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Postviral fatigue syndrome is a disorder that follcocws a
viral infection and is characterised by severe,
persistent or relapsing fatigue, usually with myalgia,

and numerous neuro-psychiatric symptoms (sce section on

clinical features of PVFS).

Many viruses have been implicated in the disorder, e.3.
Epztein-Barr virus (Hamblin et al, 1883), enterovirucses

{Bell et al, 1988, Yousef et al, 1888, Miller et al,

W0

1991), wvaricella and rubella (Behan et al, 1985). The
main reazon for the implicetion of a putative role of
viruses in PVEFS was that in the original descriptions
the illness was considered only to occur in epidemics,

however 1t is now known to occur as sporadic cases.

a) Historical review of postviral fatigue syndrome:

The firat descriptions of the postviral fatigue syndrome

ct

h

o
fovd

(=5

were made in the eighteenth century and interest in
disorder was revived in the 1930z when Evans (1947)
suszested that the ayndrome is dus to chronic

n the 1850 and

pede

brucellosis. Renewed interest in PVFES
803 coincided with reports of many epidemics worldwide.
The laszt two decades also represent an important
milestone in the history of PVFS. First, more attention
has been paid to the sporadic form of the disease and,

secondly, extensive research programmes to study all

w

specta of this disorder have been established (see

aection on the organic nature of PVFS).
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The first detailled account in the ¥English literature of
an illness resembling the PVFS was given by Manningham
more  than 240 years ago (Manningham, 1750). The
disorder, which was known as febricula, was
characterissd by low-grade fever, excessive phyaigal and
mental exhaustion and fleeting muscle pains. It occured
mostly in wealthy reople, especially females.
Subseqguently, a condition ididentical *to PVFS was
described in the past century under the name of
neurasthenia (Beard, 186%). EBeard, who believed the
condition to be orsganic in nature, stressed that the
core symptom is physical and mental fatigue and he drew
attention to the cardiovascular and gactro-intestinal
features of the disecace. He also confirmed the
obhservation of Mannigham (1750) that the illness occurs
more in females than in males. Two years later DalCosta
(1871) redescribed the diseaze under the name "the
effort syndrome”. He emphasised the role of infection in
intiating the symptoms and documented that the disease
affects children as well as adults. He also made
reference to other common features of the syndrome, =zuch

1z

Qu

N

as palpitations, chest pain, ziness,

pastro-intestinal symptoms and sleep disturbances.

In the 12830s Evans (Evans, 13947) suggested that the

form of chrenic brucellosis. Heowever, thicz

'_‘.
0
o

dizease
hypothesis was subsegquently challenged as serological
evidence of continued brucella infection could not be

demonztrated in most patients {Spink, 1851).



Many epidemics of PVEFS were reported worldwide in the

1950s and B60s under different names including atypical

poliomyelitis, abortive poliomyelitis, Icelandic
disease, Akuvreyri disease, henign myvalgic

encephalomyelitis, Roval Free disease, epidemic malaise,
epidemic reeudomyasthenia, chronic infectious
mononucleosis syndrome, chronic fatigue and immune
dysfunction syndrome. In recent years postviral fatigue
syndrome and chronic fatigue syndrome have become the
moet widely used names for this condition (Pehan &
Behan, 1988, Holmes et al, 1888, Sharpe et al, 1391)
and, in cur opinicn, the term postviral fatigue syndrome

ig the most helpful and correct one since it emphasises

reed

the rcle of wviral infections in initiating t

§

dissasge.

Most of +the older literature on PVFS refers to the
epidemic form of the disease. The main epidemics are

summarised in this section (also see table 1/1).

Icelandic epidemic 1948-1248:

This cccured in the town of Akureyri (population €,800).
£.9% of the population was affected, mostly females
between the ages of 15 and 30 years. There were no

fatalities, but some paralytic caces were reported.

In addition to fatigue, myalgia, especially on exertion,

was a prominent feature. Nervousness, palpitations and
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ercesslive sweating were present in 42% and insomnia

ecocured in 1€% of patients (Sigurdszon et al, 1850).

Althcusgh a causative agent for this epidemic was not
isolated , rpolicmyvelitis and Coxsackie B viruses were
suspected. A pandemic of poliomyelitis in 1955 swept the
whole of Iceland except Akureyri district, which
suggests that the population in this district had
developed immunity against poliomyelitis following
exposure to "epidemic neuromyasthenia'" (Sigurdsson et

al, 1958).

ears after the Akureyri outbreal only 13% of the 39

€]
[
N
<4

studied had recovered completely. Iin the

0s
Q.
ct
,._..
S
ct
6]

remaining patients the course of the disease was
characterised by relapses and remissions. Fatigue
remained the most disabling symptom and most patients
continued to complain of myalgia, insomnia, nervousness

and poor memory (Sigurdsscn & Gudmundsson, 1956).

The outbreak in Alaska (1854):

Deisher (1857) reported an epidemic of myalgic
encephalomyelitis in Seward, Alaska, which occured
several weeks after an outbreak of poliomyelitis. The
disease predominantly affected vyoung females and was
characterised by letharsy, muscle pain and stiffness,
headaches, Poor memnory, anxiety and depression.

Paraesthesiae, hyperacusis and photophobia were
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rrominent features in this epidemic. Interestingly,

)

hese symptoms increased in severity during menstruation
and in some patients there was a clear pattern of
relapses and remissions of symptoms in relation to the
menstrual cycle.

In contrast to the patients who had developed typical
roliomyelitis in the previous epidemic, those who
suffered from myalgic encephalomyelitis had a normal
cell and protein content in the cerebrospinal fluid and
viral studies showed low antibody titres against the

three strains of polio virus.

The Royal Free Hospital outbrealk:

This occured in 1955. More than 300 members (or 9%) of
the staff at the Royal free Hospital in London were
atffected by a flu-like illness. The commonest symptoms
were fatigue and prostration, sore throats, headaches,
neck stiffness, dizziness, blurred vision, myalgia and
depregsion. Most patients were females (female/male
ratio was approximately 4:1). Cerebrospinal fluid
erxamination was performed in 8 patients and it was
normal.

0f great interest is a 32 year old female patient who
was affected in this epidemic (see Crowley et al, 1957).
This patient died 7 months after the Royal Free

outbrealk. Postmortem cexmination revealed multiple




nicroscornic areas of demyelination in the

a

ri-ventricular white matter. brain stem and spinal

'(

cord. In addition, therse was intense lymphocvtic
rerivascular infiltration of the hypothalamus. Althoush
it is likely that this patient had multiple sclerosis,

it ic unusual for the hypothalamus to be affected in

o
oy
]

T

iz dimsease and it is possible that these changes were

’

related to the "Royal Free Digease'. Similar changes in
the hypethalamus of a patient with PVFS have recently
been documented at postmortem examination (PO Behan,
rersonal - communication). A study by Daughertv et al
{1981) lends dindirect support to the Thypothalamic
involvement in patients with PVFS. These authors found
disseminated white matter lesions on magnetic resonance
imaging (MRI) brain scans of 15 patients with PVFS.

However, thelr findings have to be interpreted with

By

caution as they have not yet been replicated.

Shortly after this epidemic 8 sporadic cases of the
Royal Free disease were reported in North London (Ramsay
& O"Sullivan, 1856). Although the occurrence of thes

caces coincided with an increased incidence of
poliomyelitis in the same arsa, the diseass was

clinically distinect from polic. There were no paralytic

cases and the cerebrospinal fluid was normal.

Seven of the eight ratients were females. The initial

hroats, myvalgia, anorexia and

J
:
Yy
"5
4]
(¢]
"
1]
ct

symptoms were Ife

vomiting. All ratients had severs fatizue which
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rersisted for 4-6 months after the onost of the disease

.

Emotiona labili

v, mental fatisue” and tinnitus were

ct

prominent features. Laboratory investigations were all
normal except electromyography (see under electro-

rhysiological gstudies) and some non-specific changs

N

{
u

on

{

the electroencephalogram.

Other epidemics:

Several omaller epidemics of PVFZ have been reported
from various countriezs. Theze include an cutbrealr in
California, USA, in 1834 (Wilso: & Walker, 1238),

nesyvivania, UZA (McConnell, 1945), Adelaide, Australis

{(Pellow, 1951), Middlese:x hospital, London (Aches

O

1654), Coventry, England (Macras & Galpine, 1954) and
many others. The c¢linical pressntation, course and

cutcome of these epidemics were similar to those

D
H
ct
oy
hl

Akureyri, Alaska and Royal Free epidemics. In addition,
a comnon feature in all of these epidemics is that an
enterovirus {(polio or Coxsakie) had been suspected as

the cause of the epidemic.



Table 1/1

The malin epidemics

pidemic

Los Angeles, USA

Alureyri, lceland

Adelaide, Australia

Hew York, UZSA

London, UF

o]

¥

Coventry, UK

Eerlin, Germany

Royval Free Hosp.

London, UK

Perth, Australia

Durban, 5. Africa

G
'.A«)
3
Q
[ €]
ot

year

1924

1943

19560

1952

a
0
[y

<4
e
o
[

fatigue syndrome:

reference

Wilson & Walker, 1938

Heoughton & Jones, 1942

[
W

igurdsson et al, 1850

Pellew, 19051

White & Burtch, 1254

Acheson, 1954

Macrae & Galpine, 1954

Sumner, 1956

Compston, 1856




Ipidemic

Johanneshures

~

3. Africa

London, UK

Florida, UBSA

Newcastle upon Tyne,

UK

London, UK

Southampton, UR

West Kilbride,

Sctoland, UK

1966

1876

<o}

80

4
1

Jackson et al,

1257

Ramsay & O "Bullivan,

1286

Poskazner et

Ramsay, 1878

Fagan et al,

1983
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»Yy Clinical features of PVFG:

i: the diagnostic criteria of PVFI:

The mogt important factor which impeded progress of

regsearch in DPVIFZ until recently was the lack of =a

universally accepted case definition, making comparison
of reports by different investigators virtually

impos=ibl The recent attempts to lay down guidelinegs

(D

for the diagnosi= of PVFS (Holmes et al, 1888, Lloyd et
al. 1888, Sharpe et al, 1891) are a welcome step in the
wight direction, although scme problems =till remain.
Holmes et al (1388) clasgified the ocymptomz of PVFS into

major, minor and physical criteria. The major criteria

1. fatigue - which must be persictent or relapsing, not
improved by bed rest, reducing the patient’s activity hy
50% or more and pregent for six months or more

and Z. all other chronic illnecesss which ﬂlvnt rroduces

the same symptoms must be excluded.

here are 11 miner cri

(“?“
' 1
}_)
i
&
13

. myalgia, depregsion
and sore throat. The physical criteria are: low grads
fever, nonexudative pharyngitis and palpable cervical or

axillarv lymph nodes. Holmes stresse that bhoth major

w

criteria plus either 8 minor or & minor and 2 or more

rhysical ecriteria must be present to make the diagnosis



In our opinicn the working case definition of Holmes et
al (1988) which iz summariced in the previcus paragraphs
has the feollowing weakneszes:

1. in contrast to pasvchiatric and most other conditions
which cause chronic fatigue, PVFS is always precipitated

ral infection. The definition of Holmes et al

*Jo
4]
£

by a v

{(1238) does not take this into consideration.

2. a past or family history of psychiatric illness, a
woorly-adjusted premorbid peroseornality and a poor worl
record are commen in patients with pesychiatric discace.
Althoush patients with psychiatric illnesses may develop

™VED (like anvbody clze), we fesl that patients with

2y

~his history should not be included in clinical trisl

18]

3. The working case definition (Holmes et al, 1988) does

not include some frequently encountered psychiatric

symptoma  in patients with PVFS such as anxiety and

hypochondriasis. Purthermore, "prolonged peneralized

fatiszus following previucaly tolerable levels of
evercise” is classified as a minor criterion. We think
the fact that fatipue is precipitated or made woress by

exerclzse is an important characteristic of the fatigue

in PVFS. In our experience it iz prescnt in all patients

8]

with PVFZ. This characteristic should, therefore, bhe
incorproratecd in the definition of fatigue (which iz a

relegating it to a minor

"1
-J -
Q
-
P
~
-
[
3
£
ot
et
-
[¢7]
—
o)
-
o
&
<
o

major criter

criterion.
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It im zential that the criteria used for the casze
Tor ~arch purrpcses are stricht, especially

of

unknown aeticlcsgy or

1al

boratory tests, as

important to narrow the

ugh such restriction will

inevitably exclude some patients with the disease under
investigation. In the fcollowing section we propose

alternative criteria for

Our diagnostic criteria incorperate thome of llolmes ot
al (1988) and alsco the dizsgnostic guidelinezs of the

Medical Research Council

{(Sharpe

et al, 1821). In

addition, thess criteria emphasize the important role of
a viral infection in initiating PVESE and they alse
attempt to exclude patientz with rpossible or known
coveiiatric illness. We have previously published these

criteri {(Behan, 1991, Behan &
summarise below.

1) a history of a definite or

rreceding the onset of symptoms.

corraborated by the appropriate labora

of severe fatiguc

Pakheit,

Thi

for

1991) which we

rrobable viral infection

3

history must be

six months or

more

which reduced the patient™s premorbid level of activity
by 50% or more. The fatigue i precipitated or msde
worse by or mental effort and is not improved

with bed rest;



at  least three of the following symptomz must bhe

L myalgila, dizzinesgs, sleep disturbances, poor

memery and concentration., anxiety, hyvrpochondriasis, the

raychiatric oymptoms, pages 27-
diarrhoea alternating with constipation, abhdominal
bleating, peoor appetite, fluctuations in body weight and

menstrual irregularities;

4) chronic infections, malignancy., auvtoimmune disorders

and other medical conditions which may cause fatigue
must be excluded with the appropriate investigations;

cal or family history of

de

5 patients with a past med

depression or any other major psychiatric illness are

6) all patients must have a well-adjusted premorbid
personality (defined as ability to cope with every day

life stress) and all must have a good work record.

We make the diagnosis of PVEFS if the patient fulfils all

of these criteria.

s}

t
g
<
tx]
6]

ii: General symptoms
PVFZ occocurs in both sexes, but the incidence is higher
in females. In most series, including ours, BO-70% of

all patients were femalesn (Toki et al, 1882, Jones et




e,

PR

-~

il 1585, Komaroff & Buchwald, 1991). The discace

cntz are between 25-40

}J.

affects all ase grcups. Mozt pati
veara old. Although children with PVES may have some
atypical features (zee below), the clinical picture of

the disease 1o essentially the same in all age groups.

Trhe course of the disease 1o often protracted with
relapses and remissions cccuring at irregular intervals.

We have seen patients who have had the disecase for more

+han 20 years. A chronic relapsing and remitting course
waa alcso reported in the epidemic form of the disease

fSigurdasson & Gudmundsson, 1956, Compston 1856, Ramsay &
O "SZullivan, 1856).
In addition to incapacitating fatigue (see below),

patients with PVES have a numnber of other symptoms which

occur in various combinations. These incluvde myalsgia,

disturbances of slesp, mcod, menory and cencentration.
sastrointestinal symptoms (see below), fluctuations in
body weight, excessive sweating, especially at night,
intermittent low grade fever and headaches.
Interesingly, the headaches are often of migraine typs.

