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The Mystique of Migraine
Part IV: Is it the blood? — RJ Henbest

Summary:

This paper is the fourth in a series on
migraine. The first concerned the
nature and diagnosis of migraine.
Subsequent papers addressed
questions about its aetiology,
beginning with, “Is it vascular?”,

Jollowed by “Is it neurogenic?”. This

paper presents a bumoral theory,
describes the platelet abnormalities
and disturbances in 5-
hydroxytryptamine (5-HT, serotonin)
levels that occur with migraine,
reviews the anti-migraine drugs that
interact with 5-HT receptors and
considers the possibility of migraine
being an endotheliopathy.
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Introduction

The longstanding debate about the
pathophysiology of migraine has
primarily concerned itself with two
main contenders: the vascular
theory'? and the neurogenic theory.’
This paper concerns a third, less
known contender that may link the
two — namely the blood.

In the late 1950s and the 1960s, the
vascular hypothesis had led to the
study of the vasoactive agents known
at that time — noradrenaline, 5-
hydroxytryptamine (5-HT,
serotonin ), histamine, acetylcholine
and bradykinin.* Methysergide was
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found to antagonise certain
peripheral actions of 5-HT and
consequently was introduced as the
first drug capable of preventing or
reducing the intensity and frequency
of migraine attacks.” Shortly there-
after, 5-hydroxyindole acetic acid (5-
HIAA), a major metabolite of 5-HT,
was observed to be excreted in
increased amounts in the urine.
These findings led to the hypothesis
that serotonin played an important
role in the pathogenesis of migraine.

6,7,8

Subsequent studies revealed that
platelet levels of 5-HT fall
consistently at the onset of headache,
that migrainous episodes may be
triggered by drugs releasing 5-HT,
and that abnormal platelet behaviour
occurs. This led some to conclude
that migraine is a platelet disorder
that should be included among the
common disorders of the blood.”""

However, the changes in circulating
5-HT levels were later thought to be
pharmacologically unimportant ' and
interest in the humoral role of 5-HT
in migraine declined.

Today, there is renewed interest, in
large part due to the introduction of
a new serotonin agonist, sumatriptan,
for the treatment of migraine."

Humoral Theory

The humoral theory of migraine was
that 5-HT was released from platelets
at the onset of a migraine attack and
acted directly to constrict small intra-
cranial arterioles and large extre-
cranial arteries. Adsorption of 5-HT
was thought to sensitise vessel walls
to painful distention thought to
occur as a result of a lessening of the
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constrictor effect once the plasma
5-HT levels subsided.

Platelet Abnormalities
Fascinating changes take place in the
blood during migraine attacks. The
platelets change shape and
degranulate. Platelets contain alpha
and dense granules. The alpha
granules contain Beta Thrombo-
globulin (BTG) and platelet factor 4
(PF4). The dense granules contain
5-HT, nucleotides, and calcium.

In 1981, Hanington et al'® published
the results of two studies conducted
to test the hypothesis that migraine is
caused by a primary abnormality of
platelet behaviour. The first study
demonstrated that platelets taken
from patients with classical migraine
during a headache-free period
showed significantly greater
spontaneous aggregation and

adhesion than platelets from controls.

Increased circulating platelet
aggregates were hypothesised to be

Platelets from migraine differ
significantly in their behaviour
from normal platelets — could
this explain the onset of
migraine?

responsible for the prodromal
symptoms of migraine. The second
study demonstrated that 5-HT
release within three days of a
migraine attack was significantly less
than that measured during a
migraine-free interval, corresponding
to the commonly observed clinical
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refractory period between attacks of
migraine. They concluded that
platelets from migraine patients differ
significantly in their behaviour from
normal platelets and that these
differences could explain the onset
and recurrence of attacks.

The hypothesis that the aura might
be due to mechanical obstruction
rather than vasoconstriction is
supported by earlier observations of
increased platelet aggregation in
response to epinephrine, thrombin,
arachidonic acid, stress, starvation,
the ingestion of various tyramine
triggers, and or estrogens."?

