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INTRODUCTION

Migraine can be defined as afamilial disorder of un-
known etiology, characterized by recurrent attacks
of headache, commonly unilateral and variable in in-
tensity, frequency and duration. Data on the fre-
quency of migraine in the general population are
conflicting.

Disturbance of cerebral blood vessels seems to be
important in the pathogenesis of migraine. Initially
the aura or prodromal phase occurs associated with
vasoconstriction of intracerebral arteries leading to
cerebral ischaemia and resulting in cerebral mal-
function, such as hand numbness or disorder of vi-
sion. This is succeeded by vasodilatation of extra-
cerebral arteries causing headache and tenderness
(2). Vacoactive compounds seem to be very import-
ant in provoking a migraine attack. 5—hydroxytrypt-
amine (5—HT, serotonin) is one of the vasoactive
compounds.

5—HYDROXYTRYPTAMINE

Although the platelets contain about 99 % of the
blood 5—HTthey cannot synthesize 5—HT due to the
lack of enzymes necessary for synthesis. However
they can catabolize 5—HT. It is actively taken up by
platelets and released when the platelets aggreg-
ate. 5—HT is also released in response to various sti-
muli such as catecholamines (2).

Since platelets have been considered to be possibly
related to the pathogenesis of migraine, they have
been extensively studied. Sicuteri et al. (3) first sug-
gested arole for 5—HT in the physiopathology of mi-
graine. They observed alterations in plasma 5—HT of
migraine patients and they reported an increase in
urinary excretion of 5—hydroxyindoleacetic acid, a
breakdown product of 5—HT, during migraine at-
tacks. Increase of 5—HT during migraine attacks has
also been shown by other investigators (4—6). In
1979 Muck—Seller et al. (7) found that the mean
platelet concentration of S—HT in non—migraine
subjects was similar to that of migraine sufferers
during a headache—free period, but during a mi-
graine attack a significant decrease in platelet S—HT
occured. They have suggested thatthere isa platelet
abnormality in some migraine sufferers and during
a migraine attack a 5—HT releasing factor is pres-
ent.

The release of 5—HT from platelets increases plas-
ma 5—HT. The release of histamin and proteolytic
enzymes from mast cells are also postulated to oc-

cur during the prodromal phase (8). High plasma le-
vels of 5—HT cause a profound vasoconstriction and
a decrease in cerebral blood flow, which may give
rise to prodromal symptoms (9). The presence of
free 5—HT and histamine cause a marked increase
in capillary permeability. This allows transudation of
5—HT as well as free plasma kinins into the vessel
wall, thus lowering the local pain threshold (8,10). At
this point, 5-HT is rapidly taken up by the platelets
and the spleen and rapidly excreted by the kidneys.
The net effect is a precipitous fall in plasma 5—HT le-
vels (8,11). In an environment of relative 5—HT de-
pletion the involved vessels dilate and passively dis-
tend, resulting in the classic pulsatile headache.
Sterile inflammation develops in perivascular tissue
and nerve endings around the vessel wall become
sensitive (8,10). 5—HT appears to function as an in-
hibitory neurotransmitter for some brain stem neu-
rons associated with the perception and integration
of pain. These neurons are within the raphe nuclei
(12).A relative deficiency of central 5—HT, which has
been demonstrated in migrainours, would lead to a
disinhibition ofthese central pain centers, manifest-
ing as hyperalgesia to afferent pain impulses
(13,14). The 5—HT lowering in migraine leads to hy
persensitivity of the vomiting centre in the medulla
oblongata, perhaps explaining the nausea frequent-
ly experienced in migraine. Furthermore interrup-
tion of aminergic neuronal pathways in the hypo-
thalamus is thought to be responsible for the mood
changes observed in migraine. Lowered brain 5—HT
has been shown in experimental animals to give rise
to irritability and indeed, irritability is often seen in
the initial stage of a migraine attack. Bright light
and stress are capable of reducing brain 5—HT le-
vels, it is interesting that both are documented trig-
gered of migraine. Migraine sufferers could con-
ceivably experience widely fluctuating 5—HT levels in
the peripheral compartmentwhile exhibiting chroni-
cally low 5—HT levels in the centra*compartment
since 5—HT does not readily transverse the blood
brain barrier (13). 5—HT may act also upon the ca-
rotid body via a chemoreceptor and hence influence
vascular calibre indirectly (15). On the other hand,
transient blood brain barrier damage has been re-
ported in migraine (16).