Recurrent gore throats and cervical lymphadenopathy are

COMMOT . Moat patients also complain of tinnitus,
dizziness, lightheadedness, cold extremities and

may be a2 prominent feature. Some

patients present with chest pain identical to that of

n

{Stevencon & Hamblin, 1971) and
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chazemic type chest pain may also occur. Indeed several
or our patients rad claborate cardiolegical

investigations, including ezercice tects and coronary

%! 1

aphy. Yoms of these patisnts alzo complain of

,p

andiogr

palpitations

Fatigue. as defined by rphysiologists, refers to &

U1

.

»rogressive decrement in force generation that occurs
during nuscular activity (Lancet, 1988). Tc the
nlinician fatigue iz a state in which a required or
expected muscle activity can not be maintained (Edwards,
1878). It is a subjective perception of lassitude or
lack of energy. In other words, fatigue is an
overwhelming sustained senszce of exzhaustion and decreasesd

capacity for physical and m=ntal work” (Piper, 19839).

of fatigue arese distinguished: centra and

-~

Central fatisue occurs in the absence of

weakness or dysfunctlon of the neuromuscular

frem poor motivabtion

and lack of drive. On the other hand, peripheral fatious

i

Iz due to structural dama of skelstal muscle or the
nevromusoular  apparatus or  interference with muscle

.
eneroy npetabaol ism.,

=11 with the PVFS must have

Characteristically, the



io peoercsistoent or relapsing and does not improve with
Yhed rect. It is generally agreed that the fatigue must

reduce the patient’s premorbid level of activity by 50%

ar more {(Holmes =t al, 1888, Behan & Rakheit., 1821,

Fatigue 1is a common symptom in many eneral medical and

f, —-l

neurclogical conditions. It 1is commonly reported by
matients with bacterial and viral infections, endocrine
disturbances, e.g. Addison’s and Cushing’s disease,
acremezaly and hypothyroidiem. It is also a freguent

complaint during prejnancy and the premenstrual tension

ayndrome (Pelosi et al, 1988). Fatigue may be
~roublesome in patients with the irritable bowel

syndroma.

|

atigue is often a prominent symptom in patients with

b}

™

ltiple scleroczis and Parkinson’s disesase and following

-

.

rﬂ
B

H

f«

3

head injuries and stroke.

n multiple sclercsic fatigus was listed as the most
troublesome symptom by 28% of patients (Krupp =t al,
988, XZrupp et al., 1888). In a third of these patients
fatigue preceded other symptomzs of the disease and
patients described thelir fatizue as qualitatively
different from that experienced before their illness.
Interectinsly, fatisue in maltiple sclerosis was found

to  be independent of the presence or absence of



oo
A

depresas and it affected both males and females.
Fatipue is almo common in patients with Parkinson's

disease. Like faticg

[¢1]
s

e in multiple sclerosis, it is also
of the "central” type and may he, at least in part, due
to the diurnal fluctuations of nigreo-striatal dopamine
concentrations (see Critchley et al, 1821). PFatigue and
sleep disturbances are also present in patients with
encephalitis lethargica and other parkinsonian syndromes

which follow viral infections such as rubella, mumps and

poliomyelitis.

iv: Sleep disturbances in PVFS:

Sleep disturbances have bheen reported in all epidemics

[=H

of PVFES. For example, n the Akureyri epidemic 16% of

surdsson et al, 1850).

Lds

ratients had cevere ingomnia (83
Digorders of sleep are also common in the sporadic form

£

occur in 15-90% of patients (Komarcff

C

Three patterns of sleep dizturbances are observed in

patients with the PVFS. In adults the most frequently

reported sleer abnormality iz that of excessive sleep.

Patients usually go to zleep early oand stay in bed for

10 hours or more. The slsep iz not fully refreshing and

ratients often have difficulties with concentration
3

during the day. A gsimilar pattern of sleep dizturbances

haz been reported in patientz with the premenstru
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tension ayndrome and seasonal affective disorder (SAD)

which are probably acaoociated  with central 5-HT

shnermalities (Wurtman & Wurtman, 1982). A smaller group
of adult patients with PVFES suffer from insomnia, whilst

the commonest form of sleep disturbaces in children is

reversal of sleep pattern with insomnia at night and

nyvpersomnolence during the day.

v: Psychiatric Symptoms:

Pasychiatric symptoms are frequently encountered in
patients with PVFS. These include poor concentration and
memory ., anxiety, irritability, hypochondriasi and

Jdepression. The reported incidence of thsse symptoms

,_.l
¢
5
@1}
i

varies from 50 to 20% (Behan et al traus, 1988,

Romarcff £ Buchwald, 19381).

The multiple symptomatolosgy and the paucity of abnormal

igns in patients with PVFS has led to the view

&
oy
&g
m
}.Jo
9]
n
-
i

that the syndrome is a somatisation disorder in patients
with predisposition to psychiatric illness, especially
depression (Cluff, 1981). The issue is complicated

further by two other factors. These are:

a) the significant overlap hetwsen the svmptoms of PVFS

and those of depressive illness (Crowley et al, 1957,

(n

Behan & Pakheit., 1891, Thase, 1991);

) the heterogeniety of the depressive syndromes.
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Althourh patisnts with PVES ghare a number of sympltoms
with thoze suffering from major {(primary) deprecsive
illness, there are also important differences. According

to the current diagnostic crite of the American

LI
,‘|

Psychiatric Aszociation (1987) a diagnesis of major
depressive 1llness is made when the patient has a
depresgsed mood and at  least four of the following

symptoms:

1. markedly diminished interest or pleasure in all or
noat activities;

2. 5% or more change in body weight in a period of 4
weeks. Increase or decrease in appetite;

3. slecpr disturbances, characterisgtically insomnia and
early morning waking;

4. psychomotor agitation or retardation;

5. feelings of guilt or worthlessness;

8. suicidal ideation or a recent sulcidal attempt;

7. poor concentration/ indecisiveness;

3. fatigue.

In contrazt to patients with major depressive illness,
those with PVFZ do not experience guilt or feelings of
worthlessness, nor do they have suicidal i1ideation,
hallucinations, cdelusions, psychomotor agitation or
retardation. In our experience, these patients are
capable of euxperiencing pleasure and continus to have

2

interest in all thelr hobbiles and leisure activities

™

i.e. they remain hedonic {Eehan & Bakheit, 1991). Our
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shzervations are in agreement with results of a recent
atudy which showed that depressive symptoms in patients
with PVFS are indistinguishable from those seen in
patients with chronic rheumatoid arthritis (Procter,
1991). Anhedonia was not reported by patients in either
sgroup. Hypochondriasis is usually present in  most
zatients with PVFS. Interestingly, this symptom 1is not

regarded as a diagnostic criterion for major depressive

illnezs (American Psychiatric Association, 1887).

The Theterogeniety of the depreassive syndromes is
illustrated by the complex classification of these
disorders. In addition to major depressive disorder, the
third (reviased) edition of the Diagnostic and
Statistical Manual of Mental Disorders (American
Poychiabtric Asscoclation, 1887) distinguishes another two
legs severe conditions in which a depressed mood is a
prominent feature. These are: adjustment disorder and
dysthymic disorder. The first condition is characterised
by a depressed mood plua one or two cf the symptoms

listed above. If these symptoms persist for 2 or more

0

years, the condition is named dysthymic disorder. The
Azsociation also recognises a group of unclassifiable

depressive disorders.

To define the psychiatric symptoms in patients with PVFS
more clealy we have studied 57 patients with PVFS and 19
healthy control subjects. The two groups were matched

for age, sex, socico~economlic  astatus and  level of
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edu don.
Mcod (affective state) was assessed using tandard
guestionnaires. Depression, anxiety and rhysical
symptoms ware mea ed using the Middlesex Hospital

Questionnaire (Crown & Crisp, 1988). the Spielberg State
Anxziebty Inventory (Spielberg et al, 1870) and he
Cohen-Hobermann Index of PFhysical Symptoms (Cohen &
Hobermann, 1%83), respectively. he Cognitive Faillures
Questionnaire (Broadbent et al, 1982) was used 1o
document the self-reported errors of memory, attention
and action. In addition, a battery of performance tests
which have been previcusly used to assess the effects of
acute viral infections on memory, attention and
rsychomotor function weare performed (Smith et al, 180837,
Smith, 12%0). Thege were wvariable-fore-period simple
reaction time, five choice serial response, detection of
repeated numbers, free  recall, delayed ecognition
memory, diglt  span, logical reasoning and semantic

To measure distractability the stroop
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proces

colour-word test was used {(Smith & Broadbent, 1985).
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Analysis of the self-rating guestionnaires showed that
ratients with PVFS reported significantly higher levels
of depression and anxiety compared to control subjects

As expected, they also had more physical symptoms . The
szychomotor tests revealed that patients with PVES were

slower than control subjects in retrieval of information

from general Eknowledsze {semantic memory  task)  and




worring memory (logical reasoning task). They alzo had
problems maintaining attention and showed increased

sensitivity to visually disturbing stimuli.

In an attempt to establich the effects of depressicon on
the cognitive deficits mentioned above patients with
PVFS were divided into two groups: thoge with low or
high levels of depression. Comparizon between the two
groups showed similar impairments in pabtients with high
and low levels of depression. This indicates that the
mental impairments in patients with PVEFS are inderendent

of depresszsion.

Ao stated earlier, the characterictics of depressive

symptoms in patients with PVFES arce distinct from those

of primary depressive illn=sss. Anhedonia, hallucinations
and delusions, feelin of ruilt and self-depreciation,

nect reported by patients with the PVFS. Nevertheless, it
has bheen argued that PVFS represents a somatisation
dizordsr in subjects with a premorbid wvulnerabilty to
depression (Taerk et al, 1987). This hypothesis was
hazed on the finding of an increased prevalence of
life-time pasychiatric illnezs in patients with PVFS in
compariscn to control subjects. However, methodological

bias accounts for this finding as the reported diffrence

m

between the two  groups  disappears when only the

psychiatric events are considered. Two recent

studies of carefully selected grouprs of patients with



TVEES and control subjectas  did not  demonstrate a

significant difference Iin the prevalence of premorbkid

vavchiatric illness between the two groups (Hickie et

vi: Gastrointestinal symptoms in patients with PVFS:

Abdominal bleating, naussa and early satiety are common
symptoms of PVFS. In our series of 287 patients 56¥

complainsd of gastrointestinal symptoms, an incidence
which i1s gimilar to that rervorted by ¥omaroff and
Puchwald (1921). W have seen zsowme patients in whom
these symptoms  are accompanied by diarrhoea  which
alternated with conztipation. The clinical picture in
these patients iz identical te that of the irritable

howel syndrome.

The clinical similarities betwsen PVFS and the irritable
bows2l svndrome are intriguing. Indeed the two discorders
may share a common pathogenetic mechanism. In a recent
study Dinan and collaboeratcrs (Dinan et al, 1980) have
ashown that the sviptoms of the irritable bowel syndroms
also known as the syndrome of non-ulcer dyspepsia) may
be dus to dysfunction of central 5-HT nesurones. Using
the buspirone challenge test (see chapter two), these
authors have demonstrated a significantly greater
rrolactin response to buspirone in patients with the
irritable bowel ayndromes than in  healthy control

subjiects or patlients with peptic ulcer dicease. This
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obhzervation suggests hypersensitivity of hypothalamic
5-HT  receptors and dis aimilar to cur findings in

ratients with PVF3 which are dicussed in the following

chapte

Several of our patients reported craving for chocolate

and sweets which they did not have prior to their

0

illness. Interestingly, craving for carbohydrates i

.entc with seasonal affective

[

known to occur in pat
disorder and also in women with the premenstrual tensicn

syndrome (Wurtman & Wurtman, 1289).

wviis 'he effects of menstruation on the =ymptoms of

T
I_'Vf .

Menoctruation exacerbates all  symptoms  of  the WES.
Deisher  (1957) noted that myalgia, fatigue, Tluid
~etention and irritability markedly increassd in female
ratlients immedliately befores menstruaticn. Interestingly,
these patients had never experienced premenstrual
tensicon before the onset of DPVFS. In scme patients the
sxacerbation of symptoms at mid cycle was so severe and
ccoured with such regularity that a pattern of relapsss
and remissions in relation to menstruation was clearly

ent. Similar observations have

I,_l.

recognisable by the pat
been reported by other investigators (Leon-Zotomayor,
1969, Behan & Bakheit, 1291). The exacerbation of PVFS

in mid cycle appears to be a common complication. 50-80%

es had this

}.J»

of  patients with PVES in one ser
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mlication (Komaroff & Buchwald.

The mechaniam by which menstruation causes exacerbation
of the symptoms of PVFS iz not clear. Studies in the rat
have chown that uyjothalamic 5-HT recepteors undergoe
»emular functiconal changes during the oestrous cycele

being upregulated {following ovulation (Biegeoen et al,

834

a0y and it is possible that a similar mechanism
accounts for the exacerbation of PVFE in humans (see

owing sections).

-
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vii: Symptoms in children:

PVFS is less common in children than in adultzs. Bell et
al (138891) have found that the risk of developing the
disease ig higher in children with an allerszgic disorder

or a family history of autoimmune digease and alsgso in

those who have an adult family member with the disease.

Lltheugh the symptoms of PVFE in children and adults are

D

smentially the same, there are some differences between

.

vo groups. For example, the psychiatric symptoms of

ot
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PVFEZ are more prominent in children than in adults.
Patients are usually ftearful and very dependent on their
motherz. Eating disorders are also more fregquently
encountered in childern than in adults with PVFS. The

em iz usually  that of anorexia rather than

0

overesating., Finally, sleep disturbances in children are
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charactericed by reversal of sleex




during the night and excessive sleep during the day

(Behan & Bakheit, 1581).

3
!

Conditions with some clinical resemblance te FVFS:
The clinical features of PVEFS closely rezemble thosse of
fluid retention syndroms (FRZ) and the premenstrual

en@ion cyndrome (IPMT), ocuggesting a common pathogenetic

mechaniom for thesze disorders.

The fluid retention syndroms (also known as cyclic
oedema and idiopathic oedema) is a relatively common
digorder of unknown aetiology. The diagnosis is based on
the prescnce of the folleowinsg three fe Lures: fluid

H
'

retention. autonomic and poychiotric symptomz (Dunn

P .
D’J
’-j

1891). In addition, fatisgue may be a prominent complaint
(Pelosi et al, 1288) and symptoms of the irritable bowel
syndrome  are frequently reported (Dunnigan 1985). The

o~ PR . . ] A
p;;vy"hldul"l':! o ."’ZZJtC“] inciuae

roor memory and concentration and sometimss anxiets

(Pelosi et al, 1986).
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fully understood.
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The pathogenesis o©

not demonstrate
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Although previous studies 1

I

o

bnormalitices in the levels of circulating hormones

{(Smith et al, 1272), more recent evidence points to a

possible dysfunction of the hypothalamic-pituitary axis

syndrome ofbten ccours in obese women and abnormalities



- 838 -
of glucos metabolism, such as insulin resistence or
Trank diabetes, are common in patients and their

rglatives (Dunnisan, 1290). Mild dysfunction of  the
“hyroid gland may be present in some of these patients
{Al-Khader & Aker, 1879). Furthermore, abnormal levels
of circulating prolactin and sex hormones have bean
deocumented in these patients (Young et al, 1883).

-
L.

