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INVESTIGATION INTO THE VASOMOTOR SIGNS AND SYMPTOMS OF THE MENOPAUSE
Evanthia Pipili
PhD Thesis 1980

The mechanism of the menopausal hot flush was investigated.
Physiological changes, as well as changes in plasma and whole blood
pharmacological activity were examined in post-menopausal women, at
rest and during a hot flush, and in a group of pre-menopausal
controls, at rest and during heat induced vasodilatation. The hot
flush was found to be associated with an altered cardiovascular
activity and an increase in skin surface temperatures. There was a
difference in the contractile activity of plasma from post-menopausal
women, at rest and during a hot flush, upon the methysergide blocked
rat fundic strip. This suggested the involvement of a humoral
component in the mechanism of the hot flush. This humoral component
did not appear to be simply due to vasodilatation since there was

no difference in the contractile activity of plasma from pre-
menopausal women at rest and during heat induced vasodilatation.
178-oestradiol appeared to affect the responsiveness of both vascular
and non-vascular sympathetically innervated smooth muscle. 178~
oestradiol depressed the responses of the rat isolated vas deferens
to transmural stimulation to noradrenaline and to potassium chloride.
This suggested a direct action of 178-ocestradiol upon the smooth
muscle. Furthermore, 178-ocestradiol, given in a dose which is
considered physiological, increased the pressor responses of the
female pithed rat to stimulation of the spinal sympathetic outflow
but left responses to noradrenaline and angiotensin more or less
unaffected. In addition 178-cestradiol given at a higher amount
decreased the pressor responses of the female pithed rat to stimulation
of the spinal sympathetic outflow. The pressor responses to
noradrenaline and angiotensin were again left more or less unaffected.
These results suggested a biphasic action of 178-ocestradiol on the
presynaptic site, at the neuroeffector junction of the vascular
smooth muscle. Although the mechanism of the menopausal hot flush
has not been completely elucidated, it appears to involve both a
humoral and a nervous component. Furthermore, the hot flush may be
related to the hormonal changes occurring at the menopause, since
178-oestradiol was found to affect the vascular smooth muscle.

menopause, vasomotor, 17B8-ocestradiol, smooth muscle
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GENERAL INTRODUCTION



The term menopause describes the time in a woman's life when
ovarian function ceases thus marking the end of her reproductive
years (Finn 1976). The menopause is accompanied by various disorders,
most of which are directly or indirectly associated with the hormonal
changes occurring at this time. One of these disturbances is the
hot flush, a vasomotor disorder which affects a great proportion of
post-menopausal women. |ts exact mechanism has not received much
investigation and only a few studies are available in the literature
(see Literature Review, page 17). In the present study, an attempt
has been made to elucidate the nature of this mechanism.

Evidence presented by previous workers suggests that several
physiological changes occur in post-menopausal women while
experiencing a hot flush. These changes mainly include an alteration
in cardiovascular activity and a rise in the skin temperature of
certain areas (Hannan 1927; Molnar 1975). Most of these observations
were derived from studies involving very few subjects. The most
recent one performed by Molnar (1975) which provided most of the
information listed above involved a single patient. |t therefore
appeared of interest to examine any physiological changes possib!y
occurring in post-menopausal women during a hot flush and to
establish their occurrence in a number of patients suffering from
severe and frequent hot flushes.

The study was carried out in collaboration with Dr. D.W.
Sturdee, the Director of the Birmingham Menopause Clinic and
depended entirely on volunteers who were patients at this clinic.

An equal number of pre-menopausal women have been studied at rest

and during heat-induced vasodi latation for purposes of comparison.



The study on human subjects had to finish 15 months after its
commencement because of lack of volunteers and therefore many
questions concerning the mechanism of the hot flush which required
the participation of human subjects remained unsolved.

The physiological parameters which appeared of interest to
measure were:

Heart rate

Cutaneous blood flow
Blood pressure

Skin resistance

Skin temperature

The electrocardiogram (ECG) of these women was also studied,
to confirm the results of a previous worker (Molnar 1975) that
fluctuations of the ECG base line occur during a hot flush.