Soon thereafter, D’Andrea et al**
showed significant diftferences in
B-TG and PF4 plasma levels between
migraine patients and controls during
headache-free periods. B-TG and
PF4 levels were significantly clevated
in 50% of the migraine patients,
suggesting that there may be two
groups of migraine patients: one
with normal B-TG and PF4 plasma
levels and the other with elevated
levels. During migraine attacks,
B-TG and PF4 plasma levels
increased significantly compared to
basal values, indicating that a platelet
release reaction occurred during the
headache phase."® The highest values
recorded were in those patients
whom had elevated levels during
headache-free intervals. Thus,
migraine was thought to be a
condition that was not only
associated with increased platelet
activity during an attack, but also, at
least in some, also during headache-
free periods.
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5-HT and 5-HT Receptors

5-HT was named serotonin by its
discoverer, Irvine Page, because of its
first known action — that of a
powerful vasoconstrictor.' It is
carried in the blood almost entirely
within platelets* and its actions may
be divided into peripheral and central
eftects.

Peripherally, free 5-HT acts as a
humoral agent in the circulation,

Migraine is a condition
associated with increased
platelet activity — during, and
outside an attack

constricting large arteries but dilating
arterioles and capillaries.* Itis a
potent constrictor of extra-cranial
arteries,'” but has less effect on the
internal carotid circulation. It also
has an antidiuretic effect which may
be relevant to the oliguria of the early
phase of the migraine attack and the
polyuria that is common as the
headache subsides. In addition, the
adsorption of free 5-HT to cranial
vessels is thought to sensitise them to
give rise to pain when distended."

Centrally, serotonin-containing
neurones from the midbrain raphe
project rostrally in the medial
forebrain bundle and are distributed
to the hypothalamus, dorsal thalamus
and diftusely to the cerebral cortex
where it exerts a vasoconstrictor
action on large arteries and veins but
dilates arterioles."

A number of molecular, biochemical,
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and physiological observations
suggest that multiple 5-HT receptors
exist in the central nervous system.
5-HT receptors have been classified
into three main types (HT1, HT2
and HT3), each having a number of
subtypes.” Theoretically, each
receptor subtype provides a target
site in the central nervous system that
can be pharmacologically
manipulated.”

Disturbances of 5-HT Levels
Disturbances of platelet and plasma
5-HT levels and 5-HT breakdown
products have been demonstrated
and a 5-HT releasing factor
identified.

Platelet 5-HT has been repeatedly
found to fall rapidly at the onset of
the headache phase of a migraine
attack with falls ranging from 15 to
52%.7% The drop in 5-HT level

Platelet 5-HT falls rapidly at the
onset of the headache phase

seems to be specific for migraine
rather than a more generalised
response to pain or stress.”> As noted
earlier, the release of 5-HT from the
platelets of migraine patients is
significantly reduced for at least three
days after an attack."

Plasma 5-HT concentrations have
been found to be significantly
increased in patients with migraine
headaches versus controls* and to
increase during the headache phase.*
As well, the main breakdown of 5-
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HT, 5-HIAA, has been shown to be
excreted in the urine in increased
amounts after migraine headache.*’
However, it would seem that the
plasma 5-HT changes probably do
not have an important role in the
regulation of arterial tone as internal
carotid arterial infusions of serotonin
have failed to show any effect on
regional cerebral blood flow (rCBF)
in humans."

There is evidence from a number of
studies for the presence of a 5-HT
releasing factor of low molecular
weight in the plasma during migraine
headache but not at other times.*****

It is important to note that the
diurnal and individual variations in
blood levels of 5-HT make it
unhelpful to take random plasma or
platelet 5-HT levels. Other
conditions have been found to be
associated with disturbances of 5-
HT, including decreased levels of 5-
HT in the brain, cerebral spinal fluid,
and platelets in patients with chronic
alcoholism, epileptic seizures,
depression, and parkinsonism.”

Experiments Suggesting a Link
Between 5-HT and Migraine

Intramuscular reserpine has been
shown to cause marked release of 5-
HT from platelets and to induce a
typical headache in migrainous
patients whereas normal subjects
experience only a dull feeling of
discomfort.?*?**** Slow intravenous
injection of serotonin has been
shown to alleviate both reserpine-
induced and spontaneous
migraine.”*?