PMT is a disorder characiterised by variable increase in

body  weight, bleoating, abdominal colic, mastalgia,

1

axceassive fatigue, mood swings, and sleep dicturbanceco.

¥}

In contrast to FRZ. PMT reccurs regularly in the same
phase of the menstrual cycle and  the patient  is

invariably completely symptom-fres postmenstruun.

PMT frequently occurs  in  patients with migraine
{Tindall, 1287), a condition which ls associated with

central 5-HT abnormalities. It has been shown that

]

fluctuations of ~HT levelz occur in the different
rhazes of the menstrual cycle and that the observed

changes correlate with behavioural abnormalities which

3

cecur in some women  in mid cycle {Rausch & Janowaky,
1282). Meore recently Rickels et al (12882) have shown
that buspirone, a 5-HT receptor agonist (and also a
partial dopamine receptor antagonist), enhances
prolactin release in patients with PMT but not in
control subjects. Purthermore, buspircone alleviated the

ymptoms  of PMT in  these patients. These findings

a relationship between PMT and abnormalities of




5HT secretion or dysfunction of central ISHT reccptors
and are cimilar to our findings in patients with PVES

which are described in chapter 5.

Marny patients with PVFE complain of increase in body
welsht and exacerbaticn of their fatipue and other

symptoms premenstrually. In at least four of our
watients the zeverity of premeonstrual bleating and

peripheral oedema was aimilar te that of the classical

o, D oS and

The patient is a 44 year old married branch manageress
with Britich Telecom who had not worked since thes onset

of her symptoms soven years ago. Her main symptoms are

j=N

atigue and lethargy, depres
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ion, DPOOr memnory,
excessive sleep (12-14 hrs/day), Jjoint and chest paings,
abdominal bloatins, diarrhoea alternating with

conatipation, intermittent swelling of the hands and

feet and weight zain. Her body weight fluctuated by two

&

2

=tones within a few daoys and thisz coincided with periods

of sovere depression and weepiness. These zymptoms are

worse premenstrually.
The symptoms followed an attack of hepatitis A which she

r

developed while in CGambia. The course of her illneszs was



nitially characterised by relapses and remicsions

lasting szeveral weelis. However, two years azo she
developed following which she did not

enjoy any further remissions.

There was no past medical or family history of note. Che

iz a non-smoker and does not drink alcohol.

General physical and neurocologlical examinabion wao

entirely normal. A full blood count, serum urea and

olectrolytes, liver and thyroid fuction tects were
normal. The erythrocyte sedimzntation ratbo 26 mm in

i
[0
[
s
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hour. Seruam alectrophoresis showsed the IsM to

wAan olhcrwloe norm

. e A o O
amd protein  content were  normal. Functicn of e

pitultary-hypothalanic-adrenal axis wns normal. RBarium

of the gastrointestinal tract and a chest ¥ ray
were normal {intere gly the patient was diagnozed by
a general physcian as  having the irritable bowel
syndrome). The buspirone challenge test and measurements

of total body water in the follicular and luteal rhases
of the menstrual cyecle were grossly abnormal (see
chapters three & four). A nesdle muscle biopsy from
vaatus  lateralis of the quadriceps femoris "‘muscle
revealed type two fibre atrophy. No viral particles were
detected in muscle 'biopﬂy with the polymerases chain

reaction using an enterovirus-specific probe.




23 The orpanic nature of

Az discussed earlier, chronic fatipue 1is a common
complaint. In one study fatigue was reported as the main

complaint by 25% of patients attending a primary care
clinic (Xroenke et al, 1988). Fatigue is also common in
Fsychiatric patients. As many as 15% of <those with
somatisation discorders complain of incapacitating

fatisue (White, 1989). Controversy about the organic

nature of PVFS (for examples see Imboden et al, 1961,

)
ey

Swartz, 1888, David et al, 1388, Cluff, 1991) has arisen

becauvce of three reazong. Patients with PVFS seldom have

rhyoical simmas on clinical erxamination and
at  prezsent  there are no simple labkoratory (1. e.

chiective) methods which can confirm the diagnosis in
these patlents. An additicnal problem ic the overlap of
symptoms of PVES and major depressive 1llness, ez

mood, anxisty and hypochondriasis. In this

zection we summarise the currently available evidence

for the organic nature of PVES.

i: Viral studies:
As discussed earlier, reviews of epidemics of PVES, as=
well az studies of sporadic cases show that the dissase

iz precipitated by wviral infecticn. Several serological
studies  have demonstrated  higher Coxsackie B or
Epstein-Barr viral titres in patients with PVFS than in

the contrel populations but this may be  only  a
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roflection of high background infecticn in the community
{Miller =t al, 1981). Furthermore, risces of antibody
titres in response to viral infections have been shown
to vary dependinzg on asgsc and gender (Digsar et al,
1881, The vield from viral culture of faeces and body
fiulds iz relatively =small. IEnteroviruses were isolated
(after removal of neutralising antibodies) from only a
cuarter of patients with PVEFS (Yousef et al, 1288). Only
recently the use of more reliable markers of viral
infection has been introduced as a research toecl in
ratients with PYFES. Thesze include mollscular

hybridization technigues and the rolymerase chain

reaction.

probe, Archard et

Using an enterovirus
al. {(1888) were able to detect enterovirus RNA particles
in 26 out of 1il muscle biopsies of patients with PVFS.
None of 30 healthy control subjects was positive. The

authors suggested that persistence of infection may be

an impcocrtant rathogenetic mechanism of muscle
fatipuability in thess patients.

Az shown by a study in this department (Gow et al, 18%91)

1

c‘f

the polymerase chain reaction is a more sensitive method

15

of detection of viral RNA than mollecular hybridization
technigues. In *his study muscle Dbicpsy material

4

naed from the vastus lateralic of the guadriceps

0y
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femoris muscle of €0 patients with PVFS was studied with

the polvmerase chain reaction. An enterovirus-specific
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RNA probe was used. Enteroviral genomic RNA was detected
in 32 out of 60 biosies (53%). This contrasts with a 23%
detection rate with mollecular hybridization methods

(Archard et al, 1988).

We extended the observations of Gow et al (1991). Since
publication of the original report, we have studied
another group of patients with PVFS with the polymerase
chain reaction wusing the same enterovirus-specific
probe. Needle muscle biopsy material was processed in
the same way as in the previous study. Of 61. patients,
28 were positive for genomic RNA and in 33 patients the
virus particles were not detected with the polymerase
chain reaction. These findings show that despite the
sensitivity of the polymerase chain reaction, virus
particles are not detected in almost half the patients
with PVFS. However, it must be realised that other
viruses, such Epstein-Barr, varicella zoster and rubella
virus may also be associated with PVFS. It is also
possible that the distribution of wviral particles in
muscle is patchy and that the needle biopsy may not.be

representative.
ii: Immunological studies:

Various immunological abnormalities have been reported
in patients with PVFS but there is some lack of
consistency between reports. For example, Kibler et al

(1985) have demonstrated depressed in vitro production



of lymphokines in patients with PVES but other workers

did not agree (5t 3 et al, 1982, Bechan & Balkheit,

(

1991)Y. This mav be due to bias in the selection of
patients. In recent vears two abnormal immunological
findings have been well—documented: increasad
circulating immunoglobulins and decreased function of
natural killer cells (Caligiuri et al, 1887, Murdech,

1888, Morrison et al. 1821, Buchwald et al, 1991).

In this regard, Morrison, Eehan and Behan (1931)
studied the function of natural killer cells in 23
patients with PVF3 and 19 age and sex—-matched healthy
control subjects. Using fluorochrome—conjugated specific
renoclonal antibedies, these authors found a reduction
in the numbers of CDE6- and an increase in CD5E+ natural
killer cells in patients with PVFS in comparison to
control subjects. There was also a decrease in CD16+
cells (CDEG+ Fe gamma receptcor bearing cells) which
suggests a reduced antibody-derendent cellular immunity

in these patients. A previou study of natural kilier

Ui

.

cells functicn in patient: with chronic fatigue

¢}

following Bpstein-Barr virus infection has alao
demonastrated low natural killer cell cytotoxicity in

theoe patients (Caligiuri et al, 18987).

As many as bBO¥% of patients with PVFS give a history of
atopy and allergic conditions and a similar history can
often be elicited in theses patients”™ relatives ( Olson

1 . - oo oo . d . PRI T . —
et al, 1968). Several of  ouar  patients alsc  have
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I: Cenetic studies in PVFS:

The familial clustering cof cases of PVFS and a high
incidence of atopic disorders in these patients and

thoir relatives are well documented. Deisher (1857)

Tound a high freguency of multiple cases in the same
household during the epidemic of myalgic

encerhalomnyelitis in Alagka and similar findings were

repcrtcd in the Roval Free Hospital (Crowley et al,
1957) and Akureyri cpidemics (Sigurdcocson et al, 1850).

More recently, Bell et al (19921) reported seven cases of

FVFS occuring in two families. We have also seen the

disease affectinsg more than one member of the s=same

family in at least three occasions.
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A history of atopy in patients with PVFS and their
degree relatives is common. 21 cut of 187 conzecutive
cases of PVFS admitted to ocur unit had a past or a
family history of an allergy or an atopic disorder. The
incidence of these disorder was reported to be betwesen

40 and 70% by other investigators (Komareff & Buchwald,

91, Bell et al, 1931).

(,

In order to examine the possible role of genetic factors

in the pathogenesisz of PVFS we gstudisd the HLA
cxpression in a well-defined group of 41 patients with

this disorder (17 males and 24 females). 500 healthy



subdects from the same area were used as controls. We
did not {ind any differences in HLA-A, HLA-B and HLA-DIR
antigen freguencies between patients and controls.

tients HLA-DE antigen
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Howesver, in about
typing was not possible because of poor viability of E
lymphocytes in patients with PVES. We helieve that the
wmoor viability of B lympheocytes in our patients is due
to some inherent property of these cells rather than due
to methodoleogical artefacts as there was no delay in
procezzing the blood samples. Interestingly, a recent

study from South Africa has also demonstrated abnormal

HLA-DE antigen sxprecsion in 2 out of 10 patients with

J

PVES (van Greune & Poulce, 1990). The significance of

these findings is at present not clear and more resecarch

in this field is reguired.

iii: Abnormalities of skeletal muscle mitochondria in

In a study of 60 muscle biopsies of patlients with PVFES

morprhological abnormalitiss of skeletal muscle were

found in the majority of patients (Gow et al, 1881, Gow

type two fibre atrophy in 50 out of 80 patients.
red fibres, i.e. aggregates of mitochondria seen on
light microscopy when the tissurs are stained with
Gomoril trichrome stain, were alzo present in most cases.
In 75% of patiente electron microscopy showed that the

.

plecmorphile, swollen and vacuolated.




In additlion, there was obvious “compartmentalisation”

=nd proliferation of cristacs (Figure 1,71).



Figure 1/1
Mitochondrial abnormalities in skeletal muscle of

patients with PVFS.

a) Patient with postviral fatigue syndrome. Skeletal
muscle biopsy showing increased number of enlarged and
pleomorphic mitochondria in the subsarcolemmal and

intermyofibrillar regions, x 7,800
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Figure 1/1

b) Same patient as in figure 1/1 a. Greatly enlarged and
pleomorphic mitochondria showing proliferation of the
cristae ("compartmentalizat ion”) . Five normal sized

mitochondria are also present, x 78,000
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iv: Electrophysiiological studies:

L@mBAY and O Sullivan (1856) carried out

. I - - b 3 £ TONA 3 R — . ) - . . . ~
electronvosraphic (EMG) gtudies 1n 8 patients suffering

in

from the Royal Free discase. Although the EMZ findings
were egsentially normal, these autheors found a reduced
number of motor  unit rotentials, i.e. reduced
interference pattern. In additien., the motor units were

of long duration, solyphacic and often of large

amplitude.

In a later study of single fibre electromyography (Jamal
% Hansen, 19088) abnormal jitter values were demonstrated
in 75% of patients withh PVFS. A  esubseguent study
replicated the findinge of Hansen & Jamzl in four out of
30 patients studied (Roberts, 1990). This low incidence

£ tter abnormalities in this group may be dus to biacs

Q

in patients” selection. In contrast to patients with
myasthenia gravis and other neurcmuscular disorders,

impulse blocking has not been reported in patients with

patients with PVFS:

&
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v: Metabolic studies

he execessive mascele fatigue and myalgia of PVEFS {which
or made worss by
intermediate muscle

investigated by a

P




A =zmtudy of muszcle metabolism with nuclear magnetic

3
I
167]

sonance apectroscopy in a patient with PVES (Arnold et
al, 1884a) revealed an abnormally early intracellular

acidosis during exercise which waz out of proportion to

high energy rhosphate metabolism.

Lactic acid may accumulate in the cell for one or more

cf the following three reasons:

a) reduced cytoplasmic bu ring capacity:
)Y impaired elemination of acid from the cell;
C) defects of the rogulation of the relative

contribution of glycolyvtic and oxidative processes in

muscle energy provision.

5

Arnold and colleagues argued that neither reduced

“fering  capacity, nor the impaired
elemination of acid from the cells were responsible for

thelr findings becau: the it did not continue to fall

s the intensity of exercise increased and also: becsuze

[
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the rate of pH recovery after exercise was normal. T
authors sugsgested that the cocbserved abnormality  of

muscle energsy metabolism in PVES is due to a disorder of

gimilar chaservations in a further group of patients
P

-

with PVEF3 and postulated that persistence of wvirus in

eletal muscle may be responsible for the observed

avnormalities (Arneld et al, 1984%, Tavlor, 1989).



Hiley et al. (1280) used a symptom limited exernise

treadmill test paradigm to evaluate the asrobic worl

5

capacity in 13 patients with PVFS, 13 healthy control
stbjdects and another greoup of controls consisting of 7
ratients with the irritable bhowel syndrome. The aerocobic
work capaclty was aggeszed using clinical and laborator

criteris, such as  heart rate, length of time on

ittnsas and exercise

ty

treadmill (an  indication of
tolerance), serum lachtate, bleood glucose, creatine
kinase, cxyren consumption and gas exchange befors and
at regular intervals during the test.

o

nificantly higher heart
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Patients with PVFS had a =

rates at submaximal levels of exesrcigse and also higher

serum  lactate concentrations than the contrel groups.
These findingz show that patients with PVFS have a
weouced @erobic work capscity in comparison to controlgs.

Furthernore, these patients perceived the worlk lcocad at
paeall exercise to bhe greater than did the control

this study the end tidal C02 concentration
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waa normal at the begining and als at peal exercise
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which rules out the presence of hyperventilation in
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Chapter two

THH

THE HYPOTHALAMUE AND 5-HYDROXYTRYPTAMINE
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a) Hypothesis and aims of the study:

The symptoms of PVFS were described in the previous
chapter. They suggest dysfunction of brain structures
which control circadian rhythms, food intake, water
balance, gut motility, temperature regulation, cardiac
function and mood and emotions. The control of all of
these functions is regulated by the hypothalamus, and
thus we undertook a study of hypothalamic function in

patients with PVFS.

The hallmark of PVFS 1is overwhelming persistent or
recurrent fatigue. As described in chapter one, the
fatigue in this disorder is due to lack of central drive
and is similar to that reported 1in patients with
multiple sclerosis (Krupp et al, 1988) or Parkinson’s

disease (Critchley et al, 1991).

