CHAPTER II

REVIEW LITERATURE
I. MIGRAINE
DEFINITION AND CLASSIFICATION

Migraine is a primary neurobxo(;éc .disorder, resulting from
dysfunction of the tngemmavascular Jystem.‘"ﬁae disorder manifests as

recurring attacks, usuall‘lyg 4-72 hours. These attacks, which can
interfere with normal fi ' mv ve unilateral throbbing headache

y They also usually involve nausea,

pain of moderate to s
sometimes vomiting,

gurgd,:sﬂn'c_l sensitivity to other sensory
stimuli (Blau, 1992). ,

&
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of patients with mlgrmpe The most common type ofraura is visual but

——

also can be somatosensory The typical presentation oflhe visual aura is

the scintillating scotomé also referred to as “fottication specta” or

“teichopsia” (Figure 2.1).

In most patiénts who experience aura, the aura develops before the
head pain ‘begins, bue ortloccasion an ‘aura may appeaf or recur when the
headache is most intense. An aura is present before every migraine attack
in some individuals, but in other patients, aura accompanies only a small
proportion of attacks. The intensity of aura varies among attacks and may
remain constant from attack to attack in a particular person or may vary
in successive attacks in the same person. However, aura only occurs in a

minority of patients with migraine.



Furthermore, premonitory symptoms, called prodrome, may
precede migraine attack; these symptoms occur 24-72 hours before the
onset of other symptoms. During this period, patients may experience
feelings of well-being, talkativeness, surges of energy, hunger, anorexia,

drowsiness, excessive yawning, depression, irritability, restlessness, or

tension.
Figure 2 Scznﬁlbﬂ scotoma’ ﬁba ,i and digitolingual
syndrome Mﬁun ﬂe_J Vrlg El mc sive stages of
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CLASSIFICATION OF MIGRAINE

Migraine headaches are classified according to their clinical
features, as well as according to current concepts of pathophysiology.
Patients who have migraine without aura generally have normal cerebral
blood flow and do not report focal neurologic symptoms. In those who

have migraine with aura, changes in regional cerebral blood flow can be
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demonstrated and neurologic symptoms originating in the brain or brain

stem are reported (Lauritzen and Olesen, 1984).

The current IHS classification system recognizes several subtypes
of migraine with aura and several other specific types of migraine (Table
1k

Migraine without aura I /

Migraine without aura is an idiopatﬁé/,xecurring headache disorder
that manifests in the form of attacks hat 1ast 4-72 hours. Typically, the

headaches are unilater% pulsating quality, and are moderate to

severe in intensity. Th es e aggravated by routine physical

activity and are associaiéd Wi nauseg or vomiting, photophobia, and
. 5 | #:

phonophobia. . *5
i =JiJ_

. . . [ ey
Migraine with aura i
> A A

Ll -"J'ﬂ"a.

Migraine with aura is a'li_tian id@liclI recurring disorder that
manifests in some women—-éasfzhligra'iiﬁ*:'-ﬁithout aura but is also
accompanied by tran? , _
develop gradually, ovel‘ 5-20 minutes, and last less than 60 minutes.

?ymptoms usually
Headache, nausea, or photophobla usually followed neurologic aura
symptoms directly ‘or after a 'free interval of less ‘than 1 hour. The
headache usually ‘lasts 4-72 hours, but rarely will be completely absent

(migraineaura without‘headache).

The visual aura symptoms

The visual disturbance usually precedes the headache. It begins
near the center of the visual field as a small gray area with indefinite
boundaries. If this area first appears during reading, as it often does, then
the migraine is first noticed when words are lost in a region of "shaded

darkness." During the next few minutes the gray area slowly expands into



a horseshoe with bright zigzag lines appearing at the expanding outer
edge. These lines are small at first and grow as the blind area expands and

moves outward toward the periphery of the visual field.

One important aspect of the visual disturbance just described, is
that it expands slowly, over a period of 10 to 20 minutes. The initial
region of visual abnormality is most often near ﬁxation> .and then, as
described by Lashley, with increase "inf the disturbed area moves or
"drifts" across the visual ﬁeld so that 1ts al margin withdraws from
the macular region as its ﬁﬁﬁ)eral ma rgin mvacfes the temporal, the area
may be totally blind M ¢’ .scotoma), amblygpxc or outlined by

scintillations.

P

The scintillati pd' ng-' the negative scotoma make

"fortification" ﬁgures ms Thé‘ scinfillations are brilliant, with

)’J:} J

Figure 2.2 Successive maps of a scintillating scotoma to show

characteristic distribution of the fortification figures. In each case
the asterisk indicates the fixation point. Knowledge of the
retinotopic organization of the visual cortex allowed Lashley
(1941) to calculate the speed of propagation of the excitation-

depression wave as ~3 mm/min.
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Not all migraine visual disturbances begin near the fixation point.
Some patients consistently experience scotomas starting eccentrically in
the visual field, and these sensations can appear alternately or

simultaneously in both hemifields.

The duration of these visual symptoms is measured in minutes

rather than the brief few seconds of flashing, bright moving spots.

