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Antiserotonin Drugs in Migraine

Prophylaxis

Peer Tfelt-Hansen and Pramod R. Saxena

Antiserotonin drugs are the first group of effective agents
available for migraine prophylaxis. Originally, these drugs
were thought to act via antagonism at serotonin (5-
hydroxytryptamine; 5-HT) D receptors (38), now classified
as 5-HT, receptors (45). This view is, however, no longer
tenable for several reasons. First, many selective and po-
tent 5-HT, receptor antagonists, including ketanserin, ICI
169,369, sergolexole, and mianserin, are either ineffective
or only weakly effective in migraine (83). Second, the an-
timigraine potency of these drugs does not correlate with
their affinity at the 5-HT,, 5-HTp, or 5-HT,¢ receptors
(89). Furthermore, the antimigraine drugs ergotamine and
dihydroergotamine have an agonist (not antagonist) action
at the 5-HT,¢ receptor (11). Thus, although conceding that
the title of this chapter may be a misnomer, from the outset
we wish to emphasize that the prophylactic effect of anti-
serotonin drugs does not depend on their antiserotonin
property. For further discussion of mechanisms, see the
sections on individual drugs.

METHYSERGIDE

Methysergide is a semisynthetic compound derived from
the ergot alkaloid methylergometrine by adding a methyl
group at the indole nitrogen (Fig. 55-1). It was introduced
in pharmacotherapy as a specific 5-HT receptor antagonist
(29,87).

Pharmacokinetics

Pharmacokinetic studies in humans indicate that methy-
sergide is probably a prodrug; its main metabolite is
methylergometrine (10). After oral administration, the
bioavailability of methysergide is about 13%, owing to a
high degree of first-pass metabolic conversion to methy-
lergometrine (see Fig. 55-1). Whereas the area under the

plasma concentration curve (AUC) for methysergide and
methylergometrine after intravenous administration of
methysergide is in the same range, oral administration of
methysergide results in 10 times greater AUC for methyler-
gometrine than for the parent drug. The elimination half-
lives of methysergide and methylergometrine are 60 and
220 minutes, respectively (10).

In contrast to methysergide, methylergometrine has
dopaminergic activity (8). The metabolism of methy-
sergide to methylergometrine probably explains why
methysergide has little dopaminergic activity upon par-
enteral administration (8), but its oral administration can
result in a significant decrease in the plasma prolactin
level (32). Thus, when methysergide is used orally in hu-
mans, there are serotonergic effects both because of the
parent drug and the metabolite methylergometrine, as well
as some dopaminergic effects because of the metabolite
methylergometrine.

Pharmacologic Background

It is well known that methysergide is a potent 5-HT, re-
ceptor antagonist, but it does not distinguish between the
5-HT;a, 5-HT,p and 5-HT,c subtypes (45,89). Thus, methy-
sergide antagonizes the contractile effects of 5-HT on vas-
cular and nonvascular smooth muscles with a pA, of more
than 8 (67). Indeed, in the human isolated temporal artery,
which contains predominantly 5-HT, receptors (27), both
methysergide and its active metabolite methylergometrine
are potent antagonists; the latter compound is some 40
times more active than the parent drug (97).

In the early 1970s, Saxena et al. reported that the vaso-
constrictor effect of 5-HT within the canine carotid vas-
cular bed was not much modified by methysergide or by
two other potent 5-HT, receptor antagonists, mianserin
and cyproheptadine (Fig. 55-2) (78,80,84). Therefore, the
receptors for 5-HT in the external carotid vascular bed
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ies confirm that methysergide is an agonist at the 5-HTp
receptor (64-66).

The pharmacology of the metabolite methyler-
gometrine has been investigated less thoroughly. However,
it is a more potent vasoconstrictor than methysergide
both in vivo (60) and in vitro on, for example, canine
saphenous veins and human basilar (66) and coronary
(59) arteries (Fig. 55-3). The last two effects may bestow

Methysergide Methylergonovine  Lisuride efficacy in migraine (63) and coronary side effect potential
R, -CHs -H -H (53,68) to methylergometrine.
R, -CO-NH-CL;H-CHTCHS -CO-NH-CH-CH,-CH3 -H Last, chronic but not acute treatment with methy-
CH,0H LCH,OH .
R, H H NH-CO-N(CH,CHo)s sergide has been reported to attenuate dural plasma ex-

FIGURE 55-1. Chemical structure of methysergide, its metabo-
lite methylergometrine, and lisuride.

appeared to be of a novel type, which were later named 5-
HT,-like receptor (86). Interestingly, methysergide proved
to be an agonist at these receptors (45) and selectively de-
creased carotid blood flow by constricting arteriovenous
anastomoses (80,82). Although this effect of methysergide
is much less marked than that of ergotamine or suma-
triptan (23-25), its mediation by novel 5-HT;-like recep-
tors undeniably provided incentive for the development of
sumatriptan, which at the time of its introduction was re-
garded as a selective 5-HT;-like receptor agonist (48).