In addition to the physiological study of the hot flush,
studies were carried out on the contractile activity of the plasma
on smooth muscle and on prostag)andin E-like and kinin-like activity
in the blood of post-menopausal women at rest and during a hot
flush. The contractile activity of plasma from pre-menopausal
women at rest and during heat-induced vasodilatation was also exgmined.
It was thus hoped to establish any changes in the biological activity
of plasma or whole blood of post-menopausal women during a hot
flush which might be indicative of the involvement of a circulating
substance in the mechanism of the flush.

Several substances have been implicated in the flushes of
various pathological conditions. These substances include 5-hy-
droxytryptamine, histamine, catecholamines, prostaglandins and
kinins (see Literature Review, page 25). The possible involvement

of these substances and of acetylcholine was examined. All these



compounds with the exception of catecholamines, are vasodilator

in most vascular beds. Therefore the possibility of their involve-

ment was examined in the vasodilatation observed during a hot flush,
The possibility that catecholamines were responsible for the

triggering mechanism of the hot flush was examined. This 'trigger

hypothesis' evolved from the following observations and evidence:

1. Catecholamines are capable of releasing vasodilator substances
such as kinins and prostaglandins (see pages 26, 28).

2. Catecholamines have been shown to cause typical flushes in
patients suffering from the carcinoid syndrome (see page 26).

3. The results of the physiological study in the present project
as well as the resultsobtained by other workers indicated a

sympathetic activation at the onset of the hot flush(seepp 17,81).

It might be that an initial increase in the sympathetic nerve
activity occurs, possibly of vasoconstrictor nature, and as a
consequence, the homeostatic mechanisms for thé regulation of the
local blood flow become activated in order to re-establish normal
flow.

A possible reason for this sudden increase in the sympathetic
activity might be the changes in the hormonal status of post-menopausal
women. Oestrogen levels are known to fluctuate during the peri-
menopausal years. In the case of 178-oestradiol these fluctuations may
reach a peak value of approximately 10 times the normal levels seen in
women before the menopause (Campbell 1976). It may be that this
sudden increase in oestrogen levels interferes with the activity

of the sympathetic nerve fibres innervating the blood



vessels and initiates the instability in the peripheral circulation
leading to the hot flush. Alternatively it may be that this
fluctuation in oestrogen levels renders the blood vessels more
sensitive to any given stimuli. Thus the same stimulus might evoke
a greater response in post-menopausal women than in pre-menopausal
women .

Finally, the possibility exists that oestrogen or lack of
oestrogen might affect the activity of the 'vasomotor centre'. It
has been shown that castration in rats causes hyperactivity of
certain hypothalamic nuclei of the anterior hypothalamus as well
as increasing the noradrenaline synthesis in the same area (Donoso
and Stefano 1967; Donoso, De Gutirrez Moyano et al 1969). Although
the 'vasomotor centre' is not directly implicated in the above
mentioned study, its location is believed to be extended to the
anterior hypothalamus and the possibility cannot be excluded that
it might also be affected. |If this was true then a fall in oestrogen
levels during the fluctuations of the peri-menopause might result in
a hyperactivity of the vasomotor centre which may lead to the
sequence of events seen during a hot flush.

The following possibilities should be therefore considered as
far as the interaction between oestrogen, vascular smooth muscle,
and the sympathetic nervous system is concerned.

1. Oestrogen affects the vascular smooth muscle directly.

2. QOestrogen interferes with the sympathetic innervation at
(a) post-ganglionic level, (b) pre-ganglionic level,
(c) central level. In the second part of the present study,
possibilities 1 and 2(a) were considered and tested on two

experimental systems:



(i) On the pithed rat preparation as a model for the study of
the effect of oestrogen on the vascular smooth muscle and
its innervation.

(ii) On the vas deferens preparation. This preparation was used
as a model for the study of the effect of oestrogen on

sympathetically innervated non-vascular smooth muscle tissues.






The literature review aims to cover the following subjects

which are considered relevant to the present study:

1: The menopause.

2: The vasomotor disorders of the menopause.

3: Studies of flushes associated with pathological conditions.
L: Regulation of the peripheral circulation.

5: Oestrogens, the cardiovascular system and its innervation.

