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The Role of Humoral Mediators in Migraine Headache

SUMMARY: The classical vascular
mechanism of migraine attacks demon-
strated by Wolff — intracranial vasocon-
striction during the prodromal stage and
passive vasodilatation of extracranial
arteries during the painful phase — has
been confirmed by modern methods. Ar-
terial distension is, however, not suffi-
cient to explain the origin of the pain: to
give rise to an acute migraineous pain, it
must be associated with a lowered pain
threshold of the receptors situated in the
wall of the affected vessels. A number of
humoral factors — plasmakinin, seroto-
nin, histamine — intervene in the chain
of events that culminates in migraine
headache.

At the start of the attack, the blood
Dlatelets release serotonin, the .mast
cells in the affected area release his-
tamine and proteolytic enzymes that
split plasmakininogens to form plas-
makinins. Free serotonin and histamine
increase capillary permeability and

RESUME: Le mécanisme vasculaire
classique de la crise migraineuse mis
en évidence par Wolff — vasoconstric-
tion des vaisseaux craniens pendant les
prodromes et vasodilatation passive des
arteres extracraniennes a la phase dou-
loureuse — a été confirmé au moyen
de méthodes modernes. La distension
artérielle ne suffit cependant pas a ex-
pliquer la genese de la crise; pour pro-
voquer une douleur migraineuse, elle
doit étre associée a un abaissement du
seuil douloureux des récepteurs situés
dans la paroi des vaisseaux atteints.
Divers facteurs humoraux — plasmakin-
ine, sérotonine, histamine — intervien-
nent dans !'enchainement des phéno-
meénes qui aboutissent a la céphalée
migraineuse.

Au début de la crise, les plaquettes
sanguines libérent de la sérotonine, les
mastocytes de la région atteinte libérent
de !’histamine et des enzymes pro-
téolytiques scindant les plasmakinino-
genes en plasmakinines. La sérotonine
et I'histamine libérées augmentent la
perméabilité et favorisent la transsuda-
tion de plasmakinine dans les parois des
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favor transudanon of plasmakinin into
the vessel walls and perivascular tissues.
The combined effect of serotonin and
plasmakinin on the vessel wall receptors
reduces their pain threshold. On the
other hand, the bulk of the released
serotonin is excreted as 5-HIAA, and
plasma serotonin falls. Since serotonin
has a constricting effect on the extracra-
nial arteries and a dilating one on the
capillaries, the fall in its plasma level
induces hypotonia of these arteries and
capillary constriction, which results in a
passive distension of the arterial walls.
The two factors necessary for the pro-
duction of pain are thus present: a low
pain threshold and vascular distension.

In addition to these three main
humoral mediators, the part played by
tyramine in migraine of alimentary
origin, the precipitating ejfect of es-
trogen decrease in mentrual migraine
and the hypothetical role of prostaglan-
dins and prolactin are discussed.

vaisseaux et les tissus périvasculaires.
L’effet conjugué de sérotonine et de
plasmakinine sur les récepteurs des
parois abaisse leur seuil douloureux.
Par ailleurs, la plus grande partie de
la sérotonine libérée est excrétée sous
forme d’acide 5-HIA, et la sérotoniné-
mie s’abaisse. La sérotonine ayant un
effet constricteur sur les artéres extra-
craniennes et dilatateur sur les capil-
laires, la chute de son taux plasmatique
s’accompagne d’un hypotonus de ces
arteres et d’une constriction capillaire,
aboutissant a une distension passive des
parois artérielles. Les deux facteurs
nécessaires a la genése de la douleur
sont dés-lors réunis: distension vas-
culaire et abaissement du seuil dou-
loureux.

En plus de ces trois principaux mé-
diateurs chimiques, I'action de la
tyramine dans les migraines d’ origine
alimentaire, I'effet déclenchant de la
baisse du taux d’oestrogenes dans les
migraines menstruelles, et le réole
hypothétique des prostaglandines et de
la prolactine sont discutés.
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THE CLASSICAL
VASCULAR THEORY
According to the American ‘‘Ad
hoc Committee on Classification of
Headache’’, migraine belongs to the
group of ‘‘vascular headaches’’.