Why do platelets lose their ability to retain 5—HT at
the beginning of a migraine attack? As previously
mentioned it has been supposed that the decrease
in platelet 5—HT concentration is caused by the
presence of a platelet 5—HT releasing factor(s),
which appear in 'the blood during the attack

31



Marmara Medical Journal

(7,17,18) and the platelet release reaction occurs
while the migraine attacks develop (19).

There is evidence that changes in bulk lipid fluidity of
the platelet membrane affect its aggregation. In mi-
graine lipid fluidity has been reported to be in-
creased (20,21). The content of phosphatidylcholine,
the amount of arachidonic acid in phosphatidylcho-
line and the amount of unsaturated fatty acids in
phospholipids of platelet membrane are found to be
increased in migraine patients. Therefore it is sug-
gested that platelet membrane lipid composition
may play a role in the frequency and severity of mi-
graine attack (22).

TYRAMINE

Another vasoactive amine which is important in mi-
graine is tyramine. TYramine occurs in the body
partly as the result of endogenous synthesis by de-
carboxylation of tyrosine and partly from the diet.
Tyramine itself is avasoactive amine and it can be di-
rectly responsible for the initial vasoconstriction in
migraine. Furthermore tyramine can displace 5—HT
from storage sites in platelets and therefore it may
be one of the 5—HT releasing factors. Now it has
been known that tyramine rich foods such as cheese
and citrus fruits are migraine triggerers. What isthe
reason that tyramine can induce migraine in mi-
graine sufferers but notin control subjects? There is
evidence of defective tyramine metabolism in some
migraine sufferers possibly enabling tyramine of
dietary origin to remain longer in the circulation.
About 15 % of ingested tyramine is converted into
tyramine—O—sulphate in normal subjects but tyra-
mine—sensitive migraine sufferers excrete signifi-
cantly lower amounts (23—25).

MONOAMINOXIDASE

Monoamine oxidase (MAO) is one ofthe principal en-
zymes involved in the metabolism of monoamines
such as 5—HT, tyramine, phenylethylamine, and
catecholamines by the process of oxidative deami-
nation. On electrophoresis basically two forms of
MAO are observed; MAO—A, which prefers 5—HT as
substrate and MAO—B which prefers phenylethyla-
mine. Both isoenzymes can metabolize tyramine
and noradrenaline. A deficiency in platelet MAO—B
during migraine attack has been observed. This can
lead to defective inactivation of vasoactive amines
and could cause local accumulation of amines, per-
haps in the lungs, with subsequent release into the
systemic circulation and eventually the cerebral cir-
culation (26—30).

CATECHOLAMINES

Increased sympathetic activity and altered catechol-
amine metabolism has been described in migraine.

Increased excretion of 4—hydroxy—3—methoxy—
mandelic acid (4), lowered MAO activity in platelets
(26-30) and elevated plasma noradrenaline con-
centrations are reported during migraine headache
(31). Noradrenaline is a vasoactive amine and may
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exert an effect upon the cerebral vasculature which
is important in the pathogenesis of migraine. Also,
noradrenaline is capable of causing platelet aggre-
gation and 5—HT release consequences of which are
described above. Serum dopamine —p—
hydroxylase (D(iH) concentration has been reported
to be an indirect measure of peripheral sympathetic
activity (32). It is considered to be more reliable in-
dex than the concentration of noradrenaline, since
noradrenaline is rapidly inactivated by pre—and
post—unctional uptake (33). D|3H, the final enzyme
in the biosynthesis of noradrenaline is localized in
the noradrenaline—storage granules at the sympa-
thetic nerve endings innervating blood vessels and
upon sympathetic stimulation it is released by exoc-
ytosis in quantities proportional to the amount of
noradrenaline released. The enzyme has been re-
ported to be increased in the serum of migraine pa-
tients (34,35). It has been suggested that the eleva-
tion of DpH may be the result of either primary in-
volvement of noradrenaline in the pathogenesis of
migraine or heritable instability of the vascular sys-
tem in migraine sufferers. The factthat stress is not
only an important precipitating factor of migraine
attacks but is also associated with elevated plasma
catecholamine concentrations, especially noradren-
aline, adds supportto the concept of abnormal sym-
pathetic control in migraine (36,37).