Variations in the scotomas of m // iudmg their occurrence in
'“‘\.

patients with acquired blindn€ss, are well

Other types of mlgrany 7

Ophthalmoplegi

affect the ocular nerve

e ely rzii’b‘ncondition that may
ooping of the eyelids and
dysfunction of the extraoc ) ¢ ' sults in double vision.

in which inadequate

Wm a or transient blindness

affecting one eye. This dxffgts,, “ﬁom msual dlsturbances usually
associated with mlgt?&e aura in that ( is affected in retinal

i uEFT perceived in both
eyes in migraine with v1sual aura |

migraine compared wi ‘“ the visual
Although ﬂtu %} Qem &mﬁ hwegzjerl I-:Lglﬁed the THS
classification of headache disorders lists two WH drome$-along with

dlagnostlﬁ'lmf] ﬂ \3 ﬂ ‘j m u CW r] q

blood supply to the retina re
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Table 2.1 Classification and Characteristics of Migraine According to the
Criteria Set by the International Headache Society.

Migraine without aura: idiopathic, chronic headache disorder occurring
in attacks.

1. Headache attacks lasting 4-72 hours with pain-free intervals between
headaches
2. Pain characteristics (at least two necessary)'

a. Unilateral location

b. Pulsating quality W/ /

¢. Moderate or severe intensity

d. Aggravation by physical activity '__-
3. Symptoms during th (a:&east one required):

a. Nausea and/or
phobia

28
a. No organic neurol; disorder found on hjstory, physical, and
neurological exammatlon - | $ 4
r eurologﬁgal examination suggests organic
or rabor’q’fory procedures rule out the
.u.l" g Fdlda

possibility
5. The patient must have at eastasat{acks’ ﬁilﬁlmg criteria 1 to 4 above

"J

=~ ', ped -.__.-- 7

Migraine with aura ' £ )
T )

17 = P
1. Patient must fulfill ‘c‘:éiteria 1-5 above. -

2. Patient must have at least three of the followinéa-four characteristics
with a headache:

a. One or mmote |fally revemible symptoms that are manifestation of
focal hemispheric and/or-brdin stem dysfunction

b. At least one aura symptom'develops gradually over 4 minutes or
more or symptoms miay ‘occur-in suécession :

c. Aura symptoms'last 16ss'thart 60 minutés

d. Headache follows the aura by an interval of less than 60 minutes
but may occasionally begin before the aura
3. The patient has at least two attacks fulfilling criterion 1 above

Source: Headache Classification Committee, 1988.
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PATHOPHYSIOLOGY OF MIGRAINE

Several theories on the pathogenesis of migraine exist. A clinically

relevant model of migraine pathophysiology may explain several

phenomena that both clinicians and patients have noted:

Common Theories of Migraine P

Theories on the pathoggesié of mlgféme include:

Dietary, sleep, and hormonal changes can trigger a migraine.

Migraine has a circadian rh similar to several diseases of

vasoconstriction, such as m; /1farction, angina pectoris,

"‘\\: &
and ischemic stroke.é_;

Sleep is effective inabotiing many m
Cerebral blood fleWw is@ecreased d ing mi € aura.

Both  generalize ; and local
cerebrovascular wasodilation “oc d side where head pain
occurs.

Platelets release ser

Levels of calcitonin ger eptide (CGRP), and probably

=]

e AN NS
o SRS DA B NEA Y

the integrated hypothesis.
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The vascular theory

Wolff developed the vascular theory of migraine pathogenesis
during the 1940s and 1950s. According to this theory, migraine is a
vasospastic disorder that is initiated by vasoconstriction in the cranial
vasculature (Wolf, 1981). The vasoconstriction stage appears to be

associated with migraine aura.

}/
Following the early vasoconsl@; stage, intracranial or
extracranial blood vessels.dilate. Wheréas inost of the brain is insensitive
] " _—
to pain, meningeal blood v

show a high level of innervation. Thus,
blood vessel dilation acti igeminal sensory :nerves that surround
the meningeal blood ve
Activation of trigeminal perye also @u&es the release of vasoactive
neuropeptides that fu

(Markowitz et al., 1987).

e
Studies have document_gg_, IEe occﬁei_l.cg of oligaemia during the

aura phase of a migraine, and an increase in b!odih:ﬂow during the
| we—rr = —

headache phase. Morl'eJc;i{er, when a patient with a headache is given a
vasodilator such as a ﬁi”irate, the headache intensiﬁ?s, whereas when a
patient is given a VaSocénstrictor such as‘a S*HT dgonist, the headache is
usually alleviated'(Friberg et al., 1991). These studies lend support to the

vascular theoiy:

However, some researchers have questioned whether the measured
decreases in cerebral blood flow during the aura phase are sufficient to
cause the aura symptoms (e.g., visual disturbances) that some migraineurs
experience. Furthermore, vasodilation alone cannot explain the local

swelling and tenderness of the head that generally accompany migraine.
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The cortical spreading depression theory

Cortical spreading depression (CSD) is a relatively short-lasting
wave of depolarization that spreads across the surface of the brain,
moving from the back (occipital region) of the cerebral cortex toward the
front at about 3-5 mm/minute (Figure 2.3). This electrical phenomenon
can be induced in animals with non-noxious stimuli, and is frequently