The vascular mechanism of mi-
graine attacks has been thoroughly
studied and documented by Wolff
and his co-workers (1948, 1963).
Their conclusions — intracranial
vasoconstriction in the prodromal
phase and vasodilatation, especially
extracranial, in the pain phase — are
still valid today, and have been con-
firmed with the aid of modern tech-
niques. Thus, Skinhgj and Paulson
(1969 and 1971) measured regional
cerebral blood flow with the in-
tracarotid 133Xe injection method
and found a diminished flow during
the prodromata and an increased one
during the painful phase. O’Brien
(1971) obtained similar findings with
the 133Xe inhalation method.

These vascular changes do not
however tell the whole story. It had
long been observed, for instance,
that in the course of a unilateral
migraine attack the temporal arteries
on both sides can be hyperpulsating
(Graham and Wolff, 1937), and that
in migraine patients distension of
these arteries may be seen not only
during attacks, but also on the days
preceding them, i.e. outside the
painful phases (Wolff, 1963).

HUMORAL MECHANISMS
As early as 1958 it was dem-
onstrated that the sensitivity of the
conjunctival vessels to norad-
renaline is increased before and very

Medical Counsel, Pharmaceutical Research &
Development, Sandoz Ltd., Basle, Switzerland.

Reprint request to Dr. A. Fanchamps M.D., c/o
Sandoz Ltd., CH-4002 Basle, Switzerland.

AUGUST 1974 189


https://doi.org/10.1017/S0317167100119249

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

greatly reduced during the migraine
attack (Ostfeld et al., 1958); it is
likely that this phenomenon, readily
observable in the eye, also affects
other vessels of the head.

The role of humoral factors in
precipitating migraine headaches has
received growing attention in the
past decade, especially on the part of
the groups headed by Wolff in New
York, Sicuteri in Florence, Lance in
Sydney, and various English and
Scandinavian authors.

Let us first review the most salient
findings:

—During the attack, local edema
due to increased capillary per-
meability develops around the ex-
tracranial vessels in the painful
zone. The deep pain threshold in
this zone is lowered (Wolff, 1963).

—The perivascular edematous fluid
contains a polypeptide of the
plasmakinin type, called ‘‘neuro-
kinin’ by Wolff. The blood level
of plasmakininogen is reduced,
indicating increased formation of
plasmakinin (Wolff, 1973).

—Kangasniemi et al. (1972a) found
an increase in proteolytic enzymes
in the cerebrospinal fluid of half of
migraine sufferers during and after
an attack; these proteolytic en-
zymes are capable of splitting
plasmakinogens to form plas-
makinins.

—The mast cells in the skin and
scalp of the painful zone are de-
creased in number and degranu-
lated during and after the attack
(Sicuteri, 1963). This degranula-
tion implies liberation of his-
tamine, proteolytic enzymes
(Hopsu et al., 1963) and possibly
serotonin.

These facts all point to the conclu-
sion that plasmakinin is formed dur-
ing migraine attacks. Plasmakinins
are known to provoke local pain and
to lower the pain threshold. It is thus
logical to assume that a plasmakinin,
which with Wolff we may call
‘““neurokinin’’, plays a role in the
pathogenesis of migraine pain.

This is not , however, the only
element at work, for other findings
have implicated other biogenic
amines.
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During the attack, the mast cells
also release histamine. This en-
dogenous substance produces a
short lasting vasodilatation and in-
creases permeability.

The role of histamine in classical
migraine appears to be limited to
enhancing permeability, which
favors transudation of plasmakinin.
The vasodilator effect is probably
not an important factor, in that Wolff
(1963) has demonstrated that the
short-lived headache caused by an
injection of histamine is essentially
due to intra-cranial vasodilatation,
and not extracranial as in migraine
headache.

Histamine plays a leading role, on
the other hand, in cluster headache,
or Horton’s histaminic cephalgia. In
subjects suffering from this syn-
drome, injection of histamine gives
rise to a typical attack. Lance’s
group also recently demonstrated
that the blood histamine level is in-
creased during attacks of cluster
headache, which is not true in mi-
graine (Anthony and Lance, 1971).