In addition to integration of visceral and endocrine
function, the hypothalamus also influences drive, mood
and behaviour. The control exerted by the hypothalamus
on visceral and brain structures is mediated mainly via
5-HT and dopamine (see below). In theory, therefore, all
the symptoms of PVFS could be explained by hypothalamic
dysfunction. In an attempt to test this hypothesis we
studied different aspects of hypothalamic function in a
well-defined group of patients with PVFS. In this study
we assessed the functional status of hypothalamic 5-HT

receptors and evaluated the water metabolism and
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secretion in these patients.
Y Struchure

function of the hypothalamus:

iz a =mall structure =zituated below the
hypethalamic sulcus. The anterior border of the
hypothalamus is formed by the optic chiasm. Posteriorly
it i bounded by the mamillary bodies. The median
eminen of the hypothalamaz forms the floor of the
third ventricle.
Three groups of hvpothalamic nuclei can bes
stinguished. These are:
) the anterior grouw, i.e.
aventricular

the supracptic
welel;
2) the middle

and
groupr which consists of the tuberal,
arcuate, ventromedial and ventrolateral nuclei;
3) the posterior group.
The hypothalamus has extensive reciprocal fibrsa
connection with all brain structures, including the
cerebral cortex, the limbic system and bhrain stem. It
also has a sitrong anatomical relationship
rituitary gland by means

with the
f neural pathways and a aystem
of portal blood vessels

3 (Brodal, 185

989).
vpothalamic 5-HT receptors:
H-hydrozyvtryrtanine (5-HT) or serotonin

a ubiguitous



o~

neurotransmitier. Q0% of the total bhody 5-H
contained in the chromaffin cells of the small intestine
and most of the remaining neurcitransmitter is present in

blood platelets. Less than 5% of the total body 5-HT is

Tound in brain.

5-HT neurcones, as mapped by immunccytochemical methods,

8]

re clustered alongz the midline in the pons and upper
brain stem (raphe nuclei), the area postrema, locus

ceruleus and around the interpaduncular nucleus.
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> raphe complex are the main source of
srain 5-HT. Fibres from +the raphe medianus largely

rroject to limbic structures, whercsas celis of  the

dorsal rapyhe complex send their fibres to the
ostriatun, cerebral and cerebeallar cortex. The

[§

hypothalamus recelves serotoninergic fibres from the

La-&
o
&
f.}.
0

hypotha

iy

raphe cowmplex. In addition, about 20% o
5-HT is produced locally by neurones and a group of
specialised ependymal cells of the third ventricle
{Brownstein et a1, 1976, Prownstein, 1981).

Ez=gearch in 5-HT receptor pharmacology is & rapidly

advancing field and, although an attempt has been made

to give a comprehensive review of the literature, this
account is unlikely to be up to date in a few months”
+time

In man, thres different tvpes of 5-HT receptors have
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tified so far and preliminary evidence

: . oyt ] - Ny sy e v ik =~ .
a possible fourth recsypbter type (Montgemery & Finbersg,

are designated LH-HTL, 5-HT2, 5-HT3 and
5-HT receptors are further subdivided
into BE-IT1A, ©-HT1B, 5-HT1C and 5-HT1D subtypes (Bradley

at al, 1886, Conn & Sanders-Bush, 1987). This

classification is based on the anatomical

1

distributicn of these receptors, their possible

4

rhysiolosical funection and the selective binding of
v =

ligands to the diffrent receptor subtypes (see table

[N

2/1). These receptor subtypes are prezsent in brain and

("I

perivheral tissues, principally in platelets and smooth

muscle of the gut and blood vessels.

E-HT1A receptora in brain are mainly prezynaptic and are
present on Nerve terminals that release
na2urcetransmitters other than H-HT, &L o, dopamine,

o k) 1 3 N . r e e 4 ey Ly e . » Y
acetylcheline ete. Their funotion apprears to he the

control of release of neurotransmitters. 5-HT1A

racepbors are also found in the internal carotld

and its branches {(Loncet, Edibtorial, 1080). S-I1T haz an
inhibitory action on all 5-1HT1A receptorz. Thus, it
CANGES vasadllatation Aned intestinal
Foristolois.

H-rHTIR have beoen described in rodents (Conn &
Sande o87Y . Howowver, thess receptors have not

yvat heen found in human brain.
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- BE
Prain 5-HT?2 receptors are either inhibitory o
excitatory and are prokably recponsible for most of the

~

central effects of  5-HT. In the periphary

~eceptbors are excitatory and their activaticon leads to

contraction of cmoocth musecle in bleood vezssls and gut

and also causes platelet In brain these

recertors are abundant in the hippcocampus and froeontal
cortex {(Hoyer et al, 12858). To date thsre are no
zolective drugs which act on these receptors. Ritanserin
{which has agonist action on 5-HTZ2 recepiors) also acts
on dorpamine receptors.

-HT3 receptors are localised in the limbic system and

(&)
2

m
L

sut . hese  receptors are  indirectly involved in
behaviour., memory and emcbtional resgponses. Barnes and
collaeguszs (Barnes et al, 19289) have shown that 5B-HT3
recepbor antagonists enhance cholinergic transmigsion in

the limbic system which is  essential  {for memory

formatiocon and retrieval (Doutsch, 1971).

Degpite the major advances in H5-HT recepbtor pharmacolcgy

in recent years, the pharmacological manipulation of
thess receptors has clinical application in only a few
disorders at present. For example, 5-HT antagonists such

as pizotifen and methyeergide and more recently the 5-HT

reuptake inhibitor, sumatriptan are used in  the

treatment of migraine, while cyproheptidine and
cndansetron  {Platt et al. 1292) are effective in

reliefing the symptomss of the carcinecid syndrome. In



bobh cazes these drugs’ beneficlial effect iz achieved by
blocking the peripheral actionzs of 5-HT. Interferesnce

with central 5-HT receptors with buspirins hao

shown to be useful in the treatment of anxisty states

v

(Cohn =t al, 1886) and the premenstrual tension syndrome

n addition to the thesrapcutic use of drugs acting on

5-HT receptors, some of these agents, 2.4, buspirons and

(

metergoline, are now widely used to study the functicnal
activity of 5-HT receptors in different psychiatric
disorders. In this study we used buspirone to acsess the
hvpothalamic 5-HT rcceptors in patients with PVFS. The
rationale for using this agent 1s diccussed in a later

csection.



Pyoperties of 5-HT receplor subtypes:

-

Rzceptor agonist antagonist

5-HT1A 2-0CHDAD* not available

5-HT1C mesulergine

metergoline

mianserin

5-HT1D erzobt alkaloids
sumatriptan

5-HTZ ritanserin pizotifen
ketanserin methysergide

5-HT3 ICS 205-030% %% ondansetron

granisetron

in

pod

* B-hydroxny-N, N-dipropyvl-Z2-aminotetra
% 5E-HT1E receptors have not yet been found in
brain.

3k F-glpha-tropanyl-lH-indole-3-carboxylic ester
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Functiong of the hyvrpothalamus:

Until relatively recently the function of the
hypothalamizs was thought to  be limited to the

integration and control of autonomic funcitions and the

sulation of the secretory activity of the pituitary

i
(
‘:Ih

gland (Brooks, 1988). However, in recent yvears a wider
role for the hypothalamus in neuvrcendccrine regulation
has been appreciated and thres more functions have been

reocoanised. It ig now well established that the

hypothalamus is involved in emotional expregsion and

ct

adaptation to stress, consolidation of short term memory

and also immune regulation.

.onomic functions of the hvpothalamus:

P’
3
—
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Experimental studies and clinical observations show an
important role for the hypothalamus in the regulation of
foed intake and fluid bhalance. Ishibashl and collaegues
studied the effects of neuropeptides on the feeding
behaviucr in animals. These authors have shown that
direct application of thyrotropin releasing hormone
‘Ighibashi et al, 1878a) or cholecystokinin (Ishibashi
et al, 18789b) on ventromedial hypothalamic neurones of
the rat has an anorezogenic effect. Similar observations
were reported in patients with hypothalamic disease.
For example, destruction of the lateral hypothalamic
nuclei by tumours has heen reported to cause a syndrome

o

identical to anorexia nervosa (White & Hain, 1959

LA

®



Stricker & Anderson, 1080, VWeller & Weller, 13882). Ry
contrast, bilateral lezions of the venteromedial nucleus
iead to hyperrphagia and gross obesity (Reeves & Plum,

1962, Peal et al., 12815, Intrestinsly, Kleine-Levin

ayndrome (Levin, 1838), which i1s characterized by
hvpothalamic hypogonadism, obesity, wyperrhagia and
increased somnolence, is thought to e due to
hypothalamic dysfuncticon during puberty (Critchlev,

-

1982). More recently. Carpenter et al (1982) have found
inflammatory changes in the hypeothalamus of A patient
with thig discorder. This iz in accord with a previocus
postmortem report of a patient with a ventromedial
hypothalamic neoplasm who presented with hyrperphagia,
behavioural changes and memory impalrment  (Reevesz &

Plum, 1969).

Hypothalamic—-pituitary regulation of water balance
5C0-680% of the total body weight of an adult is water.
The total bhody water content is 5-10% more in fenales
than in males. This depends largely on the differences
in body fat content between the two sexnes. Extracellular
fiuid (plasma, CeF, gastro-intestinal Juices etc.)
constitutes a third of the total vody water content. The
remaining two thirds 1s contained in the intracellular

ratio 1is kept constant thanks to the

[¢}

Thi

!
9]
[
3
3
0]

0

ocntinuous fluid shifts between the extra and

~

ntracellular fluid copmartmentz. Similarly, the total

[

body water content is maintained within a narrow range
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hy achievinsg a balance between flulds intake {via the
thirzt mechanism) and water leoss,., e.g. in urins and
wweat . Water homecstasis is rezgulated hy the

hypeothalaniec-pitultary axis via the release of the

4

in and the thirst

m

antidiuretic hormene arginine vasopres

B

machanism.

Arginine vasopress3in:

nine vasopressin (AVP) 1s a nonapeptide which is

.
e
i3
}_1.

cynthesised and released by the posterior lobe of the
rituitary =zland, i.e. the neurchypophysis. This hormone
sexlectively increases the permeabllity of the collecting

ducts of the nephron to water, thus enhancing the back

on of concentrated urine.
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The synthesis and release of AVP is regulated by a zaroup

of cells in the anterior hypothalamus known as the

ozmoreceptor. Immunocytochemical studles have shown that

the perikaryva of thess nsurcones are the large cells in

the supraoptic and paraventricular nuclei and the small

cells in the dorsal pole of the suprachiasmatic nuclei
@

of the hypothalamus (Gainer & Rrownstein, 128381, Thasher,

1885y, Fibreas from these neurones project to the

4

e}

ot

erior lobe of the pituitary gland via the supraoptic

hyrophvsial tract.

Hypothalamiec osmoreceptors regulate AVP  release  in
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zensitive to

including {Rowe ot

e

nausea

{(Rowe et al, 1880),

and  @ome drugs

2

catecholamines. Chan

also influence the

presasure sensitive recept
& i

-

)

bleood vessel

(Robertson,

Changes in the cosmotic

(@]

the mozt potent

on the hypothalamic

a rise in osmolality due

rea does not stimulate AVP

aolutes (sodium, mannitol)

Favait

sensitivity of
ors

12

gradiont
stimulus

plasma ocmolality

64

y

&3

and

circulating blood volume

the osmoreceptor via

= in the heart and the

P

large

87).

rer have any

release, whereas lmpermeable

E

are potent t

secretion (Vokes =t al,15887).
lthoush a one per cent change in »lasma osmolality is
sufficient to cauvse changes in culating AVP
cor wtrations, only a £fall in plasma osmelality to 280
moamol/kz or an increase to 285 meoamol/ kg is considered
a critical threghold for the funchtional "=set” of the
ogmoreceptor Kovacs & Roberiscon, 1822). At & plasma
namolality of 280 mosmol/kg the lasma AVP is often
undetectable and the urine flow rate increazez to its
{>10 ml/min) to prevent further dilution of kody
Fluids. The oposite changes ococur when rlasma
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vamolality approaches 2050 mosmol/ kg, These are

sunmnarised below (takble Z/1).

Placma osmolality thresholds which alter the functional

"zset"” of the oasmoreceptor:

Plasma osmol urine oszmol  AVP thirst urine flow rate
mosmol/ s mosmol ks pmol,/ 1 ml/min

o220 <100 v. low/ no ~10

2056 >800 0.5-7 ves <0.5

The thirst mechaniam:

The group of hypothalamic neurcnes which trizper thirst

are adjacent to but completely distinct from thosse

. 5 3 - - s
& for the regultion of AVP synthesis and

release (Hammond et al, 1886). It is no

oF

that
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the thirst "centre” responds e the same stimuli as the

osmoreceptor. Howesver, the osmotic threshold whi
0-

,,..l
)]

thirst exceeds that for AVP release by 1
(Roverteon, 1353). In cother words, a healthy

:1s thirst only when the rlasma osmolality

™

The hypothalamus alzs playvs an important rols in the

resulation of circadian rlhwythms, including



~ 65 -

sleep-wakefulness cycles and reproduction in all animal

T LR Y CRN R . 4O - 2. - -
srecies (Shilling ot al, 1826 and also in man {(cee
malow).

1i: Memory and emotions:

Thanks to the close anatomical relaticnship of ths

i-'!

hypothalamus with all parts of the limbic system, thi

g,-)

crgan plays an  important role in the regulation of
function of limbic structures. The hypothalamus receives
extensive fibre connectiong frem limbic structures, in
particular the amygdaloid and septal complex and sends
fibres to the brain stem and cerebral cortex, thus

4 s
1

linking the Jimbic system to the rebticular formation and
cerebral cortex (Swanson & Sawchenlio, 1283, Steriade &

Llinas, 1388, CGuviteon, 1991).

Studies of the physiolegical reszponses to emotional
sz have ghown that expression of these responses in

man consists of three inter-related reactions (Folkow,

X

1988). Thesz are a situation-gpecific  behaviuocral
respons2, a0 somabo-motor and an autonomic response.
These responses are associated with metabolic and
endocrine changes which provide the optimal milieu for
the bcehavioural expresgion and are regulated by the

hyvpothalamus.