V ing depression of Leao"

referred to in the literature as

(Lauritzen, 1994). " ) e
-ﬂ""'rf_ | {:"""-.-,,

Cortical spreading

The reaction w
1944a,b). The basic

.
fified in. bbit\ibral cortex (Leao,
. n -

\
he EEG following mild

ed for a minute or
lowly across a wide

cortical region. R Eﬁ
Cortical spreadﬁg deprw§16ﬁ' has @;
regions (Bures et al., 19 74). Tt has been observed in human cortical tissue
in vitro (Avoli et al., lﬂl) and 1 -
vivo (Sramka et al., 1978).~Thus, humanacortical tissues do support the

development of ﬂlﬂ:&rj 'lmm%m’;}lﬂlﬁﬁan neocortex

in vivo is still mlssmg (Gloor, 1986).

AR AN AN INYINY

f most grey matter

pocax@}aus and striatum in
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Figure 2.3 Hypothesis of d@ome // grame attack based on

aspects of CSD and mz@

-
rCBF changes and ne_yrologzcal symﬁtoms . Mf ng CSD, cortical
rCBF decreases by ZW/ for 2-6 hour.t jons not invaded
by CSD remains normJl until encountered by CSII} 4, The region of

il 31313000 1104114 v
RS TR T

far. The ventral spread of CSD causes activation of pain-sensitive fibers

and headache. 7, F ull-scale attack. The CSD has stopped and is now
detectable as a persistent reduction of cortical rCBF. At this time the

patient suffers from headache, but has no focal deficits.
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Successful elicitation of CSD in experiments depends on the
susceptibility of the tissue and the trigger factor involved. Common
methods of triggering CSD include local electrical or mechanical
stimulation or injections of high concentrations of KCI. Potassium plays
a central role for CSD and it is reasonable to assume that any disturbance
of K" homeostasis would predispose the brain region to CSD (Grafstein,
1963). Brain K" clearance systems ate )17av1ly dependent on the capacity
of glial cells (Nicholson and Kraig, 19 {I’fbhumans the lowest glial-
neuronal cell ratio is in tha,.pnmary visual Cortexs Therefore, one would
expect human CSD to be ! d ocﬁ ipitally. As is well known, visual
auras are indeed very ﬁyz{ ne (Olesen et al., 1990).

Neurons and glial cells/d polan-ze durmg CSD, giving rise to an

intense, but transient spi

(Sugaya et al., 1975). Ne
i

few minutes, but evoked p r}t,zais usua]E—jg}(e a longer time to recover,

v1tyr n the reaction enters the tissue

1 sﬂ'epce u,:i*mbdlateLy follows, lasting for a

"

15-30 min (Bures et al. , 1974). Thls Sequeugn of brief excitation followed
by a short-lasting cUiressnon is supposed to be the', “neurophysiological

basis of the sensory §y{n.ptoms during migraine auras.\(ﬂeao and Morison,
1945; Milner, 1958; ‘Gardner-Medwm 1981; Lofa 1986; Lauritzen,
1987a,b).

The depolarization is associated with dramatic changes in the
distributioh of ions between thé intra<and extracellular comﬁmtments: K
and hydrogen ions leaves the cells, while Na*, Ca?* and CI enters
together with water, as the size of the extracellular space decreases to
approximately half of the control values (Figure 2.4) (Nicholson and
Kraig, 1981; Hansen, 1985). A return to normal of most ion
concentrations and of the size of the extracellular space occur

spontaneously after 30-60s, whereas Ca>* and pH usually take a few more
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minutes to recover. There is no satisfactory explanation of the spreading
mechanism of CSD, but the spread probably involves the diffusion of one
or more chemical mediators, most likely K* and glutamate, into the
extracellular compartment (Nicholson, 1993). It has been suggested that
a calcium wave in glial cells underlies CSD, but this still remains to be

proven (Leibowitz, 1992).

A simplistic scheme of the me;cl{gﬁﬁ of spread of CSD is given
in figure 2.5. It is important to appreciat&@sient nature of CSD. If

9
the electrophymologlcal% are slistained. and__propagatlon is absent,

then the phenomenon i

/-anoxia or hypoglycaemia rather than

CSD. Repeated episo 31) increases the immunohistochemical

4 &
s ¥

rotein in the rat cortex that is associated

staining of glial fibrilla
'ei‘(‘l(rai% et al., 1991) and a prolonged

t’he < fos~ roto-oncogene (Herrera et al.,

.u.l

1993) and inhibition of prot n‘§ymhems}§li§ 1993).