As recently argued (85), 5-HT;-like receptor is now re-
dundant because the composition of this heterogeneous
group has been delineated. This group comprises the
sumatriptan-insensitive 5-HT7 receptor mediating vasore-
laxation (22,28), as well as sumatriptan-sensitive 5-HTg,
5-HT;p, and, in some tissues, even 5-HTr receptors.
Methysergide is a potent antagonist at the 5-HT7 (and 5-
HT,) receptor and an agonist at 5-HT;g and, possibly, also
5-HTp receptors. In vitro functional and radioligand stud-

travasation following electrical stimulation of the trigem-
inal ganglion in the rat (77). The discrepancy between
the effect of acute and chronic treatment with methy-
sergide in this model is most likely because of the pres-
ence of methylergometrine during chronic administration
of methysergide. Although Saito et al. have implied a presy-
naptic inhibition of the release of calcitonin gene-related
peptide (CGRP) from perivascular sensory nerves, func-
tional antagonism (via vasoconstriction) of the vasodilator
effects of CGRP cannot be ruled out. Indeed, such a func-
tional antagonism between methysergide and CGRP has
recently been described in the rabbit eye (52) and should
be investigated further with the use of methylergometrine.

Possible Mechanism of
Antimigraine Action

The mechanism of action of methysergide in migraine is
not well understood. The efficacy of methysergide has been
ascribed to its 5-HT, receptor antagonist property, but this
is unlikely because potent 5-HT), receptor antagonists such
as mianserin, sergolexole, ketanserin, and ICI 169,369
have little or no prophylactic effect in migraine, and for
cyproheptadine the claimed efficacy (67) has never been
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FIGURE 55-3. Concentration response (expressed as a percent-
age of the response to 100 mmol K*) curves in human isolated
coronary arteries (n = 9) obtained with ergotamine, dihydroer-
gotamine (DHE), sumatriptan, methysergide, and its metabolite
methylergometrine. Data, displayed as means + SEM, are from
MaassenVanDenBrink et al. (59).

confirmed in controlled clinical trials. Therefore, it is
highly improbable that 5-HT, receptor antagonism plays
any role in migraine prophylaxis (83,96). It should be noted
that, in essence, these same arguments also apply against
the advocated role of 5-HT,¢ receptor antagonism (methy-
sergide is a potent 5-HT,¢ receptor antagonist [67]) in mi-
graine (35,36).

We believe that the vasoconstrictor action of methy-
sergide within the carotid vascular bed (79,82), which is
mediated by the 5-HT;g receptor (98), is most likely in-
volved in the therapeutic efficacy. The carotid vasocon-
strictor effect of methysergide is weaker, both in potency
and efficacy, than that of ergotamine (24) or sumatriptan
(23,25), which have the ability to abort migraine attacks
(for more details, see Chapter 52). Thus, it is possible that
methysergide owes its therapeutic effect in migraine to its
metabolic product methylergometrine. Indeed, methyler-
gometrine has a more potent vasoconstrictor action than
methysergide (59,66).

Apart from 5-HTg receptors, the craniovascular effects
of methysergide (and methylergometrine) are likely to in-
volve 5-HT7 receptor blockade (22,28,98). Also worth in-
vestigating is the involvement of dopamine receptors be-
cause Bell (6,7) has presented evidence that dilatation of
arteriovenous anastomoses can be mediated by a neural
release of dopamine.

Inhibition of peptide release from perivascular sen-
sory nerve endings as well as neurogenic inflammation by
methysergide, as demonstrated in the rat, also has been in-
voked as a mechanism of action in migraine (77). But, as
argued elsewhere (21), there is considerable doubt whether
inhibition of neurogenic inflammation in experimental an-
imals is connected with antimigraine efficacy because sev-

eral such compounds were found clinically ineffective in
migraine.