In addition, the hypothalamus appears to have a more

direct influence Ol human and animal emctional



vractions.  For example, stimulation of the anterior

.

wantral  group of hyrothalamic neuronces in man evokes
fagr and anxiety (Monroe & Heath, 1%54), whilst

atimulation of postero-medial neurones causes

Stimulation of the

()]

ssional behavicour (Sano, 1975).
zteral hypothalamuzs increasesz the animal’s general
activity. The opresite occurs with stimulation of ths
mnedial nuclei (Givens, 1884).

iii: Immune regulation and the hypothalamus:

The hypothalamuzs regulates the function of the immune
swatem by two mechanisms. First, by exerting modulating

mbhic wsystem and, sSecondly,

[

influences on  the 1 by
directly controlling the function cf the sympathetic and

rarasympathetic cyvstems.

of csevers emotional trauma on the

human defence mechanisms and reslstence to infections

are well known. TFor example, it has been shown that
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stress  may  also  inecrease  the riek
decreasing the numbers of circulating lymrphoeyvtes (Spry,
1972). In addition to these effects (which are probably

madiated wvia the limbic system), oxper ental evidence

SUEZEE that the hypothalamus has a direct influence on

DS

iomune regfulation. Lesions of the anterior hypothalamic
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maclel have been shown to inhibit antibody production

{Tyrea & Nalbandov, 1872) and deersazgse anaphylactic

Iie)

reactions {(Gcohiavi =2t al, 1875).

iwv: The regulation of neourcendeccrine function:

Monoamine neurotransmitters and neuropeptidez such as

o]
@
]
o]
oR

corticotropin releasing hormor cholecystokinin

shibacshi et al, 1879b) have been shown to mediate the
function of hypothalamic neuronses. In animal studies
the local application of noradrenaline (Calogero et al,
1082a) or acetyvlcholine (Calegero et al, 1%88b) onto the
hypothalamus  caused  the  secretion of corticotropin

raleasing hormone, whereas the application of gamma

aminobuteric acid resulted in the oprosite 2ffect

D

{(Calogero et al, 1988c).

nzurctransmitters on neurcendcorine regulation is beyond
the scope of this thesis. In this section we briefly

summarisse the effects of those neurotransmititers which

]

0

The control exerted by the hyopthalamus on pituitary
lactotrope cells is mediated mainly by twoe different
neurotransmititers. Thegs are H-HT and dopamine.
Hypothalomic 2-HT fibres have been implicated in the

control of varicus hypothalamic functions (Kato =t al,
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stbimulation prolactin (Lamberts &
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MacLoed, 1978) and szrowth hormone release (Rolandi et
, 1882). By contrast, dopaminergic nsurones inhibit
prolactin release. Administration of specific dopamine
agonists, e.g. bromocriptine and apomorphine (Mazc Loed
& Lehmeyer, 1874) supprecsses prolactin releaze. On the
other hand, druga which deplete dopamine {(reserpine,
methyldopa, etec) or increase H-HT concentrations (e.z.
tryptophan) stimulate prolactin release. Similarly, 5-HT
antazonists such oS methyzerside and metergolins
(Gregory et al, 1920) block prolactin relesase. Thus, the
wre of pharmacological agents with specific effects con
hypothalamic 5-HT or dopamine receptors and the serial
measurements  of  serum  prolactin g concentrations may
provide an  accurate 1in vivo method of functienal

assessment of hyrothalamic nceurones.

c) The use of neurcendoorine challenge tests in the

study of hypothalamic function:

The family of drugs known as  the azapirones are
well-tolerated agentz which cause  the release of
prolactin, ACTH, cortiscl and growth heormone via the
salective stimulation of pre- and postsynaptic central
5-1ITIA receptors (Tuomisto & Mannizto, 1285). Thege
drugs  include buspirone, gepirone and ipsapirone. The

celectivity of the azapirones has been disputed. TFor

example, McMillen et al (1983) have suggested that

atimulated prolactin releace by bleocking

dopamine  receptors, while Meltzer and Fleming (1882)
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mixed dopamine
properties for Lusplirone. Ancother complicating factor ig
“hat in brain the azapircones metabolise to a pipcrazine
derivative with alpha2 adrensrgic receptor antagonist

. . - T 3 3 LS
properties (Caccia et al, 12806). However, it iz unliikely

adrenersi receptors. This is because 5-HT1A receptor
antasonists such as Pindolol (Cocraro =t al, 198930, Cowen

et al, 1980) and metergoline (Gregory et al, 1990)
abolish  the plasma prolactin  increase produced by
buspirone. TFurther evidence susgests that  prolactin
rolease i mediated by 5-HT pathways and 1o indepcondent
of dopaminergic Ffunction. For example, chemical or
surgical destruction of central S-HT pathways inhibits

.
prolactin releaze (van Jde Rar & Besthea, 180

abolishod by pretreatment with the bB-HT antagonist,

T e oy -~ o T3 4 .
swic & Sherman, 1985). Cimilarly,
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prolactin release in females whose dopamine 2 receptors
wore  blocked by sulpiride (Falazchi et al, 1988).
Althoush buspirone has effects on both dopamincrgic and

5-HT receptors, the current sesvidence suggests that the

5 . . . . .
prolactin rezponce to buspironse s largely mediated via
5-HT1A receptors.

T o R SN, vy e O P PR, Qe e 1 =y ~harma 1 ,,
LI ATaplirones most wWidely sed in poycopnarmacoliogy

3 buspirone. Feollowing oral administration of

this drug the  sevum  prolactin levels rise in &
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after the dese (Seppala et al, 1887). This effech wazs
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not obzerved with chronic administration of therapsutic
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doses of buspirone fto healthy subjects or patients with

. . . . | . .
The administration of a single oral dose of buapirone

2 oy S = Ay . — . e Y - L -
and  ssrial measurcmoents of  serum prolactin 1s now

accepted as a simple and reliable method of studying

I )

cizntral B-HT receptors. An discucs or., the

fode

d earl
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hypothalamie dyzfunction. Many

PVEFS  suffer from conditions  such as
Nigraine, fluid retention syndrome and the irritable

howel syndrome in which 5-HT metabolism iz bnown or

ey 7 iy g - B i P TR, PN (22 VU S S
Suspccte CO be abnormal (zee cha e & Ny . Thic is

sumnsestive of a common underlying pathorenstic mechaniam
for all of thesz diceorders. Ve decided, thercfore, to

study the Tunction of hypothalomic 5-HT nsuronez in a

y

wall-defined group of patients with PVFD and compared
them with healthy control subjects and patients with

SRR T VR
ve illness.
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Study of the pineal gland
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+ive important cluss as

Ny

Toperimental ovidence that mzlatonin has

and gonadal
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cicona melatonin concentrations on fatipgue are also well

documented.

The pineal gland is the malin site of melatonin aynthesls

et

t also ha

af  H-HT in bwrain (Brownsbein,
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Zanslion and the rebtino-hyrobthalamio tract {(Moore, 108703,

Moore & Klien, 1084).

The nain sites of action of melatonin are thought to be

areas have the

the hypothalamus and braln otem.
highest density of melatonin receptors as shown by

radicactive melatonin uptake studies (Anton-~-Tay

oy

Wurtman, 12869, EBittman & Weaver, 1230).

on hypcthalamic 1EUT OIS is mediated via 5-HT
raelease. For example, an intraperitonsal injection of
nelatonin results in & rapid rise in  brain 5-HT

concentrations (Fraschini et al, 1871), whereas direct

)

[oN

has no

[ )
}_I-

infusion of melatonin into the pituitary glan
2ffect (Kamberi et al, 1971). In the rat subcutaneocusly
injected melatonin binds mainly to hypothalamic neurcones
{Lang et al, 1981). Furthermore, DL-hydrozyvindoleacetic

acid: 5-HT ratic {(an index of 5-HT turnover) in

hymothalamic n ~ones of blinded hamsters is increased
hyzoth mi neuron »E€ blinded hamster



{Vriend, 1989), suggesting an important role of

mediated via the rphotonsurcendocrine system

Under vhysionlosical conditions darkness increases
endogencus melatonin secretion and induces sleep (Sander
al, 1972, Wetterberg, 1078). The reverse is also true
{Hansen et al, 1979). Similarly, administration of
melatenin to healthy subdects (Anton-Tay et al, 19871,
Armstreonz et al, 1982, Arendt et al, 1985a) and to

catients with chronic insomnia (Becek-Friis et al, 1984,
Lieberman ot al, 1984) induces sleen.

3

Melateonin and mood:

In 19879 Wetterbers and co-workers drew attention to the
rossible  effects of melatonin on moocd when  they
demonstrated abnormal melatonin levels in a patient with

mao
il

‘or  depressive  1llness  (Wethterbers et al, 19793).
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oubsequently, a strong correlation was found between the
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short hours

of day light in winter, while hypomania occured mozstly

in the sprinsg as the day lengthened (Weller & Jauhar,
1981, Parker & Walter, 1982, Rosenthal et al 1984).

Furthermore, high placma melatonin levels in hypomanic

st

ratisnts and low concentrationa in patients with

depression have been reported by many inveastigators {for
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raview zee Checkley & Arendt, 1984).

v: Melatonin and endocrine function:
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The role of melatonin in animal reproductiv

rnown for many years (see Lincoln, 1883). In
humans  melatonin  delays  the onset of puberty and
inhibits the maturation of sex organs and pineal tumours
may cause zexual precocity (Ringertz et al, 1954, Martin
& Reichlin, 1837). Variations in  plasma melatonin
concentrations throughout the menctrual cyele have also

boren reported (Wetterbers et al, 12876).

Melatonin and fatipue:

A close correlation betwesn the incidence and severity

of fatisue in healthy =subjects and changes in  the

concentration of urinary melatonin has besn established
{(Wetterkerg, 1870). A similar relationship between

fatizue and disruption of melatonin circadian rhythms,
.2, following air travel over zeveral time zonas (Jjet
lag syndroms) oy when light-darkness cycles were
increased or decreased under experimental conditions,
has also been reported (Arendt & Marks, 1982, Arendt et

al., 1825a). Interecstingly, the fatigue of the jet lag

an

bte

ayndromne can be alleviabed by manipulating the circad

rhythms with exogencus melatonin (Arendt et al, 1888).
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CHAPTER THRER

MATERIALS AND METHODS
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Materials & methods
Az can be =een from the preceding discussion, all the

sympbtems  of PVFS could be explained as due to

o]
th

hyrothalamic dysfunction. We therefore devized a set

0
b

three experimental studies to tezt various aspects

B

thig part of the central nervous system. The experiment

|

Experiment 1: study of the functional status of

hypothalamic 5-HT neurones

Experiment 2: study of water metabolism, including the
total body water in patients and arginine-vasopresssin
secretion. Two patientoc with PVFES who had severe fluid
retention were also studied during the various phases of
the menstrual cycle

2.
3 .

otudy of melatonin excretion

Experiment

Selection of patients:

The fcollowing criteria were used in making the diagnosi

<

w

PVFG:

[}
1y

1) the sympitome of PVFS were preceded by an acute viral

llness in all patients.

e



~J
~1

:

7y all patients had fatigsue for at least six months and

5 T - P T ~ - % + S 4 R, B + 14,
the level of fatigue wasz such that it reduced the

patient s premorbid level of activity by 5B0O¥ or more.
The fatigue in these patients is made worse by exercise

and iz not affected by bed regot

3) in addition to the typical chronic fatisgue, patients

had +three or neore of the following symptoms: myalgla,
aleep disturbances {inzomnia, sxcessive sleep or

roversed sleep pattern), depression, excessive sweating,
conatipation alternating with diarrhoea pralpitations

and unsteadiness, menstrual irregularities and minor

fluctuations in body temperature.

4%y lack f co-morbidity: nons of the patisnts  had
clinical or labhorateory evidoence of chronic illnesses,
e, infection, malisnancy, auto-immunea dicease,

metabolic or endecrine disturbances.

5) none of the patients had a past or family history of
a major psychiatric illness and all patients had a good
work record and a well-adjused premorbid personality as
shown by the patients” previous ablility to cope with

everyday life strecs.

In additicon to these strict diagsnostic criteria, an
objective confirmaticn of the organicity of the

ratients” illness was cought. All patients but one had a

0]

needle muscle biopsy from the vastus lateralis of the
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cuadriceps femoris muscle. The bilopsy was processed for

G
3
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o)
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ct
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routine and electron microsc

£ wenomic ERNA seguences using the polyvmerase chain

O

reaction.

Exrperiment 1: study of hypothalamic 5-HT receptors in

patlients with PVFS:

Patients and control subjects:

15 consecutive patientsc admitted to the Institute of
Nerurological Sciences between January and June 1991 for
the diagnostic work-up of postviral fatisue syndrome
zave an informed consent to participate in the study.

There were 2 males and 6 females. The mean age of males

o

wag 09.8 vrs (range 29-52) and that of females was 33.1

vra {(range 25-40). The demcgraphic charachteristics of

<

1.

e patients are given in table 3/1.

o+
"
-
i
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Age  sex
(yra)

24 M 3
30 M 10
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characteristics of patients with PVFS:

of

polymerace

PVFES

available

P.C.pr¥

severe

mitochondrial
damaget¥

++

4ot

-+

++

++

+t

NA

mitochondrial

damage
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The control zubjects consisted of two groups - a group
of healthy volunteers and ancther one cof patients with
vrimary depressive illneass. The healthy voluntbtecrs were

recruited from the laboratory staff. There were 7 malas

age of males was 35 vrse and that

The groupr of patients with primary depressive illnegs

and 6 femaleczs with a mean age of 235

and 21.1 vyro, regpectively. Depreasgive  illness was

according to the DSM-III-R ecriteria (American
Paychiatric Association. 1887) and all patientzs had a
Hamilteon depression score of more than 20 (Hamilton,

196

O

).

NMone of the patients or control subjects was talking any
medication for at least six weeks prior to the atudy.
Female patients who were menctrusting normally were

studisd during the luteal phase of ths menstruzl cycls

{@ec diccuscicon).

Patients and control subjects were fasted overnight. At
am the following morning & canula was inserted into
the anticubital vein of the non-dominant arm and a blood
sample for baseline prolactin levels was taken 15
minutes later. Subjects wers then

doze of A2 mgo of buspirone at 9 am. Further blood




sles were collected hourly for three hours. Subjects

nained in the recumbent positicon during the test.

Prolactin levels wers measured blind te diagnosis by

immuneometric

were asbandardised against
NIRBEC Third International Standard B84/500. The within
and between bhatch co-efficient of variation were 3% and
G2, regpentively over the concentraticn range 200 to

2000 mU/1.

he regsponse to buspirone was determined by subtracting

bazseline from peak prolactin levels and the latter valuso

expresaed as a poercentase of baseline prolactin. For

ons discuased later the data for males and females

were analysed ceperately.

The statistical eanalysis of data was performed using

(=43

Minitab Statistical Toftware (release 7.2).

el
T
q
r3

Experiment 2: study of w mebtabolism in patients with

PVES:

R A 4 R
i: The pilot = cuay
e ¢

sarried out a pilot atudy in which patients with PVES
were challenged with the water loading test under

standard conditions as described by Robkinson et a



Ia
hat (J .? -

subjdects  for this gstudy. The patients and control
subndects were matched for bedy weight. The patients”

aalection was based on the diagnostic criteria described

()

above. All patlents had evidence of miteocheondrial damase

with PVFS (see chapter cne) and enteroviral

A was detected with the rolymerase chain
raaction in muscle of these patients. There were 3 male

and 8 female patvients. The mean for males was 28.6

and that of females was 34.3 years. The control gsroup
consisted of 4 malean and 4 females with a mean arge of 27
and 26 yvearsz, respectively. All patients and controil

aubjects had normal bleod urca and electrolyvtes and a

random blecod gluceose result. Hone of the patients  or
control aubjecto taling any medication for four

priecr to tho study. Smncokings was not allowed for

the duration of the study.

All  subjects fasted from mid night. At 8 am  the
folleowing morninzg they were asked to emnpty their
hladders and the urine pasged wag discarded. The body
welgnt of cach subject was then recorded. Subjects were
then gliven 20 mi/kg body wesight of tepid water to drink
over 40 minutes. To eleminate the effects of posture and
exercizce on urine exeraetion the test was carrisd outb
with =oublects in the recumbant positicon. However, they
were allowed to 21t or stand up when voiding. Urine was

-

crilected hourly for four hours.



with PVIED axeoreted 64.6 + ©.2% (mean + SD) of
the water load, compared to 26.9 4+ 26.2% in healthy

o by I A N S D . ot - e oy ey "
control gubdects {rew data in tablezs 3/2 & 3/73). The

oups i3 statistically

The

dy consictz of three parts. In the firsgt part we

mzasuraed the total body water content in nine randomly

"'\ !T"(“

pationts with ‘TS Tor the sscond part of th

o

identified two fomale patients with PVEFS who
orthibited featurcs of the fluld retention syndrome.