Cortical spreadmg depreSsmn pheffoﬂiena occrr in experimental

| djacent to a cortical infarct,
where nerve cells arg_}wable but electrically sﬂent (Nedergaard and
Astrup, 1986; Gill et al , 4992 I_|1ma et ak, 1992) In many respects, the
'ng C$D tesemble tramlent ischémia, but there is
usually no shortage of energy supp}y durmg CSD (Laurltzen et/ al -1990).
These drafﬁaﬁé changed of nelménal §udtion dnll ligd nbNoBhsis are

associated W1th profound changes of the local circulation (Figure 2.6).

ionic d1sequ111bﬁaﬁ
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Figure 2.4 Electrophysi A9 panying cortical

spreading depre.mon in rat brain. Interstitial ion concentrations of
sodium, ﬁ ﬂg ured by ion-
selective | ?IE; ellu aﬂﬂ:zlrm: d the single

ok AN sty 1wy
elec tica epresszon was elicited in frontal

cortex and the electrophysiological changes were recorded in the

parietal cortex.
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Reaction-diffusion model of cortical spreading depression

Change in Flow
()

DC Potential
Change Q Wq

Flgure 2.6 yypical tracing showing blood flow changes occurring

Time (min)

after CSD which was initiated by pinprick 10 mm from the site of
laser Doppler probe. DC potential was recorded from an electrode
placed under probe (Piper et al., 1991).



18

Technique for induction of CSD in animals

Several methods have been employed to initiate CSD in animal
brain. These methods can be grouped into 3 major categories including
local electrical, mechanical or chemical stimulations. Among these
methods two techniques which are frequently used are mechanical

stimulation and KCl application.

Mechanical stimulation ////
Blunt stabbing and pm pnckmg are tﬁg-leommon method to elicit
CSD. Several research groups, such as Lambert et al and Ebersberger et
icl bechndlgue to evoke CSD on the animal
'illts (,L@.mbert et al.; 1999; Lambert and
1991 Ebersberger et al., 2001). This

al always choose the
cortex, including cats,
Michalicek, 1994; Pi

withdrawn. The location n eds«avmdmg_.&lﬁ"plagl vessels. However, this
technique has been dlsagreed w.xth Some:’ zéeetreh groups. They suggested
that this technique may i i iimuls
2000).

KCl application

As previously mentioned, potassium play a central role for CSD
and it is reasonable to assume that any disturbances of K* homeostasis
would predlspose the brain regiton t0.CSD (Grafstein, 1963). The KClI
application is the most popular technique that has been chosen by many
research groups, such as Read et al, Jander et al, Smith et al, Moskowitz
et al and Colonna et al. This technique can be further divided into 2
methods, including the microinjection of KCl on the cortical surface and

the placement of solid KCI on the surface of cortex.
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- The microinjection of KCl technique

After performing craniotomy, a fused silica needle or PE-90 (a
catheter tube) or glass micropipette is placed ~1 mm below the dural
surface. Then KCl is injected to the cortical area. The concentrations of
KCI vary 670 mM to 1 M. (Ingvardsen et al., 1997; Meng et al., 1995;

depending on the size o ‘ nple, ' 3 mg and cat uses
30 mg). (Smith et al., il »; Read and Parsons, 2000;
Read et al., 2000)

Less popular method f E’ﬁ 2 . are able available, such
as a remote intracortical 1nject‘ 23 of KCl-soaked paper on
cortical surface, etc. (ﬂahl et aT : 1 ouen .42000; Koponen et

al., 1999)

For the sake of cor&panson apphcatlon of NaCl into brain tissue is

e W N N THEINT
AN TUANINGIAE
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Cerebral blood flow during CSD and migraine

Cerebral blood flow during and after spreading depression in rats
has been studied by autoradiographic methods (Lauritzen et al., 1982).
These studies demonstrated that cortical blood flow is reduced by 20 to
25 per cent following induced CSD. However, CSD has been shown to
induce transient vasodilatation of the plal circulation in a number of
anesthetized animals (Wahl et al,, 9§/) Although CSD has been
demonstrated only in animals, support for ﬂ!éj’_CSD theory comes from
observations that, in pat _gp.ts—who h ve mlgrame with aura, a gradual
spread of reduced bloodaﬂ(/ Lmimics the rate of progression of CSD

the aura phase.

in animals can be meas

This CSD hypothesis i p}‘):or%d ‘by the eclinical observation of
slowly spreading symptéms/in ) jg,rtziine"jj ,}tb. aura by Olesen et al in 1981

(Olesen et al., 1981a). died-regééﬁal cerebral blood flow (rCBF)

d'-l—-.;

changes in patients during a class;c mlgtamcfattack A gradual spread of
reduced blood flow \aias observed startiﬂg ‘in the o‘?mpltal region and

advancing antenorly J The rCBF measurements ghbwmg gradually
enlargement of hypopejused region in migraine patlents resembles that
of a CSD seen in the animal-brain. Olesemet al (1987) speculated that the
aura of classic migtaine may | be occurred secondary to:the spreading
oligaemia observed in classic migraine patients. This theory.states that
migraine fesults from an evalving ﬁrocess incthe cerebral cortex that
occurs secondarily to decrease cortical function decreased cortical

metabolism, and/or vasoconstriction of cortical arterioles.

