 3~hydroxybutyrate

3~hydroxyhutyrate was determined by the enzymic method of
Williamson et al., (1962). This assay measures the increased
optical demsity due to the reduction of NAD at 340 nm
following the oxidation of 3~hydroxybutyrate to acetoacetate
by (HUBDH) at pH 9.5. - Acetoacetate is removed in the form of

its hydrazene.

3=hydroxybutyrate + NAD HBDH@%acetoacetate + NADH + H

S
i s

Blood glycerol

Glycerol was determined by the enzymic method of Kreuts
(1962). Glycerokinase (GK) was used to catalyse the phosphory—
lation of glycerol to glycerol — 1 —~ phosphate from adenocsine

triphosphate (ATP).

glycerol -+ ATP;:*gﬁ?m>glycerol~1~phosphate + ADP

The adenosine diphosphate waslrephosﬁhorylated to ATP with

phosphoenol pyruvate (PEP) and pyruvate kinase.

ADP + PEP 7-——= ATP + Pyruvate

-
Pyruvate was then reduced to lactate with LDH and the decrease
in optical density\due to the coupled oxidation of NADH
measured at 340 nm.

Pyruvate + NADH + H+ :“lg&iwh Lactate + NAD.

The overall reaction is:—
4
glycerol + PEP + NAD + H = glycerol-l-phosphate + lactate

+ NAD.
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Plasma free fatty acids

Free fatty acids were estimated in plasma by the
colorimetric method of Itaya and Ui (1965) with the
modifications of Dalton and Kowalski (1967) for an automated
procedure. This method involves the extraction of free fatty
acids (FFA) firstly into aqueous buffer then into chloroform.
The FFA is estimated in the chloroform extract as fhe copper

soap with diethyldithiocarbamate.

Blood glucose

Blood glucose was estimated by the glucose oxidase method
(Bergmeyer and Bernt, 1963) using a Boehringer Biochemical Test
Combination (No. 5755) Werner, Rey and Wielinger, 1970.

Glucose is oxidised by glucose oxidase to gluconolactone which
in aqueous solution is converted to gluconic acid.

—— . .
glucose + 02 + HZO = gluconic acid + H202

In the presence of peroxidase, the hydrogen peroxide
‘oxidises the chromogen with the formation of a dye.
R
H.202 + chromogen dye + H20

The intensity of the dye is proportional to the concen-

tration of glucose and was measured at 440 nm.

Plasma 1ll-hydroxycorticoids

Determination of 1l-hydroxycorticoid concentrations was

performed using a fluaimetric method (Mattingly, 1962).
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In this method corticosteroids are extracted into dichloro-
"methane and fluorescence of ll-hydroxycorticoids is
measured after mixing the dichloromethane extract with
fluorescence reagent. In man the principal free-hydroxy-
corticoid is cortisol although corticosterone is also

present in small amounts (Bush and Sandberg, 1953).

Serum Diphenylhydantoin

Serum DPH was measured by gas—liquid chromatography
using a Pye Unicam gas chromatograph (Type 104).  The
method used is a variation of that described by Goudie and
Burnett (1973) using p-tolyl phenylhydantoin as an internal
standard and on column methylation with trimethyl phenyl

ammonium hydroxide.
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4. RADIOIMMUNOASSAY

The development of radioimmunoassay techniques has made
possible the routine measurement of physiological levels of
many peptide hormones in biological fluids. The general
principle of these techniques is the competition for a binding
site on a fixed amount of anti-hormone antibody between a known
amount of radiocactively labelled hormone (A%) and an unknown

amount of unlabelled hormone (A).

A + anti-A + A%

A : anti-A : A% + A + A%

Because of competition, the amount of labelled hormone
bound to the antibody will decrease as the concentration of
unlabelled hormone increases. The reaction is allowed to go
to compleﬁion and the antibody-bound hormone is separated from
the free hormone and the distribution of radioactivity

determined.

Double antibody system

In the double antibody system the antibody hormone complex
is separated from the free hormone by a second antibody against
the immunoglobulins of the antihormone serum (Morgan and

Lazarow, 1963).

Human Growth Hormone

Human growth hormone was measured using a double antibody

technique in which the final immunoprecipitate was separated’
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by filtration (Morgan, 1966; Sorin Gruppo Radiochimica,
Italy). The growth hormone concentrations were expressed
in terms of the W.H.0. lst International Reference

#r

Preparation of Growth Hormone 66/217 (1 mg = 2 i.u.).

Prolactin
Prolactin was measured using a double antibody technique.
The second antibody was fixed on activated cellulose using

the Wide method (Wide, 1969; Sorin Gruppo Radiochimica, Italy).
(Standard, 1 mg = 40 I.U. MRC 71/22).

Insulin

Insulin was estimated by a single antibody method. The
antimho?mone antibody remained in solution but the free hormone
is removed by absorption on to charcoal (Hunter and Ganguli,

1971; Yalow and Berson, 1960; Sorin Gruppo Radiochimica, Italy).
(Standard, WHO lst IRP of insulin 66/304).

Glucagon v
Plasma samples had 1000 Kallikrein inhibiting units of

aprotinin (Trasylol) added for each ml and were frozen (—ZOOC)
for later radioimmunoassay. MRC 69/104 glucagon standard made
up in glucagon free plasma was used together with a pancreatic
glucagon specific antiserum (Bloom, 1974). This assay gives
lower basal glucagon values than those reported by other
workers (Vinger and Lefebvre, 1972) because interference from
non-specific effects (Weir, Turner and Martin, 1973) has been

minimized.
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CHAPTER 1

THE EFFECT OF DIPHENYLHYDANTOIN ON THE GROWTH HORMONE

AND METABOLIC RESPONSE TO EXERCISE



INTRODUCTION

Diphenylhydantoin (DPH) is known to impair the insulin
release in response to glucose loading (Malherbe, Burrill,
Levin, Karam and Forsham, 1972) and there is eyidence that
DPH inhibits insulin release from isolated pancreas (Levin,
Booker, Smith and Cradsky, 1970). Such hormonal effects may
have important implications for treatment with DPH and it was
therefore decided to investigate the effect of the drug on
carbohydrate and fat metabolism in response to exercise. In
addition, growth hormone release was examined for evidence of

any effect of DPI on release of pituitary hormones.

METHODS

Subjects and procedure

Six normal healthy subjects aged 22-40 years (mean 29
yeafs) were investigated!on two separate occasions. The
subjects were asked to fast overﬁight before each investi-
gation. On the first occasion the subjects received DPH
(500 mg) by mouth overnight and the following morning exercised
on a bicycle ergometer at 600 kpm for 30 minutes. On the

second occasion the same subjects performed an identical

exercise test but received no medication.

Blood samples were taken from a cannula in an antecubital
vein before, at 10 minute intervals during exercise and at

5, 15, 30, 60, 90 and 120 minutes after exercise. Blood samples

26



were analysed for lactate, pyruvate, acetoacetate,
3-hydroxybutyrate, glucose and glycerol. Plasma samples
were analysed for FFA and hGH and resting serum samples
for DPil.  The significance of differences were examined
using the Mann-Whitney non-parametric U test for small

samples (Mann and Whitney, 1947).
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RESULTS

Serum diphenylhydantoin

Serum concentrations of DPH were similar (mean 30.7
pmol/1l: range 23.2 - 44.4 Pmol/l) and were just below the
accepted therapeutic range (40-80 pmol/l) for epileptic

patients (Lancet, 1975).

Blood lactate and pyruvate

Basal blood lactate and pyruvate concentrations were
similar on both occasions. During exercise blood lactate
reached maximum levels after 10 minutes of 3.4 pmol/ml and
3.1 ymol/ml (mean concentrations with and without DPH
respectively). Blood lactate concentrations returned to
normal resting levels 60 minutes after the end of exercise.
The changes in pyruvate concentrations were similar. There

was no significant difference between concentrations of
. i

i

lactate or pyruvate at any time during the investigation on

the two occasions.

Plasma FFA (Fig 1.1)

Basal plasma FFA concentrations were not significantly
different on the two occasions. There was a rise in FFA
concentrations towards the end of exercise on the two occasions
and mean FFA concentrations after DPH were higher than the
corresponding control values after exercise and were signifi-

cantly greater 15 minutes after exercise (P< 0.05).
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Blood glycerol (Fig 1.1)

Basal blood glycerol concentrations were similar on both
occasions. Exercise was associated with a rise in blood
glycerol concentrations and the glycerol concentrations after
DPH treatment were significantly greater than the corresponding
control values at 5, 15, 30 and 60 minutes after exercise

(P< 0.01, 0.01, 0.05 and 0.05 respectively).

Total blood ketones (Fig 1.1)

Basal concentrations of total ketones (acetoacetate +
3~hydroxybutyrate) were similar on both occasions. After
exercise ketone concentrations rose on both occasions and
the concentrations after DPH treatment were significantly
greater than the corresponding control concentrations at
15, 30, 60, 90 and 120 minutes after exercise (P< 0.05,

0.01, 0.001l, and 0.001 respectively).

1

Blood glucose

Exercise was associated with a similar small fall in
glucose concentrations on both occasions but after exercise
levels returned quickly towards basal concentrations. There
was no significant difference in blood glucose concentrations

on the two occasions at any time during the investigationm.

Plasma growth hormone (Fig 1.1II)

There was no significant difference in basal growth hormone

‘concentrations on the two occasions. Exercise produced a marked

.29



rise in hGH concentrations reaching a peak at the end of
exercise on both occasions. Growth hormone concentrations
during exercise were significantly greater than the ’
corresponding control conmcentrations at 10, 20 and 30 minutes

(P< 0.05, 0.001 and 0.0l respectively).
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FIG 1.1

Plasma FFA, blood glycerol and total
blood ketone (acetoacetate + °
3~hydroxybutyrate) concentrations
(pmol/ml, mean R SEM) during and
after exercise in six normal subjects
with (@—) and without (E---8)

administration of DPH (500 mg).
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FIG 1.1 Plasma hGH concentrations (mu/1,
mean = SEM) during and after exercise
in six normal subjects with (&—®)
and without (@=~--©) administration

of DPH (500 mg).
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DISCUSSION

The results presented in this chapter demonstrate that
administration of DPH to normal subjects alters metabolic and
hGH responses to exercise. The observation of a greater
rise in FFA and blood glycerol during and initially after exer-
cise suggests that DPH produces greater lipolysis during
exercise. The development of marked post exercise ketosis

was also noted following DPH treatment.

The factors responsible for the increased lipolysis
associated with DPH treatment are unknown. Moderate exercise
has been shown to cause a rise in plasma cortisol as exercise
continues (Sutton, Young, Lazarus, Hickie and Maskvytis, 1968)
and DPH_stimulates hydroxycorticoid excretion (Costa et al.,
1355; Krieger, 1962; Dill, 1966). Cortisol inhibits FFAte—
"gsetrification and potentiates FFA release by adrenaline,
(Shafrir and Kerpel, 196&); Plasma catecholamine concen-
trations are reported to increase with exercise (Bloom,
Johnson, Park, Rennie and Sulaiman, 1976) and catecholamines
promote lipolysis (Havel and Goldfien, 1959). It is not
known if changes in circulating levels of cortisol or
catecholamines were iﬁportant factors leading to increased
1ipolysis after DPH treatment in the present study and this
requires further investigation. The present observations
did not demonstrate any increased lipolysis at rest before
exercise suggesting that the drug potentiates responses to

exercise.
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Ketone concentrations did not alter greatly during
exercise on both occasions suggesting that ketone production
and utilization was closely matched during exercise.
Treatment with DPH was associated with a marked rise in
ketones after exercise, The greater rise in ketone concen-—
trations is probably related to the greater lipolysis during
and initially after exercise combined with a decreased
aerobic oxidation through the citric acid cycle.  This
effect may have been produced by a reduced rate ofwesterifi-
cation of FFA after exercise. Insulin leyels are known to
fall during exercise and to rise immediately after exercise
paralleling changes in adrenergic activity (Johnson, Park,
Rennie and Sulaiman, 1974). A failure of release of insulin
after exercise in the subjects treated with DPH would be
consistent with the known éffects of DPH in inhibiting insulin
release (Malherbe EE_EL.,.1972; Le?in et al., 1970) and such
an effect could delayre-esterification of FFA as insulin is
known to limit fat mobilization (Bieberdorf, Chernick and

Scow, 1970).

The present observations indicate that DPH treatment
produces a greater hGH response to exercise. Growth hormone
is known to have lipolytic properties (Hunter, Fonseka aﬁd
Passmore, 1965b; Rabinowitz et al., 1965) but the absence of
an increase in hGH during exercise in patients with hypo-

pituitarism did not prevent fat mobilization during exercise
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{Johnson, Rennie, Walton and Webster, 1971). It thercfore
seems unlikely that the greater elevation of hGH produced
the greater level of lipolysis during and initially after
exercise in the present investigation. Hypoglycaemia
been reported to stimulate hGH release. Blood glucose
concentrations were similar ‘in the present investigation on
both occasions during and after exercise and TFA concentrations  °
increased in a similar manner during exercise on both
occasions. The results presented in this chapter suggest
that DPH stimulates hypothalamic/pituitary mechanisms
regulating hGH release without affecting known metabolic
stimuli,

There is evidence that hGH release during exercise is
controlled by adreueréic and serotonergic mechanisms
(Blackard and Heidingsfelder,.l968; Smythe and Lazarus, 1974).
Treatment with DPH is known to elevate brain serotonin levels
(Bonnycastle, Paasonen and Giarman, 1956) and it is possible
that this effect may be the basis for the enhancedhGH response

to exercise after DPH treatment in the present investigation.

The results reported in this chapter demonstrate that
administration of DPH increases lipolysis during and initially
after exercise and is associated with marked post exercise

ketosis. DPH produced greater elevation of hGH in response to
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exercise suggesting that the drug stimulates the hypo-
thalamic/pituitary axis. Further studies of the
mechanism by which DPH alters lipolysis and hGE release
are indicated as these metabclic and hormonal effects
may have important implications for treatment with this

drug.

34



SUMMARY

1.

Metabolic and hGH responses to exercise were investigated
in six normal healthy subjects on two occasions with and

without an oral dose of DPH (500 mg).

Serum DPH concentrations were similar in all the subjects
and wvere just below the accepted therapeutic range for

epileptic patients.

There was no significant difference in blood lactate,
pyruvate or glucose concentrations associated with DPH
treatment. Plasma FFA and blood glycerol concentrations
were greater during and initially after exercise and the
concentrations of total ketones were also greater after

exercise following DPH treatment.

“ . . . * .
Treatment with DPH was associated with significantly greater
concentrations of hGH during exercise and the results
suggest that DPH has a stimulating action on hypothalamic/

pituitary functiom.

Further investigation of the mechanisms by which DPH
alters lipolysis and hGH release would be of value as
these metabolic and hormonal effects may have important

implications for treatment with this drug.
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CHAPTER 2

THE EFFECT OF DIPHENYLHYDANTOIN ON GLUCOSE

TOLERANCE IN EPILEPTICS



INTRODUCTION

Diphenylhydantoin (DPH) is known to produce hyperglycaemia
in animals (Belton, Etheridge and Millichap, 1965; Sanbar,
Conway, Sweifler and Smet, 1967) and in patients treated with
high doses of DPH intravenously for epilepsy or neurological
disorders (Klein, 1966; Goldberg and Sanbar, 1969). Other
studies have demonstrated that DPH impairs insulin release
in response to glucose loading (Malherbe et al., 1972) and
inhibits insulin release from isolated rat pancreas 'in vitro'
(Levin et al., 1970). Studies of DPH induced hyperglycaemia
have in volved administration of relatively high doses of DPH
and it is not clear if hyperglycaemia or impaired insulin
release are important side effects of long term treatment
with therapeutic doses of this drug. It was decided to
investigate the possible importance of this effect by
studying glucose ﬁoleranchin a group of chronic epileptic

patients on long term treatment with DPH.

METHODS

Patients and Subjects

Six patients resident in an epilepsy centre (Quarrier's

Homes, Bridge of Weir) were studied. The patients, three
males and three females (aged 29-40 years) were all receiving
long term treatment with DPH (200-500 mg/day)} and had received

similar doses of this drug for not less than five years.
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Nome of the patients were known to be diabetic and they all
gave theilr consent to take part in the investigation. In
addition six normal healthy control subjects, three males and
three females (aged 30-52 years) volunteered for the

investigation,

Procedure

Blood samples were withdrawn from a cannula in an
antecubital vein at rest and at 30, 60, 90, 120 and 150
minutes after taking 50g of glucose in 200 ml of water
orally. Resting serum samples were analysed for DPH and
plasma samples analysed for hGH and insulin. Blood samples
were assayed for glucose. Significance of differences were
examined using the Mann-Whitney non-parametric U-test for

small samples (Mann and Whitney, 1947},
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RESULTS

Serum diphenylhydantoin (Table 2.1)

Serum DPH concentrations were similar in the six
patients and were all within the accepted therapeutic

range of 40-80 pmol/l (Lancet, 1975),

Blood glucose (Fig 2.1L)

Therewa s no difference between basal blood glucose
concentrations between patients and controls. After the
administration of glucose, blood glucose concentration rose
in both groups but the concentrations in the patients were
significantly greater than the controls at 30, 60, 90 and

120 minutes (2{0.05, 0,01, 0.05 and 0.05 respectively).

Plasma insulin (Fig 2.1)

There was no significant difference in basal insulin
concentrations between the two groups. After glucose
administration insulin co;centrations rose in both groups and
reached peak concentration in the controls 30 minutes after
glucose whereas in the patients the peak concentration occurred
at 60 minutes. The insulin concentrations in the patients

were significantly lower than the controls at 30 minutes

(P<0.05).

Plasma growth hormone

There was no significant difference in basal hGH
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concentrations between the two groups. Both groups showed
a similar depression in hGH concentrations after oral glucose
and there was no significant difference in hGH concentrations

between the groups at any time during the investigation.
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TABLE 2.1

Serum DPH concentrations in six epilleptics

before a glucose tolerance test.

Patient Age Sox Serum DPH
No. Years )nnolll
1 40 M 59.2
2 33 F 72.8
3 34 M 46.4
4 31 M 67.2
5 29 4 M 81,6
6 32} - F 61.2




FIG 2.1

Blood glucose (mmol/l, mean X SEM)
and plasfna insulin concentrations
(pU/ml, mean kS SEM) in six epileptic
patients treated with DPH (@—@)

and in six healthy control subjects
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DISCUSSION

The results reported in this chapter demomstrate an
impaired glucose tolerance in epileptic patients receiving
long term treatment with DPH. Plasma insulin concentrations
increased in response to glucose in all the patients but the
rate of increase was slower and the peak insulin concentrations
were lower than the controls. The results suggest that the
impaired glucose tolerance was at least partly due to a

reduced insulin response.