The interest of research-workers
has been centering more on seroto-
nin, especially since the discovery of
a prophylactic anti-migraine action
on the part of certain serotonin an-
tagonists.

Sicuteri et al. (1961), noted in-
creased excretion of 5-hydroxyin-
doleacetic acid (5-HIAA), the
main metabolite of serotonin, dur-
ing migraine attacks. This finding
was confirmed by Lance’s group
(Curran et al, 1965) and by Kan-
gasniemi et al. (1972b) and others.

Shortly after, Lance’s group
found that the plasma serotonin
level is slightly increased before
and is greatly reduced during the
attack (Anthony et al., 1967:
Lance, 1969). This has been con-
firmed by Hilton and Cumings
(1972).
There is indirect evidence that in
migraine subjects the receptor
sites of the blood platelets accept
and retain serotonin less readily
than in healthy individuals (Hilton
and Cumings, 1972).
These three related findings indi-
cate that at the start of a migraine
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attack serotonin is released from its
natural storage site, the blood
platelets, and is then excreted in the
form of S5-HIAA, resulting in the
observed fall in serotonin plasma
level.

Serotonin exerts a vasoconstrictor
effect on the extracranial arteries
(Lance et al., 1967), and a vas-
odilator effect on the capillaries.
This finding led Lance to suppose
that the fall in plasma serotonin
levels during migraine attacks is one
of the factors responsible for the loss
of tone of the extracranial arteries
and for their passive distension, the
more so since the capillaries are
constricted at the same time (Lance,
1969); and indeed sufferers of true
migraine are almost always pale dur-
ing attacks.

This probable role of reduced
blood serotonin in the genesis of
migraine headache is corroborated
by the fact that monoamine oxidase
inhibitors, which prevent the break-
down of serotonin, have a certain
preventive action on migraine (Kim-
ball et al., 1960; Perrault, 1963).

Further, injection of reserpine,
which reduces the serotonin level
artificially by causing depletion of
blood platelets and increased excre-
tion of 5S-HIAA (Figure 1), can pre-
cipitate a typical attack of migraine,
which in turn can be relieved by
injection of serotonin (Anthony et
al., 1969).

The hypothesis proposed by
Lance et al. (1967), attributing a
major role to the fall in blood sero-
tonin levels, is thus a very likely one,
although a possible role of serotonin
depletion in the brain — also caused
by reserpine and prevented by MAO
inhibitors — should also be borne
in mind. Sicuteri (1973) recently
demonstrated the preventive effect
of treatment with S-hydroxytrypto-
phan, a serotonin precursor which
can cross the blood-brain barrier
and gives rise to an increase in
serotonin levels in the brain.

Whatever the case may be, a
pathogenic role of a peripheral
and/or central reduction in serotonin
levels might appear difficult to re-
concile, at first sight, with the
prophylactic antimigraine effect of
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TABLE I

Inhibiting Effect of Analgesics and Serotonin-Antagonists on Spasms
Provoked by Intra-Peritoneal Injection of Acetic Acid in Mice

ED 50
Mg/Kg s.c.
1 h. before Acetic Acid
Morphine 0.18
Aminopyrin 34.0
LSD 25 0.17
Methysergide SS;";:: 3.0

METHYSERGIDE

—— - el e —— ———— o— —— . —— — ————

SEROTONIN
PLASMA LEVEL

-3
RESERPINE :‘%,

°
Y 50%
MIGRAINE

SEROTONIN
RELEASE

S5-HIAA /'

EXCRETION

Figure 1—An injection of reserpine mimicks the changes affecting serotonin during a
migraine attack: release from blood platelets, increased excretion in the form of
5-HIAA, a fall in plasma level. It is not surprising that an injection of reserpine
should precipitate a typical migraine attack in susceptible subjects. and that this
attack can be aborted by an injection of serotonin. The reserpine-induced serotonin
release is antagonized by methysergide.

SPASMS PROVOKED BY INTRAPERITONEAL INJECTION OF ACETIC ACID IN MICE
EFFECT OF A PREVIOUS INJECTION OF SUBSTANCE 48/80

NUMBER OF
SPASKS/20 MIN

100
80
60 -
40
20
TIME BETWEEN
CONTROLS 1w 2 H 5H 200 48/80 s.c. AD
ACETIC ACID 1.P,

SUBSTANCE 48/80, 1MG/KG S.C.