In contrast to the blood flow changes reported during attacks of
migraine with aura, regional oligaemia has not been observed in patients

suffering from migraine without aura. Lauritzen and Olesen (1984)
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studied 12 patients within 20 hours after the onset of a migraine without
aura. There were no changes in focal or global cerebral blood flow in any
of the patients. In addition, Olesen et al (1981b) studied 12 patients in
whom attacks could be provoked by red wine. In studies of patients in
whom migraine could be induced, rCBF were within normal limits. Thus,
rCBF appears to be normal during a migraine without aura attack. This
may be summarized that focal rCBE /changes are related to the aura
symptoms, but not related to the throbbit }che and other associated
symptoms that are similar in both types of migraine.

Indeed, the brain co ﬁsés-ieftcitatory amino acids, including
-.ingérs‘gtiél flaid during CSD, but the
increase is brief, lasting fi -ly :':l n"rf;‘;.(,Figure 2.7) (Fabricius et al.,

.r-4

subtype receptors (Van Harrevéld ’I 984; f}brelova et ?l 1987; Lauritzen
and Hansen, 1992). \-! vID tive
synthesis of NO, wh1¢h are both an 1mportanv vasodilator and a

: ,' Jtum triggers the

neurotransmitter. Furthermore, Read et al (1997a,b) demonstrated that the
NO level was in¢reased/during CSD (Figure 2.8). This is of interest since

nitroglycerin provokes headache in an (Iversemet at., 1989ab).
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Microdialysis, rat neocortex
Cortical Spreading Depression
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Figure 2.7 Maximal conc te of glutamate during

sl N
single episodes of CSD of ra Lbre ( epresent mean values =
1 SD of eight experlments 3 :é‘g; me points during CSD. The

CSD was elicited by needle stab in the _-.--g‘ ortex while the
e *

dialysate was owi" zero corresponds to

maximum of negative DC potential recorded with a single-barelled
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Nitric oxide 10 | Maximum Increase
Eloc:m):!eA Current from Baseline
P

Figure 2.8 Example trace of changes in co fical D.C. potential (mV)
and NO electrode current(p4) during KCI evoked repeated CSD
(Read et al., 1997) ELovR
;f Y ]
l T
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CSD as a migraine mechanism: the theory

The generation of headache from intracranial sources requires
activation of pain-sensitive fibers that are located at the ventral surface of
the brain. Recent data suggest that CSD activates nociceptive fibers in
rats (Moskowitz et al., 1993b).The aura and headache may represent
separate effects of CSD on different brain structures the cortex and the
nociceptive vascular afferents. This éay explain the variations of
migraine symptoms observed in the same{;ﬁant and also in different

— J —
patients. — -
Moskowitz et al(y/ e&ed that neurbphysiological events

te_ brainstem regions involved in the

ation \ﬁa«trigeminovascular mechanisms
)

within cerebral cortex c
processing of nociceptive i
(Figure 2.9). In this study, t effécts.'ﬂg;f CSD were examined on the

Fos protél&mtlnn ‘the superficial lamina

e

of trigeminal nucleus caudahs{cTNC ”-t'-éD was induced by KCI

expression of immunoreacti

application on the coi'tlcal cortex. In- régp'bnse Fofs -like protein was

visualized in the venﬁféte_rai INC (cmmm the ophthalmic
division), chiefly in la Jmna I, o and predomn}gntly within spinal

segment. CSD significantly, increased cell staining within ipsilateral
TNC. Fos immunoreactivity, staining {was reduced after chronic surgical
transection of menmgeal afferents and recurrent.CSD. Pretreatment with

sumatriptan attenuated Fos hke-protem in'this model as.well.

CSD may be one of several neurophysiological events capable of
activating nociceptive mechanisms in cerebral cortex. Generalized
seizures aciivate trigeminovascular fibers, and in so doing, increase blood

flow in neocortex (Sakas et al., 1987).
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PAIN
Antery  Vein Cortex
— ]
~ \ Thalamus
Autonomic
Activation
Nausea
Emesis
instem
TNC)

Figure 2.9 Diagram depict g;f tween pial vessels, the
Bt
trigeminovascular system and ngocortex. Recent data indicate that
) |
neurophysiological activity within M rrent spreading

cular system, as

 lamina 1, llo of

trigeminal numEj; 17011 p?.mjr] ﬂ% that ions,
neurotransmitte 53 her biologically active Substances released into
Qs
t

the extra lﬁ ce f]a . a‘ﬂj 7 aﬂm a?_frvating
fibers after hme e im space. Of note is sectioning the

trigeminal branch innervating the meninges or systemic administration

depression) can ac j the ipsil

: . . A ' ”
evidenced by induction of the c-fos antigen wit

with sumatriptan can significantly reduce the c-fos response. (From
Moskowitz, 1993b)
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Magnetic resonance spectroscopy has revealed low brain magnesium
in migraine patients (Swanson, 1988), a condition that strongly facilitates
the elicitation of CSD in turtle, rat and human brain tissue in vitro (Mody
et al., 1987; Lauritzen et al., 1988; Avoli et al., 1991). Plasma le?els of
glutamate and aspartate are elevated in migraine patients suggesting
impairment of the amino acid reuptake mechanisms (Ferrari et al., 1990).
Glutamate metabolism in migraine patie/y appears to be a fruitful area

for future migraine research.