1: THE MENOPAUSE

The term menopause actually indicates the time that the last
bleeding occurs from the uterus of the human female and consequently
it also indicates the end of her reproductive years. Women seem
to be unique in the animal kingdom in having a menopause in which
ovulation ceases due to exhaustion of oocytes in the ovary (Finn
1976) . The situation in other primates is not very clear owing to
scarcity of data. In a study performed by Hodgen, Goodman, 0'Connor
and Johnson (1977), it was shown that rhesus monkeys exhibited
patterns similar to the human menopause during the third decade of
their life. In fact vaginal bleeding declined progressively and’
eventually ceased and serum hormonal profiles were consistent with
those described in peri- and post-menopausal women (Sherman, West
and Konerman 1976; Treloar, Boynton and Ben 1967).

The basic feature of the menopause is that the primordial
follicle and its derivatives, the granulosa cells and the surrounding
theca cells, degenerate or fail to react to endogenous gonadotrophins.
The granulosa cells in the pre-menopausal ovary are capable of

producing oestrogens from acetate, the most rudimentary steroid



precurscr, but tend to accumulate progesterone and 17a-hydroxy-
progesterone (Figure 1). The theca cells tend to produce the
androgens dehydroepiandrosterone and particularly testosterone and
androstenedione from progesterone and may continue the biosynthetic
pathway to oestradiol and oestrone. Granulosa and theca cells
function synergistically to achieve maximum steroid production.
The stromal cells produce the androgens, androstenedione, testosterone
and dehydroepiandrosterone, in the normal pre-menopausal ovary and
this process continues in the post-menopausal ovary (Cooke 1976).
The change in the function of the ovaries of the ageing woman
results in the precipitation of a number of disorders of varying
severity and frequence of occurrence. In the following section
these disorders are discussed together with the age of the women

when the menopause occurs.

1. The age of the menopause

The age of menopause in Caucasian populations has been found
to be around 50 years (Benjamin 1960; McKinlay, Jefferys and
Thompson 1972; Treloar 1974; Benedek Jaszman 1976; Gray 1976).
It appeared to be independent of environmental factors, education or
physical type. No relationship could be demonstrated either with
the age of menarche, the number of pregnancies or the time of last
pregnancy. However the age of the onset of the menopause did
appear to be related to whether or not the women had been married.

The age of the menopause in non-Caucasian women tends to be
lower than that in Caucasians and ranges from 49.7 years among the
Bantu in South Africa (Frere 1971) to 43.6 years among poorly

nourished women in New Guinea (Scragg 1973). These results suggest
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FIGURE 1: Pathway for oestrogen synthesis from acetate (from
Smith, 0.W. and Ryan, K.J. 1962. Am. J. Obstet. Gynecol.

84,141)



that poor nutrition might be associated with premature menopause

though the influence of racial factors cannot be excluded.

2. The disorders of the menopause

The disorders of the menopause can be divided into two
classes:
2.1: Genital disorders.
2,2: Other disorders due to autonomic, hormonal and

psychosomatic causes.

2.1: Genital disorders

The genital disorders involve the transition from normal
menses via a changed pattern of menstruation, accompanied by
infertility, to cessation of uterine bleeding and post-menopausal
genital atrophy. The cause of these changes is entirely hormonal
and can be seen in every woman. The hormonal changes that occur

at the time of the menopause are discussed below.

(a) Hormonal changes of the menopause

As mentioned before, the basic feature of the menopause is
that the primordial follicle and its derivatives, the granulosa
and theca cells,degenerate or fail to react to endogenous
gonadotrophins. As pituitary gonadotrophins are primarily
controlled by feedback of ovarian steroids to the hypothalamus,
failing ovarian steroid production has been shown to result in
excessive hypothalamo-pituitary responses (Adamopoulos, Loraine,
Dove 1971). In addition, low urinary excretion of oestrogens has
been shown and particularly lower ocestradiol excretion. The main

circulating oestrogen after the menopause appears to be oestrone.
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Peripheral levels of progesterone 17-hydroxyprogesterone, testo-
sterone, dehydroepiandrosterone and androstenedione also fall
during the post-menopausal years (Maroulis and Abraham 1976).

Table 1 shows the levels of the main circulating steroids
found in the plasma of pre- and post-menopausal women as measured
by Maroulis et al (1976).