Water matabolism  in thess  pabisnbta was  studied  at

,.._J

various stagas of the al cyecle. In the third part

of  the atudy we evaluated the hypothalamic-pituitary
resulation of vasorressin release in patients with PVES

using

A
1

e water Jloading and water deprivaticon testo.

etalils of these ztudies are now dezcribed.

{i



Water loading test in nine thients with PVES

Patient age Se duration of PVF3 % urine output of

{yra) (vra) water load
1. a1 ¥ 5 £3
2. 29 v 15 56

.
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in B healthy control subjects

o .
W3 Ter

ne

o

cubd. age SEr water load urine output

{(yra {ml) of water load

z S0 M 1,350 26.2
2 >0 F 2,000 25.7

-

3 Z6 T 1,380 111.4
! 2c M 1,400 81.4

5 =4 F 1,000 107
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of total body water and total body

pationts with PVFS:

Patientao: 8 patients with FPVF3S

to taks part in this study.
fomales. The demogravhic characteristics of these

¥

T

atients are given in table 3/4.

Maothods: Total tbtody water was measured by tracer

dilution in rlasma samples taken 4 hours after an oral

dose of 4 MBg tritiated water ag cribed by Pcoon et al
{1982). The measured valucs were compared with published
rraedicted values basced on height, welsght, age and sex

=3

(Slrakal et al, 1873).

-

[

otal body rpotassium was measured using a whole hody

monitor to the body content of the naturally

occuring radio-isctope of potasgium, L.c. potassuim 40,

The gecanner type whole body monitor has sodium iodide

detectors and i3 calibrated to take account of the

varying size and body fat content (Runcie & Hilditch,

1274). were also compared with

)
m
v
."u
f‘a
=
p
!
jen
<4
s
[
~
j
‘T

rradicted values avallable from standard charts (Boddy



Table 374

T
Thes

Lo f patients selected for

il
Q

O

[

suremnents of total bhody water and potassium content

3

atient age(yrs) sex height{cm) weight(ksg)

1. 6o M 169.5 67.0

2. 12 M 184.0 65.5
3. 57 M 176.5 6.5
i, 2 M 168.5 2.4

51.9

(]
€
3
o
a3
o
o

G 23 I 162.5 21.8
7. 48 F 159.0 49.1

£ 27 T 162.5 52.3



Iii: 3tudy of total body water content in
patisnts  with PVFSE and  severc  oymptems  of fluid

ratention:

For this part of the study we selected two female
patients with PVFE (not included in the first part of
the study) who exhibited gross features of f£luid
retention. The case hictory of one of these patisnts is
given in page 32. The &scond patiesnt is a
woman who had PVES for 10 years.

Bageline tobal beody water, total body potassium and

filtration rate were mneasured in  the

ratients in the {follicular and luteal

rhase of the menstrual cycle

above., In addition, the cxtracellular lular

water content were alsce measured in the first patient in

both phases of the menstrual cyvele. In  the second

these valuss only in

the follicular phage of %the cycle because of technica

difficulties. The results are expressed in the standard

Gt
6]

iv: study of arginine-vasopressin relea in patients

™ vua

with PVFS:

Patients: nine patients with FPVFS and eight heslthy

to participate

characteristics of




patients and  controls are given in table 3/5. The

F DPVES waz bazed on the criteria described

Table 2/5

3/5
Wator loading and water deprivation teasts: the
demographic characteristics of patients with PVF3 and

control subjects.

M
2
ct
b
[t

=nts controls

Males

o
N

Famales

o
N

@3]
e}
&)
o]
[8>]
on

Methods:

Arginine-vasopregssin  (AVP)  secrstion in  regponss to
changes In plasma osmolality was acsessed using  the

s :

3 K} -~ 3 - - wriv £
water loading and water derprivation tests.

Water loading test:

Patients were fasted from mid night and at 8 a.m. the
following morning their body welight was recorded and a
canula wag inserted into the antecubital vein of the
non-domninant AT A Liocod sample for bhaseline

1

measurements of  blood urea and eslectrolytes, blood

—-

2lucose and plasma AVP was then taken. Baseline plasma
and urine oocmolality were alsco measured. Subjects were

then given 20 ml/ ks body wel

ght of tepid water to drink



_"":}O -
aver 20-450 minutes:; urine and blood samples were then

collected hourly for four hours.

Water deprivation testb:
This was carried out on a seperate day. Patients weres

fasted from mid nicht £i11 3 pm the following day.

for urca and electrolyvies, plasma osmolality and

AVP and urine cemolality were taken at 2 am and avery

two hours thercafter.
Drine and plasma osmolality Were determined by

depression of freczing rpoint. Blcocod samples for AVP
. - o . . - .
asgay were centrifuged at 4 C within 30 minutes of

[ .
venoseotion and were stored at - 707C. Decause AVP bindz

o platelets  (Preibisz ot al, 1883), the placma

imnmediately above the zediment was not removed. Ths

wlasma AVP  was

by the immunoasgsay method

described by Morton et al. (1885).

Experiment 3: atudy of melatonin excretion in patients

with PVFPE:

Patisnta and control subjectas:

o B 3 i~ EE T D vy - 3y - - o e oy oA v
Hight patients with PVES (2 males and 6 femaleg) and six
- -2 IS TS| B

age  and ched control subjects 2 males and 4
. oy e ey e i $ o4 F el R N I T R U N Y A e
Females) were recrulted for the zbtudy. Patients with

RAYAREAIENFS iy i (PSS U R ST, I e IS N 33 . R T
PVEE were selocted according bo the disgnostic crilberia

3 g o v el LAY T r T DTt |
desperibed earllier. The: control

DU UE wWEry A tients
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in PVEFS: thoe demcgraphic characteriahs

vy b Ay e oty ) b 1 o SRS N ST, S S YT,
ratients witbth PVES and 6 control .;:hbti.‘;"-utp.

Patienty with PVFS:
o age sex  duration of BPVFS {(yrs)
1 40 E 3
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7 44 M 3
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Control subjectao:
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Mo age BEeY diagnosic

33

g A
P 47 M
~
3 34 r

o
KN
-Q

(&,
(W]
&8]
HoOX £
]
el
b
m
ct
)_J.
0
o] 1
e
Ip]
s}
w3
w
>
)
il
e
4]
J
9]
m
jol
m
(B

L4



Ml

1oda:

Patients and control sublechs were admitted to hoopital
for the duration of the study. Thevy followesd their
normal dailly routine and were allowed o go to hed
whenes they wished to do so. Urine for melatonin
measuremsnts was oollected continuously avery four hours
for 48 hours. The it of urine pascsed every four
hours was recorded and then a 20 ml sanple was taken and
the rest of urine was discarded. The urine samples werse
sctored after collecticon in -70 € until
cnalysed.

Urine was analysed Lor C-zulrhatoxy melatonin using the

immunoassay method deseribed by Arendt et al (19285h).
B-zmulphatox melatonin i the main metabolite of
melatonin and  its  concentration in urine correlates
closely with pl melabtonin levels (Matthews et al,
1981 Thus, measuring urinary G-sulphatoxy melatonin
concentrations over a period of tims is as reliable as
2zrial placma melatonin zztimztions in evaluating pinesal

it hzas the advantage of bheing

mors convenient for patients than plasma sanpling.

The urinary melatonin sxcraetion over each 4 hour period
in day one was added te that of the corresponding period
in day two and the oum waz divided by two to cbitain the
mean urinary wmelatonin excretion for that period. The

o
2N

L

n.p

ion in Datients with PVES was
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then compared with that of control subjects using

analysis of variance for repeated measures (ANOVA).



CHAPTER FOUR



a) Buspirone challenge tech:

the study

[¢]
ct
M
D
[o

All patients and control subdects compl
catiofactorily. The administration of buspirone caused
excensive fatigus and lightheadedness in patients butbt

not in the control groups.

Flectron microccopy of mazcle biopsy showed
mitochondrial changes similar to those rreviously
degeribed in patients with PVES (Cow et al, 1290) in all
patients studisd and RNA enteroviral gequences were

detected with the polymerase  chain  reaction in 6

patients.

The mean prolactin values before and after the oral
zdministration of 60

tables 4/1 & 4/7 and

471 and 4/2. SDunmary

Pezk prolactin values occured a%t ons hour in patients
with PVFS and in female patients in the control sroups
and at two hours in healthy and Adepressive males. Az
shown in table 4/1 and 4/2 there was no statistically
zignificant difference in Dbaseline prolactin values

betwsen patients with PRVES, individuals and

matients with primary

deprezaive  iliness. Similarly,

comparison between patients with PVFS and each of the



contral EYCUDRS did not reveal a statistically
significant difference (PVFE vs healthy subjJectsz: p =

0.6 for males and 0.08 for females, PVFS vs depressives:

o= 0.2 and 0.2 for males and females, respectively).

Howaver, the percentagse difference between peal and
baseline preolactin levels was sisgnificantly higher in

ratients with PVFE than in healthy control subjects and

patisnts with primary depression (= table 2/8). Thers

b
e

waz also a gtatistically zignificant difference when

ratients with PVFS were coumpared with sach control group
seperately (PVFD vs healthy subdects: p = 0.02 for males

and Q.01 for females, FVFS vo depreszgives: p = .01 for

males and 0.004 for females).
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Table 471

Prolactin resgponze (/L) to B0 mg= of buspirone in 7

healthy males, 7 male patients with primary

illnezs and 9 male patients with PVEZ:

Ne baseline 1 2 3 hrs differencet

4. 112 4086 473 475 242
5. 160 320 310 180 100
5. 220 460 4586 381 109

7. 198 206 200 2nz 102

1

Patients with deprecsive illness:

e

2. 164 424 411 168 189
3. 244 Z264 320 300 31

5. 188 210 440 286 134

6. 210 318 3086 215 51
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108

centage difference between peak and baseline

rrolactin concentrations.
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Table 471 (continued)

Patients with PVFS:

Mo baseline 1 2 3 difference
1. 220 55 340 350 150
2. 200 220 400 220 192
3. 88 B20 370 210 911
4. 140 680 350 210 385
5. 1680 750 390 22 420
6 B8 230 210 180 158
7 180 950 600 32C 427
8 160 1300 8§50 870 712

9. 300 1740 200 420 480
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Table 4/2

f

Prolactin response (mU/L) to 60 mzs of huspirone in 6

wealthy females, 6] females pvatients with primary

spression and 6 female patients with PVES:

£
=
"
0
hal
o
Hh
H,
D
"
M
=
o
3

Ne baseline 1 2
Healthy females:

1. 180 400 420 360 133

J
—a
o)
h
0}
[§s)
"
[::l
n
s
o
[y
[hN]
3

a. g0 556 560 474 505
4. 29 5020 13886 1111 448
5. 200 GEO 556 486 230
B. 220 461 497 451 123

Patients with primary depression:

*

1. 155 557 258

)
2
&1

387

[N

5 : 2bt
2. 11z 386 386 289 244
3. 280 534 651 493 144
4. 264 1268 1118 760 360
5. 296 584 580 410 95

5. 256 13786 1300 720 437

¥ the percentage difference bhetween peak and baseline

prolactin concentrations
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Table 4/2

summary cstatistics
prolactin response
subjects., patients
with PVFG:

9 -
Males:

- 109

- mean (st

to 60

mas

with depressi

£
o%

Ve

Time healthy subj. depreszive
baseline 163 (49) 179 (48)
! hr 382 (110) 318 (175)
2 hrs 401 (11e) 373 (120)
2 hrs 317 (132 262 (134)
Fodiffer. 163 (49) 123 (77)
Females:

healthy =zubd. deyprescives
baoeline 188 (69) 227 (75)
1 hr 725 (438) 809 (410)
Z hrs 631 (256) 742 (384)
3 hra BE2Z (276) 511 (188)

309 (186)

o i 4
7 differ.

ndard

buspirone

deviation) of

in healthy

illness and patients

[ o o) |t
- 0 o ~J
@] < ~J 2]
~~ ~~ N N
= 8 Y [e2]
(o3 LN (@3] 921
el O I ~r
g f—g ~

K

)
3
N
S
o
o
p—

326 (166)
2878 (1425)
1367 (9758)
659 (318)

738 (292)



Teble 4/4

One-way analysis of variance of baseline srolactin
values and tLhe contas diffrence betwesen peak and

prolacbin concentration in healthy subljects,

(3]
bate
1

wilth depressive

llness and patients with PVFE.

DF

15D
[&P]
=S
651
=3
+J

Peseline Z 124C 620 0.17 (0.848

% differ 2 444079 222040 7.29 0.004

Fenmales:

03

61008 30504 2.40 0.125

hazeline

% differ 2 828671 414536 D.07 D.003
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Figure 4/1

4000 T
30001

2000

1000

Serum prolactin (mU/L)

Time in hours

Prolactin response to 60mg of buspirone in 6 females
with PVFS (—o—) and an equal number of healthy
subjects (—x—) and patients with primary depression
(——).

Points and bars represent mean and 95% confidence
intervals.
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Figuce 4/2
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Time in hours

Prolactin response to 60mg of buspironé in 9 male
patients with PVFS (—o—) 7 healthy subjects (—x—)
and 7 patients with primary depression (—o—).

Points and bars represent mean and 95% confidence
intervals. . |
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Y Water metabolism in patients with PVFS:

i1 total bhody water and potazazium:

)

The raw data of the total body water and potassium
content in patients with PVFD and the predicted values

are given in table 4/5 and 4/6.

Theo total body water for the group of patients with PVFS

wzs B.2% higher than predicted, however, no individual

result fell outwith the normal of 84-116éx% of the

rredicted value. Because the predicted total body water
values (TBW) derend on body weight which will increase
with water retention. expressing thoe measured TRBW as a

pereentase of the predicted TDRW underestimates waber

retention by about 30%.

The mean  total body potassuim was 9% lower  than
predicted, with one result falling outwith the normsl

range, i.e. 84-116% the predicted value.
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andt predicted total bedy water (TBW) content

nine patients with PVES:

height weipht  total TBW % predicted TEW

s
v
ot
Lo
D
i
o

N
o

jigs!
]

~
1]
D
'
r
N

{cm) {kg) {litres)

S56M 169.5 67.0 7.5 107
1e 184.0 £65.5 45.5 101

57M 176.5 76.6 42.1 104
27 168.5 72.4 45.0 1086

2TF 150.5 51.9

D
i3
-3
o
[y
2
~1

23F 1€9.5 G1.0 ab.

8]
i__a.
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-~
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o
e
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S
48]
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[y
2
‘q
‘v

[y

103

AAT 189.0C 836.4 o6 104

w

27F 162.5 52.3 20.9 107
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iil: total body water content in female patients w

PVES with severe symptoms of fluid retention

Lz zhown in the table bhelow (table 4/7), the total body
water content was greater in the luteal phase of the

menstrual cvele than in the follicular phase in botl

)

ratients. In one patient 1t was possible to measure the

and extracellular water distribution in
voth phazes of the menstrual cyele. In this patient the
intracellular water content was 91% of the predicted

valua in fellicular phase of menstruation and 111% of

the predicted value in the lutezl phace.