Drugs used fm mlgi;é;e _treatment including
methysergide, prop o1, ot vg clonidine “or flunarizine are
ineffective as blockers#6 -

1986). Probably these
cause pain (Moskowitz, 49  the GSD itself. Sumatriptan,

e{née@ et al., 1984; Marranes et al.,

ce the sequence of events which

the newly developed drugfo reafment pjmlgrame headaches, decreases

the cortical input to the TN: qf ffic bramsﬁn without affecting the CSD
itself (Moskowitz et al., 1993b). fErgotam}ns ‘on the other hand increases

the threshold for CSQ{n rats ( Marranes et al., 1986)— 5 j
- j S

According to tththeory, CSD is associated with disturbances in

nerve cell metabohsm and reglonal changes in blood flow. Furthermore,
CSD is cons1dered ‘play an important mle in_the  pathophysiology of
migraine W1th aura and some trafismitters releasmg durmg CSD may

involve in thls me\.hanlsm
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The neurovascular hypothesis

Fibers from the trigeminal nerve innervate blood vessels in the
meninges, the extracranial arteries, and those in the circle of Willis. These
nerve fibers contain nociceptors that are capable of generating pain
impulses, and the endings of these nerve fibers contain peptide

neurotransmitters (Figure 2.10).

Autonomic

O,
O' Activation

ENDOTHELIUNM -~

5-HT INHIBITORY -~ %‘—'

SITE

Nausea
Emesis

VASODILATION -
PLAS&?_A},EXTRAVA

_-

]

I BRAINSTEM
(INC)

Figure 2.10 The"#r d’gemznovascular system

Blood veﬂluagdm aam iﬂ&l’g mhimgemmal and
l’fii;fﬁ??iﬁﬁ’i SKibF2IS 1V 08 ik ]

meningeal artery contains axons primarily from the ipsilateral first
trigeminal division, whereas the superior sagittal sinus receives a bilateral
innervation. The first and second divisions innervate the dura within the
anterior fossa, and the second and third division project to the middle

cranial fossa, whereas upper cervical nerves as well as vagus and

trigeminal ganglia innervate dural structures within the posterior fossa.
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Sensory fibers surrounding the middle cerebral and basilar arteries
terminate within the trigeminal brainstem nuclear complex, including
main sensory nucleus, pars oralis, and pars interpolaris (Arrab et al.,
1988). Terminals are also found in the nucleus tractus solitarius, dorsal

motor nucleus of the vagus, and ventral periaqueductal gray.

The neurovascular hypothesis _proposes that either migraine
triggers or CSD can activate trigemi;ha{ /e axons, which then release
neuropeptides (such as substance P, neurokﬁ:_A, and CGRP) from axon
terminals near the meninﬁé@d 0 ir blood vessels. Substance P and
neurokinin A cause vasgdﬂa/
proteins and fluid fro
1987). Although CGR

and omote the extravasation of plasma
_' ngeal blood vessels (Markowitz et al.,

promote plasma extravasation, it is a
" "neuropeptides produce an

il i "'.

area aroux;ﬂ the innervated blood vessels.

potent vasodilator. Tege

inflammatory response in

aiJ

This response is termed S rlle ﬁeurom» perivascular inflammation

(Moskowitz and Cutrer, 1993) _.:' T

) il £
The neuropeptides-may aiso sensitize nerve 2 (ﬁngs providing a

mechanism for sustaing}'g the headache. When actlyated, the trigeminal

nerve also transmits pain impulses to the, trigeminal nucleus caudalis,

which relays paift impulses to higher centets of the brain.

Accordingto~the; neurgvascular itheory; " vasodilatior, i§ not the
cause of migraine headaches but is an accompanying phenomenon
attributable to trigeminal nerve activation. Although the cause of this
activation is not known, it may be due to ionic and metabolic
disturbances in brain function, such as those associated with CSD. It has
also been proposed that abnormal activity in brain stem sensory nuclei

may cause antidromic activation of trigeminal sensory pathways.
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The serotonergic abnormalities hypothesis

Observations that both plasma and platelet levels of serotonin
fluctuate during a migraine attack suggest that serotonin may be involved
in the pathogenesis of migraine. When platelets are activated, they
aggregate and release serotonin, thus increasing the plasma serotonin
level (Dalessio, 1962; Raskin, 1981). An increase in plasma serotonin
level would be expected to cause vasoc{)ﬁ iction, whereas a decrease in

serotonin would promote vasedilation. ”;_"_"__,
J -

may drop precipitously during the
k1 , 1981). Also, urine levels of
ing ‘headaches, suggestmg that there

Platelet serotonin"TE-f
headache phase of migraific: |

serotonin and its metaboli

JF

An initial surge in plasma serotomn-levels may cause constriction
of cerebral blood vessels and a reductlon in cerebrall" blood flow. If the

blood flow is sufﬂv:{;qntly reduced, migraine an}sf may result. A
subsequent depletion arid drop in serotonin levels““may then lead to a
marked dilation~of; extracranial and, intracranial -arteries, precipitating

migraine pain.