Studies of glucose tolerance in young epileptics treated
- with DPH (Cummings, Rosenbloom, Kohler and Wilder, 1973) and
in si x chronic epileptics receiving long term treatment with
DPH.(Castleéen and Richens, 1973) have failed to demonstrate
any impairment of glucose toleraice or insulin release. The
hyperglycaemia effect of DPH has been reported to be related
to the amount of drug admgnistered (Faris and Lutcher, 1971).
Castleden and Richens (1973) repofted that their patients had
serum DPH concentrations of 25-125 ymol/1 which is similar to
the range of concentrations found in the patients in the
present investigation and the impaired glucose tolerance found
in the patients in thé\present study was not therefore associ-~
ated with greater serum DPH concentrations. Elefated growth
hormone levels are known to impair glucose utilisation (Luft

and Cerasi, 1964) but basal hGH concentrations were not

elevated in the patients in the present study and hGH
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concentrations showed the normal suppression following

glucose loading (Roth, Glick, Yallow and Berson, 1963).

The results presented in this chapter demonstrate
impaired glucose tolerance and a reduced insulin response in
patients receiving long term treatment with DPH. These
results are not in agreement with other studies of glucose
tolerance in DPH treated epileptics but the alteration of
glucose tolerance and the insulin response was relatively
small and this suggests that hyperglycaemia and impaired
insulin release are not important side effects of long term

treatment with therapeutic doses of DPH,
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SUMMARY

1. Glucose tolerance was investigated in six epileptic
patients receiving long term treatment with DPH

(200-500 mg/day).

2. Serum DPH concentrations were all within the

accepted therapeutic range (40-80 pmol/1).

3. Blood glucose concentration in response to
glucose loading were significantly greater than
controls and insulin concentrations were

significantly lower than controls.

4, The impairment of glucose tolerance and the
reauction of the insulin response were both
relatively small in the patients and this
suggests that hyperglycaemia and impaired
insulin release ;re not important side effects

of long term treatment with therapeutic doses

of DPH.
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CHAPTER 3

THE EFFECT OF ALCOHOL ON GROWTH HORMONE AND PROLACTIN

CONCENTRATIONS AT REST AND IN RESPONSE TO EXERCISE



INTRODUCTION

Alcohol is known to produce a number of changes in
endocrine functions (Gordon and Southern, 1977). Reduced
growth has been demonstrated in young animals treated with
alcohol compared with isocalorcally matched controls
(Leiber, Jones and De Carli, 1965). Growth retardation has
been attributed to energy wastage since microsomal ethanol
metabolism gene¥ates no high' energy bonds and energy is
dissipated as heat (Leiber, 1973). However, there have
been no studies of growth hormone in relation to growth
retardation by alcohol and the possibility exists that alcohol
affects hypothalamic/pituitary funétion and alters growth
hormone release. An action of alcohol on the hypothalamic/
pituitary axis is suggested by the reports that administration
of alcohol is associated with a rise in cortisol concentrations

n
in normal subjects (Merry and Marks, 1969; Bellet et al., 1970)
and that this response is absent in patients with pituitary
adenomas (Jenkins and Connolly, 1968). In addition, increased
hGH release is reported to follow administration of ethanol
(1.5 ml/kg body weight) (Bellet et al., 1971). Studies of
plasma concentrations sf hGH and hPRL may be of value in
determining if alcohol has an effect on hypothalamic/pituitary
funetion., It was therefore decided to investigate the effect
of alcohol on hGH and hPRL levels at rest and in response to
exercise. The results of these investigations are presented and

discussed in this chapter.
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I. INVESTIGATIONS AT REST

Subjects

Five normal healthy male subjects, mean age 28 years
(range 22-35 years) were studied. The subjects were
investigated in the morning following an overnight fast and
remained at rest sitting or lying down throughout the

investigation.

Procedure

Blood samples were taken from a cannula in an ante-
cubital vein before and at 15, 30, 40, 50, 60, 70, 80, 90 and
12 minutes after they had taken a drink containing ethanol
(0.5g/kg body weight) made up to 200 ml with water. Plasma

samples were assayed for hGH and hPRL.

RESULTS

f
Plasma hGH and hPRL (Fig. 3.I)

There was no significant change from basal hGH or hPRL

concentrations after the ingestion of alcohol.
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FIG, 3.X Plasma growth hormone and prolactin
concentrations (mu/1, mean b SEM)
before and after oral administration of
alcohol (0.5g/kg body weight) in five

‘normal healthy male subjects.
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1II. INVESTIGATIONS DURING AND AFTER EXERCISE

Subjects
Five normal healthy male subjects aged 22-35 years
(mean age 28 years) were investigated in the morning following

an overnight fast.

Procedure

The subjects performed exercise on a bicycle ergometer
at 600 kpm for 30 minutes on two occasions with and without
an oral dose of alcohol (0.5g/kg body weight). Blood
samples were taken from a cannula in an antecubital vein
before, at five minute intervals during exercise and at
5, 15, 30, 45, 60 and 90 minutes after exexcise. The
exercise test commenced 15 minutes after the alcohol had

been administered.
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RESULTS

Plasma hGH (Fig 3.11)

There was no significant difference between basal hGH
concentrations on the two occasions. Exercise was
associated with a rise in hGH and concentrations at 35, 45
and 60 minutes were significantly greater than the
corresponding control values (< 0.01, 0,05 and 0.02

respectively).

Plasma hPRL (Fig 3.1L)

‘Basal hPRL concentrations were not significantly
different on the two occasions. Exercise was not
associated with any significant change in hPRL concentra-~
tions on either occasion and there was no significant
difference in hPRL concentrations on the two occasions

at any time during the investigation.

1

46



F'IG. 3.1I

Plasma growth hormone and prolactin

. +
concentrations (mu/l, mean - SEM)

during and after exercise in five
normal healthy male subjects with
(0——0) and without (&--=--@) an

oral dose of alcohol (0.5g/kg body

. weight). Y

5
\

P U U S S S U T T . s g p

gz



Alcohol J_

£
§

Control

Aicohol

Exerclse

[ I 1 1
L ® < ~ o

16—
14
12—
10
350

n_\_...rcv HOU ewseyd :\_:E“ qHdy ewsed

100-

Exercisi

Time Minutes



DISCUSSTON

The results presented in this chapter demonstracte that
alcohol (0.5g/kg body weight) had no effect on hGH or hPRL
concentrations at rest or on hPRL levels during exercise but
do demonstrate that alcohol significantly increased the hGH
fesponse to exercise. The failure to find a change in hGH
and hPRL concentrations after alcohol at rest is consistenfﬂ
with the reported absence of any response to lg/kg body weight
(Toro, Kolodny, Masters and Daughaday, 1973), but is not in
agreement with the finding of an elevation of hGH in response
to 1.5 ml/kg body weight (Bellet et al., 1970). Bellet and
co-workers reported blood alcohol levels up to 140mg/iOOm1
in their study whereas 0.5g/kg body weight is known to produce
blood alcoholllevels of only 40mg/100ml (Chalmers, 1976).

The possibility therefore exists that the dose of alcohol used
in the present study did not produce sufficient elevation of
blood alcohol levels to produce an effect on hGH release at

rest.

The increased hGH response to exercise associated with
alcohol in the present study was not due simply to elevation
of resting hGH levels and the change in hGH levels appeared
to be independent of any change in hPRL levels. The
alteration of the hGH response may be due to some effect of

alcohol on metabolic stimull or release mechanisims. Growth
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hormone is known to be released in response to a fall in
blood glucose (Hunter, Fonseka and Passmore, 1965a) or FFA
(Hartog, Havel, Copinschi, Earll and Ritchie, 1967) and to a
rise in blood lactate (Sutton, Young, Lazarus, Hickie and
Maskvytis, 1968). The effect of alcohol (0.5g/kg body
welight) on metabolic changes during exercise has been the
subject of earlier investigations and alcohol was not found
to be associated with a greater elevation of blood lactate
during exercise, or a significant change in blood glucose
but was associated with increased ievels of glycerol and FFA
during exercise (Chalmers, 1976). It therefore appears
unlikely that the greater hGH response found in the present
investigation is due to an effect of alcohol on glucose,
lactate or FFA concentrations during exercise. It is
possible that the greater elevation of hGH was due to a
decrease in periphéral hGH uptake or metabolism but there was
no evidence for this in thé studies at rest. The results
-presented in this chapter suggest that alcohol potentiates
the hGH response to exercise and that this effect is not

related to a change in metabolic stimuli for hGH release.

The hGH response to arginine has been reported to be
reduced by alcohol infusion (75g alcohol over 4 hours) and
it has been suggested that this may be due to an action of
alcohol on the hypothalamus (Tamburrano, Tamburrano,

Gambardella and Andreani, 1976).  Although this result is
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not consistent with the present findings of an enhanced hGH
response to exercise this may reflect a difference in the
regulation of release of hGH to these different stimuli.
Administration of the «-adrenergic receptor blocking agent,
phentolamine, blunts the hGH response to exercise (Hansen,
1971) but the reports of the effect of this drug on the
arginine induced hGH response are not consistent, (Strauch,
Modigliani and Bricaine, 1968; Buckler, Bold, Taberner and
London, 1969; Lufkin, Greene and Meek, 1971). The anti-
serotinergic drug, cyproheptadine, has been shown to reduce
both the hGH response to exercise and to arginine (Smythe
and Lazarus, 1974; Nakai et al., 1973), and this suggests
that serotonin is involved in regulating hGH release to both
these stimuli. Although the regulating mechanism for these
hGH responses are not clearly established the evidence does
suggest that the exercisé response involves adrenergic and
serotonergic mechanisms:whereas for the arginine response
only serotonergic mechanisms have been established. It is
possible that the different effects of alcohol on the hGH
responses to exercise and arginine are related to differences
in the regulation of release of hGH to these stimuli but

this suggestion requires further investigation.

Studies of the effects of alcohol on brain serotonin are
not consistent and acute alcchol administration does not

significantly alter steady state levels of brain noradrenaline
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or dopamine (Noble and Tewari, 1977%). However, there is
evidence that alcohol alters brain amine turnover (Corroedi,
Fuxe and Hokfelt, 1966) and the possibility that the alter—
ation of hGH responses to exercise and arginine by alcohol is
related to an effect on hypothalmic catecholamine turnover
requires further study. The results presented in this
chapter demonstrate that alcohol alters hGH release in
normal subjects and it was decided to investigate hGH responses
in chronic alcoholies to determine if there is any evidence
for altered hGH release following chronic alcohol abuse.

The results of a number of studies in patients with a
progressive alcohol problem are presented in the next three

chapters.
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SUMMARY

The effect of oral administration of alcohol
(0.5 g/kg body weight) on basal hGH and hPRL
concentrations was investigated in five normal
healthy subjects. In addition, concentrations
of hGH and hPRL were investigated during and
after exercise in five healthy subjects on two
occasions with and without an oral dose of

alcohol (0.5 g/kg body weight).

Alcohol administration did not significantly alter

basal concentrations of hGH or hPRL.

Growth hormone concentrations were significantly
greater during exercise after alcohol adminis-—
tration than in the control investigation.
Concentrations of hPRL during and after exercise

were not significantly altered by alcohol.

The results suggest that alcohol potentiates hGH
release in response to exercise. This effect
does not appear to be associated with a fall in
blood glucose. or FFA concentrations and may be
related to a direct effect of alcohol on hGH

release mechanisms.
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CHAPTER 4

THE METABOLIC RESPONSE TO EXERCISE IN CHRONIC ALCOHOLICS



INTRODUCTION

Moderate exercise produces increased levels of human
growth hormone in the blood (Hunter et al., 1965a) and the
changes in certain metabolites with exercise give an
indication of carbohydrate and fat metabolism. Acute
ingestion of ethanol can also lead to increased secretion
of human growth hormone (Bellet et al., 1971) and affects
carbohydrate metabolism (Hawkins and Kalant, 1972).

Patients with a history of chronically high aleghol intake:
have a greater decrease in muscle glycogen during exercise
than normal subjects (Suominen, Forsberg, Heikkinen and
Osterback, 1974). There 1s evidence that some chronic
alcoholics have a depression of their hypothalamic/pituitary/
adrenal axis as their cortisol response to oral ingestion of
ethanol is absent (Meriy and Marks, 1969). In order to
investigate metabolic and hormonal responses to exercise in
chronic alcoholism six subjects were studied within a few days
of admission for management of this problem. They had not

ingested alcochol in the intervening time.

METHODS

Subjects
Six male subjects (age 40-48 years) who had a progressive

alcohol problem of not less than six years duration were
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studied. Alcohol abuse had been so persistent that it had
affected their everyday lives (Table 4.T1). They had a mean
height of 173 cm ki 3.0 (S.E.M.) and a mean weight of 72.2 kg
ki 3.2 (S.E.M.). Six healthy male subjects (age 26-~40 years)
were also examined as controls. They were all members of the
University Department of Neurology, had no admitted alcohol
problem or evidence of it, and to the best of my knowledge had
abstained from alcohol for the previous 24 hours. They had a
mean height of 176 cm X 3.0 (S.E.M.) and a mean weight of

74.2 kg 3.6 (8.E.M.). The patients were investigated after
they had been admitted to a psychiatric unit for treatment of
their chronic alcoholism. Nomne of the patients had taken
alcohol since admission 9-16 days earlier and liver function

tests were all normal.

,
Il

Procedure

After an overnight fast, patients and control subjects
performed exercise on a bicycle ergometer (Elema Schonander
constant load ergometer EM 369) for 20 minutes at a fixed work
load of 100 watts. Heart rate was recorded during exercise
and for 5 minutes éfter exercise using an electrocardiograph.
A catheter was placed in a forearm vein and blood samples
were taken before exercise, at five minute intervals during
exercise and then at 15, 30, 60 and 90 minutes after
exercise. Blood samples were analysed for glucose, lactate,

>pyruvate, glycerol, acetoacetate and 3-hydroxybutyrate.
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Plasma samples were analysed for free fatty acids (FFA)
and for human growth hormone (hGH). Significances
of differences were examined with the Mann-Whitney non~

parametric U test for small samples (Mann and Whitney,

1947).
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RESULTS
Heart rate (Table 4.I1).

The mean heart rates of the alcoholics were slightly
greater both at the end of exercise and five minutes after

exercise but the differences were not significant.

Blood glucose

There was no significant difference between the blood

glucose of the alcoholics and the control subjects.

Blood lactate (Fig 4.1)

Both patients and subjects showed increased blood lactate
concentrations during exercise and a rapid recovery to within
the resting level after exercise. There was no significant
difference between the resting lactate concentrations in the
two groups. At the end of exercise the blood lactate of the

alcoholics was significantly greater (P<.0.01) than the

corresponding level for the control subjects.

Blood pyruvate (Fig 4.1)

There was no significant difference between the resting
pyruvate concentrations of the two groups. At the end of
exercise the pyru§ate concentration of the alcoholics was
significantly greater (P<.0.05) than the corresponding level
for the control subjects. During the post-exercise period

the blood pyruvate of the alcoholics remained significantly

55



6 + 96 11 + 20T 3sToa9%3 1s0d ¢

9T + 9¢1 9T + o¥I 074

€1 + %€T 9T * 8¢1 <1

Z1 : 871 Tl o+ ¥ET 01

6 + 071 1T + 221 g

S ¥ 8l T 1521
UBRW°S°S + UBSM uBlW*9'S ¥ UBSW (utm) =wir

S10I3W0Y SOTITOYOITY

s309fqns [0I3UOD XIS pue SOTIJOYOD[R XIS UT ISTIIDXD 193J®
s9InuIW SATF J® pue SUTINP (_ UTW's3I®aq) 931 JIBSH  Ii‘y HIIVI



greater (P<. 0.01) than the corresponding contrel concentrations.

Total ketones (Fig 4.11)

There was no significant difference between the iotal
blood ketones of the alcoholies and controls at rest. Both
groups showed a similar fall in ketones during exercise.

After exercise the total ketones rose in both groups, however,
the concentrations reached by the alcoholics were significantly
greater (P4 0.001) than in the controls for samples taken at

90 and 120 minutes.

Blood glycerol (Fig 4.1III)

There was no significant difference between the resting
glyceral concentrations in the two groups. In all samples
taken during exercise the blood giycerol of the alcoholics was
significantly greater'(Pﬁ,0.0l) than the corresponding levels
for the control subjeLts. The only significant difference
between the blood glycerol of the two groups after exercise
occurred in the samples at 90 minutes when the blood glycerol

of the alcoholics was significantly greater (P< 0.05) than

the corresponding control concentration.
Plasma FFA (Fig 4.1LI)

The pattern of change of FFA was very similar in both the
alcoholics and the control subjects. The alcoholics tended

to have higher FFA levels but the difference was not

significant.
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Plasma hGH (Fig 4.1V)

Resting hGH concentrations were not significantly
different in the tﬁo groups. Plasma hGH concentrations
were lower in the alcoholics both during and after
exercise but differences were significant (P4 0.05) only

at the end of exercise and at 5 minutes after exercise.

57



FIG

4.1

'Blood lactate and pyruvate (jmol/ml,

+ , :

mean - SEM) during and after twenty
minutes of exercise in six chronic
alcoholics (@—€) and six normal

control subjects (B=--~m).




LACTATE - umoles/m!

PYRUVATE - pmoles/mi

3]

012 —
010 -
0-08
0-06 -
004 -

0-02

0-0 -

1 P I
I‘; =1 aLcoroLcs
{ “*f CONTROLS

| /I I/I ALCOHOLICS
I/I I I CONTROLS

EXERCISE
| I i ! 1 I 1
0 20 40 60 80 100 120

TIME - min



FIG 4.IT Total blood ketones (3-hydroxybutyrate
+ acetoacetate, jmol/ml mean Z5.E.M)
during and after twenty minutes of
exercise in six chronic alcoholies
(¢——0) and six normal control

subjects (B=--2).