Total body water (TEW) and extracellulasr (ECW) and
intracellular water (ICW) content in two patients with
PVFS who exhiblted sevare sgymptoms of fluid retention

B

during the follicular and the of the

nenstrual cycle:

cllicular phase Itteal phase
nasured % predicted measured % predicted
TEW 35.0 L 94% 28.6 L 102%

nCW 8.1 L o7% 17.¢ L

[y
&)
e

o

ICwW 16.2 L Q1% 20.0 L 111%

T =) Doy a8 S15
TEW 2.7 L Q2% 32.6 L Y S
T 10 oynyar " "
LW 16.2 L 20% ¥ *

o
)
<
Ry
,_.i
[e)
n
o

Q5% * ¥
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iii: argininse wvascopressin secreition in patients with

A3l ratients and control subjects completed this part of

‘actorily. Nausea or vomiting was not

el

€

reportad arnc hlood PresSsure remained unchanged

O
ek

line blocd urca and electrolytes and bleood glucose

[$]

were normal in all patients and controls. The urine and
plaoma smolality and the corresponding plasma  AVP
concentrations during the water locading and the water
deprivation testa in patients and healthy controls are

given in takles 4/8 - 4/11 and are graphically shown in

figures 4/3 and 4/4.

These results show that AVP values were significantly
lower in rpabtlents with PVED when compared with healthy
control subjects. The m=san £ standard error of the mesn

{SEM) in control subjects was 0.9 + 0.2 pmol/1l, whereas

corresponding values for patients with the PVFES were

e
o

I

L

]

0.1 + 0.03 pmol/1 (&Student’™s t test, p = 0.001).
Furthermore, there was also a clear difference bebtween

the +two groups during the water loading and water

As shown in figures 43 and 4/4 the plasma AVP levels

ted with +the serum and urine osmeolality in

0
0
K
]
o
F—J
)

oy
J
8]

fand

+

joy
P
~

controls. However, the plasma AVP values in
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ittt DVED were conceistently low at
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namolality concentrations. This

~ceretion
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rezponse Lo osmobtic stimull

PVES (
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Pakle 4/8

JEEE RS N

Urine and rlasma omolality {rmmol/kz) anc tha
T gy A, Y J 3 - - - 3 am 4 - w - |
correspronding placma arginins-vasorressin (AVP)

concentratiocn {(pmol/1) in nine patients with PVFS during

the water Joading test

L

T e L N R ~ e 3 k < o
Patient/time baseline 1 : J 4 hrs

0
on
0
W
’...-L
O
3

1. urine 440 220

plasma b 282 283 283 287

AVP

o
b
(@3}
(&)
[
)
D
N
o
l®
[®]
)
[}
o
D

co
&
m
S}

z. urine 755 1 103 401

PO v Ny -5 = Y 5 3
rlaoma 202 286 286 285 A

AVD 0.27 0.04 0.04 .20 Q.17

3. urine Q05 178 £6 78 271
280 284 283 2R3 4

AVD 0.33 0.22 0.2 * 0.13

4. urine 840 759 116 B7 178

b
[we]
{3
g3

- . Lp'Y=) o
rlasma 281 282 288

AVP N.28 0.29 .2

O
}.—l
(@}
o]
o
w

5. urine 509 280 &4 125 A38
mlasmn * 278 283 2837 288

AVP 0.086 0.06 0.04 0.1 0.1
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4 -, b Ll - - et
time i A ] 4 hrs
s . . - .
urine TR 2ol 46 46 20
— . 7o 7O oy ~0m
rlasmna 270 270 o0z 2808 i

AVP * 0.17 0.31 0.17 0.22

196 575 87 73 178

’._l-
o]
b}
W

- - Ty oan [pY o] [pi=g=]
Poadhnn ES Lo SOG 282 LG

AVP 0.12 .25 0.25 0.14 *

urino 421 400 73 54 202

=L
2
@3]
l...A
|3
@]
o
)
0
-3
[
as]
-

AVE 0.05 0.30 0.10 0.186 0.01

urines 290 o4 310 241 Z09
plazma 4 2783 276 275 273

AVP Q.20 0.24 0.14 0.10 0.03



Takle 4/9

Urine and rlasma csmolality {mmol/kg) and the
correasponding rlacma arginine-vasopressin {AVP)

concentration (pmol/1l) in eight healthy control subjects

during the water loading test

Stbiesct/time  baseline 1 2 3 4 hrs

1. urine 846 70 53 230 *
plocma 265 279 275 2650 278

AVD 1.61 0.16 0.03 0.25 0.17

2

Z. urine 1038

fux]
I8 1""
N
&)
3
£
}‘J
~7
O
W
>

plasma 287 205 7R 200 273

3. urine 517 73 120 238 K

ASH

o]
’-‘J
[0
0
3
o
[\
G
N
e}
w
83
O
b
N
o
[\

AVP 1.04 0.23 0.08 0.04 0.17

1. urine 683 i03 71 51 *

rlasma 277 274 270 272 275

5. urine 505 53 7 4 312 %
o N i
oR4 278 277 280 282

AVD 0.19 * .05 0.0B 0.23
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5.

e}
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é

(RS

SO B
plasma

AVP

urine
plasma

AVE

inued

TZ0

D
aa L

0.12

1175

tJ
0
&)

0.946

Mo
s L

0y
2Ll

s

ey

83

271

G2

one

e~

f_J

¢.04

£
-3

[

o
)
%

207

277
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Urine and rlasma osmolality (mnul/hb) and the
corresponding plasma arginine-vasopressin (pmol,/1l) in

nine patients with PVFS during the water deprivation

Patient/time 09 11 13 15 hrs
1. urine 207 240 424 637
prlacma 288 289 289 290

AVD 0.03 0.06 0,06 0.10

2. urine 813 794 400 282
Plasma 201 258 285 285

AVP 0.27 0.01 0.12 0.08
3. urine Q917 &3 787 703
rlasma  2R4 287 283 =85

AVP 0.23 0.41 0.28 0.12

AVP 0.28 0,38 0.1

w0
e

ip urine 221 208 514 798
plasma 288 259 290 279

AVP 0.

o

Co 0.05 0.05 0.11

(9]



Table 4710 (continucd)

Patient,/time

(R
.

.
~a
'3
fete
re
[

[
s
&
re

DI

AVP

7. urine
plaocma
AVE

3. urine

o0

[@)
-~d

[\.
s}
3

0.1z

o

r=Yz

200

0.20

[y
-,
Bi]

6
Q
&)

[0)]
I
e

-3
48]}
o]

C.ZB

15 hrs

=7
i

]

R

13

A
e

o
]
3]



Urine and mlaoma cemolality (mmol/ ki) anc
co AVP  concentration {pmol/1) in e

3

healthy control subjects during

m
&
ct

Subject,/time 9 11 13 1% hra.

1. urine 848 876 92 L3
rlasma RS ano D00 200
AV 1,600 oA 0.5 0.25

o urine 1050 Q2 S04 %
plaomn ZaT A Ty RS
AVP 1,40 1.10 0.5 .42

2. urine *. 70 8547 Z3

¥ °TE 277 275

AVD # 0.35 0.19 0.

4. urine Q00 z0 789 817

277 =270 278 278

AVP 1.20 0.866

o
.

j o
)

0.12

5. urine B84 218 761

o
&

i
}._l
o
ol
]
=
I'_D
rJ
[s]
&)
]
[&s}
‘..A
&3
(4}
'_..A
{
~J
oM

>
<
)
[»)
}..—-
3
(o)
]
jsh]
O
._..A
=
(@]
.
’_A
e



- 8 ey e - 5 e
Subject /time

c.

5.

urine
plaoma

AVP

urine
plasma

AV

275

0.03

501
(o]
265

O
—
W

<87

279

0.18

672

277

J
&
H

[\
C
-

0.286
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Figure 4/3
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. Plasma AVP and the corresponding serum osmolality in
8 healthy control subjects (e) and 9 patients with PVFS (x)



- 122 -

Figure 4/4
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0.00 0.30 0.60 0.90 1.20 1.50

Plasma AVP and the corresponding urine osmaolality in
8 healthy subjects (e) and 9 patients with PVFS (x)
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Evperiment 2: melatonin excretion in patients with PVFS

and control subjects:

e @and

[
[

The two groups wers comparable in respect of as

total body weighit. The mean age (+ standard deviabion

=

~

of male and female patients with PVFS was 45.0 + 1.0 and
35.4 4+ 4.8 vears, respectively compared to 43.0 = 4.0
years for males and 38.2 1+ 12.6 years for females in the
control Sroup. Also there WaS no atatistically

nt difference in body weight between the two

@
!
)
o
'_Jo
H
O
\;l\

groups. In females the hody  weisht (£ standard
deviation) wan B7.4 + 4.4 kg in patients with PVFS and
56.7 + 6.1 kg in control subjects. The mean body weight
for male pateints and conbrol subjects was 71.2 2 6.7
and 70.4 £ 10 kg

& 2

reaspechively.

All patients and control subjects completed the study.
The results of urinary melatonin ereorestion over a period

aro 7]
~ o

].J.

ven in tablesz 4717 & 4/13.

£
j-
4
"l

As summarised in table 4/14 and craphically shown in
figure 4/5, the 4 hourliy urinzry cwceretion of

E-zulrhatoxy melatonin was higher in patients with PVFS

than in control subjects. However, the difference
bhetween  the two  groups did  not  reach statiztical

sisnificane. The increassd excretion of melateonin in

patients with PVFS was observed throughout the day, but

» -, -~ - L 3.2 - <1 N ) .
more oo bebtweoen mid-night and 8§ am.

&



T o e B et . - L e ot S e 3 - 1 . - S
Ihe pattern of melatonin sexeoretion in both groups was
- oy ] LR K 3 " iy - JEp s e 1
the cane and is similar to that observed in healthy
- 3 - A gy ey 4 4 U L -
subients with marmimuin concentrations late at night and

in the early hours of the meorning. Howsver, in ons

ratient with FVPS and in two control subjects urinary

Ty

S-zsulphatoxy melatonin levels reachad their peak in the

afternoocn.
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Urinary melatonin excration (ng/ml) over 48 hours pericd

in & patients with PVFS:

Patient day 0-4 4-8 8-12 12-16 18-20 20-24 hours
1 1 ~ 24.9 15.8 0.9 2.5 -
2 - - 13.0 - =7 -

2 - 22.7 15,80 3.Z C.1 3.8
3. 1 - 1.6 11.1 2.1 2.3 3.5
2 2.2 2.3 1.6 7.7 21.1 4.3

4 1 - - - 1.8 1.8 14.3

P 26.8 38.5 7.0 1.9 0.9 16.2
5 ] - 25.2 3.4 - - 1.6
P2 - 40.2 - 1.8 0.9 2.4

o
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t
o
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)
w
—
0
s
1
o
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Tabhls 41/13
Mrinary melatonin excretion over 48

S 3 o~ - —~ -
control subjects:

L
=
<
(o8
o
“Z
<
]
:\A
N
1}
j@s
3]
|
H
]
'-.J
N
|
ju—y
[8)]
H
[%)]
f
8
&

2 0.4 24.8 10.1 5.8 4.0
3 1 - - - - 2.2

2 - - 37.0 3.7 1.2

] - 2

4 1 - - = 5.7 13.
~ a) ~
Le - AL O.L‘ - 5-;:

5 1 - 5.3 - .0 2.6

z - 3.3 9.8 - 7.5
6 1 - 15.5 - 3.1 -
2 - - 5.7 1.5 1.1



Tablc 4714
Summary statistics: 24 hour urinary melatonin excretion

3.
"
—

(nz/Mml) in 8 patientsc with PVFS and O control gubjects.

The wvalueszs represent the mean + standard error of the

me

o)

n.

C-4 4-8 5-12 12-16 16-20 20-24

PVFS 11.3x4.2 18.3x3.09 9.0+2.0 3.58+1.0 5.1+2.5 5.1+1.3
Cont.7.6+2.7 10.7+£2.0 9.3+4.8 2.6+0.6 3.9+1.2 2.9+1.0

p = 0.6 0.1 0.9 0.6 0.7 0.2
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Figure 4/5
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24 hour urinary melatonin excretion (ng / ml) in 8 patients with
PVES (——) and 6 control subjects (——). Values represent
mean + SEM

1
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CHAPTER FIVE

DISCUSSION AND SUMMARY



cuEslon

rr,

There are a number of reascons for studyving hypothalamic

function in patients with PVEFS. First, th

jl

hypothalamus
controls circadian rhythme, food intake, fluid balance,
gut motility temperaturs reculation and cardiac
function. All of these ars affected in patients with
PVEFZ. Secondly, the hypothalamus influences meood, drive

and behaviour (ses pages 61-62). Central fatigue, i.e.

which 18 not the result of satructural muscle
diseace or abnormalities of neuromuscular transmission,
core feature of this syndrome and is due to lack
cf drive. Thirdly, the hypothalamus plays an important
role in consolidation of short term memory, emotional
pxpression, adaptation to strescs and immune regulation.
As described in chapter one. depreséed mood, anxiety,

nvepochondriasis and poor short term memnory are

frequently encountered in ratients with PVES.

e

clogical abnormalitiics have been documesntad in

3
)
et
1

[

o1
(@l

these patients (Calligiuri et al 1887, Morrison et al,
1881). Finally, whilst postmoritem studies have not been

n

(=

conclusive, they suggest hypothalamic involvement
these patients {see chapter two). We, therefore,
undertock the present study, which is the first formal

—vr ey 1 - 3 - P W A RS ¥y 4 L. ] L. — 3
evaluation of hypothalamic functicn in patients with

n thae first part of thoe study, we used a neurocendocrine

challenge test to see if there was increased
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avpcthalamic H5-~HT receptors {which

of &-HT in thezse patients). We then

~abolism, including measuremsnts  of

total body  water content and arginine-vasopregsin
release in response to water deprivation and water

loading. Finally, we meazsured melatonin excretieon in

these patients

In the first study we demnonstrated a significantly
inoreased prolactin response to buspirone challenge in
patients with PVES in comparison with healthy

individuals and alsec with patients suffering from

primary depressive 1llness. As discussed earlier (see
DaAEes B89-71), prolactin response to buspirone

ated wvia hypothalamic

s

cdministration appears to be med
5-HT  receptors. The findinsz of the present study,
therefore, suggest an increased sensitivity of central

-HT receptors in patients with PVFS.

fud

Qur results also show that there was no significant

m

=

increase 1in serum prolactin levels in patients with

Y

rrimary depressicn following the administration of 60 mg
of buspirone. The buspirons challenge test mav,
therefore, be a useful clinical test to differentiate

metween PVEE and major depressive 1llness.