It séems unlikelythat cha,’ngc,sv“in blood serotonin levels are solely
responsible for the development of migraine. For instance, global changes
in plasma serotonin levels do not explain the unilateral nature of migraine
pain, and serotonin levels in patients with migraine may remain depressed
long after the headache has resolved. It may be, however, that changes in
plasma serotonin levels reflect more important disturbances in brain

serotonin levels.
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The integrated hypothesis

The integrated hypothesis of migraine pathogenesis is an attempt to
consolidate various theories and explain several observations related to
migraine pain. According to this theory, triggers such as stress, glare,
noise, the dilation of the internal or external carotid arteries or other
factors may activate specific centers in the brain stem. One such center,
the locus ceruleus, causes changes in ef:jh ine levels. Another center,

the dorsal raphe nucleus, affects serotonin leVels in the brain.
3 =4

lood vessels may cause a localized

Constriction of cerébra

deficiency in blood flow, ing OSD, which may, in turn, stimulate
' :

trigeminovascular fibers, eurogenic inflammation and headache

pain. Nerve fibers fro ‘ cé_rulius, the dorsal raphe nucleus, and

ulatlon"bf cranial nerves that dilate both

. Lt .r'..'-:'i =

ot

ves§els m dilation of meningeal vessels

the trigeminal nerve cause
cerebral and extracranial
contributes to pain generation. The ’I’he locﬂ{'eé‘ruleus also sends fibers to
higher centers of the gfrebral-'cortex, whm tt'mﬂuen‘?es a person’s state

of arousal and awareness i jinteract with the

body’s pain control mechanisms. .

Likewise, the,dorsal raphe nueleus-sends,multiple-fibers to blood
vessels and upward toward the cerebral cortex. These serotonin-secreting
fibers help ,regulate csleep- and gneuroendecrine o functions.; Other
connections, are made “with~ lower brain stem aréas and with the
hypothalamus. A disruption in the normal function of the hypothalamus
may be responsible for prodromal signs and symptoms of migraine such
as mood changes, food cravings, drowsiness, thirst, and yawning. These
signs and symptoms may occur several hours, or even as long as 1 day,

before headache pain begins.
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II. NITRIC OXIDE

In 1980 Furchgott and Zawadzki reported that vasodilatation
induced by acetylcholine depends on the presence of intact endothelium
(Furchgott and Zawadzki, 1980). The mediator of this endothelium
dependent vasodilatation was some years later identified as NO, which
previously was considered to be merely an atmospheric pollutant (Palmer
et al., 1987). Since then the blologf' {'9[ /hls small and short lived

messenger molecule has been mcreas@ and very intensively
9 ‘

investigated. .

THE BIOLOGY OF N){(/})X,ID&:

' ' dxcal NO 1 a lipophilic gas of formula
3 rhalf~hfe of NO is reported to be

N__

nitrogen dioxide (NO,) Wthh a.gam @,P!d»ll forms the more stable
metabolites nitrite (NO7) and nitrate (NO') (Wemn'ﬁa,lm and Peterson,

1991). NO is generéfgd from the terminal guamdino nitrogen of L-
arginine (Figure 2.11). %e family of enzymes cata:lyzmg NO synthesis
is known as NO synthase (NOS) (Knowles-and Moncada, 1994).

NOS activity has been reported in.nany tissues including
endotheliuin, /brain;,| peripheral, . nerves, vascular smooth muscle,
myocardium, macrophages, neutrophils and microglia of several species
(for review see Kiechle and Malinski 1993). Purification and cloning of
NOS has revealed the existence of at least three isoforms (Table 2.2)
(Knowles and Moncada 1994). Two of these are constitutive dependent,
Ca""/calmodulin dependent (cNOS) and release NO from endothelium

(eNOS) and neurons (nNOS). This release is accelerated in response to
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stimulation of several specific membrane bound receptors by e.g.
glutamate, bradykinin, 5-HT, acetylcholine, histamine, endothelin-1,
substance P and probably calcitonin gene-related peptide (CGRP) (Gray
and Marshall 1992b, Toda 1990, Glusa and Richter 1993). Increased
flow velocity and the subsequent increase of shear stress in endothelial

cells may also stimulate eNOS (Figure 2.12). Another NO synthase is
inducible and Ca* independent (i ., INOS generates NO for long
periods and in large amoun% dotoxins and cytokines

(Figure 2. 12) (Busse andm 1-990 m and Bisland, 1994).

{mitric ovide) Cltrulll

Y
ARIAINTUNNINYIA Y

Figuﬁe 2.11 Synthesis of NO from L-arginine. This two-step
oxidation requires NADH, O, flavin (FMV and FAD) and

tetrahydrobiopierin (BH,) as co-factors and yields citrulline as a
co-product. (From Mayer, 1994)
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Table 2.2 NOS isoforms

Type I: nNOS Type II: iNOS Type III: eNOS

e Activity dependson e Activity is e Activity depends on
elevated Ca®* independent of Ca”* elevated Ca”*

e First identified in e First identified in e First identified in

neurons endothelial cells

e Constitutively Constitutively

expressed, but expressed, but

inducible under inducible under

pathological pathological
conditions conditions
e Play a prominent role Play a protective role

in the early stage of in cerebral ischemia

neuronal injury after by maintaining

ST CET I !;