[

FIG 4.IIT Blood glyce);ol (3mol/ml, mean X S.E.M.)
and plasma free fatty acids (pmol/ml,
mean X S.EM.) during and after twenty
minutes of exercise in six chronic
alcoholics (o—0) and six normal control

subjects (@E--=--3),
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FIG 4.IV‘ Plasma hGH (p units/ml,
mean ~ S.E.M.) during and
after twenty minutes of
exercise in six chronic
alcoholics (@) and six
normal control subjects

(B====f1),
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DISCUSSTION

The alcoholics performed the same exercise test as the
controls aﬂd had similar heart rates but there were marked
differences observed in metabolites and hormones in the blood
between the two groups. The alcoholic subjects were all
examined when abstinent and therefore the results are relevant
to the period of withdrawal from alcohol. Further inves-
tigations will be necessary to determine whether the metabolic
and hormonal changes observed in the present study are related
to the chronic effect of alcohol or specifically to withdrawal.
There are, however, difficulties in examining patients when
under the effect of alcohol as the direct metabolic effect of
alcohol would also be observed. In the present study the
alcoholiecs were found to have significantly greater lactate
and pyruvate concentrations during exercise and also developed
a post—exercise ketosis. Greater concentrations of lactate
and pyruvate are known to occur in untrained subjects during
exercise (Robinson and Harmon, 1941; Holmgren and Strom, 1959;
Cobb and Johnson, 1963; Juchems and Kumper, 1968; Saltin and
Karlsson, 1971). A greater post-exercise ketosis occurs in
unfit compared with fit subjects (Johnson, Walton, Krebs and
Williamson, 1969; Jennett, Johnson and Rennie, 1972; Johnson
and Walton, 1972). It is, therefore, possible that the
alcoholics were less fit than the con£f01 subjects but this

seems unlikely since the heart rate, which is known to be a good
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indication of fitness, was similar in both groups at the end

of exercise and during recovery.

The further possibility exists that the alcoholiecs had
a reduced oxidative capacity not related to fitmess. Muscle
biopsies of alcoholics may show swollen pale muscle fibres and
it is possible that such an abnormality may be a basis for
reduced oxidative capacity in alcoholics but this suggestion
requires further study (Klinkerfuss, Bleisch, Dioso and Perkoff,
1967). The high concentrations of glycerol in the alcoholies
suggests that there was greater lipolysis during exercise in
this group (Winkler, Steele and Altszuler, 1969). Fat appears
to have been a more important fuel during exercise in the
alcoholics but the development of post—exercise ketosis
suggests that the oxidation of fat is less efficient than in

,
i

the control subjects.

Exercise causes a rise in blood levels of human growth
hormone and it has been suggested that growth hormone may play
an important role in the initial mobilization of fat during
exercise (Hunter et al., 1965b; Rabinowitz et al., 1965;
Winkler et al., 1969). This suggestion has been weakened
by the results of studies of patients with hypopituitarism

who fail to show an increase in growth hormone during exercise
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but have increased FFA levels (Johnson, Rennie, Walton and
Webster, 1971). The present findings of lower human growth
hormone in the alcoholiecs also weakens this suggestion since
the levels of glycerol were greater than for the controls

suggesting increased lipolysis in the alcohelics.

It has been shown that the rise of hGH with exercise is
greater for untrained than for trained subjects (Hartley,
Mason, Hogan, Jones, Kotchen, Mongey, Wherry, Pennington and
Ricketts, 1972; Rennie and Johnson, 1974; Bloom et al.,
1976). Hypoglycaemia (Hunter et al., 1965a) fall of plasma
FFA (Hartog et al., 1967) and a rise of blood lactate
(Sutton et al., 1968) have been reported as possible stimuli
for producing an increasg in plasma hGH concentration during
exercise. These three possibilities appear to be unlikely
in this situatilon, because the changes of blood glucose and
plasma FFA during exefcise were gimilar in both groups and
blood lactate was higher in the patients than in the controls.
In the present investigation we might have expected that if
the increased levels of lactate and pyruvate during exercise and
the ketosis after exercise in the alcoholics were due to lower
fitness a greater, instead of a reduced, growth hormone response

to exercise would have occurred.

" It has been demonstrated that acute administration of

alcohol (I ml/kg body weight) in normal subjects leads to
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increased cortisol levels and that this response is absent

in patients with pituitary adenoma (Jenkins and Connolly,
1968). This suggests that acute intake of alcohol
stimulates adrenocorticotrophic hormone (ACTH) release.
Further evidence for an effect of alcohol on the pituitary
comes from the observation that a single oral dose of alcohol
(1.5 ml/kg body weight) can lead to increased secretion of

hGH (Bellet et al., 1971).

In some chronic alcoholics, however, Merry and Marks
(1969) reported that plasma cortisol concentrations were
paradoxically depressed after alcohol administration. They
suggested that chronically self administered alcohecl has a
depressor effect on cortisol release via the hypothalamic-
pituitary axis. It is possible that such a depressor
effect may also account for the lower hGH response to

exercise in the alcoholics studied in this chapter.
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SUMMARY

The metabolic response to steady exercise was studied
in six chronic alcoholics and six normal control

subjects.

Higher concentrations of lactate and pyruvate were
observed in the alcoholics during exercise and they
also developed post—exercise ketosis. These changes
were probably not due to reduced fitness of the
alcoholics as the heart rates of both groups were

similar.

The alcoholics had lower levels of growth hormone
during exercise compared with the controls suggesting
that chronic alcohol consumption has a depressor

effect on pathways regulating the release of growth

hormone.
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CHAPTER 5

THE GROWTH HORMONE RESPONSE TO INSULIN INDUCED

HYPOGLYCAEMTA IN ALCOHOLICS



INTRODUCTION

Chronic aicohol consumption may be associated with a
depression of hypothalamic/pituitary/adrenal function since
it has been observed that the normal rise in cortisol
concentrations in response to oral alcohol and hypoglycaemia
is absent in a number of alcoholics (Merry & Marks, 1972).
If hypothalamic/pituitary function is depressed in alcoholics
the hGH respomse to various hGH releasing stimuli may be
impaired. = Results presented in the previous chapter demon-—
strate that the hGH response to exercise isiimpaired in
alcoholics., The hGH response to exercise is, however,
known to vary according to work rate and fitness (Bloom
et al., 1976) and it was therefore decided to investigate

the hGH response to hypoglycaemia in alcoholics.

METHOD
Subjects
The growth hormone response to insulin hypoglycaemia
was studied in 7 male alcoholics, mean age 42 years
(range 32-51) who had given their informed comsent to

the investigation and 10 normal control subjects
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(5 male, 5 female) mean age 42 years (32-51). In
addition the cortisol response was studied in 6 male
control subjects, mean age 38 years (23-51). The
patients all admitted consuming relatively large
amounts of alcohol on a regulaf basis for not less
than 5 years and their everyday life had been affected
(Table 5.71). Liver function tests and blood alcohol
levels on admission to hospital suggest that the
patients had been drinking but do not demonstrate
marked liver damage. The patients had all stopped
drinking 2-7 days (range) before the investigation.
The control subjects were all normal volunteers who
had no admitted alcohol problem.
!
Procedure
Blood samples were withdrawn from a cannula in an

antecubital vein before and at 10, 20, 25, 30, 35, 40,
45 and 60 minutes after the injection via the cannula
of soluble insulin (0.1 U/kg body weight). Blood
samples were analysed for glucose and plasma samples
for hGH and corticosteroids. Significance of
difference was examined with the Mann-Whitney non-
parametric U test for small samples (Mann & Whitney,

1947).
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RESULTS

Blood glucose (Table 5.1I)

The rate of fall of blood glucose after insulin
injection was similar in both groups and there was no
significant difference in the concentrations of the 2
groups at any time during the investigation, All the
subjects developed adequate hypoglycaemia (blood glucose

¢ 2.2 mmol/1) for the hGH response.

Plasma free fatty acids (Fig. 5.7T)

Insulin produced a similar depression in FFA
concentrations in both groups and there was no significant
difference in the concentrations of the 2 groups before

or after the injection.

Plasma growth hormone (Table 5.III)

The concentrations of hGH before and at 10 and 20
minutes after insulin injection in the alccholics were
significantly lower than the corresponding values for
the controls. Thé mean hGH concentrations of both
groups showed an increase 30-35 minutes after the
injection and the alcoholics had significantly lower
hGH concentrations at 45 and 60 minutes than the controls.
Three of the alcoholics had an inadeduate hGH response

with a peak concentration less than 10 mu/1,
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Plasma cortisol (Table 5.1IV)

After the injection of insulin plasma cortisol
concentrations increased in both groups but the
concentrations in the alcoholics were significantly
lower at 40, 45 and 60 minutes. Only 2 of the
patients had a cortisol response greater than
200 mmol/ and cortisol concentrations decreased

after insulin in 2 patients.
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FIG 5.1

Plasma free fatty acid concentrations
(pmol/ml, mean * SEM) in seven alcoholics
(@—9) and in ten control subjects
(G--~~@) before and after the injection

of insulin (0.1U/ kg body weight).
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DISCUSSION

The results presented in this chapter suggest that
there is a depression of hGH release in response to
insulin induced hypoglycaemia in alcoholic withdrawal.
Hypoglycaemia (Roth et al. 1963), stress (Schalch,
1967), diurnal variation (Glick & Goldsmith, 1968) and
a fall in plasma FFA (Irie et al. 1967) have all been
reported as possible stimuli producing an increase in
serum hGH . Increasing age may be associated with a
lowering of hGH responses (Maany et al. 1975). It is
possible that some of these factors operated in the
control subjects tending to augment their hGH responses.
However, the concentrations of blood glucose and plasma

f

FFA were similar in both groups, and all the patients
and subjects developed adequate hypoglycaemia (blood
glucose < 2.2 mmol/1) during the investigation. The
studies were carried out at the same time in the morning
and both groups were matched for age so that this would
not be an importaﬁt factor. In addition, the hGH
concentrations in the control subjects are very similar
to those reported in normal subjects given the same dose
of insulin (Roth é&wél,, 1963). A deficient growth
hormone response to insulin hypoglycaemia similar to

that found in some alcoholics in the present study has
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been reported in a single alcoholic in whom hGH respon-~
siveness returned to normal after 9 months abstinence
from alcohol (Adreani, Tamburrano and Javicoli, 1976).
Wright, Fry, Merry and Marks K (1976) reported that they
could not find any consistent abnormality in the growth
hormone response to insulin hypoglycaemia in alcoholics
but the patients they studied were drinking up to the
time of the investigation whereas the patients in the
present study had been abstinent for a few days. This
suggests that the impaired growth hormone responses may

be a feature of alcohol withdrawal.

The results for the cortisol response are similar
to those of Merry & Marks {1972), who also found that
the normal increase in cortisol in response to insulin
hypoglycaemia is im;aired in a number of alcoholics.
Two patients who shared a fail in cortisol concentrations
had no hGH response, suggesting that these altered

responses may be related to a general impairment of release

of pituitary hormones.

The depression of hypothalamic/pituitary function
reported here may be related to withdrawal following the

continued and prolonged stimulation of the hypothalamus
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by alcohol.  Recent evidence (Lal, Tolis, Martin, Brown
and Guyda, 1975) suggests that there are dual nora-—
drenergic/dopaminergic hGH modulating mechanisms.
Stimulation of d-adrenergic receptors (Blackard, 1970)
and dopaminergic receptors (Lal et al., 1973) increases
hGH concentrations, whereas J>-receptor stimulation
inhibits hGH release (Massara & Camanni, 1971). In
particular, the hGH response to insulin hypoglycaemia
appears to be mediated by «-receptors as the response is
blocked by phentolamine (Blackard & Heidingsfelder, 1968).
It is possible that the impaired hGH release in some of
the alcoholics in the present investigation is due to an
alteration of catecholaminergic systems modulating hGH
release. quther investigation of a larger group of
patients is required:to confirm the present findings and
to determine if prolonged alecohol consumption and alcohol
withdrawal alter mechanisms modulating hGH and ACTH, and
to assess the extent to which the release of other

pituitary hormones is required.
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SUMMARY

1. The growth hormone response to insulin induced
hypoglycaemia was studied in 7 alcoholic in-patients
who had been abstinent for 2-11 days and in 10
normal controls, Blood samples were taken at
intervals after the injection of soluble insulin

(0.1 U/kg body weight).

2. The growth hormone response was impaired in 4 of
the alcoholics and the depression was not related
to differences in blood glucose or plasma—free
fatty acids. The cortisol response was also

impaired in 5 patients.
!

3. The results suggest that a number of alcoholics
observed after alcohol withdrawal may have a

depression of hypothalamic/pituitary function.
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CHAPTER 6

GROWTH HORMONE, PROLACTIN AND CORTISOL
RESPONSE TO INSULIN HYPOGLYCAEMIA

IN AT.COHOLICS



INTRODUCTION

Chronic alcohol consumption has a numﬁer of important
interactions with the endocrine system (Gordon and Southern,
1977). In particular, a proportion of alcoholics have an
impaired cortisol response to oral alcohol and hypoglycagmia
(Merry and Marks, 1972). The results presented in the
previous chapter demonstrate that a number of alcoholics
investigated shortly after cessation of drinking have
impaired growth hormone (hGH) responses to hypoglycaemia.

It was decided to extend these studies by investigating
growth hormone, prolactin (hPRL) and corticosteroid responses
and relevant features of the patient's clinical history was

also examined.

METHODS /

Patients and subjects

Twenty-four male patients, mean age 45 years (range
25-65 years) with a diagnosis of a progressive alcohol problem
were investigated 2-7 days after they had stopped drinking.
The patients had all given their informed consent to the study.
Only patients who gave a history of symptoms of physical
dependence on alcohol were studied and patients known to have
hepatic¢ cirrhosis and hypokalameic or jaundiced patients were

excluded. Liver function tests including ¥ ~glutamyl
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transpeptidase were routinely performed on admission and
suggested that the patients had been drinking before admission
but did not demonstrate marked liver damage. Growth

hormone and prolactin responses were also studied in ten
normal healthy controls (5 male, 5 female) mean age 42 years
(range 32-51 years). In addition, the cortisol response was
studied in 6 male control subjeéts, mean age 38 years

(range 23~51 years).

Procedure

Assessment of the clinical features of alcoholism was
performed independently using a standard questionnaire which
was given when the patient no longer displayed signs or
symptoms of alcohol withdrawal. The information was corrobor-
ated by a relative when possible. Severity of withdrawal

symptoms was estimated on the basis of an objective rating

scale:i-
Score or Group Symp toms

0 No symptoms.

1 Tremor, insomnia, auto-
nomic nervous system
manifestations.

2 Delirium tremens.
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Blood sanmples were withdrawn from a cannula in an ante-
cubital vein before and at 10, 20, 25, 30, 35, 40, 45 and
60 minutes after the injection of soluble insulin (0.1 U/kg
body weight) via the cannula. Blood samples were analiysed
for glucose and plasma samples were analysed for hGH, hPRL

and cortisol.
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RESULTS

The clinical history of the patients (Table 6.1)
demonstrated that all the patients had consumed relatively
large amounts of alcohol on a regular basis for a number of
years. All the patients had a history of an alcohol problem
of not less than 2 years and some of the patients had been

admi.tted to hospital for treatment of an alcohol problem on

a number of previous occasions.

Blood glucose (Table 6.1I)

Basal blood glucose concentrations were similar in both
patients and controls. The minimum concentration after the
-injection of insulin demonsirated that all the patients developed

adequate hypoglycaemia (blood gluccse< 2.2. mmol/1).

Plasma growth hormone (Table 6.II)

f
Basal hGH concentration in the patients were generally

lower than the controls. Nine of the twenty four patients
studied had an inadequate hGH response with a peak concentration

less than 10 mu/l.

Plasma prolactin (Table 6.1IIT)

Basal hPRL coﬁcentrations were similar in both patients and
controls. Nine of the patients demonstrated a fall or no
change from basal hPRL concentrations whereas the remaining 15
patients had at least a small rise in hPRL concentrations. 0f
the nine patients who showed a fall or mo change in hPRL

concentrations, eight had impaired hGH responses.
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TABLE 6.11 Basal concentrations of blood glucose (mmol/1),
and plasma hGH (inu/1) and minimum concentration
of glucose and concentration of hGH at 45 and 60
minutes after the injection of insulin in 24 alcoholies.

Patient g?iggge Plasma hGH
mmol/1 mu/1

No. rest minimum rest 45 min 60 min
1 4.68 1.47 2.6 60.4 25,2

2 5.4 1.4 4,2 88.6 89.0

3 5.8 2.0 2.0 55.0 41.6

4 5.0 0.8 2.8 4.8 3.6

5 4o4 1.8 0.2 69.4 71.0

6 4.6 1.0 8.2 33.2 65.4

7 5.6 0,8 0.5 21.0 19.9

8 4,8 1.4 2.5 0.4 0.6

9 5.4 1.0 4.2 95.8 . 8l.4
10 42 1.2 0.2 21.2 19.1
11 4.2 1.1 1.8 72.6 53.8
12 6.3 1.6 0.2 0.2 0.2
13 5.9 1.4 . 0.4 31.8 44.8
14 6.0 1.8 2.1 3.6 5.8
15 5.8 1.3 0.4 89.2 135.2
16 4.5 1.0 0.8 3.0 2.4
17 6.5 1.4 0.2 0.2 0.4
18 6.1 1.1 0.7 12.7 24,0
19 6.8 : 1.2 2.8 5.3 1.8
20 5.0 1.5 0.4 1.6 1.4
21 4.7 1.1 2.4 15.6 27.0
22 4.5 1.7 4.8 20.8 39.0
23 4.5 1.0 0.8  63.2 89.4
24 5.9 1.6 - 0.6 1.2 8.0

Controls . .

Mean 4.2 1.2 7.8 71.4 78.6

seM ¥ 0.3 0.2 1.6 17.0 9.0



TABLE 6.I1ITIL Basal concentrations of hPRL (mu/l) and
cortisol (mmol/1l) apd concentrations at
45 and 60 minutes after the injection of
insulin in 24 alcoholics.

Patient Plasma hPRL Plasma cortisol
mu/1 mmol/1
No. rest 45 min 60 min rest 45 min 60 min
1 120 600 360 489 908 756
2 300 1580 1620 345 566 649
3 160 120 120 541 1065 1228
4 180 160 160 472 574 519
5 120 600 400 613 519 439
6 160 360 300 445 745 552
7 160 700 580 414 657 668
8 60 30 20 439 163 179
9 360 650 900 345 317 436
10 160 240 200 44k 693 707
11 180 1640 1740 235 400 502
12 160 120 100 800 259 287
13 120 140 140 502 1041 894
14 120 120 80 469 914 527
15 200 200 240 474 500 500
16 120 100 90 469 524 745
17 240 140 140 497 497 392
18 100 160 240 524 635 607
19 360 360 340 381 351 323
20 860 720 800 287 179 157
21 240 850 850 337 585 773
22 280 400 460 442 657 668
23 100 420 620 226 580 276
24 240 180 100 745 489 Lk
Controls
Mean 207 520 530 453 894 767

SEM * 24 70 81 58 102 102



Plasma cortisol (Table 6.1I1I)

Thirteen patients and all the controls showed an increase
above basal cortisol concentrations greater than 200 mmol/1.
In 4 patients plasma cortisol increased, but the rise was less
than 200 mmol/l and in the 7 remaining patients, plasma
cortisol decreased from basal levels. Six of the patients
who showed a decrease from basal cortisol concentrations had

impaired hGH responses.