Figure 2—Intraperitoneal acetic acid test in mice. Previous injection of substance
48/80 reduces the pain reaction (writhing); an optimum effect is obtained with a time
lag of 5-20 hours to permit maximum depletion of serotonin. The ordinates show the
average number of spasms per animal over 20 minutes.
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serotonin antagonists. In fact, how-
ever, there is no real contradiction
even if the ‘‘serotonin-like’’ effect of
these antagonists postulated by
Lance (1969), but never demon-
strated, is left out of consideration.
In addition to its effects on vascular
tone, serotonin possesses humoral
properties which give it two other
sites of action in the mechanism of
migraine headache:

—Like histamine, serotonin in-
creases capillary permeability, and
its release promotes transudation of
plasmakinins.

—Furthermore, it has been proved
in animals and man that serotonin
exerts a peripheral pain-sensitizing
action.

In an experimental study in mice,
Neuhold and Taeschler (1963)
showed that the painful reaction to
intraperitoneal injection of acetic
acid, manifested as writhing of the
trunk and limbs, requires the pres-
ence of serotonin. If serotonin deple-
tion is brought about by previous
injection of substance 48/80 (Figure
2), or of reserpine (Figure 3), the
writhing reaction is attenuated. Sub-
stance 48/80 also causes depletion of
histamine, but the latter plays no
part in the causation of the pain,
since depletion of histamine alone by
polymyxin B does not affect the
painful reaction (Figure 4). If the
breakdown and depletion of en-
dogenous serotonin is prevented by
a monoamine oxidase inhibitor, sub-
stance 48/80 no longer diminishes
the painful reaction (Figure 5). The
same is true if exogenous serotonin
is injected previously (Figure 6). Fi-
nally, the writhing reaction is re-
duced not only by morphine, but
also by serotonin antagonists such
as LSD 25 or methysergide (Table
D.

A similar facilitating role of
serotonin in pain causation was
shown in man by Sicuteri et al.
(1965), who injected serotonin or a
plasmakinin, bradykinin, into a vein
of the back of the hand. Neither
bradykinin (l4¢-) nor serotonin
(250, injected alone produced a
local pain. But if bradykinin (0. 1#7)
is preceded by an injection of
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SPASMS PROVOKED BY INTRAPERITONEAL INJECTION OF ACETIC ACID IN MICE headache: methysergide stabilizes

EFFECT OF A PREVIOUS INJECTION OF RESERPINE the vessel tone, potentiates

catecholamines and inhibits the

NUMBER OF serotonin-releasing effect of re-

sPASMS/20 MIN serpine on platelets (Owen et al.,

120 | 1971); pizotifene or BC 105 in-

hibits the re-uptake of norad-

100 SEDATION renaline in nerve endings as well

as the uptake of serotonin at stor-

80 age sites (Salzmann and Kalberer,

1973), and exerts potent antihis-

60 tamine and moderate anti-

W0 bradykinin action (Roemer, 1965
and 1969).

20 Let us now attempt to arrange this

1 mll harvest of data into a logical chain of

‘ m" — events leading to the migraine

conTRoLs 0,00 0,003 0,01 0,05 01 03 L0 3.0 headache. As a first step, it is pos-

sible to confirm the theory of Wolff

RESERPINE S,C, SH BEFORE ACETIC ACID I.P. (1963) according to which two ele-

Figure 3—Dose-effect relation of reserpine, a serotonin depleting agent, on the m;nts must be present to elicit a
writhing reaction to intraperitoneal acetic acid. A considerable preventive effect is  migraine headache:

btained with a d f ine (0.1 kg) that d t yet produce sedation. .
obtained with a dose of reserpine (0.1 mg/kg) that does not yet produce i 2 loss of tone of the extracranial

arteries, giving rise to their pas-

serotonin (2504¢) 2 minutes previ-  —on the other hand the action of sive distension (especially if the

ously, a severe pain ensues. free serotonin, producing in- capillaries are simultaneously
The effects of the release of creased permeability and a lower- constricted)

serotonin from the platelet stores are ing of the pain threshold. Itis here  _an increased sensitivity of the pain

thus of two orders: that the locus of attack of an- receptors of the arterial walls, cor-