TABLE 1: Peripheral plasma levels of steroids in pre-
and post-menopausal women

Pre-menopausal Pos t-menopausal
Steroid mean + se ng/ml  mean * se ng/ml
Progesterone 0.5210.12 0.28 £0.03
17-Hydroxyproges terone 0.58+0.12 0.15 +£0.02
Testosterone 0.27+0.06 0.19 +£0.03
Dehydroepiandrosterone 4.56+1.00 1.46 +0.14
Andros tenedione 125 £.8011 0.2¢ £0.02
Oestradiol 0.09+0.003 <0.02
Oestrone 0.05+0.003 0.036+0.003

Data taken from Maroulis and Abrahams. Obstetrics and
gynaecology Vol. 48 No. 2 1976.

Apart from the fall in circulating steroid levels, another
very important difference between the pre- and post-menopausal
women is the contribution of the post-menopausal ovary to ovarian
steroids in the circulation. Thus in the post-menopausal woman
about 40 ug/day of oestrone is excreted but virtually none of it is
secreted by the ovary and almost all of it is derived from
androstenedione (Cooke 1976). The adrostenedione is secreted
largely by the adrenal gland and conversion occurs peripherally,
that is outside the ovary. The site of conversion is likely to be

the adipose tissue (Grodin, Siiteri and MacDonald 1973).
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During the normal menstrual cycle, both follicle-stimulating
hormone (FSH) and luteinising hormone (LH) fluctuate signficantly.
These fluctuations include the early follicular phase rise
(particularly FSH) and the mid-cycle surge (particularly LH) of
both gonadotrophins (Speroff and Vande Wiele 1971). As women
approach the menopause FSH levels appear to rise out of the normal
range while LH levels remain normal (Sherman and Korenman 1975).
These elevated FSH levels can occur throughout a normal cycle,
despite the attainment of oestrogen levels that would be expected
to suppress FSH secretion sufficiently to maintain normal
concentrations (Judd 1976). This observation has raised the question
as to whether ovarian factors other than ocestrogen and progesterone
may play a role in FSH-feedback control. In post-menopausal women
both LH and FSH levels are significqntly elevated over the
concentrations seen in pre-menopausal women with FSH usually being
higher than LH. The higher FSH levels are thought to be due to
the slower clearance of this gonadotrophin (Yen, Llerena, Pearson
and Littell 1968, 1970).

2.2: Other disorders due to autonomic, hormonal and psychosomatic
causes

This class of disorders do not necessarily occur in all
women. They differ in intensity and frequency from one woman to
another and are often regarded as unpleasant and referred to as
'complaints' (Benedek Jaszman . 1976).

These are:
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(a) Joint and muscle pains

These pains probably reflect a reduction in muscle strength,
with a possible reduced ability to disperse the build up in muscle

of lactic acid after exercise.

(b) Vasomotor disorders

The precise mechanism of these disorders is not known. It
has been shown however that women who have marked premenstrual
changes commonly suffer from hot flushes (Cope 1976). It was
suggested by the same worker that in this group of women there
exists a very delicately balanced relationship between ovarian
feedback and the activity of the hypothalamus and the pituitary.
It was also proposed that an element of their autonomic system
might be particularly labile. Finally in the natural menopause
many women show a marked fluctuation of oestrogen production and
it might be that this fluctuation is important for the precipitation
of vasomotor symptoms. These vasomotor symptoms will be discussed

in more detail later in the introduction.

(c) Atrophic vaginitis and the urethral syndrome

These conditions are being considered togethery as the vulva,
the lower part of the vagina, the urethra and the trigone are
embryologically similar and have been shown to respond in a similar
manner both to oestrogen deprivation and to its replacement (Cope
1976) . Atrophic vaginitis consists of symptoms such as discomfort
and disability for sexual intercourse, whereas the urethral symptom
is manifested by 'urge incontinence'. This latter group of women has

been shown to be largely prone to infections such as cystitis,
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urethritis, kolpitis and bacterial and fungal infections (Workshop

Report 1976).