Relationship between hGH, hPRL (Table 6.1IV).
and cortisol responses

In an attempt to examine if there was an impairment of all
three hormone responses in some patients, the increase or
decrease from basal concentration of hGH at 45 and 60 minutes
was correlated with the corresponding change in hPRL and
cortisol concentratiop. The only significant correlation
found was between the hGH and hPRL responses at 45 and 60

minutes.

Relationship between hGH response and features of clinical history

The increase or decrease above basal concentrationsof hGH
at 45 and 60 minutes was correlated with age, duration of drinking,
duration of alcohol problem and admitted alcohol intake. In no

case was a significant correlation found.

The concentrations of the various hormones at 45 and 60
minutes were grouped according to the patient's score for with-

drawal symptoms.
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Growth hormone concentrations in patients with a withdrawal
score of 2 were significantly lower than those with scores of

0 or 1 at 45 minutes (P< 0.014 and P< 0.008 respectively) and
at 60 minutes (P< 0.024 and P< 0.002 respectively). (Fig. 6.1).
There was no significant difference betﬁeen the hGH concen-
tration of Groups 0 and 1. Prolactin concentration of with-
drawal score group 2 were lower than for group O and 1 at 45
and 60 minutes but the difference was not significant at the

5Z level. There was no significant difference between plasma
cortisol concentrations for any of the withdrawal score groups

at either 45 or 60 minutes.
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FIG 6.1

Increase or decrease from basal
concentrations (mu/1l) of growth
hormone (hGH) and prolactin (HPRL)
60 minutes after the injection of
insulin (Q.l U/kg body weight) in

24 alcoholics with differing

.severity of withdrawal symptoms

(see text).
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DISCUSSION

The results presented here confirm the results of earlier
studies which demonstrate that hGH responses are impaired in
some alcoholics (Andreani, Tamburrano and Javicoli, 1976;
Chapter 5). All the patients developed adequate hypoglycaemia
for the hGH response (blood glucoseg 2.2 mmol/1) and nine of
the patients had impaired hGH responses. Prolactin concentra-
tion either decreased or showed a minimal increase in eight of
the patients with impaired hGH responses. Seven patients
showed a decrease from basal cortisol concentrations and six
of them had an impaired hGH response. The present observation
that a proportion of alcoholics have an impaired cortisol
response to hypoglycaemia is consistent with other published
findings (Merry and Marks, 1972; Chapter 5). The presence
of an impairment in the response of all three hormone$in some
patients suggests that there may be a general impairment of

release of these hormones in some patients.

Impairment of release of all three hormones might be
indicated by a significant positive correlation between the
three responses in the patients. Significant correlations
were found between the hPRL and hGH responses at 45 and 60
minutes.  However, hPRL responses were relatively small and
variable and a greater degree of hypqglycaemia may be required
for a more consistent hPRL response (Noel, Suh and Frantz,
1971).  Although there was no significant correlation between

the hGH and cortisol responses, it is possible that individual

77



differences in adrenal responsiveness or timing of ACTH
release may exist. The results suggest that both hGH and
hPRL responses were impaired in somelpatients but further
investigation of ACTH responses will be required to determine

if the responses of all three hormones are impaired.

The most consistent abnormality found in the present
study was the presence of an impaired hGH response . No
significant correlation was found between the hGH response
and any of the recorded features of the clinical history.
Growth hormone responses are known to be related to age
(Maany, Frazer and Mendels, 1975), but it is unlikely that
this relationship would be apparent in the present study
since age differences were relatively small and some of the
patients demonstrated impaired responses. If the impaired
hGH response was reldated to chronic alcohol consumption,
then factors like duration of drinking problem and admitted
alcohel intake might have shown a significant relationship,

but there was no evidence of this in the present investigation.

The hGH responses in the five patients with the most
severe withdrawal symptoms were impaired suggesting that alcohol
withdrawal may be required to demonstrate this effect. Wright,
Merry, Fry and Marks (1976) investigated hypothalamic/pituitary

function in alcoholics and reported that the hGH response to
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insulin hypoglycaemia was normal. However, their patients
were drinking up to the time of investigation and had not
experienced alcohol withdrawal. An impaired hGH response

to insulin hypoglycaemia has been reported in a single
abstinent alccholic but normal responsiveness had returned
when the patient was subsequently reinvestigated (Andreani
et al., 1976). It appears that abstinence or withdrawal

of alcohol from the alcoholic may be required to demonstrate

an impaired hGH response.

The presence of withdrawal symptoms is diagnostic of
alcohol defendence but the mechanisms involved in the develop-
ment of alcohol withdrawal syndrome are not fully understood
(Hore, 1977). The significance of the present observation
of impaired stress responses in some recently abstinent
alcoholics requires‘éurther investigation as it may have

important implications for the management of alcohol withdrawal

syndrome.
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SUMMARY

1.

Growth hormone (hGH), Prolactin (hPRL) and cortisol
responses to insulin induced hypoglycaemia were

studied in 24 patients with a diagnosis of a progres-
sive alcohol problem who had been abstinent for 2-7
days. Blood samples were taken at intervals after

the injection of soluble insulin (0.1 U/kg body weight).
All the patients developed adequate hypoglycaemia

(blood glucose< 2.2 mmol/1) and nine of the patients had

impaired hGH responses.

Prolactin concentrations showed a fall or no change
from basal levels in nine patients and eight of them
also had impaired hGH responses. In seven patients
cortisol concentrations decreased from basal levels and
six of these pétients had imapired hGH responses. A
number of patients had impairment of all three hormone
responses and significant correlations were found

between the hGH and hPRL responses at 45 and 60 minutes.

There was no correlation between the hGH response and
age, duration of drinking, duration of alcohol problem
or admitted alcohol intake. Growth hormone responses
were significantly lower in the patients who had
experienced the severest withdrawal symptoms. The

observations of impaired stress responses in some

80



recently abstinent alcoholics may have important
implications for the management of alcohol withdrawal

syndrome.
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CHAPTER 7

THE GROWTH HORMONE AND PROLACTIN RESPONSES TO

BROMOCRIPTINE IN NORMAL SUBJECTS AND IN ACROMEGALY



INTRODUCTION

Release of hGH and hPRL is known to be modulated by
catecholamines and serotonin {(Imura et al., 1973; Nakai et al.,
1973; Fronham and Stachura, 1975; Lal etal., 1975).
Evidence for the involvement of dopamine in the regulation of
hGH and hPRL release includes the observations that bromocriptine,
a specific dopamine receptor agonist, stimulates hGH and
suppresses hPRL release in normal subjects (Cammani et al.,
1975; Tolis et al., 1975) and suppresses both hGH and hPRL
in acromegaly (Cammani et al., 1975; Thormer, Chait, Aitken,
Benker, Bloom, Mortimer, Sanders, Stuart Mason and Besser,
1975). The action of bromocriptine appears to be specific to
dopamine receptors and it may therefore be of value in inves-—
rigating dopaminergic regulation of hGH and hPRL release in
patients with evidence of altered hypothalamic function.

Before carrying out sucﬁ studies it was necessary to confirm
these responses to bromocriptine and to ensure that the

responses were not related to hypoglycaemia or a fall in FFA

concentrations.

Acromegaly is a disorder involving abnormal secretion of
hGH usually associated with an anterior pituitary tumour and is
characterised by marked eleyation of basal hGH concentrations.
An opportunity arose to investigate the effect of bromocriptine

in a patient with this disorder and to monitor hGH and hPRL
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concentrations during long term treatment with this drug. The
results of these studies in normal subjects and in acromegaly

are presented in this chapter.

I RESPONSE TO BROMOCRIPTINE IN NORMAL SUBJECTS

METHODS

Seven normal subjects (4 male, 3 female) aged 23-55 years
(mean 44) were studied. The investigétions were carried out
in the morning after an overnight fast and the subjects remained
at rest, lying down, throughout the investigation. Blood
samples were taken from a cannula in an antecubital vein at
30, 60, 90, 120, 130, 140, 150, 160, 170, 180 and 210 minutes
after oral administration of bromocriptine (2.5 mg). Blood
samples were analysed for glucose and glycerol and plasma
samples analysed for FFA, hGH and hPRL. Significance of
difference was examined using the Mann-Whitney non-parametric

U~test for small samples (Mann and Whitmey, 1947).

RESULTS
Plasma hGH Fig 7.1)

Concentrations of hGH increased 2 hours after bromocriptine
and were significanti} greater (P 0.05, 0.05, 0.02 and 0.05)

than basal concentrations at 150, 160, 170 and 180 minutes.

83



Plasma hPRL (Fig 7.0)

Prolactin concentrations decreased after bromocriptine,
but although the results suggest suppression of hPRL,
concentrations after bromocriptine were not significantly

lower than basal concentrations.

Plasma FFA and blood glycerol (Fig 7.11)

There was no significant change from basal concentrations

of FFA or blood glycerol at any time during the investigation.

Blood glucose

Blood glucose concentrations after bromocriptine were not

significantly different from basal concentrations.

II. RESPONSE TO BROMOCRIPTINE IN ACROMEGALY

METHOD
P atient v

One male patient with a diagnosis of acromegaly was studied.
The patient had received radiotherapy treatment four years
previocusly. Symptoms had persisted and one year later he under-
went cryosurgery for the destruction of the anterior pituitary
tumour, but basal hGH concentrations have continued to be

elevated for the last three years following this procedure.

Procedure
Investigations involved giving bromocriptine orally and

collecting blood samples at appropriate intervals of time from

a cannula in an antecubital vein. Growth hormone and hPRL
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responses to 2.5 and 10 mg of bromocriptine were studied on two
separate occasions. Hormone levels were monitored during long
term treatment by taking blood samples by venepuncture when the
patient attended the hospital. Plasma samples were analyscd

for hGH and hPRL.

RESULTS

Plasma hGH and hPRL (Fig 7.1I1L)

Basal hGH and hPRL concentrations were elevated on both
occasions before treatment. Administration of 2.5 mg and
10.0 mg of bromocriptine on separate occasions was associated
with a fall in hGH and hPRL concentrations. After treatment
with 2.5 mg/day for ten days, hGH and hPRL levels were found
to be only slightly lower than pre~treatment levels (Fig 7.IV).
The dose of bromocriptine was gradually increased until the
patient was receiving 10 mg/day and treatment at this dosage
was associated with suppression of hGH and hPRL concentrations.
At one stage during treatment the patient exhausted his supply
of the drug and hGH and hPRL levels returned to pre-treatment

levels but were again suppressed when treatment was restarted.
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FI¢ 7.1 Plasma hGH and hPRL concentrations
+ .
(mu/1, mean - S.E.M.) in seven normal
subjects before and after oral

administration of bromocriptine (2.5 mg).

e e g PEpE a4 e



18-y

16

14+

12

10=

8=

G -

Plasma hGH (rnu/ll

250™

200+

/I)
- -
g g
] -

Plasma hPRL (mu

o
[=]
[1

0.

Bromocriptine

Bromocriptine

|

=]

30

T T
80 20

Time minutes

120 160 180 210



FIG. 7.1 Plasma FFA and blood glycerol
concentrations (pmol/ml, mean x S.E.ﬁ.)
in seven normal subjects before and
after oral administration of

bromocriptine (2.5 mg).
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PG, 7.11I Plasma hGH and hPRL concentrations
(mu/1) before and after administration
of bromocriptine in a patient with

acromegaly.
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FIG. 7.1V Plasma hGH and hPRL concentrations
(mu/1) before and during treatment
with bromocriptine in a patient

with acromegaly.
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DISCUSSTON

The results presented in this chapter demonstrate that
bromocriptine produces significant elevation of hGH in normal
subjects and suppresses hGH and hPRL in acromegaly. These
results are in agreement with other published findings for
normal subjects (Del Pozo et _al., 1972; Tolis et al., 1975)
and for a number of acromegalics (Cammani et al., 1975; Thorner

et al., 1975).

Growth hormone release is known to follow a fall in FFA
concentrations (Hartog et al., 1967) while hGH and hPRL release
follows a fall in blood glucose (Hunter et al., 19653; Noel
et al., 1971). There was no evidence for a significant change
in blood glucose concentrations after bromocriptine in the
present investigation. Tolis and co-~workers (1975) reported
a rise in plasma FFA 4-5 hours after oral administration of
brémoctiptine but there was no significant alteration of plasma
FFA or blood glycerol concentrations during the 3! hours after

bromocriptine administration in the present study.

In the absence of a change in known metabolic stimuli the
present results suggest that bromocriptine acts on hypothalamic
or pituitary receptors regulating hGH and hPRL release. Dopamine
is known to be present in relatively large quantities in the
median eminence and the close relationship between dopamine
containing granules to capilliaries of the portal plexus suggests

that dopamine may have a role in the regulation of hGH release
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(Fuxe and Hokfelt, 1969). This suggestion is supported by the
observations that L—dopa the precursor of dopamine and the
dopamine receptor agomnist apomorphine both elevate hGH in normal
subjects (Boyd et al., 1970; Maany et al., 1975). Both L-dopa
and apomorphine are thought to act on CNS loci (Muller, 1973).
The present observation of hGH release in response to
bromocriptine probably involves stimulation of hypothalamic

dopamine receptors regulating GRF or GRIF.

Prolactin release is known to be under inhibitory control
from the hypothalamus and there is evidence that dopamine has
prolactin release inhibiting properties (Kamberi, 1973; Zacur
et al., 1976). Further evidence for the involvement of dopamine
in the regulation of hPRL release comes from the observations
that phenothiazines, which are known to block dopamine and nora-
drenaline receptors in the CNS (Sourkes, 1975), produce elevation
of hPRL levels (Apostolakis et al., 1972; Frantz et al., 1972;
Beumont et al., 1974).l In the‘present study there was evidence
of suppression of hPRL by bromocriptine in normal subjects but
because of variation in hPRL levels this suppression was not
statistically significant. However, the marked suppression of
hPRL in the acromegalic patient does suggest that bromocriptine

inhibits hPRL release.

The acromegalic patient had elevated basal concentrations

of both hGH and hPRL and this is consistent with reports of the
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elevation of both hormones in a number of acromegalics (Franks,
Jacobs and Nabarro, 1976). Long term treatment with bromocrip-
tine suppressed hGH and hPRL levels in the patient and this
finding is in agreement with the results of a number of trials
of bromocriptine in the treatment of acromegaly (Thorner et al.,
1975; Chiodini, Liuzzi, Botalla, Oppizzi, Muller and Silvestrini,
1975; Sachdev, Gomez-Pan, Tunbridge, Duns, Weightman and Hall,
1975). Bromocriptine is known to inhibit release of hGH and
hPRL from anterior pituitary tumour cells 'in vitro' and this
suggests that the suppression of hGH and hPRL in acromegaly may
involve stimulation of dopamine receptors on pituitary cells
(Mashitev, Adams and Holley, 1977). In the present investiga-—
tion the suppression of hPRL in normal subjects and in the
acromegalic patient occurred shortly after bromocriptine
administration suggesting a direct action on the pituitary
whereas the rise in hGH in normal subjects was delayed. The
possibility that the hGHJresponse in normal subjects involves
hypothalamic stimulation whereas suppression of hPRL involves

pituitary receptors requires further investigatiomn.

The results presented in this chapter confirm the results of
other research workers and demonstrate that bromocriptine produces
an elevation of hGH in normal subjects. Bromocriptine produced
suppression of both hGH and hPRL in an acromegalic patient and
these results suggest that bromocriptine may be of value in the

treatment of acromegaly.
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SUMMARY

1.

Growth hormone and hPRL responses to oral bromocriptine
were investigated in seven normal healthy control

subjects and in one patient with acromegaly.

Bromocriptine administration in normal subjects
produced a significant increase in hGH concentrations
and the hGH response was not related to a fall in
blood glucose or plasma FFA concentrations. Prolactin
concentrations in the normal subjects were not
significantly different after bromocriptine adminis-

tration.

Administration of 2.5 mg and 10 mg of bromocriptine on
two separate occasions produced suppression of both hGH
and hPRL concentrations in a patient with acromegaly.
After treatment wi£h 2.5 mg/day for 10 days hGH and hPRL
concentrations were only slightly lower than pre-
treatment levels but treatment with 10 mg/day was
associated with marked suppression of both hGH and hLPRL

concentrations in the acromegalic.

The results confirm the findings of other investigatots

and provide further evidence for the involvement of
dopamine in the regulation of hGH and hPRL release.

The marked suppression of hGH and HPRL during bromocriptine
treatment in acromegaly suggests that bromocriptine may be

of value in the treatment of this disorder.
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.CHAPTER 8

THE EFFECT OF FLUPHENAZINE ON BASAL PROLACTIN CONCENTRATTIONS



INTRODUCTION

Treatment with phenothiagzine derivatives is known
to be associated in some patients with symptoms of galac—
torrhoea (Gade and Heinrich, 1955) and menstrual disorders
(Polishuk and Kulcsar, 1956). The introduction of a
satisfactory assay system for human prolactin (hPRL) led to
the demonstration that chlorpromazine produces a rise in
basal hPRL concentrations in normal subjects (Friesen} Guyda,
Hwang, Tyson and Barbeau, 1972) and in patients receiving
treatment with this drug (Apostolakis et al., 1972; Frantz
et al., 1972). Most studies of the effects of phenothiazines
in man have involved studies of oral administration of
chlorpromazine and it was therefore decided to investigate
the effects of fluphenaéine decanoate (Modecate) a long
acting depot phenothiazine preparation on basal hPRL
concentrations and to follow the time course of changes in
hPRL after a single injection. This background information
was essential before designing investigations to study the

effects of fluphenaziﬁe on hypothalamic/pituitary function.
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METHODS

Basal hPRL concentrations were studied in 10 méle
chronic schizophrenics receiving long term treatment
with fluphenazine. Ten male alcoholics were also
studied before and after they received a single
injection of fluphenazine (Modecate 12.5 mg). 1In
addition, basal hPRL concentrations were studied in
17 healthy male control subjects. The time course of
changes in hPRL concentrations was studied in 8
alcoholics (7 male, 1 female) before and after they

received an injection of fluphenazine.

Procedure

All resting blood samples were taken from the
various patients at 9-10 a.m. by venepuncture. The
time course of changes in hPRL was determined by
taking blood samples at approximately daily intervals
before and for 10 days after the injection of
fluphenazine. Significances of difference were

examined using the students 't' test.
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RESULTS

Chronic schizophrenics (Fig 8.1I)

Basal hPRL concentrations were significantly
increased (P< 0.001) in the group of schizophrenics
receiving long term treatment. Prolactin levels were
above the range of the controls (45-440 mu/l) in all
the patients and three patients had levels greater

than 1000 mu/1.