—on the one hand an increased tiserotonin agents may be pre- responding to a lowered pain
serotonin excretion and a fall in sumed to be, although these drugs threshold of these structures.
blood level, contributing to the have in addition other phar- . . .
hypotonia of the extracranial ves- macodynamic effects intervening A further step is depicted in Fig-
sels; in the mechanism of migraine e 7. which illustrates the follow-

ing hypothetical mechanism. At the

start of the attack the blood platelets

SPASMS PROVOKED BY INTRAPERITONEAL INJECTION OF ACETIC ACID IN MICE release serotonin .®’ while mast

EFFECT OF A PREVIOUS INJECTION OF POLYMYXIN B cells release histamine and proteoly-

tic enzymes (). Serotonin and his-

tamine increase capillary permeabil-

ity @, thus promoting transudation

of a plasmakinin @ (produced by

the action of the liberated enzymes

- on plasmakininogen) into the vascu-

80 B lar wall and perivascular tissue. The

combined action of a plasmakinin &

60 and serotonin ) on the receptors in

the arterial walls reduces their pain
L threshold (D).

On the other hand, the greatest

part of released serotonin is ex-

creted by the kidneys as 5-hydroxy-

NUMBER OF
sPAsMs/20 MIN

100

20

2.0 5.0 10,0 5.0 10,0 whe indoleacetic acid (®), so that plasma

N ) , serotonin level declines (9. The fall

CONTROLS siC 1P, in blood serotonin induces a reduc-
POLYMYXIN B, 24 H BEFORE ACETIC ACID 1.P, tion in tone of the extracranial

Figure 4—Intraperitoneal acetic acid test. The inactivity of polymyxin B, which  Y€SS€ls and a concomitant capillary
releases exclusively histamine, shows that the preventive effect of substance 48/80  €Onstriction » leading to _passive
is not related to histamine depletion. distention of these arteries (1. The
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two elements necessary to produce
headache @ are thus present: a
lowering of the pain threshold and
arterial distension.

PRECIPITATING FACTORS

Research in the last few years has
led to the identification of several
factors which could intervene, in
certain types of migraine, to trigger
the vasculo-humoral mechanism de-
scribed above. Two factors whose
roles have been relatively well
established, and two others which
are still very hypothetical will be dis-
cussed.

Tyramine, the sympathomimetic
action of which comes about chiefly
by way of liberation of noradrenaline
at the nerve endings, is found in
several foods, especially in certain
sorts of cheese. Hanington (1967)
and Hanington et al. (1970) dis-
covered that this amine can precipi-
tate a typical migraine attack, after
a latency of 2-15 h, in sufferers of
dietary migraine. According to Sand-
ler et al. (1970), an enzyme defi-
ciency renders these patients incap-
able of degradating the ingested
tyramine in the intestine, so that it is
absorbed and passes into the blood-
stream. Tyramine releases nora-
drenaline, which does not seem to
play an important part in the genesis
of migraine pain. It also releases
serotonin from the blood platelets
(Bartholini et al., 1961). In vitro
studies by Genefke et al. (1973) have
shown that this tyramine-induced re-
lease is higher in migraine sufferers
than in normal subjects, and that
tyramine inhibits the uptake of
serotonin in the platelets (Genefke
and Dalsgaard-Nielsen, 1973;
Dalsgaard-Nielsen and Genefke,
1973). The mechanism is thus similar
to that of attacks triggered by reser-
pine.