(d) Cardiovascular system

The precise relationship between cardiovascular disease and
the menopause is not yet clearly established. However, there is
some evidence of a relationship in that the incidence of hypertension
in women increases with age (National Centre for Health Statistics
1964; Weiss 1972). It has been shown that hypertension is more
common in men than women until after the menopause when this
difference is reversed (Weiss 1972). Furthermore, in non-smoking
women before the menopause, coronary heart disease is extremely
rare, whereas after the menopause the incidence approaches that of
men (Cope 1976). Parrish and co-workers (Parrish, Carr, Hall and
King 1967) showed that there is an association between plasma
cholesterol concentration and oestrogen secretion. Plasma
cholesterol was lowest during mid-cycle when ocestrogen secretion
was maximal whereas following bilateral ocophorectomy or in the
post-menopause the levels of cholesterol, lipoproteins and triglycerides
rose. The same workers have demonstrated that in women castrated
before the age of 40 and in women who have had a premature menopause,
coronary heart disease incidence increased, though serious

atherosclercosis did not appear for about 14 years.

(e) Skin and connective tissues

The menopause is not only the time of decreasing ovarian
function, it is also a period of progressive involution of body
functions. Therefore it has been considered inappropriate to
assume that all the skin problems in menopausal women are due to

oestrogen deficiency.
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However, the skin is an important bearer of secondary sex
characters and a major target for oestrogenic action (Shahrad and
Marks 1976). Frost and co-workers (Frost, Weinstein and Hsia 1966)
have shown that skin actively metabolises oestrogens, in that infant
foreskin had the ability to interconvert oestradiol to ocestrone.

It has also been shown that hair follicie epithelium actively takes
up oestrogens, and interconverts them to a degree which is dependent
upon the stage of the hair cycle (Rampini, Davis, Moretti and Hsia
1971). At the menopause oestrogen deprivation has been shown to
cause thinning of the epidermis (Cope 1976). It has also been

shown to cause a negative nitrogen balance with diminution of

muscle which is replaced by fibrous tissue. Finally it causes

subcutaneous fat to atrophy and lose its elasticity.

(f) Osteoporosis

In 1941, Albright and co-workers (Albright, Smith and
Richardson 1941) showed that there was a close relationship between
the menopause and osteoporosis. In 1957 Henneman and Wallach
reported that height loss could be prevented if women at the
beginning of their menopause were given oestrogen. More recently,
Aitken, Hart and Lindsay (1973) and Gallagher and Nordin (1973)
have demonstrated a relationship between bone resorption and
oestrogen deficiency in castrated women. Gallagher et al (1973)
finally suggested that oestrogen reduced the sensitivity of bone
to parathyroid hormone which is known to promote loss of calcium

from the bone.
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(g) Psychosomatic symptoms

Psychosomatic symptoms include fatigue, headache, irritability,
dizziness, palpitations and depression. These symptoms usually
occur during the menopause and early post-menopausal years. In the
case of endogenous depression, evidence has been suggested that
abnormally low levels of free plasma tryptophan are associated with
cestrogen deficiency (Aylward 1976). Furthermore, oestrogen
administration which seems to alleviate depression in post-menopausal

women, was shown to increase the levels of free plasma tryptophan.
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2: THE VASOMOTOR DISORDERS OF THE MENOPAUSE

1. Manifestation

The manifestation of the vasomotor disorders occurring at the
menopause is termed the 'Hot Flush'. It is one of the major and
more frequently occurring disorders of the menopause and it consists
of a sudden feeling of warmth and accompanied by flushing of the
face and sometimes sweating (Molnar 1975). The face and neck are
the parts usually affected and where the hot flush becomes obvious.

Hannan (1927) described the hot flush as a 'vasomotor crisis'
and suggested that it may be divided into three clinical stages:

(a) a premonitory stage associated with symptoms such as headache
and palpitations and which were relieved with the onset of the
flushing; (b) a stage of flushing which was associated with a
feeling of warmth; and (c) a stage of reaction which was associated
with symptoms such as perspiration and faintness.

However, Molnar (1975) in his single patient study was
unable to find evidence fer a warning stage prior to the full

development of the hot flush.

2. Incidence, severity and frequency

Few studies are available concerning the incidence, severity
and frequency of the hot flushes. McKinlay and Jefferys (1974)
found that 74 per cent of the women who had last menstruated
between 3 and 12 months previously, suffered from hot flushes.
This is consistent with the finding by Thompson, Hart and Darno
(1973) who reported that 74 per cent of the post-menopausal women
in a general practice in north-east Scotland suffered from hot

flushes. Jaszman (1976) also found that hot flushes were most
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frequently reported by women in the early post-menopause along with
perspiration and formication. However, McKinlay's study (McKinlay
et al 1974) indicated that the hot flushes persist much longer

than it is generally believed.