Alcoholics before and after treatment (Fig 8.1I)

There was no significant difference between the
basal hPRL concentrations of the controls and the
alcoholics before treatment. The alcoholics showed

!
a significant increase (P< 0.02) in hPRL levels after
treatment and the levels were also significantly greater
than the controls (P¢ 0.002). Nine of the ten patienfs
had a rise in hPRL concentrations but there was

considerable variation in the hPRL levels of individual

patients.

Daily prolactin concentrations before and after treatment

(Table 8.1I)

Basal hPRL concentrations increased after the injection

of fluphenazine in all the patients. Two patients showed
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only‘minor changes, but the remaining six patients
showed a marked rise in hPRL concentrations. The
concentrations occurred on the first day after the
injection in one patient and on the 5th~6th day in

remaining seven patients.
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FIG 8.1

g A

Prolactin. concentrations (mu/l, mean x
S.E.M.) in 10 male schizophrenics
receiving long term treatment with
fluphenazine, in .10 male alcoholics
before and after a single injection

of fluphenazine (Modecate 12.5 mg) and
the mean concentrations in 17 male

control subjects.
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The results presented in this chapter demonstrate that
hPRL concentrations are elevated in a proportion of
patients receiving fluphenazine and are consistent with
published findings for other phenothiazine derivatives
(Apostolakis et al., 1972; Frantz et al., 1972; Beumont
et al., 19745 Meltzer et al., 19765 Wiles et _al., 1976).
Release of hPRL from the pituitary is under imhibitory
control from the hypothalamus and there is evidence that
catecholamines inhibit hPRL release (Kamberi, 1973).
Phenothiazines are known to block dopamine and notradrenaline
receptors (Sourkes, 1975) and the ability of phenothiazines
to promote elevation of hPRL concentrations may be due to
blocking of the inhibitory effects of, catecholamines on

hPRL release.

In the present investigations not all the patients
showed marked elevation of hPRL concentrations and those
that did showed considerable variation after treatment
with the same dose of fluphenazine. The magnitude of
the rise in hPRL in response to equivalent oral doses of
fhenothiazines varies widely in schizophrenics (Meltzer

et al., 1976) and the present results indicate that
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there is also considerable variation jun the hPRL response

in nonwpgchotic patients. Serum chlorpromazine (CPZ)

levels vary in patients receiving the same oral dose of

CPZ and some of this variation is due to metabolism of CPZ

by the intestinal wall during absorp¥tion (Curry, Marshall,
Davis and Janovsky, 1970; Curry, 1971). However, this would
not have been an important factor in the present studies as
fluphenazine was administered‘by intramuscular injection.
Prolactin levels are known to be related to CPZ levels
(Kolakowska et al., 1975) and the variation in hPRL levels

in patients reported in this chapter may be due to individual
differences in metabolism of fluphenazine. A further
possibility is that hypothalamic catecholaminergic systems

i

have differing sensitivity to phencthiazines in different

N

patients.

The neuroendocrine strategy of investigating
pituitary hormone levels in relation to mental disease and
phenothiazine drugs is complex but some indication of
the involvement éf dopamine metabolism is suggested. In
particular measurement of hPRL levels may be useful in
studying the extent of dopamine receptor blockade as
this may be related to the development of symptoms of

extrapyramidal syndrome as a side effect of phenothiazine
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treatment. The assessment of the significance of daily
hPRL concentrations is difficult in patients receiving
daily oral doses of phenothiazines and the results
presented in this chapter suggest that the prolactin
response to an injection of fluphenazine may provide a
useful method of measuring the response of individual
patients to phenothiazines. The variation in hPRL
concentration following the same dose of fluphenazine

is of considerable interest and merits further investi-
gation in relation to phenothiazine metabolism and the
Variation in response to other drugs and stimuli that
elevate hPRL. The time course of changes in hPRL levels
demonstrated that peak concentrations occurred 5~6 days
after the injection i% most patients and it was therefore
decided to investigate the effect Of.fluphenazine on
release of pituitary hormones by studying patients seven

days after the injection of fluphenazine and the results

of this study are reported in the following chapter.
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SUMMARY

1.

The effect of fluphenazine on basal hPRL
concentrations was studied in 10 male schizophrenics
receiving long term treatment, in 10 male alcoholics
before and after treatment and in 8 alcoholics at
daily intervals before and after treatment. The
results were compared with basal hPRL concentrations
in 17 healthy male contgols. Investigations
involved giving fluphenazine (Modecate 12.5 mg) by

intramuscular injection and taking blood samples at

appropriate intervals by venepuncture.

Basal hPRL concentrations were significantly
increasea in the, schizophrenics. The alcoholics
showed a significant rise in hPRL concentrations
after the injection but there was considerable
variation in hPRL levels of individual patients.
Most patients showed marked elevation of daily hPRL
levels with peak concentrations occurring 5-~6 days

after the injection.

The results demonstrate that fluphenazine elevates
basal hPRL levels and the variation between levels

of individual patients merits further investigation.
Information on the changes in daily hPRL concentration
after the injection was used to design further

investigations



CBAPTER 9

EFFECT OF FLUPHENAZINE ON PITUITARY FUNCTION IN MAN



INTRODUCTION

Investigations in animals have demonstrated that
phenothiazines alter hypothalamic endocrine functions (de Wied,
1967). In man phenothiazines are known to elevate hPRL concen-
trations (Beumont et al., 1974; Méltzer, 1976; Wiles et al.,
1976 and previous chapter), but studies of hGH are less
consistent and chlopromazine has been reported to depress
both basal hGH concentrations and the response to hypoglycaemia
(Sherman, Kim, Benjamin and Kolodny, 1971) while others have
reported that this response is enhanced (Schimmelbusch, Muller
and Scheps, 1971). It was decided to extend these studies
and to investigate the effect of a long acting depot prepara-
tion of fluphenazine (Modecate) on hGH and hPRL responses to

insulin hypoglycaemia.

METHODS
Subjects

Six male alcoholics mean age 44 years (range 33-53 years)
who had given informed consent to the investigation were
studied. All the péiients admitted consuming relatively large
amounts of alcohol on a regular basis and liver function tests
on admission to hospital did not demomstrate any marked liver
damage. The six alcoholics were selected from a larger group
of nine patients on the basis of demonstrating an adequate hGH

response to insulin hypoglycaemia when first investigated.
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Procedure

The six patients were studied on two separate occasions.
The first investigations were carried out 2-7 days after
cessation of drinking. The patients then received a single
intramuscular injection of fluphenazine (Modecate 12.5 mg)
and were reinvestigated seven days later. In each
investigation venous blood samples were withdrawn from a
cannula in an antecubital vein before and at 10, 20, 25, 30,
35, 40, 45 and 60 minutes after the injection of soluble

insulin (0.1 U/kg body weight) via the cannula.

Blood samples were analysed for glucose and plasma
samples were analysed by radioimmunoassay technique for hGH
and hPRL. Significances of difference were examined using

the Mann-Whitney U-test for small samples (Mann & Whitney,

1947). f

59



RESULTS

Blood glucose (Fig 9.71)

The rate of fall of blood glucose concentrations after the
insulin injection was similar on both occasions before and after
fluphenazine trea#ment. There was no significant difference in
blood glucose concentrations at any time during the investigation
before or after fluphenazine treatment. All the patients
developed adequate hypoglycaemia (blood glucose £, 2.2 mmol/1)

for the hGH response.

Plasma hGH (Fig 9.1)

There was no significant difference between the basal hGH
concentrations on the two occasions. Plasma hGH concentrations
after fluphenazine treatment were significantly lower than the
pre~treatment concentrations at 40, 45 and 60 min (P4 0.05,

0.01 and 0.02 respectively) after the insulin injection.

Plasma hPRL (Fig 9.10)

Basal hPRL concentrations were significantly increased
(P<£ 0.01) after fluphenazine treatment. Insulin hypoglycaemia
produced a small but consistent elevation in hPRL concentrations
(peak response 567 mu/ij. After treatment with fluphenazine a
greater hPRL response occurred (peak response 2360 mu/l) and
hPRL concentrations were significantly greater than pre-
treatment concentrations at 10, 20, 25, 30, 35, 40, 45 and 60

minutes (P 0.0l, 0.01, 0.01, 0.03, 0.05, 0.03, 0.02 and 0.05
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respectively). Although the hPRL responses were generally
much greater after fluphenazine treatment, there was

considerable variation between patients.
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FIG 9.1

Blood glucose (mmol/l), plasma growth
hormone (mu/1) and plasma prolactin
(mu/1) in six patients during an
insulin tolerance test (0.1 U/kg

body weight) before and after
treatment with fluphenazine

(Modecate 12.5 mg).
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DISCUSSION

There is some disagreement about the effect of
phenothiazines on hGH release in man. The effect of
chlorpromazine on the hGH response to insulin hypoglycaemia
has been studied by a number of investigators. Sherman
et al., (1971) reported that this drug depressed both basal
hGH concentrations and the response to hypoglycaemia, while
Saldanha, Harvard, Bird and Gardmer, (1972) found that the
hGH response was lower but could not demonstrate a
significant impairment. However, the cobservation of
Schimmelbusch et al., (1971) that chlorpromazine treatment
enhanced this response to hypoglycaemia in schizophrenics,

is in marked contrast to these findings.

In the present investigation, the hGH response to insulin
hypoglycaemia was significantly impaired in the patients after
treatment with a single injection of fluphenazine (Modecate).
This impaired hGH response is similar to that reported
following oral administration of 200 mg of chlorpromazine for
seven days (Sherman et al., 1971). Basal hPRL concentrations
were found to be elevated after a single injection of
fluphenazine (Modecate) and the results are consistent with
the results presented in the previous chapter and with a
number of reports on the effects of phenothiazines in man
(Beumont et al., 1974; Meltzer, 1976; Wile; et al., 1976);
Hypoglycaemia can produce a rise in hPRL concentrations but

blood glucose concentrations lower than those reported in
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this study are generally required for a consistent response
(Noel et al., 1971). The patients before treatment showed

a small rise in hPRL concentrations after the insulin
injection but after treatment with fluphenazine a much greater,
but variable, rise in hPRL concentrations occurred. The
results suggest that a single injection of fluphenazine
(Modecate 12.5 mg) has a marked effect on hypothalamic

mechanisms controlling hGH and hPRL release.

Differences in hGH and hPRL responses might be produced by
differences in the rate of fall of blood glucose concentrations,
but there was no significant difference in blood glucose concen-
trations on the two occasions in our study. In addition, all
the patients developed adequate hypoglycaemia (blood glucose
€ 2.2 mmol/1) for the hGH response on both occasions.
Phenothiazines are known to block dopamine and noradrenaline
receptors (Anden, Carlsson and Haggendal, 1969; Sourkes, 1975)
and dopaminergic and noradrenergic neurones are known to
modulate hGH release (Martin, 1973). The impaired hGH response
may be due to blockade by fluphenazine of hypothalamic dopamine
or noradrenaline receptors mediating hGH release. Release of
hPRL is under inhibitory control from the hypothalamus and
there is evidence that dopamine and noradrenaline inhibit
prolactin release (Zacur, Foster and Tyson, 1976). The

marked rise in basal hPRL concentrations after fluphenazine
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treatment and the increased response to hypoglycaemia
suggests that hPRL inhibitory control mechanisms have been

altered by this drug.

The results of other studies reported in this thesis
(chapters 5 and 6) demonstrate that there is an impaired hGH
response to insulin induced hypoglycaemia in some alcoholics
a few days after cessation of drinking. 1In the present
investigation the six alcocholics studied all shared a normal
hGH response to insulin hypoglycaemia when investigated for
the first time, and it is therefore unlikely that the present
results are due to impaired hypothalamic/pituitary function
resulting from chronic alcohol abuse. The results presented
in this chapter demonstrate that a single intramuscular
injection of fluphenazine has a marked effect on hGH and
hPRL release mechanisms. ' Further investigation will be
required to determine if this is an important effect during

long term treatment and to assess the extent to which the

release of other pitultary hormones is impaired.
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SUMMARY

1.

The growth hormone (hGH) and prolactin (hPRL) response
to insulin induced hypglycaemia was studied in six
alcoholics on two occasions before and after treatment
with a single intramuscular injection of fluphenazine
(Modecate). On both occasions blood samples were
taken at intervals before and after the injection of
soluble insulin (0.1U/kg body weight). The patients
were investigated on the first occasion, 2~7 days
after cessation of drinking and they all demonstrated
an adequate hGH response. They then received an
injection of fluphenazine (Modecate 12.5 mg) and were

reinvestigated one week later.

The hGH response to hypoglycaemia was significantly
impaired after treatment with fluphenazine. Basal hPRL
concentrations were significantly increased and
increased concentrations of hPRL in response to

hypoglycaemia occurred after treatment. !

The results presented in this chapter demonstrate that
a single injection of fluphenazine (Modecate 12.5 mg)
has a marked effect on hypothalamic/pituitary

mechanisms controlling hGH and hPRL release.
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CHAPTER 10

GROWTH. HORMONE AND PROLACTIN RELEASE IN RESPONSE

TO INTRAVENOUS ADMINISTRATION OF CLONIDINE



INTRODUCTION

It is well established that release of pituitary hormones
is under the control of the hypothalamus., Catecholaminergic
neurones have been demonstrated in the basal hypothalamus and
most of these neurones appear to be dopaminergic (Jonson,

Fuxe and Hokfelt, 1972). Evidence that catecholamines can
modulate release of hGH and hPRL includes the observation that
L—-dopa, the precursor of dopamine and noradrenaline, produces
elevation of hGH and suppresses hPRL in man (Boyd et al., 1970;
Eddy, Jones, Chakmakjian and Silverthorne, 1971). It has

been proposed t hat L~dopa increases both dopamine and
noradrenaline levéls in the brain and these results are consis-—
tent with a regulatory role for either or both of these
monamines (Eddy et al., 1971). There is considerable evidence
for the in volvement of dopgmine in the regulation of hGH and
hPRL release and some of this evidence has already been
discussed (sge chapter 7)., However, the role of noradrenaline

in the re gulation of release of these hormones remains uncertain,

The drug clonidine selectively stimulates central
noradrenaline receptors without affecting dopamine or serotonin
receptors (Anden, Corrodi, Fuxe, Hokfelt, Rydin and Svensson,
1970), It was therefore decided to investigate the effect of
intravenous administration of clonidine on hGH and hPRL release

and theresults are presented in this chapter.
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METHOD

Subjects

Six normal healthy male subjects aged 23-35 years (mean
31 years) were studied. The investigations were carried

out in the morning after an overnight fast.

Procedure

Blood samples were collected before and at 10, 20, 30,
40, 50, 60, 90, and 120 minutes after an injection of
0.1 mg clonidine HCl (Catapress, Boehringer Ingelheim Ltd)

in 20 ml of saline over 10 minutes.

Blood samples were analysed for glucose and plasma
samples for insulin, hGH, hPRL and FFA. Significance of
difference was examined using the Mann-Whitney non-parametric

U-test for small samples (Mann and Whitney, 1947).

r
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RESULTS

Blood glucose (Fig 10.1)

Injection of clonidine was associated with a significant
increase (P« 0.05) in blood glucose concentrations at 10 and
20 minutes. Thereafter, blood glucose concentrations returned

to basal pre—injection levels.

Plasma insulin (Fig 10.1I)

Plasma insulin concentrations showed a progressive fall
throughout the investigation after the injection and were
significantly lower than basal concentrations at 90 and 120

minutes (P< 0.05 and P< 0.02 respectively).

Plasma hGH (Fig 10.IT)

Growth hormone concentrations increased after the injection
of clonidine and reached peak concentrations at 40 minutes.
The concentrations of hGH were significantly greater (P<0.002)

than basal concentrations at 20, 30, 40, 50 and 60 minutes.

Plasma hPRL (Fig 10.11)
Concentrations of hPRL decreased after the injection of
clonidine and were significantly lower (P¢ 0.05) than basal

concentrations at 50, 60 90 and 120 minutes.

Plasma free fatty acids

There was no significant change in FFA concentrations after

the injection of clonidine.
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Blood glucose (mmol/l, mean X SEM)
and plasma insulin concentrations
(mu/1l, mean z SEM) in six normal
healthy male subjects before and
after intravenous administration

of clonidine (0.1 mg).

T



BLOOD GLUCOSE (m mol]n

PLASMA INSULIN (mu/ n

6.0

5.07

4.0

3.0

2.0~
5.0

Clonidine

r—wl/I ~I\I‘1T_

1

1
J\k T~y

l\I

1 1 1 1
20 40 60 80 100 120
TIME Minutes



DISCUSSION

The results presented in this chapter demonstrate that
clonidine stimulates hGH release and this observation is
consistent with the results of other investigators (Lal et al.,
1975) and with the evidence for adrenergic regulation of hGH
release (Blackard and Heidingsfelder, 1968). In the present
investigation clonidine suppressed hPRL concentrations and
this is not in agreement with the report of Lal and co-workers
(1975) but is consistent with the suppression of prolactin
levels reported in rats following an injection of noradrenaline

into the third ventricle of the brain (Kamberi, 1973).

Growth hormone release is known to follow a fall in FFA
concentrations (Hartog et al., 1967) or a fall in blood glucose
(flunter et al., 1965a). However, there was no indication of a
fall in either FFA or blood glucose concentrations in the
present study. Blood giucose concentrations increased after
clonidine administration in the éresent investigation and it is
possible that this may have led to some antagonism of the hGH
response as hyperglycaemia is known to antagonise hGH release
(Mims, Scott, Modebe and Bethune, 1973; Ettigi, Lal,Martin and

Friesen, 1975). Furthermore, there is evidence that adrenergic

stimulation can inhibit insulin release. This evidence
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includes the observations that adrenaline infusion causes a
fall in insulin levels and that infusion of adrenaline and

the &-—adrenergic blocking agent, phentolamine, produces a
rise in insulin levels, (Robertson and Porte, 1973). The
present observation that clonidine, a drug known to have
«—adrenergic stimulating properties, produced significant
lowering of insulin levels is further evidence for an

o —adrenergic inhibitory influence ;n insulin release. The
increase in blood glucose after clonidine may be due to
%—adrenergic stimulation of glycogenolysis or gluconeogenesis

(Day, 1975), although decreased insulin release méy also have

been an important factor,

Maj, Baran, Grabonska and Snowinska (1973) have proposed
that clonidine, in addition to stimulating noradrenergic
receptors, may also iphibit serotonin release, However, the
observation that 5-HTP, ﬁhe precursor of serotonin, elevates
hGH (chapter 11) does mot support this suggestion. The
possibility that the suppression of hPRL by clonidine does

involve such a mechanism requires further investigation.