Results of Clinical Trials
Open Trials

In open studies including approximately 1,400 migraine
patients (18,37,39,55), methysergide was found to de-
crease migraine attack frequency in the majority of pa-
tients. However, about 10 (18,55) to 20% (37,39) of the pa-
tients had to stop the drug because of side effects. One case
of ergotism was observed, and in one case angina pectoris
was precipitated (37).

During the first years of clinical use of methysergide it
became evident that continuous use of the drug for longer
periods can induce retroperitoneal fibrosis, as well as pleu-
ral and heart valve fibrosis, with an estimated incidence of
1 in 5,000 treated patients (40,41). In most cases the fi-
brotic process regressed after discontinuation of methy-
sergide (40). The metabolism of methysergide was un-
changed in patients who had developed this side effect
(9), and its mechanisms remain elusive. This side effect
of methysergide limits its clinical use.

Controlled Clinical Trials

Methysergide has been compared with placebo or an-
other drug in nine double-blind randomized clinical tri-
als (2,5,33,43,71,74,75,91,95). The daily dosage of methy-
sergide varied from 3 to 6 mg. In two trials methysergide
was superior to placebo for either severe headaches (91)
or frequency of attacks (71), but in one trial methysergide
was not superior to placebo (75). In four trials (2,33,71,75),
methysergide was found comparable with pizotifen
(Table 55-1). Methysergide was also found comparable
with lisuride (25 ug three times daily) (42), propranolol
(40 mg tid) (5), and flunarizine (10 mg daily) (95).

The side effects reported in these trials were dizziness,
nausea and vomiting, weight gain, epigastric pain, and psy-
chic reactions. In some studies high drop-out rates of 20%
(42) and 26% (91) occurred with a daily dosage of 6 mg
methysergide, but apparently this dosage was tolerated in
other studies (33,95).

Taken together, the controlled trials with methysergide
show that the drug is efficacious in migraine prophylaxis.
The problems with side effects also have been demon-
strated for this potent drug.

Therapeutic Use

Because of potentially grave side effects, methysergide
should be reserved for severe cases for which other at-
tempts of migraine prophylaxis have not produced opti-
mal results. The daily dosage of methysergide in migraine
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prophylaxis is 3 to 6 mg given in three divided doses. To
minimize the acute side effect, the dosage should be in-
creased gradually, starting with 1 mg per day and increas-
ing with 1 mg every third day. Methysergide should not be
taken continuously for long periods, which can result in
retroperitoneal fibrosis (4,40,41). Instead, the drug should
be given for 6 months, with a 2-month interruption before
starting the drug again. When methysergide is stopped it
should be weaned off gradually over 1 week to avoid re-
bound headache.

The side effects of methysergide are nausea and vom-
iting, dyspepsia, edema, dizziness, sedation, and depres-
sion. Long-term use may lead to retroperitoneal fibrosis,
as well as heart valve (49) and pleural fibrosis. The starting
symptoms of retroperitoneal fibrosis, in which the ureters
are constricted, are low back pain, leg pain, and urologic
disturbances (4,40,41). The drug should be discontinued
immediately even on suspicion of retroperitoneal fibrosis.

Contraindications include cardiovascular diseases, se-
vere hypertension, a history of thrombophlebitis, pep-
tic ulcers, pregnancy, familial fibrotic disorders such as
Dupuytren disease, lung diseases, collagenoses, and liver
and kidney diseases.

PIZOTIFEN

Pizotifen was introduced in migraine prophylaxis as an
anti-aminic drug based on the idea that not only 5-HT but
also other biogenic amines might be involved in migraine
(88,93). In controlled trials, the drug has been more effec-
tive than placebo. Its general use is hampered by its main
side effects, weight gain and sedation.

Pharmacologic Background

Pizotifen is a potent 5-HT, receptor antagonist with a pA,
value of around 9.2 (67). Pizotifen also has antihistaminic
and weak anticholinergic actions and, in some animals,
sedative and antidepressant properties (93). The antide-
pressant property has been confirmed in humans (94).
Furthermore, in both dogs (64) and humans (1), a mod-
est venoconstrictor activity of pizotifen has been demon-
strated. It has been suggested that pizotifen acts as a
calcium-channel blocker (73), but this is very unlikely in
concentrations in plasma reached with therapeutic doses
in humans (64). In our opinion, the diversity of pharma-
cologic properties of pizotifen precludes a meaningful hy-
pothesis concerning its efficacy in migraine (70).