The intriguing controversy about the
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involvement of endogenous 5-HT in
the genesis of migraine has further
been fuelled by the observation that
the 5-HT receptor agonist,
m-chlorophenypiperazine (m-CPP), a
metabolite of the antidepressant

The drop in 5-HT level seems
to be specific for migraine

trazadone, causes severe headaches.*
These occurred 8 to 12 hours after
administration of a single dose of
m-CPP in about 54% of patients;
subsequent analysis showed that 90%
of these had a history of migraine.
An argument has been that this effect
of m-CPP is mediated via activation
of 5-HTIC receptors in the brain.*

Anti-Migraine Drugs That
Interact With 5-HT Receptors
The data suggest that drug
interactions with specific 5-HT
receptor subtypes may be the basis
for their efficacy in both the acute
and prophylactic treatment of
migraine. The interactions that have
been analysed most extensively have
involved the 1A, 1D, 2, 1C and 3
receptor subtypes. The 1D and 1A
receptors seem to be important for
acute migraine relief, the 1C and 2
receptors for prophylactic activity.”

The anti-migraine drugs that interact
with 5-HT receptors include:
ergotamine (1928),
dihydroergotamine (1945),
methysergide (1959), cyproheptadine
(1964), pizotifen (1968), and
amitriptyline (1973).%
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Sumatriptan, the most recent
addition to this list, is a designer
drug, synthesised to selectively
activate a particular subpopulation of
5-HT receptors; namely, the 5-HT
1A and especially 1D subtype
receptors.*** Sumatriptan’s
effectiveness and the fact that it acts
predominantly on pathologically
distended arteries raises the question
of whether migraine is a “low 5-HT
syndrome”, due to either a low
serotoninergic drive from the
perivascular nerves or a reduced
number of 5-HT receptors on the
smooth muscles of the artery."”

Although all of the above drugs have
the ability to block or stimulate 5-
HT receptors, none of them is
selective enough for 5-HT receptors
nor effective enough clinically to
convincingly argue that this is their
mechanism of action. Their benefit
may result from their
pharmacological effects, be they
mediated through 5-HT receptors or
otherwise, independently of any
pathophysiological involvement of
endogenous 5-HT %" The
vasoconstrictor action of sumatriptan
alone could account for its clinical
efficacy, regardless of the receptor
mechanism involved.

An Endotheliopathy

In a recent review article on the
pathogenesis of migraine,
Appenzeller® makes a case for
migraine being an endotheliopathy.
_The essence of his argument is that
the endothelium mediates vascular
homeostasis. The endothelial cells
synthesise a large number of
vasoactive molecules, some of which
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also have transmitter roles in the
autonomic nervous system. The
large molecules include fibronectin,
heparin sulfate, interleukin-1, and
tissue plasminogen activator. The
smaller molecules include
prostacyclin, endothelium-derived
relaxing factor (EDRF), platelet-
activating factor, endothelin-1 and
angiotensin II. Two of the smaller
molecules, prostacyclin and EDRE,
may be of particular importance for
migraine.

Prostacyclin is a powerful vasodilator
that is released by endothelial cells in
response to disturbances of its

Drug-interactions with specific
5-HT receptor subtypes may
be the basis for their success in
treating migraine

membrane. The disturbances may be
either mechanical or chemical and
include those caused by increased
pulsatile pressure, endogenous
mediators (including 5-HT) and
some drugs. The very short half-life
of prostacyclin in the circulation, less
than one circulation time, makes it is
a local (paracrine) hormone rather
than a circulating one. It acts locally
to relax the subendothelial smooth
muscle cells and to prevent platelet
aggregation.

Endothelium-relaxing factor
(EDREF), which has now been shown
to be identical to nitric oxide, is
indispensible for vasodilation induced
by ACH. Itis an example of another
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local hormone, being rapidly
inactivated by haemoglobin in the
circulation. A focal abnormality in its
release may be important in the
pathogenesis of migraine auras.

Thus, the endothelial cell is not just a
semipermeable membrane between
blood and vascular smooth muscle.
Rather, it is a highly active metabolic
endocrine organ that produces a
number of substances important for
vascular and neural homeostasis.