The severity of the hot flush is varied and symptoms can be
graded from 'embarrassment' to 'acute physical discomfort'. The
acute discomfort associated with hot flushes has been reported to
be worse when they occur at night (McKinlay et al 1974).

Finally the frequency of hot flushes per day varies. Hannan
(1927) reported that some patients complained of experiencing
as many as 12 hot flushes a day where as others complained of one
or two a week. The factors which determine the frequency of hot

flushes per day are not yet established.

3. Studies on the mechanism of the hot flush

Although the hot flush is the most common disorder of the
menopause, it has received very little scientific investigation
and its aetiology still remains obscure. One major reason for this
is that the hot flush can only be studied in human beings who are
otherwise healthy and that therefore any study is dependent upon '
volunteers.

The first detailed study on 'The Flushings of the Menopause'
was performed by Hannan (1927). His study aimed at an elucidation
of their mechanism in addition to recommending methods of treating
the hot flushes and their associated symptoms.

The blood pressure and heart rate observations performed in
this study showed a rise of the systolic blood pressure and the

pulse rate just prior to the onset of the hot flush. After the hot
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flush had ceased there was a considerable fall in blood pressure
which was restored after 30 minutes. The increased pulse rate was
maintained during the hot flush but returned to its normal value
after 30 minutes. These findings led Hannan (1927) to suggest
that there was a strong resemblance between the changes in blood
pressure and pulse rate associated with a flushing attack and those
produced by an intravenous injection of adrenaline in normal
individuals.

Consequently, he investigated the effect of adrenaline
injection in women suffering from hot flushes and the following

phenomena were observed:

(a) Blood pressure and pulse rate changes which were similar to
those associated with
- the injection of adrenaline in normal individuals,
- the 'vasomotor crisis' (hot flush) of the menopause.

(b) A premonitory stage associated with symptoms such as headache
and palpitations.

(c) A stage of flushing.

(d) A stage of reaction associated with perspiration and faintness.

Failure of other drugs to produce the same symptoms led
Hannan to the suggestion that 'the flushings' are produced by a
reflex discharge of adrenaline into the blood stream, and that the
flushes are produced by a peculiar sensitivity of the vasomotor
system at the time of the menopause due to a general disturbance of
the endocrine system, consequent upon a deficiency of the internal

secretion of the ovaries.
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Other workers since then have attempted to investigate the
mechanism of the hot flush by measuring the changes in physiological
parameters such as body temperature, or basal metabolic rate.

Klaften (1944) measured uterine and other internal body
temperatures daily in 24 menopausal women but was unable to obtain
measurements during a flush. Collett (1949) found that during hot
flushes the Basal Metabolic Rate rose 5 to 15 per cent which was
attributed to a ''faster heart beat and stiffening of the muscles'.
In the same study it was found that cheek temperature increased
during a hot flush from 0.5° to 2.00°C.

Reynolds (1941) reported a finger volume change and face
temperature rise during a flush in one post-menopausal woman.

In a more recent study Molnar (1975) studied one post-menopausal
patient suffering from hot flushes. He measured internal and
external body temperatures, sweating, cardiac activity by means of
electrocardiography and blood glucose concentration during hot

flushes. The results of this study were:

(a) The flushes were well defined by marked undulations of the ECG
base line, and tachycardia.

(b) The mean duration of the flushes was 3.8 minutes.

(c) There was profuse sweating on the forehead and nose, moderate
sweating on the sternum and adjacent areas and little or none
on the cheek or leg.

(d) There was a marked rise in finger, toe and cheek temperature.

(e) There was a fall in forehead temperature immediately after the
onset of the flush due to evaporation of sweat.

(f) The internal temperatures showed a downward trend. The fall

was always very slow and lasted 15 - 30 minutes.
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(g) No significant difference was found between the blood glucose
concentration immediately after the hot flushes compared with

normal values.

Finally, Molnar concluded that ''a hot flush is apparently an
explosive activation of certain areas of the brain resulting in
subjective heat distress, in the inhibition of ongoing discharges
of vasoconstrictive impulses to the extremities and in the excitation
of stimulating impulses to the heart, to sweat glands and to
vasodi lators of the face. This activation of brain centers, lasts
a few minutes. The interval of excitation-inhibition is followed
by a subliminal state of a few minutes during which a passing
stimulus, eg a finger prick, can evoke another flush of short duration."