Pharmacokinetics

The pharmacokinetics of pizotifen has only been studied
with [*H]-labeled drug (61). Thus, measured concentra-
tions in plasma (total radioactivity) include both parent
drug and metabolites. The study indicated a maximal ther-

apeutic plasma level of pizotifen of 9 ng/ml and an exten-
sive metabolism of the drug, with less than 1% being ex-
creted unchanged in the urine (61). Because of the method
used, the study allows no conclusion about how often pi-
zotifen should be administered.

Results of Clinical Trials

A summary of 15 randomized double-blind controlled
clinical trials comparing pizotifen with placebo (3,13,16,
47,54,57,76) or other drugs (2,12,33,46,50,69,74,75) is
given in Table 55-1. The daily dosage of pizotifen was
1.5 to 3 mg. In addition, pizotifen reportedly has been
equally effective as the calcium blockers flunarizine (four
trials) and nimodipine (two trials) (see Chapter 56).

Pizotifen was superior to placebo for frequency of at-
tacks or headache index in several studies (3,16,57,69) and
superior to placebo for severity of headaches in one study
(47). In two trials with low power to detect a difference,
no significant difference was found between pizotifen and
placebo (13,54), and another trial (76) indicated that pizo-
tifen was inferior to placebo, probably because of unsuc-
cessful randomization (see Table 55-1).

In the comparative trials with methysergide, pizotifen
was found to be as efficacious as methysergide (2,33,74),
and in one trial pizotifen was reported to be superior to
methysergide (75). Pizotifen was found comparable with
prochlorperazine in one trial (46) and better than (69)
or comparable with (50) 1-isopropyl-noradrenochrome-5-
monosemicarbazono. In addition, one study indicated that
pizotifen 1.5 mg at night was as effective as 0.5 mg three
times daily (12). However, apart from one trial (75), these
comparative trials with pizotifen lack a placebo control,
and it is thus difficult to judge the significance of these
results.

The side effects included drowsiness, increased ap-
petite, and weight gain. Thus, in one placebo-controlled
trial with pizotifen 3 mg per day in 30 patients, the drug
induced drowsiness in 15, increased appetite in 12, and
caused weight gain in 24 (>1.5 kg in 21 and >4 kg in 3)
patients (69). Drowsiness, however, often diminished with
time (69).

In conclusion, the controlled clinical trials demon-
strated efficacy of pizotifen in migraine prophylaxis, but
side effects, especially weight gain, were frequent and limit
the use of the drug.

Therapeutic Use

Pizotifen is normally used in a daily dosage of 1.5 mg,
which can either be taken as 0.5 mg three times daily or
as one dose in the evening (12) to increase compliance
and cause less sedation. The dosage should be increased
gradually, starting with 0.5 mg once a day, increasing with
0.5 mg every third day to 0.5 mg three times daily or
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1.5 mg at night. In refractory cases, dosage up to 3 to
4.5 mg daily, taken in three divided doses, can be used.

Side effects include increase in appetite and weight
gain, as well as sedation. Contraindications include obe-
sity. Patients should refrain from driving at the start of the
treatment.

LISURIDE

After its synthesis in 1959, the ergot alkaloid derivative
lisuride (see Fig. 55-1) was first developed as a periph-
eral 5-HT receptor antagonist, and its similarity to methy-
sergide led to its clinical use in migraine prophylaxis (44).
Later, lisuride’s dopaminergic effect was established, and it
isnow also used in higher doses in the treatment of Parkin-
son disease.

Pharmacologic Background

Lisuride is a dopamine D, receptor agonist, but it also a
potent antagonist at 5-HT (67) as well as at 5-HT; (22)
receptors. In addition, lisuride may act as an agonist at
CNS 5-HT receptors (44). The mode of action of lisuride
in migraine prophylaxis remains elusive, but the doses
used in migraine are probably without any dopaminergic
effect (44).

Results of Clinical Trials

In open studies, success rates (more than 50% reduction
in frequency of attacks) from 34% (56) to 61% (92) have
been reported after lisuride (0.025 mg three times daily).
In two double-blind placebo-controlled trials with lisuride
(0.025 mg three times daily) was superior to placebo
(42,90). In these trials (42,90), patients with up to 21 to
30 attacks per month were included, making the diagno-
sis of migraine, at least in some patients. In a double-
blind trial, lisuride (0.025 mg three times daily) was found
comparable with methysergide (2 mg three times daily)
in 253 patients (43). In this study, 11 patients with clus-
ter headache were included, and 40% of patients had
more than 10 attacks per month, making it unlikely that
only migraine attacks were treated. In one trial, there was
no difference between lisuride in dosages of 0.025 and
0.05 mg three times daily (99).