Discussion

1. Are the platelet abnormalities
primary or secondary?

One of the most consistent and
relatively specific biologic alterations
that attends migraine attacks is
decreased platelet 5-HT levels.®
Further, the detection of changes in
platelet activation in migraine
sufferers between attacks, led to the
hypothesis that platelet activation was
the primary rather than a secondary
feature of migraine." However, a
primary platelet abnormality implies a
peripheral source for the abnormality
in 5-HT levels which leads us to a
contentious second question.

2. Is the abnormality in 5-HT
peripheral or central?

A primary peripheral abnormality of
5-HT (the humoral theory) has
seemed unlikely for a number of
reasons. Firstly, there has been
doubt about whether the amount of
5-HT released from platelets is
sufficient to cause significant
vasoconstriction. Although the fall in
platelet 5-HT in migraine attacks is
sufficient theoretically to result in a
pharmacologically significant
transient increase in plasma 5-HT, it

SA Huisartspraktyk Januarie 1994



has been assumed that the plasma
5-HT changes do not have an
important role in the regulation of
arterial tone because of studies that
show no difference in arterial tone
with infusion of 5-HT. Secondly,
headache is not a feature of the
carcinoid syndrome where plasma
5-HT levels are excessive.” Thirdly,
the consistent localisation of
neurological phenomena and the
alternating pattern of hemicrania
would be difficult to explain by a
global action of circulating 5-HT.
Fourthly, there is no evidence that
5-HT receptors in human temporal
arteries differ between migraine
sufferers and nonsufferers.* Finally,
absolute levels of 5-HT do not
correlate with headache.

Understandably, this led to the
consideration of a central mechanism
with 5-HT acting as a
neurotransmitter rather than as a
peripheral vascular agent. Brainstem
raphe nuclei containing 5-HT have
important upstream and downstream
connections* and it has been
hypothesised that the headache is
mediated via 5-HT by the trigemino-
vascular system.® Of interest, the
increased amounts of 5-HIAA
measured in the urine during attacks
are considerably more than can be
explained by the release of 5-HT
from platelets.” Thus, it may be that
changes in the plasma levels of 5-HT
and its metabolite, 5-HIAA, reflect
more important disturbances in 5-
HT levels in the brain at the onset or
during a migraine attack.

However, the postulation of local
hormone effects rendered through
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prostacyclin and EDRE, for example,
circumvents most of the arguments
above and allows for a platelet
abnormality to be reconsidered as the
primary event in migraine, rather
than as a secondary manifestation of a
systemic disturbance of 5-HT.

3. Prophylaxis for patients at risk?
Patients with continuous platelet
activation; that is, those with
increased B-TG, PF4, and 5-HT
plasma levels during headache-free
intervals as well as during headaches,
would seem to be at risk for
cerebrovascular accidents. The

The endothelial cell may be
the most likely site of the
primary abnormality in
migraine

argument for prophylaxis with anti-
platelet drugs' would be even more
compelling if the platelet abnorm-
alities (with increased aggregation
and adhesion) are primary.

4. A common mechanism?

Patients with migraine are not the
only ones to have continuous platelet
activation; patients suffering from
tension type headaches also have
been found to have elevated B-TG,
PF4, and 5-HT plasma levels both
during and between headaches.
Certainly, one potential explanation
for this could be that the elevation of
these substances is a nonspecific
consequence of the pain. However,
the platelet decrease in the same
substances (which presumably leads
to the plasma increase of the same)

21 SA Family Practice January 1994

seems not to be a generalised
response to pain or stress* and thus
provides one possibility for a
common underlying mechanism for
migraine and tension-type headaches.

5. Is migraine an endotheliopathy?

I think this hypothesis deserves
turther consideration. The
endothelial system would seem to
have the capability of mediating all of
the manifestations of migraine and
the concept of local hormones
provides a mechanism for the
localisation of both aura and
headache.

Conclusion

The location of the primary
abnormality of migraine remains a
mystery. Previous papers presented
the evidence for it being vascular,?
and neurogenic.® This paper
presented evidence of platelet
abnormalities, disturbances in 5-HT
levels, and recent cellular research
concerning the endothelial cell that
informs us of its potential to mediate
all of the manifestations of migraine.
But perhaps none of these theories
hold the answer. The next paper in
this series considers the possibility
that the primary event in migraine is
psychological.
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