In addition, the '"'possibility of cellular accumulation and
sudden discharge of a neurohumor'' is considered. ''This substance,"
according to Molnar, ''converts the status quo of the affected brain
centers - a condition of comfort associated with a particular
modulation of hypothalamic neuronal discharges by afferent impulses
from peripheral temperature receptors - into one of intense dis-
comfort and disequilibrium with the environment. This substance or
its formation can usually be counteracted in post-menopausal years
by oestrogens."

Hot flushes are successfully treated by hormone replacement
therapy. However, this can only provide an explanation for their
possible mechanism if correlation can be made between the occurrence
of vasomotor symptoms and peripheral oestrogen levels in post-

menopausal women.
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Campbell (1976) has examined the possible correlation between
hormonal changes and the occurrence of hot flushes in a systematic
study of a 24-hour intensive steroid and protein profile in post=
menopausal women with and without vasomotor symptoms.

Seven post-menopausal women and four age matched controls
who had no vasomotor symptoms were studied. The results of this
study would be summarised as follows.

Two non=-flushing women had high sustained levels of oestrone
and oestradiol. All the flushing women and two non-flushing had
low levels of oestrone and oestradiol but sharp peaks were observed
especially in flushing women which in the case of oestradiol were
up to 10 times the basal values.

Both plasma androstenedione and testosterone showed a well
marked diurnal variation suggesting that these hormones are mainly
derived from the adrenal. Plasma androstenedione levels were
significantly higher in non-flushing than in flushing women and the
latter group showed a somewhat different diurnal rhythm.

Plasma testosterone levels were similar in both groups.

Serum follicle stimulating hormone (FSH) values were lowest in

those patients with the highest plasma oestrogen levels which
suggested a negative feedback control of FSH release, but

luteinizing hormone (LH) levels were a poor guide to oestrogen status.

There was no difference in plasma prolactin levels between
flushing and non-flushing patients, but the surges of growth
hormone appear to be higher in flushing patients.

In individual cases the best correlation between hormone
levels and flush was demonstrated by oestrogen and androstenedione
but the relationship was not sufficiently close to suggest that this

was causal.
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In an attempt to elucidate the mechanism of the hot flushes
several workers have attempted to treat the hot flushes with more
specific agents.

It was hoped that the use of these agents might clarify the
possible involvement of either endogencus substances or the nervous
system in the hot flush.

Ferriman and Purdie (1965) considered the increase in
circulating gonadotrophin concentraticn as a causative factor of
hot flushes, and they investigated this possibility by treating
their patients with dithiocarbamoylhydrasine (ICl 33828), a compound
which has been shown to have antigonadotrophin activity both in
animals (Paget, Walpole and Richardson 1961; Brown 1963) and in
humans (Bell, Brown, Fotherby, Loraine and Robson 1962). A double
blind trial was carried out in 33 patients for 15 days. |t was
found that ICl 33828 significantly reduced the number of hot flushes
in all cases but did not abolish them completely.

However, this compound has been found to affect thyroid
function (Tulloch, Crook and Brown 1963) and lactation (Zagni and
Benson 1964) as well as gonadotrophin levels. Therefore there are
some reservations as to whether the hypothalamus is a specific s{te
of action for this drug and therefore its antigonadotrophin action
needs to be established. In contrast Clorinda, Bohler and Greenblatt
(1976) examined the possible factors involved in the pathophysiology
of the hot flush and reached the conclusion that increased gonado-
trophins were not the causative factor. They supported this with

the following observations:
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(a) Prepubertal castrates or people suffering from primary gonadal
failure and consequently elevated gonadotrophins did not
experience hot flushes.

(b) Small amounts of oestrogen without producing significant
lowering of gonadotrophin levels are frequently effective in
arresting the hot flush.

(c) When individuals with hypopituitarism or primary gland failure
were treated for many years with oestrogens, they experienced
hot flushes when medication was discontinued.

(d) Gonadotrophin therapy did not produce hot flushes.