The most common side effects of lisuride reported were
nausea, gastrointestinal complaints, and dizziness.

In conclusion, the controlled clinical trials suggest that
lisuride has some efficacy in migraine prophylaxis, but the
selection of patients with uncertain diagnosis of migraine
for these trials prevents a definitive statement.

Therapeutic Use

Lisuride can be tried in migraine prophylaxis in a dosage
of 0.025 mg three times daily. Side effects include nausea,
gastrointestinal complaints, and dizziness. Contraindica-

tions include peripheral vascular diseases, coronary artery
disease, and psychosis.

CYPROHEPTADINE

Cyproheptadine is an antihistaminic drug that has been
used in the past in migraine prophylaxis. The drug is a
potent antagonist at 5-HT, receptors (pA, of around 8.8),
but it also antagonizes responses mediated by histamine
H; and muscarinic cholinergic receptors (67). In addition,
cyproheptadine acts as a calcium-channel blocker in the
canine basilar artery (72). The drug does not seem to act on
5-HT; receptors and is unable to block the 5-HT-induced
vasoconstriction in the carotid vascular bed (Fig. 55-2)
(78,81).

In open studies success rates (headache free or
considerably improved) for cyproheptadine in migraine
prophylaxis of 43% (56), 46% (18), and 65% (51) were re-
ported. In one study cyproheptadine was found inferior to
methysergide (18). Furthermore, the effect of cyprohepta-
dine was not significantly different from that of placebo
in another study (54). There are no double-blind random-
ized placebo-controlled trials with cyproheptadine, and
the proof of its efficacy as a migraine prophylactic drug
is virtually nonexistent.

Therapeutic Use

Cyproheptadine is sometimes used in migraine prophy-
laxis in a dosage of 8 to 32 mg daily, taken in three to four
divided doses. The initial dose is 2 mg, increased by 2 mg
every third day until beneficial effect is observed or side
effects occur.

Side effects include drowsiness, dizziness, dry mouth,
increased appetite, and weight gain. Contraindications in-
clude glaucoma.

OTHER 5-HT> RECEPTOR
ANTAGONISTS

The antidepressant drug mianserin is a potent 5-HT, re-
ceptor antagonist with a pA; of 9.3 (67). Mianserin neither
blocks the vasoconstrictor effects of 5-HT nor elicits vaso-
constriction within the canine external carotid vascular
bed (Fig. 55-2) (84). It has been claimed to be effective in
migraine prophylaxis (26,62). However, this claim is based
on two controlled studies that, even if they were double-
blind and placebo-controlled, were full of methodologic
faults (96). There were thus no clear indications for mi-
anserin being better than placebo (96).

Sergolexole is a 5-HT, receptor antagonist with a pA,
value of approximately 9 (17). The drug also can act as
an antagonist at the 5-HT; receptor (19). Based on the
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possible involvement of 5-HT in migraine, it was inves-
tigated in one prophylactic migraine trial (14) and found
no better than placebo.

In small open pilot studies, the selective 5-HT, antago-
nists ketanserin (100) and ICI 169,369 (20) were without
convincing prophylactic effect in migraine.

Overall, these 5-HT, receptor antagonists seem to have
no prophylactic effect in migraine.

5-HT; RECEPTOR ANTAGONISTS

It was hypothesized that 5-HT, released at perivascular
nerve endings, causes migraine pain via activation of neu-
ronal 5-HT3 receptors on pain afferents present in cra-
nial microvasculature (34). Initially, a small trial con-
ducted with the 5-HTj; receptor antagonist MDL 72222 in
acute migraine attacks seemed to support this hypothesis
(58).

The potent 5-HT3 receptor antagonist tropisetron was
evaluated in migraine prophylaxis in two double-blind
placebo-controlled trials (31). The results with none of the
doses of tropisetron (15 to 50 mg,) were different from
those with placebo. As reviewed by Ferrari (30), the ef-
ficacy of 5-HT; receptor antagonists in migraine therapy
remains hypothetical.

Another 5-HT3 receptor antagonist, zatosetron, was
also found ineffective in the treatment of migraine attacks
(15).
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