The results repofted in this chapter suggest that hypo-
thalamic noradrenergic receptors regulate hGH and hPRL release.
Therefore, because of the evidence for the involvement of
noradrenaline the results of studies involving non-specific

drugs or precursors, e.g. phenothiazines and L-dopa, cannot
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be interpreted as reflecting an action of dopamine alone.

The present results demonstrate a significant and repro-
ducible action of clonidine on hGH and hPRL release and it was
therefore possible to use a similar investigation to study
noradrenergic regulation of neurcendocrine responses in

patients.
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SUMMARY

1‘

Growth hormone and hPRL concentrations were investigated
in six normal healthy male subjects before and after the

injection of clonidine (0.1 mg).

Clonidine produced significant elevation of blood glucdse
shortly after the injection and produced significant
suppression of insulin concentrations. These obser-
vations are consistent with the known N—adrenergic

stimulating action of clonidine.

Growth hormone concentrations were significantly
increased and hPRL concentrations significantly reduced
after the injection of clonidine. The results suggest
that hypothalamic noradrenergic receptors regulate hGH
and hPRL release and clonidine may therefore be a useful
drug in the investigation of noradrenergic regulation of

neurcendocrine responses.
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CHAPTER 11

THE EFFECT OF 5-HYDROXYTRYPTOPHAN ON GROWTH

HORMONE AND PROLACTIN RELEASE



INTRODUCTION

The mammalian hypothalamus contains noradrenergic, dopa-
minergic and serotonergic neurones (Fuxe and Hokfel;, 1969).
A number of studies have demonstrated that dopamine and nora-
drenaline releasing neurones play an important role in
regulating hGH and hPRL release (Blackard and Heidingsfelder,
1968; Boyd et al., 1970; Lal et al., 1975; and chapters 7 and
10), but the role of serontonergic neurones is uncertain. The
precursor of serotonin, 5-~hydroxytryptophan (5-HTP) has been
shown to cross the blood brain barrier and to be converted into
serotonin in animals (Corrodi, Fuxe and Hokfelt, 1967). Oral
administration of 5-HTP in man produces an elevation of hGH
and hPRL concentrations (Imura et al., 1973). It was decided
to investigate the effect of an intravenous dose of 5-HIP on
hGH and hPRL concentrations and thereby determine if a suitable
invéstigation could be désigned to study serotonergic regulation

of neuroendocrine responses in patients.

METHODS
Subjects

Five normal heathy subjects (4 males, 1 female) aged
28-40 years (mean 34 years) were studied. The subjects were
investigated in the morning after an overnight fast and

remained at rest throughout the investigation.
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RESULTS
Plasma hGH (Fig 11.1)

Growth hormone concentrations increased after the infusion
of 5-HTP. The peak concentration occurred 40 minutes after
the infusion and concentrations were significantly greater
than basal pre-infusion levels at 20, 30, 40, 50 and 60

minutes (P < 0.05, 0.05, 0.005, 0.005 and 0.05 respectively).

Plasma hPRL (Fig 11.1)

Prolactin concentrations increased after 5-HTP infusion
reaching a peak leyel at 40 minutes. Concentration of hPRL
were significantly greater than basal pre-infusion levels at
20, 30, 40 and 50 minutes (P< 0.05, 0.02, 0.005 and

P< 0.05 respectively).

Blood glucose

{
There was no significant change in blood glucose

concentrations after the infusion of 5~HTP.

Plasma FFA

Plasma FFA concentrations did not show any significant

change after the infusion of 5-HTP.
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11.1

Plasma growth hormone and prolactin
concentrations (mu/l, mean h SEM)
in five normal healthy subjects
before and after intravenous

infusion of 5-hydroxy-L-tryptophan (20 mg).
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DISCUSSION

The results described in the present chapter demonstrate
that intravenous infusion of 5-HTP (20 mg) produced a
significant rise in hGH and hPRL concentrations. The response
consisted of a well defined peak forty minutes after the
infusion. Studies of oral administration of 5-HIP (150-200
mg) also demonstrate elevation of hGH and hPRL but the response
is less well defined although the overall maximum increase
associated with the larger dose of 5-HTP was greater, (Imura

et al., 1973; Kato et al., 1973).

The mechanism by which 5-HTP elevetes hGH and hPRL is not
known. The absence of any side effects or symptoms of stress
in the subjects in the present investigation suggests that a
non-specific stress effect is not involved. Growth hormone
release is known to follow a fall in FFA concentrations
(Hértog et al., 1967) aﬁd hGH and hPRL release to follow a fall
in blood glucose (Hunter et al., 1965a;Noel et al., 1971) but
there was no significant change in either FFA or blood glucose
after the infusion in the present investigation. Elevation of
brain serotonin levels has been associated with 5-HTP adminis=—
tration in animals (Corrodi et al., 1967) and L-tryptophan, the
precursor of 5-HTP, also elevates brain serotonin levels in
animals (Ferustrom and Wurtman, 1971) and increases hPRL levels
in man (Macindoe and Turkington, 1973)(‘ Further evidence that
the response to 5-HTP is mediated by serotonin comes from the

observation that the serotomin receptor blocker cyproheptadine
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inhibits the hGH and hPRL response to 5-HIP (Nakai, Imura,
Sakurai, Kurahachi and Yoshimi, 1973; Kato et al., 1973).

An alternative explanation to direct involvement of serotonin
might involve an action of serotonin on catecholamine regu-
lation of hGH and hPRL release and there is evidence that
serotonin can displace dopamine from dopaminergic neurones
(Fuxe, Butcher and Engel, 1971). However, although such a
mechanism could produce an elevation of hGH dopamine is
reported to inhibit hPRL release (Frohman and Stachura, 1975)

whereas in the present investigation 5-HTP elevated hPRL.

The results presented in this chapter confirm the findings
of other research workers (Imura et al., 1973) and suggest that
serotonin may be involved in the regulation of hGH and hPRL
release. However, further investigations are required to
determine if there is direct involvement of serotonergic
neurones or whether the effect of serotonin involves alteration
of catecholamine levels. The infusion of 5-HTP in the present
study produced well defined changes in hGH and hPRL concentra-
tions and intravenous adminstration of 5-HTP may provide a
useful method of investigating serotonergic regulation of

pituitary hormone release.
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SUMMARY

1.

Growth hormone and hPRL concentrations were measured in
five normal healthy subjects before and after the

infusion of 5-hydroxy-l-tryptophan (5-HIP, 20 mg).

The intravenous administration of 5-HIP was associated
with significant elevation of both hGH and hPRL
concentrations. Changes in hGH and hPRL concentrations
consisted of well defined responses with peak
concentrations occurring 40 minutes after intravenous
administration of 5-HTP. There was no significant
change in either blood glucose or FFA concentrations

after 5-HTP administration.

The results support the suggestion that serotonin is
involved in the regulation of both hGH and hPRL

!

release. ;
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CHAPTER 12

THE EFFECT OF SOMATOSTATIN ON METABOLIC AND HORMONAL

CHANGES DURING AND AFTER EXERCISE



INTRODUCT ION

Somatostatin is a cyclic tetradecapeptide originally
igsolated from ovine hypothalamus and postulated to be a
hypothalamic growth hormone release inhibiting hormone
(Brazeau et al., 1973). Growth hormone responses to
exercise (Hansen et al., 1973), arginine infusion and
L-dopa administration (Siler et al., 1973) are inhibited
by somatostatin. In addition to its effects on hGH
release, somatostatin has been reported to inhibit release
of insulin (Chideckel et al., 1973), glucagon (Gerich

et al., 1974) and prolactin (Yen et al., 1974).

It has been suggested that hGH may play an important
role in facilitating mobilisation of depot fat during
exercise (Hunter et al., 19?5b; Greenwood and Landon,
1966). The present investigations were carried out to
examine the effect of somatostatin during exercise in
normal subjects. Suppression of hGH and other hormones
allows their effects on mobilisation and utilisation of
fatty acids and other metabolic fuels during exercise to

‘be studied.
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MEETHODS
Subjects

Six healthy male subjects mean age 29 years (range
23~35 years) were investigated on two occasions after an

overnight fast.

Procedure

The exercise capacity of each subject was assessed
several days before the first investligation by means of an
increasing work test (Spiro, Juniper, Bowman and Edwards,
1974). The subjects exercised on a bicycle ~ergometer at
a workload of 200 kpm for 2 minutes and the workload was

increased by 200 kpm every 2 minutes until they were unable

to continue.

The six subjects were subsequently investigated on
two occasions during and after exercise at 707 of maximal
exercise capacity #fior 30 minutes. On the first occasion
each subject received an injection of somatostatin (200 Pg)
immediately before and an infusion of somatostatin (300 ng
in 30 ml saline at 1 ml/min) from five minutes after the
start of exercise unt@l five minutes after the completion of
exercise. A control exercise test was performed by all

the subjects one week later when no somatostatin was received.
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Venous blood samples were taken from a cannula in an
antecubital vein before exercise, at five minute intervals
during exercise and at 5, 15, 30, 45, 60 and 90 minutes
after exercise. Blood saﬁples were analysed for lactate,
pyruvate, glycerol, acetoacetate, 3-hydroxybutyrate and
glucose. Plasma samples were analysed for FFA, insulin,
glucagon, hGH and hPRL. The significance of differences
was examined using the Mann-Whitney non-parametric U-test
for small samples (Mann and Whitney, 1947). Synthetic
cyclic somatostatin was supplied by Ayerst Laboratories

Limited.
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RESULTS

Blood lactate and pyruvate

Basal blood lactate and pyruvate were similar on both
occasions, Blood lactate concentrations increased during
exercise and returned towards resting concentrations after .
exercise on both occasions (Fig. 12.1). The changes in
pyruvate concentrations were similar. There was no
significant difference between concentrations of either
lactate or pyruvate at any time during the investigation on

both occasions.

Plasma FFA (Fig. 12.1)

No significant difference was observed in resting FFA
concentrations on the two occasions. There was a rise in
FFA concentrations towards the end of exercise on both
occasions. Concentration; of FFA tended to be lower

during exercise with somatostatin than in the control

investigation but the difference was not significant.

Blood glycerol (Fig 12.1)

Resting concentra?ions of blood glycerol were not
significantly different on the two occasions. Exercise
was associated with an increase in blood glycerol concen-—
trations on both occasions. Glycerol concentrations

during exercise with somatostatin tended to be greater
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than the corresponding control values but the difference

was not significant.

Totai blood ketones (Fig 12.1)

The concentrations of total blood ketones (aceto-
acetate + 3-hydroxybutyrate) were similar at rest on
both occasions. There was no significant change in
ketone concentrations during exercise on both
occasions. Ketone concentrations increased after
exercise on both occasions but in the investigation
with somatostatin the rise was greater after exercise
and concentrations at 45, 60 and 75 minutes were
significantly greater than the corresponding control

concentrations (P<0.05, 0.0l and 0.05 respectively).

Blood glucose (Fig. 12.IT)

There was no significant difference in basal blood
glucose concentrations. There was a fall in blood glucose
concentrations during exercise with somatostatin and
concentrations at 15 minutes were significantly lower than
in the control investigation (2¢0.05). After exercise
with somatostatin blood glucose concentrations increased
and concentrations at 75 minutes were significantly greater

than control values (P<0.05).
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FIG. 12.T

Blood lactate, plasma free fatty

acids, blood glycerol and total

ketone (acetoacetate + 3—hydroxybutyrate)
concentrations (umol/ml, mean z SEM)

in six normal subjects during and

after exercise with the infusion of
somatostatin (O——3) and in a

control investigation (O=====~0).
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Plasma insulin (Fig. 12.1I1)

Plasma insulin concentrations were similar at rest
and decreased during exercise in both investigations.
Concentrations of insulin during exercise with
somatostatin were lower than control values but the
differences were not significant.‘ After exercise plasma
insulin levels increased on both occasions but in the
investigation with somatostatin the increase in insulin
concentrations did not occur until after completion of
the somatostatin infusion. The insulin values at 35
minutes with somatostatin were significantly lower than

the corresponding control concentrations (P¢0.05).

Plasma glucagon (Fig. 12.11I)

There was no significant difference in basal glucagon
concentrations. Glucagon concentrations increased
towards the end of exercise in the control investigation

/
whereas somatostatin infusion was associated with
significantly lower glucagon concentrations at 5, 10, 15,
20, 25 and 30 minutes during exercise (P<0.01, 0.0053,
0.005, 0.01, 0.02 and 0.02 respectively). In the control
investigation glucagon concentrations continued to rise

initially after exercise but this rise did not occur until

after completion of the somatostatin infusion in the other
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investigation and the glucagon concentration at 35 minutes
was significantly lower (P<0.05) than the corresponding

control values.

Plasma growth hormone (Fig. 12.1I1T)

Basal hGH concentrations were similar on the two
occasions. Growth hormone concentrations increased
during exercise in the control in&estigation but the
administration of somatostatin produced complete
suppression of the hGH response and concentrations at
15, 20, 25, 30 and 35 minutes were significantly lower
than corresponaing control concentrations (P¢0.05, O.OOS,V
0.001, 9.001 and 0.001 respecﬁively). Growth hormone
concentrations increased after completion of the
somatostatin infusion whereas they decreased in the
control investigations. Concentrations at 75 and 90
minutes in the investigation with exercise and somatostatin
were significantly greater than the corresponding control

concentrations (P<0.05).

Plasma prolactin (Fig, 12, I11I)

There was no significant difference in basal hPRL
concentrations. Exercise produced a small and rather
variable rise in hPRL concentrations on both occasions and
hPRL concentrations during and after exercise were not

significantly different on the two occasions.
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DISCUSSION

Metabolic and hormonal responses to exercise are reported
to vary with work levels and fitness (Bloom et al., 1976).
In the present study the same subjects performed an identical
exercise test at 70% of maximal exercise capacity on the two

occasions and it is unlikely that differences in metabolic

or hormonal responses were related to differences in fitness.

Blood lactate concentrations increase. during exercise
because of anaerobic metabolism within muscle cells: cyto-
plasmic glycolysis exceeding mitochondrial oxidative capacity,
(Keul et al., 1967), The present observation that blood
lactate and pyruvate concentrations during exercise were not

altered by somatostatin infusion suggests that somatostatin

does not alter glycolytic activity in working muscle.

Free fatty acids gnd ketones, produced by oxidation of
FFA in the liver, are utilised és a fuel by working muscle.
In the present studies exercise produced similar elevations
of bo th FFA and glycerol concentrations on both occasions
and this su ggests that somatostatin did not alter fat
mobilisation or utilisation durirng exercise. The greater
rise in ketone concentrations immediately after exercise

"with somatostatin suggests that there was greater hepatic
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oxidation of FFA, However, there was little evidence of
increased lipolysis or delayed re-esterification of FFA

after exercise with somatostatin in these investigations.,

In the control investigation blood glucose concentrations
showed little change during exercise and this is consistent
with the observation that glucose is not a major fuel of
working muscle until muscle glycogen concentrations fall
(Hermansen, Pruett, Osnes and Giere, 1970). However,
infusion of somatostatin during exercise produced a marked
fall in blood glucose concentrations in the present
investigation. This observation is consistent with a number
- of reports that somatostatin induces hypoglycaemia (Koerker
et al,, 1974; Alford et al., 1974; Christensen et al., 1974;
DeVane et al., 1974; Gerich et al., 1974). Somatostatin
infusion in the present investigation showed greater
suppression of insulin duriﬁé exercise and inhibition of the
glucagon response to exercise (Bottgér, Schlein, Faloona,
Knochel and Unger, 1972) and these observations are in agree-
ment with the reported inhibitory action of somatostatin on
insulin (Chideckel et al., 1973) and glucagon release
(Gerich et al., 1974). ~The hypoglycaemic effect of
somatostatin has been reported to be associated with inhibition

of hepatic glucose production (Blauth, Sonksen, Tompkins and
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Bloom, 1977). The decreased blood glucose concentrations N
associated with somatostatin infusion in the present study
may therefore be due to decreased hepatic glucose production
and this may berrelated to inhibition of glucagon release

as both glucagon and glucose concentrations increased on

cessation of the infusion of somatostatin.

In the present investigation the hGH response to
exercise was completely suppressed by administration of
somatostatin. It has been suggested that hGH may play an
important role in the mobilisation of fat during exercise
(Hunter et al., 1965b; Greenwood and Landon, 1966). This
suggestion is weakened by results of studies in patients
with hypopituitarism who fail to show aﬁ hGH response but
have increased FFA and glycerol levels during exercise
(Johnson, Rennie, Walton and Webster, 1971) and by the
present obserxvation that suppression of the hGH response was
not associated with an alteration of FFA or glycerol levels.
Growth hormone concentrations increased on completion of the
somatostatin infusion in the present investigation.  This
rebound in hGH after somatostatin has been observed by other
investigators (Blauth et al., 1977) and it is likely that this
may be related to the fall in blood glucose concentrations

during the somatostatin infusion as hypoglycaemia is a potent
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stimulus for hGH release (Roth et al., 1963). A small but
significant fall in hPRL concentrations has been reported
to follow somatostatin infusion (Yen et al., 1974) but there

was no evidence for suppression of hPRL release in the present

investigation.

Somatostatin infusion suppressed the hGH and glucagon
responses to exercise and produced greater suppression of
insulin during exercise in the present study. Reduced
glucose concentrations during exercise were probably related
to inhibition of glucagon release by somatostatin but there
was no evidence for any alteration of glycolysis or fat
mobilisation or utilisation during exercise with

somatostatin.
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SUMMARY

1.

The effect of intravenous somatostatin on blood levels
of metabolites and hormones has been examined in normal
subjects who performed a 30 minute period of bicycle
exercise at 707 maximal exercise capacity. The results

have been compared with control studies in the same

subjects,

Measurements were made of blood levels of lactate,
pyruvate, glucose, free fatty acids, glycerol, aceto-
acetate, 3-hydroxybutyrate, insulin, glucagon, growth

hormone (hGH) and prolactin.

Growth hormone and glucagon release was suppressed during

exercise with somatostatin and there was a subsequent

~elevation during recovery. There was slight post exercise

depression of insulin, but no alteration of plasma

prolactin secretion.

Blood glucose was reduced during exercise with somatostatin
and increased during recovery. The elevation of ketone
bodies after exercise was greater in the investigation

with somatostatin but there was no significant changes

in other metabolites.