Clayden, Bell and Pollard (1974) carried out a double-blind
trial of a non-hormonal medication using Clonidine (Dixarit).
Clonidine has been shown to diminish vascular reactivity when given
chronically to cats (Zaimis and Hannington 1969). It has also been
shown to be effective in the prophylaxis of migraine (Wilkinson 1969;
Shafar, Tallett and Knowlson 1972). During the double-blind trial
a pronounced placebo response was observed. This was attributed
to both a continuous improvement in condition with time and to the
benefit of the increase in attention received during the trial,

This is in contrast with the results on the effectiveness of a non-
steroidal oestrogen analogue (Utian 1973) where no placebo response
was found. |In spite of the placebo effect, Clayden and co-workers
(1974) concluded that clonidine was effective in relieving hot

flushes and they suggested this might be due to reduced responsiveness
of the small blood vessels to various stimuli. They also suggested
that the vasculature of post-menopausal women is more labile and

consequently more sensitive to stimuli, which may account for the
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occurrence of hot flushes in these women. Coope and Williams (1978)
examined the possible involvement of an adrenergic component in

the mechanism of the hot flush by treating patients suffering from
hot flushes with propranolol. Propranolol causes both central

and peripheral blockade and has been shown to be effective in
relieving both palpitations and bradycardia.

The results of the above study which involved a prospective
double-blind randomised comparison of propranolol and matching
placebo showed propranolol to be no more effective than placebos in
controlling hot flushes. However, a very close correlation was
established between the daily atmospheric temperature and the number

of flushes occurring in their patients.
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3: STUDIES ON FLUSHES ASSOCIATED WITH PATHOLOGICAL CONDITIONS

Although the mechanism of the menopausal hot flush has
received little scientific investigation and therefore remains
obscure the mechanisms of the flushes associated with several
pathological conditions have been extensively investigated. This
has resulted in the implication of several vasoactive substances
in these flushes.

The menopausal hot flushes are manifestations of a natural
process (ie physiological) whereas the flushes of other syndromes
are manifestations of disease (ie pathological). However, it is
relevant to review the current knowledge of their mechanism since
this may lead to a better understanding of the menopausal hot flushes.

Four pathological conditions which exhibit hot flushes will
be considered and these are:

1. The carcinoid syndrome

2. Phaechromocytoma

W

Diencephalic autonomic epilepsy

=

The dumping syndrome

1. The carcinoid syndrome

The carcinoid syndrome consists of cutaneous flushing,
asthma, intermittent diarrhoea, a skin rash resembling pellagra
and collagen deposits on the endocardium including valve surfaces
of the heart. It is a manifestation of carcinoid tumours and
particularly of metastatic carcinoma of the liver (Sjoerdsma and
Melmon 1964) .

Several substances have been implicated in the mechanism of

carcinoid syndrome and in particular with the carcinoid flush.
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In a review of the carcinoid spectrum, Dollinger and Gardener
(1966) examined the involvement of serotonin, catecholamines, kinin
peptides, and histamine in the mechanism of the syndrome.

Serotonin has been isolated from carcinoid tumours (Lambeck
1952) and it was subsequently postulated that most of the symptoms
of the syndrome could be ascribed to excess serotinin produced by
the tumour (Thorson, Bjoru, Bjorkman and Waldenstrom 1954). However,
normal blood serotonin levels have been observed in a patient during
four days of continuous and severe flushing. Elevated levels of
blood serotonin are present in most patients suffering from
this syndrome but they may not always correlate with flushing
episodes (Robertson, Peart and Andrews 1962). Furthermore,
intravenous infusion of large doses of serotonin produces an
atypical flush of less intensity than that usually in the carcinoid
syndrome (Robertson et al 1962; Levine and Sjoerdsma 1963). |In
addition serotonin antagonists frequently failed to prevent or
modi fy the flushing episodes (Sanders and Axtell 1964).

Catecholamines have also been implicated in the mechanism
of the flushes of the carcinoid syndrome. Intravenous administration
of catecholamines (Peart, Andrews and Robertson 1961), adrenaliné
or noradrenaline, to patients with spontaneous flushes reproduced
the typical flushing attack.

Elevated levels of 4-hydroxy 3-methoxymandelic acid, an
adrenaline and noradrenaline metabolite, have been observed in some
patients with carcinoid tumours (Sandler and Ruthven 1960).
Furthermore, CA are able to release a kinin peptide from the sub-

maxillary gland of the cat (Hilton and Lewis 1956) and it has been