The use of neuwroendocrine challenge tests to assess th
hypothalamic function has now bscome a standard research

method in bkiolosical psyohiatry and is widely used in



Lt
[

i

of hypothalamic function in patient

15

with & variety of psychiatric disorders, including panic
dizsorder (Eahn =2t al., 1888) and major depressive illnecs
(Cowen & Charig, 1887, Golden et al, 1890). The validity

nf the data obtalned using neurcendocrine challenge

e

hecn corraborated by  other methods. For
oxampie, decreased 5-HT mediated prolactin release has

heen  demonstrated in patients with major

the bH-HT reuptake inhibitor clomipramine
{(Anderson et al, 1902° but not in responss to

thyrotropin-releazsing hormone

tecreased function of central 5-HT nourones in depreos
pavients, an cbeervation  which  was confirmed in
rozstmortern z2tudies using autoradicograrhy {(Yates et al,
1220). Neurcendocrine challense tests have also proved
to he more valuable Iin assessing the functicon of the
pituitary-hyvpothalamic amxis than the standard pituitary
atimulation tests (oeoe below).

Hypothalamic dysfunction has been suspected as a major

iy

rathogenetic mechanism in primary depression becaus

o
2

(i

cymptons of hypothamic dissase, e.2. change in appetite,

1
}...J
o
.

4

5
}4.
i

o]
3 7
by
P
¢l
s

such as hypercorbise

e PR . . L
SASINE narmone LW ich acts a8 @A

nourobransmitter in  the  limbic ovatenm and cersbral

ard the blunted ACTH recponze to corticotropin

4 Y- e IR, S - 4= b b - P
sasing hormons (Sachar et al, 1970, Amzterdam et al,



. Cowan & Wood, 1991) occcur in these pablents.
Decreaosed  brain oncentrations of B-HT (which is
he repgulation of hypothalamic functicon as
ezxcribed in chapter two) has been extensively reported
in patients with primary depresaive illness (Shaw et al,
ost, 1983, Cowen et al, 1987, Cowen &
Charig, 1987). This data heralded a period of extensive
ronearch in paychiatry using routine endocerine tests, in

rarticular the pitultary function tests, in an attempt

.

o elucidate the pathogenetic mochanisma of mental

illnesas.

However, the of pituiltary function tests (which are

relatively cheap and easy to do) as an indirect wethod

=)

[ [ e

C‘l'

inz hypothalamic function in patients with

depreszive 1illness has resultsd in contradictory and
micleading data. This is largely  because of  the
multiplicity of the feedback and feedforward mechanisms

wnich regulate pituitary function. In recent yvears thess

(0

teats p ave, therefore, been replaced by the more robust

neuroandocrine challenge

such as the buspirone

east.

In all studies we selected patients who fulfilled strict
diagnostic criteria of DPVFS as described earlier (Beshan

. .
19%1, Dehan and Balkhell

T

1621Y. All patients have had
fatigue and other symptoms for more than 6 months. The

llness and

e
L’)

onget of their asymphtomo followed a wiral

conditions cuch az chronic infection, malignancy ete



fatigue and lassitude have been

ad.  The patients had a well-adjusted promorbid

by tholyr orevicus akility to
copes with evory day streassc and had good work records.

- vy g ~ [ B - - el P oy o - i 3 L= .
None of the nlf'7“1‘1 o had a Pas Loor fd?l}lly his J‘SO“Y of

}‘.

i liness. Primary depreczsion can of course
CoouD de noveo in individuals with a previously
well-adjusted premorbid perconality and a good family
hiztory, but the deprescive symptoms in ocur patients
wore different  from  those  which  occur in  primary
depression (Rehan & RBakhelt, 1921, Procter, 199%1). Tor
S ample, none of  cur patieonts cxprecsed feelings of

pguilt, self-depreciation or had anhedonia.

o . o e - 4 T, 4
~al featurcs of PVEZ in

;_;.

In addition to the typical clini

thie paticonts zolected for thicv otudy, the organic nature

was aupported by the prezsence of the
characteristic mitochondrial damages previously reported
in paticents with the PVFS (Gow & PBehan 1981, Eshan et
al, in prezz) and the prozsnce of enteroviral genomic

ENA in muascle biopsy (Gow et al., 1821).

In this study we algc carefully controlled for factors
which affect prolactin secretion. One of these factors
ce of fomal e hormones on prolactin
variakbility of buspirone-induced prolactin

-

menastrual cyoles

the various phases of

- - % R P
are w21l Joocunentod. Yabliom




. . - ; 31 e o ]
healthy women during the follicular and

n Sl 3 _ .. IS ™~ . . ~y 4 - .1
{(definsd as day 2 and day 24 of the

-~ o~ e - - K —— - 4 P ~ 7 - . P | - T
nenstrual oyvoels, respectively) and alsoe at mid cyole

{day 143, Thesce authors found a silgnificantly higher

th

}-.A

Iuteal phase of the menstrua

or in ths feollicular phase

Similar obszservations were confirmed by Dinan et al
(1aa0).

We took two measurss Lo overcome the possible bias due
to the effects of female gonadal hormones on prolactin
secretion. First, data for males and femalez were
analysed ceparately. ‘bcurnlly, a1l female patients (who

were mensbruating normsally) were studied in the luteal

From our results 1t can he seen that, in contrast to

ratients “hose auffering  from primary

d a blunted prolactin responsae

O

is in azreement with the results

function between patients with PVFS and those suffering

D

from primary depressive 1liness. In the study of
Upacdhyvayva and collezgues the prolactin recponzs to drugs
which increase 5-HT concentrations in  brain, e.g.

L-tryrtophan, cleomipramine and fenfluramine., was found

to be Interectingly., the normal resyponss was
reastored with the succeosful treatment of depression.
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patients’ firat admission to hoespital. The diagnosis of

Tlness, for example, may be changed to

at o later date. Secondly, in thic study

receiving antipsycheotic medication during

the =ztudy. Almost all of these drugs are known o

n this study we have gshown thatbt patients

e

In cornclusion,

0

with PVEZ have a sisnificantly higher prolactin response
to  buspirone challenge  when compared with healthy

£ P 3
subjects and patients with primary depression. This

suggests upregulation of hypothalamic 5-HT receptors.

Decausz of the clear difference in prolactin responss
between patients with PVED and depressives the buspirone
challenge test can bhe sxploited as a diagnostic test to

[ ¥ g B B 3oy o R - 4o L) 3
differentiate betwesn thess two conditions.

In our next exzperiment we measured the total body water

g

content in a well-defined group of patients with PVES.
e aleso measured the tobal body water content and the

volume of the intrescellular and extracellular fluid

compariments in the luteal and follicular phases of the

discrder who also exhibited feabures identical to those

Tor further evaluation

of the hypothalamic-pitaitary regulation of water



b

we otudlied the scoretion of AVE in rasponse

and urine ¢ ylalit chang Iy ¢ the water

Toading oand water

Our results showed that oatien

ot
)

with PVFZS have an

increared tobal bhody water content when compared with
the predicited values in and sex~-matched healthy

control subdects. The measn total body water in pabtients

total

han that in contreolas. RBecau

body water wvalues depend on body weight which will

water retention, oxpressing the total bhody
water A a roreentase of the prodicted values
underestimates water retenticon by about 30%. Patients

writh VPSS, therefore, have a significantly higher total

hody watar than healthy subliects.

two women with  PVFS

ratention which always bhecams worse in the preovulatory

total tody water and t
vere wsignificantly greater in the luteal than in the

follicular phase of the mnenctrual cycle.

¥inally, the baseline AVP values were significantly
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a panr s T
ot imu T

vatlients there was no correlation

H Yy o2 T
rodedrAlA L AL . AN [SALIBE RS

"

M R -1 3 . _ +
The Ffindings reported

hiz ztudy could not have been

o
0
i
b
ot

due to methedologiacl artefacts. We measured the plasma
rather than serum ocosmolality. Thic iz becauce  the

metheds uced for sorum preparation may lead to apparent
increass in plasma AVP concentrations (Redebtzki et al,

avoided when blood

19723, Similarly, venous stasis

nolality were collectd az artefactual

increaze in comeolality by up to 20 moumol/ ks mayv result

LB

o bourniquet (Robesrtoen et al, 1876).

Vond

croslyeacmia distort  the

onto

. s T
and a nrormal bleood

to centrol for all the other

AVP release. These are cigarstte

of rposture,

oy . oy Y
'C‘/'\"ﬁ*\liullld Aana

of thoe menatrual oycle.
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allowed during the study. The tests were

"

P . U S S - e A S v m o N - 2 - o~ .
arried out with the patientzs and control sublects lying

when volding.

Dehydration during the water deprivation test may cause

tad

nypovolaemia. A reduction in circulating blood volume by
T-15% iz a ztrong atimulus of AVP release (Roberitson &
Athar 1876). However, such a large decrease in

circulating >lood voluna inevitably trigzera

compansotary mechanisms, e. 2. tachycardia, and is
accompaniaead by a fall in arterial bleood pressure. All of

our patients and control subjectsz had a stable bloocd

~
J"‘T

ssurce and pulse rate throughout the study. We can,

(1.‘

Nt

therefore, zafely assuns that there was no 81

"n

decres in blood volume in these subjectsa.

The  Thypothalemic-pituitary response  to  the  waricous

atimulli which inhibit or

hormones, The

basal plasma osmolality and the osmotic threshold for

thirst and AVP release were found to be snificantly

G)
(n

lowsr in the luteal than in the follicular prhase of the
menstrual  oycle  (Spruce ot al, 1285). However, the

camolality and

in both phas

pruce et al. 1935) the

rlazsmn osmolality and

- .

waxz 0,25 in the lutesal phase and €.92 in the




menatrual oyele on AVEP release all femals

PR I o~ -, o 4 - 4 EoR R 1 S - P Ty
catlients were studied in the luteal phase of

In thiz study we choge to use watoer load

ng and water

}_A.

deprivation rather than saline infusion to induce plasma

nomclality changes bLecause, ag atated by Hammer et al

o o T L, B SN i~ B - (S 4 s
S0Y, fluid deprivation is the natural phvaoiolosgical

£
{
4

isation and farting for the test mav

degree

tional ctress in seoms patients,
recx per se haz ne offccet on AVP release. Experimental
rvidenes in healthy subjects (Bdelson et al, 1986) and
atzeo in patients with anxiety neurcsis (Raskind et al,
1275) shows that ztress increzsssz AVP releace only when

it iz accompanied by nausea or hypovolaemia.

One of the findings in thisz study, namely the delayed

mrlngn oy e 4 g . o 4y A [a3)? . -

erhuastion {Levy ot al, 1248). These patients were
X - - —_— v - o ~ 1 - 3 1 3

deoorited as having a definite reduction of vigour 1f

not loss of strensth” as thelr main presenting zvmpton.

do not mention

3]
b
-
fode
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c 4
[e]
]
<
O
F
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<
H
[p]
o]
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I1llnese sreceding the syvmptoms of  fatisue in these



cabicnts, thelr description of the disorder which they
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In conclusion, this study has shown that patients with
PVEFZ have an increased total 1body water content,

cv of AVP secretion and an erratic AVP rezponss
osmortic astimuli. Taksn tosether with our observation
of an increased prolactin respons

& to buspirone in these

+

, thease abnormalities of water metabolism

hyvpothalamic dysfunction in ratisnts with the

Finally., we measured the melatonin excretion over a 40
hour period in patients with PVFS and a group of control

subjectba. Analysis of cur data shows that patients with

DVEFS  excreted more G-sulphatoxzy melatonin  than  the

control subjects, especinally bstwsen mid night and © am.

However, the difference did not reach the level of

[

ztatictical significane. An important finding in th
study iz that the pattern of melatonin excretion in
ratients with PVFDZ and control subjects was the same

with peaks early in the morning and low valuss in the

afterncon. hiz profile i similar to that

H

~eported in

sex  and body weight have inportant effects on

pineal function (Ferrier, 1982, Izuchi ot al, 12982). To
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eliminate the effects of these factors patients with
PVFS in this study were carefully matched for these

parameters with control subjects.

One can not draw hard conclusions from this part of the
study, of small sample. However, the observed
differences between patients with PVFS and control
subjects suggest a possibility of melatonin disturbances

in these patients.

d) Summary and concluding remarks:

The clinical features of PVFS suggest hypothalamic
dysfunction in these patients. The role of the
hypothalamus in regulating food intake, fluid balance,
temperature regulation, gut motility, cardiovascular,

sexual and endocrine functions is well-documented.

5-HT is the main neurotransmitter in the hypothalamus
and abnormalities of 5-HT secretion may underlie
hypothalamic dysfunction. Disoders, such as migraine and
the fluid retention syndrome, in which disturbances of
central 5-HT are known or suspected to play an important
role are common in patients with PVFS. Patients with
PVFS often have symptoms identical to those of the
irritable bowel syndrome. Recent evidence suggests that
the latter disorder may be due to hypersensitivity of
hypothalamic 5-HT receptors (Dinan et al, 1990). We have

seen several patients with PVFS who developed craving



far chooolates and sweets following the onsot of their
Aneaos The basis for this srious symptom of craving

foy carbohydrates 1o thought to be an abnormality of

central H5-HT regulation (Wurtman & Wurtman. 1989).

In +the present ztudy we have ghown upregulation of

hypothalamic H~-HT receptors in theso patienta and subtle
chnormalitics in hyrpothalamic raesulation of  water
netabolism in patlients with PVFDS. The persistence of

thar 50% of patients with FVEFS studled and

ural abnormalities of muscle mitochondria have

been reported (Gow et al, 1921, Gow & Behan, 1291)). It

pea

o oposzible that similar changes are also present in the

Wypothalamus of these patiente.

The asm=ociation of PVFS with poliomyelitis has alce been

axtenzively reported (oo review of epidemics of PVED)

[
7}

and may be an important clue in the astiliopathogenes
>f PVFS. Hypothalamic inveolvement may occur in patients
with peolicmyelibtis where there are  asubtle disturbances

of  temperature resgulation., gubt metility and  semual

often ave oleep disturbances and emotional
lability. Similar obacrvations were reported by Brown et
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Hypothalamic dysfunction iz alzo known to occur



rationts with miteochondrial diseaze (Fitzsimongs et al,

JU— ' oy . - 2 e 4o = L . . T
Herzherg, 18903, 0f arsat interest iz recent work

I 4 . BEPURTIE. R : i~ m ey i
showing that viruses and cother microorganisms can cause

o3 Leial

auttle hormonal and neurotranomitter abnormalities in

the  Thypothalamus without producing  local structural
TNy TR 7 - =y a N en o 3~ —~
damage. For example, althoush trypanosomes, which cause

African sleepinsg gsickness with fatigue and endocrine

disturbances, do not cress the blood-brain barvier, they

—~ P i — - 4 RN , S K A1I oo 3
carn  cause zelective  induction of MHC class 10 in
vy B ~ 3 vy PP - s = 4 ‘o - -
hpothalamic nourocones in the early stages of the disease

{Kris 1990).

Oldstone and colleagues (Qldstone et al, 1984, Oldstone,
1989, de la Torre et al, 1991) have demonstrated

conclusively that

production of hormonss, neurotranamittera and cytokines

without causing cell lyvsis. This is of great importance

3!
&

in considering the fact that no morphological evidence

-~

.
Icen in oome cages of

PVES examined at postmortem (personal communication: Dr

J. MeLausghland)).

The raphe nuclel (and 5-HT aystems) are parbicularly
susceptible to viral infections. Infection of ratz with

R e cr s - P 1 S o~ . " ]
virvees wia  the nazzl nmucosa causecs alteration  in

[N
=

-zl B-HT concentrations and bhehavioural cohanges

ot

wraonal communication). T
o worthy of note that these bhiochemical and behavioural

. : 4 iy 4 e & 3 P
in thege animals may peraist for many months,
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