PROSTAGLANDINS

It has been reported that platelet adhesivenes and
aggregation is increased during the intervals and
prodromal phases of migraine (2,38). Thromboxane
A2(TXA2),(the main metabolite of ara'chidonic acid in
platelets) isformed bythromboxane synthetase and
prostacyclin is formed by prostacyclin synthetase in
the vascular endothelial tissue and white blood cells.
The local balance between TXA2and prostacyclin is
the important determinant of platelet aggregabil-
ity. TXA2is a potent platelet aggregant and vasocon-
strictor and it stimulates 5—HT release from plate-
lets. Prostacyclin, on the other hand, is a potent inhi-
bitor of platelet aggregation and a vasodilatator. In-
hibitors of prostaglandin synthesis, especially
thromboxane synthetase are found to be effective in
the treatment of migraine (39-41). These results
support the role of the metabolites of arachidonic
acid in the pathogenesis of migraine. In addition,
during the headache—free period in migraine, dec-
reased platelet TXA2 formation is observed and it
may be due to an increased consumption of arachi-
donic acid in the platelets during migraine attacks
(42).

FATTY ACIDS

Some fatty acids have been shown to act as "platelet
5—HT releasing factors". Long chain, saturated fatty
acids such as stearate, linoleate, linolenate and ole-
ate can promote the liberation and subsequent met-
abolism of arachidonic acid in blood platelets (43).
Products of this metabolism (TXA2PGG2PGH2) can
induce aggregation and release of 5—HT from blood
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platelets (43,44). A remarkable correlation between
the rise of free fatty acids and hyperaggregability of
the platelets during migraine episodes have been
observed (45,46).

CHOLESTEROL

Cholesterol also has been found to have a proaggre-
gatory effect on the blood platelets (47,48). Choles-
terol stimulates the activity of platelet cyclo—oxyge-
nase and then cyclic prostaglandin endoperoxides

(PGG2, PGH2) and TXAZ are synthetized. These sub-
stances stimulate platelet aggregation and release
(49). The level oftotal blood cholesterol has shown a
heterogenous distribution in migrainours. In some
of the migrainours having lower platelet aggrega-
tion during headache—ree intervals, high cholester-
ol levels have been found. Therefore the total blood
cholesterol is suggested to be one of the factors
which define a portion of migraine population (46).
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OTHERS

Certain factors clearly precipitate migraine attacks
in susceptible patients, but their clinical importance
is the subject of much debate (50—52). Many pa-
tients have no identifiable precipitating factors and
these patients often report inconsistent responses.
Some of the more common precipitating factors are
food, fasting, light, sleep and fever. The foodmost
commonly cited as triggering agents are presented
in descending rate of frequency: chocolate, alcohol,
cheese, monosodium glutamate, nuts, citrus fruit,
meat, coffee, nitrates, fish, dairy products, onions,
hot dogs, pizza, wheat products, banana, tomatoe,
apple, and various vegetables. Fasting or ingestion
of chocolate, cheese, alcohol produce a sharp rise in
plasma free fatty acid levels. High circulating levels
of free fatty acids can release 5-HTfrom platelets.
On the other hand, some of the foods include tyra-
mine, phenylethylamine and allergic factors (53).