Somatostatin although causing inhibition of hGH
release appears to have no significant effect
upon fatty acid mobilisation during exercise and
the results suggest that the hypoglycaemic action

of somatostatin is related to glucagon suppression.
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CHAPTER 13

GROWTH HORMONE RESPONSE TO INSULIN INDUCED

HYPOGLYCAEMIA IN HUNTINGTON'S CHOREA



INTRODUCTION

Huntington's chorea is an inherited disorder associated
with neuronal degeneration of the basal ganglia and cerebral
cortex. The symptoms include dementia and involuntary
movements or chorea which usually appear in middle life.
Neuropathological evidence of hypothalamic involvement has
been demonstrated (Bruyn 1968, 1973; Klintworth, 1973).

Many patients with Huntington's chorea have weight loss and
excessive sweating and this has been attributed to altered
‘hypothalamic function (Bruyn, 1973). Abnormal hGH
secretion has been reported in patients with the disorder

in response to glucose loading (Podolsky, Leopold and Sax,
1972) and earlier hGH release has been demonstrated to follow
insulin induced hypoglycaemia (Keogh et al., 1976;
Phillipson and Bird, 1976). Keogh and co-workers (1976)
suggested that studiés of hQH release may be of value in the
diagnosis of the disorder and an opportunity arose to study
the response in four patients who were suspected of having
Huntington's chorea. Evidence of an earlier release of hGH

in these patients would help to confirm the diagnosis.

METHODS : -~

Patients
Four patients with chorea were investigated. Two of

the patients had a positive family history of Huntington's
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chorea but at the time of investigation this was not known
for the other two patients. The patients, (2 male, 2 female)
mean age 56 vears (range 47-68), were investigated after an
overnight fast. None of the patients were recelving any
medication at the time of the investigation. In addition

10 healthy controls (5 males, 5 females) mean age 42 years

(range 32-57) were also studied.

Procedure

Blood samples were taken from a cannula in an antecubital
vein before and at 10, 20, 25, 30, 35, 40, 45 and 60 minutes
after the injection of insulin (0.1 U/kg body weight) via the
cannula. Blood samples were analysed for glucose and plasma
samples for hGH. Significance of differences were examined
using the Mann~Whitney non-parametric U-test for small

samples (Mann and Whitney, 1947).
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RESULTS

Blood glucose (Table 13.1)

There was no difference in basal blood glucose
concentrations between patients and controls. All the
patients developed adequate hypoglycaemia for the hGH
response (blood glucose 2.2 mmol/l1) and there was no
significant difference in blood glucose concentrations
between patients and controls at any time after the

injection of insulin.

Plasma growth hormone (Table 13.1II) .

Basal hGH concentrations of patients were not
significantly different from controls. Peak hGH concentra-
tions were similar in both groups but the rise in hGH
concentrations in thé patients was earlier than in the
controls and hGH concentrations of the patients were

significantly greater than the controls at 30 and 35 minutes.
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DISCUSSION

Evidence for altered hGH release in patients with
Huntington's chorea includes ihe observations that hGH is not
suppressible by hyperglycaemia and that the hGH response to
L~dopa is suppressible by glucose in patients but not in
controls (Podolsky and Leopold, 1974). The earlier rise in
hGH in the patients in the present investigation is consistent
with other published reports (Keogh et al., 1976; Phillipson
and Bird, 1976) and helped to confirm the diagnosis. Growth
hormone responses to hypoglycaemia and hyperglycaemia are
standard methods of investigating the integrity of the hypo-
thalamic/pituitary axis and the presence of altered hGH
responses in patients with Huntiungton's chorea strongly
suggests that there may be altered hypothalamic function in

{
this disorder. !

Growth hormone release is known to be modulated by
dopaminergic, noradrenergic and serotonergic mechanisms
(Imura et al., 1973; Nakai et al., 1973; Lal et al., 1975;
Frohman and Stachura, 1975; see also Section III). The hGH
response to hypoglycaémia is blocked by phentolamine
(Blackard and Heidingsfelder, 1968) and is impaired by
phenothiazines (Sherman et al., 1974; Chapter 9) and cypro-
heptadine (Smythe and Lazarus, 1974). The earlier hGH
response to hypoglycaemia in patients with Huntington's
chorea might conceivably involve an alteration of gatechola~

minergic or serotinergic release of hCH. This might involve
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an earlier release of neurotransmitter from presynaptic terminals
or an increased sensitivity of postsynaptic receptors. Keogh

and co-workers (1976) suggested that there may be hypersensitivity
of dopamine receptors involved in hGH release as there is
considerable evidence to implicate dopamine in the disorder.
Alternatively, these authors suggest that the earlier response
might be due to withdrawal of phenothiazines but the patients

in the present investigation all had an earlier hGH response and

none of them had received phenothiazine treatment.

It would be of considerable value to examine neuroendocrine
responses in Huntington's chorea to determine if there is any
evidence for altered cakecholaminergic or serotinergic function
and in particular to investigate the basis for the altered hGH
responses described in this disorder., It is possible that
alterations in néuroendogrine mechanisms may give valuable
information about the neural dysfunction in the disorder. It
was therefore decided to investigate hGH and hPRL responses to
various drugs affecting catecholaminergic and serotonergic -
neurones and the results of these studies are presented in the

=

following chapters.
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SUMMARY

1.

1

Growth hormone responses to insulin hypoglycaemia were
investigated in four patients with chorea and a probable

diagnosis of Huntington's chorea.

Concentrations of hGH showed an earlier elevation than

controls in the four patients.

The presence of an earlier hGH response to hypoglycaemia
was consistent with a diagnosis of Huntington's chorea
in all four patients. The results suggest that the
growth hormone response may be of value in helping to

confirm clinical diagnosis in this disorder.
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CHAPTER 14

GROWTH HORMONE AND PROLACTIN RESPONSE TO BROMOCRIPTINE

IN PATIENTS WITH HUNTINGTON'S CHOREA



INTRODUCTION

The results presented in the previous chapter demonstrate
that the hGH response to insulin hypoglycaemia in patients with
Huntington's chorea showed an earlier elevation than controls
and this result is consistent with the reports of other authors
who have suggested that the earlier response may be due to
increased sensitivity of dopamine receptors in the hypeothalamus
mediating hGH release, (Keogh et al., 1976; Phillipson and Bird,
1976). Bromocriptine is a specific dopamine receptor agonist
which produces an elevation of hGH and depresses prolactin
hPRL concentrations in normal subjects (del Pozo et al., 1972;
Cammani et al., 1975; Chapter 7). It was therefore decided to
investigate the hGH response to bromocriptine in patients with
Huntington's chorea to determine if there was any evidence for
altered sensitivity of dopémine receptors mediating hGH release

and the results are reported in this chapter.

METHOD
Subjects

Twelve unrelated patients with chorea and a positive family
history of Huntington's chorea were studied. The first group
were all inpatients in Hartwood Hospital, Lanarkshire under the
care of Dr. J. Bolt. They were all receiving a variety of
drugs including phenothiazines. Six patiénts, two males and

four females aged 43-53 years (mean 47 years) were studied.
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The second group consisted of five outpatients and one
inpatient from Hartwood Hospital, who had not received treat-—
ment with phenothiazines. The six patients comprised two
males and four females aged 47-68 years (mean 59 years). Seven
normal healthy controls, four males and three females aged
23-55 years {(mean 44 years) were algo studied. Consent was
obtained after the purpose and procedure had been explained to
the patients and their relatives. The control subjects all

consented to take part in the investigation.

Procedure

Drug medication was stopped 72 hours before the
investigation which was carried out in the morning following an
overnight fast. The half life of hGH is relatively short
(20-30 min) and it was therefore decided to take blood samples
at 10 min. intervals during the period of the hGH response.
Blood samples (10ml) were taken from a cannula in an antecubital
“vein before and at 30, 60, 90, 120, 130, 140, 150, 160, 170,
180 and 210 minutes after an oral dose of bromocriptine (2.5 mg).
The plasma samples were analysed for hGH, hPRL and FFA,
Significance of difference was examined with the Mann-Whitney

" non—parametric U-test for small samples (Mann and Whitney,

1947).
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RESULTS
Details of the recent medication of the six inpatients who
had received phenothiazines prior to the investigation is

given in Table 14.T.

Plasma growth hormone (hGH) (Table 14.11)

Patients treated with phenothiazines.

There was no significant difference between the basal
hGH concentrations of the patients and controls before taking
bromocriptine. All the controls showed an increase in hGH
concentrations after bromocriptine but the response of the
patients was significantly lower than the controls at 160, 170,
180 and 210 minutes. Four of the patients showed an increase
in hGH concentrations after bromocriptine but only three showed
a peak hGH response greater than 10 mu/l and the remaining two
patients failed to show a response.

Patients not treated with phenothiazines.

There was no significant difference in the resting
hGH concentrations before bromocriptine between the patients
and controls. Only three of the patients showed a rise in
hGH concentrations after taking bromocriptine but only one had
a peak greater than 10 mu/l. The hGH concentrations of the
patients were significantly lower than the corresponding values

for the controls at 150, 160, 170, 180 and 210 minutes.
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TABLE 14.T Details of six patients with Huntington's chorea

and drug medication received during treatment

- Patient Sex Age (vears) Medication

D.G. M 53 Chlorpromazine
Benzhexol

M.N. M 43 Chlorpromazine
Orphenadrine

A.R. F 47 Trifluoperazine
Thioridazine

A, McL. F 45 Diazepam, Fluphenazine

Benzhexol Nitrazepam

A. McK M 44 Trifluoperazine, Codeine

Dichloralphenazone

=
=
o]
)
P

Chlorpromazine

Thiopropazate



Plasma prolactin (hPRL) (Table 14.I1I)

Patients treated with phenothiazines.
Basal hPRL concentrations were markedly elevated

(> 1000 mu/1) in the two patients who failed to show an hGH
response and raised (mean 835 mu/l) in another patient. Basal
hPRL concentrations in the_remaining four patients were within
the range of the corresponding values for the controls (60-440
mu/1). Both the patients and the control subjects showed a
consistent fall from basal hPRL concentrations after

bromocriptine.

Patients not treated with phenothiazines.
There was no significant difference in hPRL
concentrations after taking bromocriptine., Four of the five
patients showed a consistent fall from resting hPRL concen-—

trations after taking bromocriptine.

Plasma free fatty acids (Fig 14.1)

Concentrations of FFA were significantly greater in the
patients not treated with phenothiazines (P< 0.02 all samples).
There was no significant difference in FFA concentrations
between patients treated with phenothiazines and controls. The
administration of bromocriptine was not associated with any
significant change in FFA concentrations in either group of

patients or the controls.
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FIG 14.1%

Plasma FFA concentrations (pmol/mi,
mean X S.E.M.) before and after oral
administration of bromocriptine (2.5 mg)
in twelve patients with Huntington's
chorea (six patients receiving
phenothiazine drugs (1, O——-_> )

and six patients not receiving
phenothiazines (2, O——Q) and in

seven normal control subjects ( @==--=--@).
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DISCUSSION

The development of the hyperkinstie condition characteristic
of Huntington's chorea may be related to a change in the inter-—
relationship between dopamine and GABA-containing neurones
(B8ird and Iversen, 1974). Although dopamine levels are normal
dopamine receptors may be hypersensitive (Barbeau, 1961, 1973;
Bird et al., 1976). If there is hypersensitivity of dopamine
receptors we might expect to find increased responsiveness of
dopamine receptors mediating hGH release and this might be the
basis for the earlier release of hGH reported in Huntington's

chorea (Kecgh et al., 1976; Phillipson and Bird, 1976).

There was no evidence of a significant elevation of basal
hGH levels in the patients in the present study as has been
reported by other investigators (Phillipson and Bird, 1976).

The control subjects all showed a rise in hGH concentrations
after taking bromocriptiﬁe and thg results are consistent with
other published findings (Tolis et al., 1975; Cammani et al.,
1975). In the patients with Huntington's chorea the majority
showed a reduced hGH response compared with controls. However,
Parkes, Marsden, Donaldson, Galea~Debono, Walters, Kennedy and
Asselman (1976) have erorted that they failed to find an hGH
response to 2.5 mg of bromocriptine in patients with Parkinson's

disease although they did find a responmse to higher doses. It

is possible that the dose of bromocriptine used in the present
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study was too low but it was decided not to increase the dose
as higher doses are known to increase chorea (Kartzinel, 1976).
A further possibility is that the lower peak hGH response to
bromocriptine found in the patients with Huntington's chorea
is due to an alteration of growth hormone release mechanisms.
The finding of a lower peak hGH response to bromocriptine
suggests that the earlier hGH response reported to follow
insulin induced hypoglycaemia in patients with the disorder

is not due to increased sensitivity of dopamine receptors

mediating hGH release.

In the investigation of patients who had previously
received phenothiazines the failure to detect a consistent hGH
response may have been because only 72 hours had been allowed
between withdrawal of drug treatment and the investigation.
Phenothiazines are known to block dopamine receptors (Anden
et al., 1964) to impair hGH responses (Sherman et al., 1971;
chapter 9) and to elevate hPRL concentrations (Beumont et al.,
19745 Meltzer et al., 1976; chapters 8 and 9) and this may
explain why the two patients with the greatest elevation of
basal hPRL concentrations failed to show an hGH response.
Klawans (1970) has pr;posed that dopamine receptor hyper-~
sensitivity may follow withdrawal of phenothiazine treatment

but there was no evidence of a hypersensitive hGH response

after withdrawal of phenothiazine treatment in the present study.
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the investigation of patients who had not received pheno-
thiazines most of the patients showed a depression of hPRL

concentrations after taking bromocriptine.

In the present investigation FFA concentrations were
significantly greater in patients not treated with pheno—
thiazines compared to controls. Raised concentrations of FFA
(Phillipson and Bixd, 1977) and hGH (Phillipson and Bird, 1976)
have been reported in patients with Huntington's chorea.

Growth hormone. is known to promote lipolysis (Raben and
Hollenberg, 1959) and it has been suggested that the elevated
FFA levels found in the disorder may be due to the lipolytic
action of hGH (Phillipson and Bird, 1977). However, basal
FFA concentfations were elevated in the patients in the present
study but there was no evidence of raised basal hGH concentra-
tions. It is possible that the elevated FFA levels found in
patients with the disorde; may be due to non—specific stress
factors or anxiety and that this éffect igs reduced in patients
treated with phenothiazine tranquillisers. Further investi-
gation of circulating catecholamine and cortisol levels would

be value in investigating this possibility.

=

The results presented in this chapter demonstrate that the
hGH response to bromocriptine is significantly reduced in

patients with Huntington's chorea and suggest that there may be
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an alteration of dopaminergic neurones mediating hGH release.
The lower peak hGH response may be related to decreased
sensitivity of dopamine receptors or to reduced levels of
dopamine at the post synaptic receptor as the action of
bromocriptine is dependent on intact catecholamine synthesis
and storage mechanisms (Johnson, Loew and Vigouret, 1976).
These suggestions merit further investigation as neuro-
endocrine studies may give useful information about hypo-

thalamic neurone function in Huntington's chorea.
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SUMMARY

1.

Growth hormone (hGH) and prolactin (HPRL) responses to
oral bromocriptine were studied in two groups of patients
with Huntington's chorea and in seven healthy control
subjects. The patients included six patients who had
previously been treated with phenothiazines and six
patients who had not received phenothiazine treatment.
All medication was stopped 72 hours before the investi-
gation which involved taking blood samples for up to 210

minutes after taking bromocriptine (2.5 mg).

There was no significant difference in basal hGH concen-~
trations between the patients and controls. The hGH
response to bromocriptine varied in the individual
patients bpt the concentrations were significantly lower
in the patients compared with the controls between 160
and 210 minutes. The basal concentrations of hPRL were
also not different apart from the findings of elevated
hPRL concentrations in three patients previously treated

with phenothiazines.

The patients and controls showed a consistent fall in
hPRL concentrations after taking bromocriptine. The
lower peak hGH response to bromocriptine found in the
patients suggests that there may be an alteration of

dopaminergic neurones mediating hGH release.

Concentrations of FFA were significantly elevated in
patients not treated with phenothiazines and were not

related ta elevated hGH concentrations.
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CHAPTER 15

THE EFFECT OF CLONIDINE AND 5-HYDROXYTRYPTOPHAN
ON GROWTH HORMONE AND PROLACTIN RELEASE

IN HUNTINGTON'S CHOREA



INTRODUCTION

There is evidence that hGH responses are altered
in patients with Huntington's chorea. This evidence
includes the observation that the hGH response to insulin
induced hypoglycaemia is earlier in patients with the
disorder than in controls (Keogh et al., 1976; Phillipson
and Bird, 1976; chapter 13). Growth hormone release is
known to be modulated by hypothalamic dopaminergic,
noradrenergic and serotonergic mechanisms (chapters 7, 10
and 11),. In the previous chapter dopaminergic regulation
of hGH release was investigated in patients with
Huntington's chorea and the results did not suggest that
there was an earlier hGH response to bromocriptine.
Itis possible that the earlier hGH response reported to
follow insulin hypoglycaemia in patients with the disorder
may be due to an alteration of noradrenergic or serotonergic
release mechanisms and it was therefore decided to
investigate hGH and hPRL responses to intravenous
administration of clonidine and 5-hydroxy-L-tryptophan

in patients with Huntington's chorea.
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L. EFFECT OF CLONIDINE

METHOD

Patients and subjects

Four patients with chorea and a positive family history
of Huntington's chorea were investigated. The patients,
(2 males, 2 females) mean age 54 years (range 45~68 years)
were investigated in the wmorning following an overnight
fast. All the patients had stopped taking any
medication for 72 hours before the investigation and none
of the patients had recently received phenothiazine
drugs. In addition, six normal healthy male subjects

aged 23-35 years (mean 31 years) were studied as controls,

Procedure

Blood samples were taken from a cannula in an ante-
cubital vein before and at 10, 20, 30, 40, 50, 60, 90 and
120 minutes after the injection of 0.1 mg clonidine HC1.

(Catapress, Boehringer Ingelheim Ltd) in 20 ml of saline

over 10 minutes.

Plasma samples were analysed for hGH, hPRL and FFA,
Significance of difference was examined using the Mann—Whitney

non—parametric U-test for small samples (Mann and Whitney.

1947).
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RESULTS

Plasma growth hormone (Fig. 15.1)

There was no difference in basal hGH concentrations
between patients and controls. Growth hormone
concentrations increased after the injection of clonidine
in the controls and concentrations at 20, 30, 40, 50 and
60 minutes were significantly greater than basal concen-—
trations {(P<0.002). The patients did not show any
significant change from basal concentrations of hGH
after the administration of clonidine and hGH concentrations
in the patientsg were significantly lower than the
corresponding values for the controls at 20, 30, 40 50 and

60 minutes (P<0.05, 0.02, 0.01, 0.02, 0.05 respectively).