The fall in plasma estrogen levels
appears to be a precipitating factor
in menstrual migraine. Somerville
(1972) observed that if the fall in the
estrogen level is delayed for a few
days by injection of estradiol —
which does not prevent menstrua-
tion from occuring within the normal
time — the migraine attack is de-
layed for the same period. This is
however not the only factor at work,

A. Fanchamps et al
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SPASMS MROVOKED BY INTRA-PERITONEAL INJECTION OF ACETIC ACID Ii MICE
EFFECT OF PREVIOUS INJECTIONS OF 48/80 FOLLOWED BY A MAO-INHIBITOR

48/80 5.,

l

IPRONIAZID S.C,
ACETIC AC, I.P.
¥

L
| 5 1 H-!
NUMBER OF
SPASMS/20MIN
100
50
H — MG/KG S.C.
CONTROLS  48/80 1 1
IPRONIAZID 1

Figure 5—Intraperitoneal acetic acid test. Iproniazid reverses the protective effect of
substance 48/80 on the writhing reaction. Iproniazid acts as a monoamine oxidase
inhibitor, thus preventing the degradation of serotonin released by 48/80.

since at mid-cycle, after the peak of
the ovulation phase, there is an even
more rapid decline in estrogen level
which is rarely followed by migraine
in these patients. Progesterone,
which is also reduced in parallel with
estrogen before menstruation, does
not play a part in this respect, since
the attack of migraine occurs even if

high plasma levels of progesterone
are maintained by daily injections.
Prostaglandins have been adduced
as possible precipitating factors of
migraine (Sandler, 1972), since in-
travenous injection of prostagladin
E1 (PGE1) can give rise to migraine
headache (Bergstrom et al., 1968).
PGE! is retained and partly de-

SPASMS PROVOKED BY INTRA-PERITONEAL INJECTION OF ACETIC ACID IN MICE
EFFECT OF SEROTONIN (5-HT) 0,03 MG/KG I.P. PRECEDED 3Y RESERPIN OR 48/80

RESERPIN S-HT I1.P.
orR 48/80 s.c. 1
ACET.AC.1,P,
¥
his"
NUMBER OF 5H ﬁ_i
SPASMS/20MIN
100
\
80 %
\
60 N\
IR
40 \\\ %
20 § §
NN
CONTROLS resereIN - 0,01 0,01 48/80 1.0 1,0 M/16 s.C.

Figure 6—Intraperitoneal acetic acid test in mice. Injection of exogenous serotonin 15
minutes before acetic acid potentiates the painful reaction in controls and reverses
the protective effect of serotonin depletion obtained with reserpine or substance

48/80.
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stroyed in the lungs, and is released
by infusion of serotonin or other
amines; this release can be blocked
by an antiserotonin, methysergide.
These phenomena, observed in
laboratory animals, have not yet
been confirmed in man. If they do
occur in humans, Sandler suggests
that liberation of prostaglandin from
the lungs in response to a suitable
triggering agent could be a factor in
the migraine mechanism.

The part played by prolactin is
even more hypothetical. Horrobin
(1973) points out that prolactin re-
duces urinary excretion of water,

02 ()RELEASE OF
®HISTAMINE
+
PLASMAKININ-FORMING
ENZYMES

1y RELEASE
[
8O r 51\

®| ——
/O

T SENSITIVITY OF

VESSEL WALLS FOR
PAIN PRODUCING

@ EFFECT OF
PLASMAKININS

l PAIN THRESHOLD

© (]

1 — DECREASE

T = INCREASE

5-HIAA
EXCRETION

sodium and potassium, and that such
reduced elimination is seen just be-
fore the migraine attack; that certain
factors that stimulate prolactin sec-
retion — reserpine, estrogens,
stress — can also precipitate an at-
tack; that serotonin also stimulates
prolactin secretion, and that seroto-
nin inhibitors have anti-migrainous
properties; finally, that certain drugs

— ergot derivatives, clonidine,
MAO inhibitors — which reduce
prolactin secretion are also useful in
the treatment of migraine. While
these arguments are at best circums-
tantial, we decided to study an in-

TRANSUDATION OF
[ PLASMAKININS

— (NEUROKININ)

DISTENSION OF
CRANIAL VESSELS

%0 BLOOD PLATELETS @ MAST CELLS

5-HT S-HYDROXYTRYPTAMINE
5-HIAA

SEROTONIN
5-HYDROXY INDOL-ACETIC ACID, METABOLITE OF 5-HT

Figure 7—Hypothetical mechanisms leading to migraine headache. The circled

numbers refer to those in the text.
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hibitor of prolactin secretion as a
preventive treatment for migraine.
Preliminary results are not very en-
couraging.
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