5-HT RELEASING FACTOR(S):
Tyramlne, Fatty acids, Catecholamines,
Prostaglandins (TXA2 )

(aurophase)

—

5-HT OPTAKE:
Catabolism and excretion

Extracerebral
vasodilatation <

(headache phase)

PLASMA 5-HT |

Fig 1 Summary of biochemical events proposed to occur in the migraine process
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Recently, attention has been focused on the biologi-
cal effects of other arachidonic acid metabolites,
particularly of those involved in lipoxygenase path-
ways, such as leukotrienes. It is also shown that the
leukotrienes are present in the central nervous sys-
tem and some evidence has been provided of a neu-
roendocrine role of leukotriene C4 in rat brain
(54,55). Although the role of lipoxygenase pathway
metabolites in the pathogenesis of migraine is not
yet well established, some recent reports point to
potential involvement of leukotriene D4in the regu-
lation of intracranial blood flow (56). It is also an in-
teresting finding that increased amounts of leuko-
triene B4was obtained during the prodromal phase.
Greater amounts of leukotriene CAwas obtained at
the beginning of the attack phase. In other words
the onset of migraine attack is initially accompanied
by the presence of leukotriene B4in blood and sub-
sequently by the appearance of leukotriene CA4 Leu-
kotriene B4 is mainly released from leucocytes.
Therefore it is suggested that the lipoxygenase
metabolites may result from an extraplatelet origin
and leukotrienes play a role in the regulation of pla
telet response to aggregation inducers (57).

CONCLUSION

In summary, migraine is adisorder that recurs at in-
tervals. Platelets show a gradual increase in poten-
tial 5-HT release between attacks and an attack can
only occur when certain factors reach a critical level
(Fig. 1). When this significant increase in 5—HT re-
lease takes place, it appears to trigger the complex
chain of vascular responses and biochemical events
that characterize the migraine attack. For the time
being the biochemical and physiological events that
initiate and perpetuate the migraine headache re-
main poorly understood. Therefore many people
suffer from migraine expecting the discovery of the
definite explanation and treatment of the disease.
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G. KORE
INGILTERE

JAPONYA

INGILTERE

INGILTERE

in giltere
B. ALMANYA
G. KORE

B. ALMANYA
FRANSA

JAPONYA

k.lrtanda

Gentek Tibbi Cihazlar Tic. Ltd. Sti.
IMC 1 Blok, No.1526

34460 Unkapani/ISTANBUL/TURKEY
Tel : (1) 52234 24 - 511 99 71

Fax: (1) 141 71 64

URETTIGI TIBBi CIHAZLAR

Mikroskoplar, Mikrotom, Refraktometre, Polarimetre,
Kolorimetre, Glikoz Analizér, Kan Hucre Sayicilar,
Otoklavlar

Blok Otoklavlar, EO Sterilizatoér, Dondurucu
Mikrotom, Ultrasonik Temizleyiciler.

Cesitli boy ve tipte laboratuvar Santrifujleri
Freeze Dryers
Laboratuvar Kitleri

Elektroforez, Densitometre, Kuvvet Kaynagi,
Kimyasal Malzeme

Laboratuvar Cam Esyasi

Komple Laboratuvar Cihaz ve Malzemesi

Blok Sterilizatér, Kum Hava Firini,
Su Tasfiye Cihazi

Derin Dondurucular
Kan Saklama Dolaplari

Kivéz, Aspirator (Cerrahi-Kadin-Dogum),
Ameliyat Masa ve Lambasi

EKG (Tek ve Cok Kanalli), Treadmill,
Stress Test System, Cardiac Monitoring System.

Anestezi Cihazlari

Oksijen Terapi Cihazlari, Ayiltma ve
Hayata Dondurme Cihazlan

Cerrahi El Aletleri

Cerrahi EI Aletleri

ipek, iplik, Katgiit, igne

Réntgen Cihazlari (Sabit - Seyyar)
Rontgen Aksesuarlari

Cevre ve Gida Urunleri Analizérleri
Fetal Monitor, Fetal Dedektor, Kivoz,

Aspiratér (Kadin-Dogum), Isi Terapi Unitesi,
Dondurucu Parca Temizleyici Kolposkop

Gaz Kromotograli Cihazlari