Plasma prolactin (Fig. 15.1)

Basal hPRL concentrations were similar in the patients
and controls. The concentration of hPRL in the controls at
50, 60, 90 and 120 minutes were significantly lower than the
pre-injection concentrations (P<0.05). The patients showed
a similar depression in hPRL concentrations after the
injection but the difference was not significant. There
was no significant difference between hPRL concentrations of

patients and controls at any time during the investigation.
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Plasma FFA (Fig. 15.1I1)

Basal pre-injection concentrations of FFA in the
patients were significantly greater than controls
(P€0.01). After the injection of clonidine there was
no significant change in IFFA concentrations in the
controls whereas in the patients FFA concentrations
decreased and concentrations at 20, 30, 40, 50, 60 and
90 minutes were significantly lower than pre-injection

concentrations (P<0.02).
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FIG. 15.1 Plasma hGH and hPRL concentrations
(mu/1, mean x S.E.M.) before and
after the administration of clonidine
in four patients with Huntington's
.chorea (—9®) and in six normal

control subjects (O==~=-0).
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FIG., 15.1II Plasma free fatty acids (ymol/ml,
mean 2 S.E.M.) before and after the
administration of clonidine in four
patients with Huntington's chorea
(H) and in six normal control

subjects (@-=--0),
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II. THE EFFECT OF 5-HYDROXY-~L-TRYPTOPHAN

METHOD

Patients and subjects

Six patients with chorea and a positive family history
of Huntington's chorea were investigated. The patients,
(2 males, 4 females) aged 47-67 years (mean age 55 years)
were all inpatients at Hartwood Hospital, Lanarkshire.

They were investigated in the morning following an over-~
night fast and all medication was stopped for 72 hours
before the investigation. In addition, five normal
healthy control subjects (4 males, 1 female) mean age

34 years (fange 28-40 years) were also studied.

Procedure

~Blood sampleé were taken from a caﬁnula in an ante-
cubital vein before and at 10, 20, 30, 40, 50, 60, 75, 90,
105 and 120 minutes after the infusion of 20 ml of a
‘'solution containing lmg/ml 5-hydroxy-L-tryptophan (B.D.H.
Limited) over 10 minutes. Plasma samples were analysed
for hGH and hPRL. Significance of difference was examined
Qsing the Mann-Whitne; non-parametric U-test for small

samples (Mann and Whitney, 1947).
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Procedure

Bleood samples were taken from a cannula in an antecubital
vein before and at 10, 20, 30, 40, 50, 60, 75, 90, 105 and 120
minutes after the infusion of 20 ml of a solution containing
1 mg/ml 5-hydroxy-L—tryptophan over ten minutes.
5~hydroxyl-L~tryptophan (B.D.H. Limited) was made up in 0.97
saline and sterilized by filtration. Blood samples were
analysed for glucose and plasma samples were anlaysed for
hGH, hPRL and FFA. Significance of difference was
examined using the Mann-Whitney non-parametric U~test for

small samples (Mann and Whitney, 1947).
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RESULTS

Plasma growth hormone (Fig. 15.I1I)

Basal hGH concentrations were significantly greater
(P40.05) in the patients compared to the controls.
Plasma hGH concentrations increased after the adminis-
tration of 5-HIP in the controls and concentration at
20, 30, 40 and 50 minutes were significantly greater than
basal concentrations (P€0.05, 0.05, 0.005 and 0.005
respectively). There was no significant change in hGH
concentrations after administration of 5~HTP in the
patients and concentration in the patients were signifi-
cantly lower than corresponding control concentrations at

40 and 50 minutes (P<0.05).

Plasma prolactin ; (Fig. 15.II1)

Basal hPRL concentrations were similar in both
patients and controls. In both groups of subjects hPRL
concentrations increased after administration of 5~HTP,
The concentration of hPRL in the patients reached a peak
level earlier and were significantly greater than control
concentrations at 30 and 40 minutes (P{0.05 and 0.01

respectively).
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FIG. 15.1I

Plasma hGH and hPRL concentrations
(mu/1, mean ha S.E.M.) before and
after the administration of
5-hydroxy—L—tryptopﬁan in six

patients with Huntington's chorea

\

(¢——@) and in five normal control

subjects (G==--9).
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DISCUSSION

Basal hPRL and hGH concentrations have been reported
to be elevated in patients with Huntington's chorea (Caine,
Kartzinel, Ebert and Carter, 1977; Caraceni, Panerai,
Parati, Cocchi and Muller, 1977; Phillipson and Bird, 1976).
In the present investigation there was no evidence of increased
basal hPRL concentrations in the patients and hGH concentrations
were not significantly different before the infusion of
clonidine and, although there was evidence for significantly
greater hGH concentrations before the administration of 5-HIP,
the concentrations in the patients were within the range of

basal concentrations found in normal subjects.

Growth hormone release iﬁ response to the infusion of
clonidine was apparently absent in the patients in the present
investigation. The patients hadno t received treatment with
phenothiazine drugs and the absence of an hGH response was not
therefore related to the blocking effects of these drugs on
noradrenergic receptors (Sourkes, 1975). It is possible that
the dose of clonidine administered was insufficient to produce
a response in the patients but this seems unlikely as the same
dose produced significant elevation of hGH in controls and
produced a similar suppression of hPRL in both patients and
controls. A further possibility is that there may be decreased

sensitivity of hypothalamic noradrenergic receptors stimulating
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hGH release. However, the present investigations on the
effects of clonidine invelved only four patients and further
investigations will be required to confirm the present

observations.

Patients with Huntington's chorea have been reported to
have elevated resting FFA concentrations (Phillipson and Bird,
1977; Chapter 14). Basal FFA concentrations were raised in
the patients in the present study but decreased progressively
following the infusion of clonidine. Urinary catecholamine
excretion has been reported to be reduced by clonidine
(Hedeland, Dymling and Hokfelt, 1971) and the fall in FFA
concentrations in the patients in the present inyestigation
may be due to a decrease-in circulating catecholamine congern-

trations as catecholamines are known to promote lipolysis

(Havel and Goldfien, 1959).

!
i

Oral administration of 5~HTP (50-100 mg) in patients with
the disorder is reported to produce marked exacerbation of
motor symptoms (Lee, Markham and Clark, 1968). This suggests
that serotonin may be involved in the production of chorea .
although the possibility that the effect of 5~HTP on chorea is
related to release of d;pamine cannot be excluded as adminis— ;
tration of 5-HTP to animals is known to release dopamine from

dopaminergic neurones (Fuxe, Butcher and Engel, 1971). The
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elevation of hPRL concentrations in response to 5-HTP in

the present investigation does not suggest that 5-HIP released
dopamine as dopamine is known to inhibit hPRL release (Zacur
et al., 1976). 1In the patieants intravenous 5-HTP produced

a greater elevation of hPRL levels but there was no significant
hGH response. This finding of a greater hPRL response is not
consistent with the report of a delayed rise in hPRL concen-—
trations following intramuscular injection of chlorpromazine

in patients wiph the disorder, (Hayden, Vinich, Paul and
Beighton, 1977). Hayden and co-workers suggested that the
delayed rise in hPRL may be related to increased sensitivity

of dopaminergic inhibitory influences on hPRL release whereas
the present observation of a greater hPRL response to 5-HTP
suggests that there_is increased sensitivity of serotonergic
recetpors stimulating hPRL release. The absence of an hGH
response to 5-HTP in the patients may have been due to previous
treatment with phenothiazine drugs as these drugs are known

to block serotonergic receptors (Forham and Stachura, 1975).
However, an elevation of hPRi concentrations was present in all
the patients and the patients had not received any medication

" for 72 hours prior to the investigation. In addition,
phenothiazines are known to elevate hPRL concentrations

(Beumont et al., 1974; Meltzer et al., 1976) and the absence of
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raised hPRL concentrations in the patients before 5-~HIP
administration suggests that there was no blocking effect
of phenothiazines on dopamine receptors 72 hours after

withdrawal of medication.

The present investigations did not demonstrate any
hypersensitivity of noradrenergic or serotonergic receptors .-
stimulating hGH release in patients with Huntington's chorea.
However, the presence of a greater hPRL response to 5-HTP
administration does suggest that there may be enhanced
responsiveness of serotonergic receptors stimulating hPRL
release and this résult merits further investigation of hPRL

responses in patients with the disorder.
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SUMMARY

]..

4-

Noradrenergic and serotonergic regulation of hGH and
hPRL release was investigated in patients with
Huntington's chorea by examining hGH and hPRL concen~—
trations after the intravenous administration of
clonidine (0.1 mg) and 5-hydroxy-L-tryptophan (20 mg)

on two separate occasions.

Basal concentrations of both hGH and hPRL were similar

in both the patients and controls on the two occasions.

Intravenous clonidine produced a significant rise in hGH
and a significant fall in hPRL concentrations in controls.
In the patients, the hGH response was absent although
hPRL concentrations showed a similar suppression to
controls., In addition, basal FFA concentrations were
elevated in the patients‘and decreased progressively after

the administration of clonidine.

Concentrations of both hGH and hPRL increased significantly
after the intravenous administration of 5-HTP in the
controls. In the patients hGH concentrations were
significantly lower than controls and the rise in hPRL

was greater than controls after intravenous 5-HTP.
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The results did not demonstrate any hypersensitivity
of noradrenergic or serotonergic receptors
stimulating hGH release although the greater hPRL
response to 5-HTP administration suggests that there
may be enhanced responsiveness of serotonergic
receptors stimulating hPRL release in patients with

Huntington's chorea.
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CHAPTER 16

GENERAL DISCUSSION AND SUGGESTIONS FOR

FURTHER INVESTIGATION



The studies presented in this thesis all involve
aspects of the regulation of hGH and hPRL release. The
first two sections describe studies of the effects of
diphenylhydantoin and alcohol and include observations on
the action of these drugs on the release of anterior-—
pituitary hormones. In the third section hypothalamic
regulation of hGH and hPRL release was investigated and
methods developed for the study of neuroendocrine

responses in patients.

The studies of the effects of diphenylhydantoin
suggest that this drug potentiates hGH responses to
exercise and the possibility that this involves an action
on serotonergic hGH release mechanisms merits further
investigation. The greater levels of FFA, glycerol and
ketones after exercise with DPH suggest that DPH produced
delayed re-esterification of FFA and the possibility that
this is due to impaired insulin release requires further
investigation. Studies of glucose loading demanstrated
a small impairment in glucose tolerance and insulin release
in epileptics receiving long term treatment with DPH  This
finding is not consistent with other published observations
and further investigation of a larger group of patients is

indicated. Basal growth hormone concentrations in the



epileptics were similar to controls and showed the normal
suppression following glucose loading. These observations
suggest that the enhanced hGH response to exercise in
normal subjects is an effect of acute DPU treatment and
that long term treatment is not associated with increased

basal hGH concentrations.

The effect of alcohol on hGH and hPRL concentrations
was investigated to determine iﬁ alcohol altered hypothalamic/
pituitary function. Alcohol had no effect on basal hCH
or hPRL concentrations although this may be due to the
relatively low dose of alcohol used in these studies.
However, studies during exercise did demonstrate that
alcohol enhances the hGH response to exercise, Further
investigation of the effect of alcohol on other hGH responses
is i ndicated as the mechanism of this action of alcohol is
unknown. Moderate doses of alcohol have been reported to
have a reserpine like action in displacing catecholamines
from intracellular sites in the nervous system (Ritchie,
1966), Such an action would be consistent with the
observation of a greater hGH response to exercise and with
the report that alcohol elevates hGH in normal subjects

(Bellet et al., 1970), However, the hGH response to arginine
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infusion has been reported to be impaired by alcohol
(Tamburrano et al., 1976). The possibility that the
different effect of alcohol on the hGH responses to
exercise and arginine infusion is related to different
hypothalamic regulation of these responses requires

further investigation.

In an attempt to examine further the effect of alcohol
on hypothalamic/pituitary function, hGH and hPRL release
was examined in patients with a progressive alcohol problem.
The results demonstrate that there is impaired release of
hGH in response to exercise and insulin hypoglycaemia in
some alcoholis and examination of the patients' recent
clinical history suggested that this impairment may be
related to the development of alcohol withdrawal syndrome.
The r ecent report that the TSH response to TRH is impaired
in some alcoholies during withdrawal (Loosen and Prange,
1977) is consistent with the suggestion that there may be
a general impairment of release of pituitary hofmones in
alcohol withdrawal although furthex investigation is
required.  The possibility that impaired release of
pituitary hormones during alcohol withdrawal is related
to an alteration of hypothalamic regulating mechanisms
merits further investigation as such studies may have

important implications for the understanding of alcohol
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dependance and the treatment of alcoholism.

The suggestion that both DPH and alcohol exert an
effect on hypothalamic/pituitary function could be further
investigated using the various methods described in the
studies presented in Section IIIL of this thesis. These
studies add further support to the evidence suggesting
that hGH and hPRL release is influenced by hypothalamic
dopaminergic, noradrenergic and serotonergic receptors.
Studies with the dopamine receptor agonist, bromocriptine,
demonstrated an elevation of hGH in normal subjects and a
suppression of hCH and hPRL concentrations in acromegaly.
The results confirm other published findings and support

the suggestion that bromocriptine may be of value in the

treatment of acromegaly and in the investigation of
{

dopaminergic regulation of hGH and hPRL release.

Studies of the effects of the phenothiazine derivative,
fluphenazine, demonstrate that this drug elevates hPRL
concentrations, enhances the hPRL response to hypoglycaemia
and impairs the hGH response to this stimulus. The presence
of increased basal hPRL after treatment with f£luphenazine
suggests t hat this drug blocks dopaminergic.inhibitory

influences on hPRL release. The impaired hGH response may
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be due, at least in part, to the blockade of dopaminergic
receptors but the contribution to this impairment by
blockade of noradrenergic and serotonergic receptors
requires further investigation.  The marked variation

in hPRL concentratiqns in individual patients receiving

the same dose of fluphenazine merits further investigation
in relation to individual variation in the metabolism of
fluphenazine and to the sensitivity of dopaminergic
receptors to phenothiazines in individual patients. This
latter possible source of variation may be of particular
significance as patients who demonstrate the greatest
increases in hPRL following phenothiazine administration
may be more sensitive to the blocking effects of these
drugs on dopaminergic recepcors and may also be more likely
to develop extrapyramidal symptoms. Further imvestigation
of the relationship between hPRL concentrations and the
development of extrapyramidal side effects would be of

value in investigating this possibility.

The administration of clonidine, a noradrenaline
receptor agonist, produced significant elevation of hGH
and suppressed hPRL levels in normal subjects.  These
observations confirm the suggestion that noradrenergic

receptors stimulate hGH release and extend to man the
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observation made in animals that hypothalamic noradrenergic
receptors inhibit hPRL release. This evidence for the
“involvement of noradrenergic receptors in regulating
neuroendocrine responses indicates that the effects of
non-specific drugs and precursors, for example, phenothiazines
and L~dopa, cannot be interpreted as involving a specific
action on dopaminergic receptors. Administration of
S5-hydroxy-L-tryptophan produced significant elevation of

both hGH and hPRL concentrations in normal subjects and
demonstrate serotonergic involvement in the regulation of

hGH and hPRL release.

The release or inhibition of anterior-pituitary hormones
by hypothalamic catecholaminergic or serotonergic receptors
may be mediated by the release of peptide trophic hormones
which act on anterior-pituitary cells. This aspect of the
regulation of hormoné release was studied by investigating
the effect of somatostatin on hGE and hPRL release in response
to exercise in normal subjects. Infusion of sématostatin
produced complete suppression of the hGH response to
exercise confirming the growth hormone release inhibiting
properties of this peptide. Somatostatin had no effect on
hPRL release but did produce greater suppression of insulin

concentrations during exercise and also suppressed the
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glucagon response to exercise. Decreased glucose
concentrations were observed during the infusion of
somatostatin suggesting that the suppression of glucagon
levels led to decreased hepatic glucose production.

These effects on insulin, glucagon and glucose are
consistent with the reports of other investigators. The
suppression of the hGH response did not appear to alter FFA
or glycerol concentrations during exercise suggesting that
hGH does not play an important role in the mobilisation of
fat during exercise. The possibility that the rebound
rise in hGH concentrations after completion of the
somatostatin was due to hypoglycaemia during the infusion

requires further investigation.

Huntington's chorea is a degenerative disorder of the
central nervous systeﬁ. Neuropathological involvement
of the hypothalamus has been demonstrated in this disorder
(Bruyn, 1968; Bruyn, 1973) and patients have been reported
to have an earlier release of hGH in response té insulin
induced hypoglycaemia (Keogh et al., 1976; Phillipson and
Bird, 1976). This earlier release of hGH following
hypoglycaemia was confirmed in studies presented in this

thesis and it appears that the presence of this altered hGH
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response may be of value in the‘diagnosis of Huntington's
chorea. In order to investigate if the earlier hGH response
to hypoglycaemia was related to altered sensitivity of
hypothalamic dopaminergic, noradrenergic or serotonergic
receptors stimulating hGH release, the hGH and hPRL

responses Lo bromocriptine, clonidine and 5-hydroxy~L-
tryptophan were studied in patients with the disorder.
Studies with bromocriptine demonstrated a significantly
impaired hGH response suggesting that hypothalamic dopam~
inergic receptors may have reduced sensitivity or that there
is impaired storage or release of dopamine from presynaptic
neurones. Administration of clonidine also demonstrated a
significantly impaired hGH response. However, the studies
with clonidine involved only four subjects and further
investigation is required to confirm these findings.
Intravenous administration of 5-hydroxy-L-tryptophan failed
to pr oduce a significant hGH,resbonse in patients with the
disorder although the hPRL response was significantly greater
than controls. Taken together, these results do neot

provide any evidence of increased gensitivity of dopaminergic,
noradrenergic or serotonergic receptors stimulating hGH

release in patients with Huntington's chorea. The presence
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of significantly reduced hGH responses to bromocriptine,
clonidine and 5-HTP requires further investigation. The
presence of a greater hPRL response to 5~-HTP administration
suggests that there is enhanced responsiveness of seroto-
nergic receptors stimulating hPRL release and further
investigation of hPRL release in patients with the disorder
are indicated. A major problem.associatgd the investigation
of neurocendocrine responses in patients with Huntington's
chorea is the widespread use of neuroleptic drugs in the
treatment of this disorder. It is generally supposed that
withdrawal of phenothiazine drugs leads to increased
sensitivity of receptors which are affected by the blocking
action of these drugs. The extent to which the sensitivity
of hypothalamic receptors regulating hGH and hPRL release is
altered following withdrawal of phenothiazines requires
further investigation. Further studies of hypothalamic
regulation of anterior—pituitary hormone release in patients
with Huntington's chorea may be of value in identifying

alterations of hypothalamic neural function in this disorder.
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