J cerebral flow

atalytic L"Jo Protein and catalytic

; . ()
cerebral ischemia. =

-

e Protein and catalytidj o
activity upregulated “ < activi tivity upregulated
within 10 mi w "J m‘%pﬁjjlﬁ] ﬂ ithin 1 hour and
peak at 3 hours after 4 hours after
cerebr;% ;lﬁ \3 ﬂl ‘iﬁ;ﬁ ﬁﬁ?% E] imj ischemia

From Knowles and Moncada, 1994



stimulus Endathellal cells, Smooth muscle
some neutons cell, platelets,
some neurons
aoetylcholine L-arginine GTP
by
bradykinin — : > NO —»NO'4-»
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bf&dYkiﬂiﬂ V cGMP
Target
cell
Figure 2.12 The mechanism joff NO: releasing ggered by constitutive
NOS. |
Stimulus Cancer cells,
parasites
— 0,
T
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A 4 f@ tve
q

AR a9Ts S unnIny T8

Figure 2.13'The mechanism of NO releasing triggered by inducible NOS.
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THE ROLE OF NO IN MIGRAINE

Increasing evidence suggests that the small messenger molecule
NO plays a role in migraine pain. Two different experimental human
headache models-intravenous infusion of nitroglycerin (NTG) (a donor of
NO) and intravenous infusion of histamine (which probably activates
endothelial NO formation) offer unique possibilities in the study of NO
mechanisms in migraine. The role of N?/i migraine pain is reviewed
mainly based on experiences from thes@ experimental models.
Furthermore, evidence sgfgqmng th""J view tha't'a}ctivation of the NO

cascade of reactions is a i final pathway for headache induced by

several other substancesds inally physiological effects of NO

relevant to migraine are

P — e

. | o
NV

NO has an amazing e, tjf pl‘fyslologlc effects throughout the

body of which severa eoregfeally, s/ may be implicated in the

pathophysiology  of mlgraitxé M‘,’ endothehum-dependent
vasodilatation is of importance in cerebfbvascular }egulatlon and in

A

addition neuro emc as 1CC v1a erivascular
' o

nerves, which operate t;hrough NO (non-chohnergné [NANC] nerves).

Furthermore, NO mediates neurotransmission in the central nervous
system of imporfance for pain perception (hyperalgesia). \NO may also
contribute to sensory transmission in peripheral nerves. Moreover, NO
contributes, to' the /¢ontrol | of platelets and, wheén produ¢ed in large
amounts, NO contributes to host defense reactions of importance in
nonspecific immunity and neurotoxicity (for review see Moncada et al.,
1991). Finally, NO may release CGRP from perivascular nerve endings
and may thus play a role in neurogenic inflammatory reactions (Wei et al.
1992).

1204307360
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NO and pain

NO has a large number of effects throughout the human body
(Moncada et al., 1991). It is a free radical, which is highly reactive, and
is a molecular effector of activated-macrophage-induced cytotoxicity.
Furthermore, it is the most important of the endothelium derived relaxing
factors (Moncada et al., 1991). After its formation, NO diffuses into
vascular smooth muscle where it ;wﬂ tes sGC. This results in the
formation of cGMP which, in turn, relaxe ;__’muscle and dilates the
blood vessels (Moncada ¢t al, 1991). NO synthesis catalyses the
synthesis of NO from

1€, and this enzyme is present in nerve

‘essels in amimals and humans.

3.

fibers surrounding ce

central processing of pai shmuh @!éller and Gebhart, 1993). It

facilitates the transmission nomous 1mp%;s from the periphery to the

il

thalamus and the neocortex and tfﬁeforemhances pam

- ‘-_d

NO a final corﬁ n path *;--z- substances

Beside NTG and) histamine other substances, which have been
shown to reliably: eause; more headache- thangplacebo <in single dose
experiments including ~reserpine, mCPP ‘'and, less convincingly,
prostacyclin and hypoxia, may-causesheadache-via NO|(Pelligrino et al.,
1993; Olesen ef al., 1995). The best example of hypoxic headache is high
altitude headache. However, no formal study of the effects of hypoxia in
migraine sufferers is ~available. Recently, it was shown that persons living
at high altitude had a huge increase in migraine prevalence (Arregui et al.,
1991). Hypoxia increases longevity of NO whereas pure oxygen acts as a

NO scavenger reducing the lifetime and thereby the effect of NO



37

(Rengasamy and Johns, 1991). Hypoxic vascular headache and hypoxia
induced migraine may thus be due to increased spontaneous NO
concentration. The spontaneous increased of NO was also found in
migraine attacks. Recently, Stepien and Chalimoniuk (1998), measured
¢GMP and NO7 level in the blood serum from migraine with and without
aura. They found a significant increase in ¢cGMP and NO7, level in
patients during migraine attack and th1s level decreased after the
administration of sumatriptan. /,/

; S 2 ;
Prostacyclin has bee Wwn 10 one stud:y to cause headache in

I

migraineurs (Peatfield Ml/ .981) ow concentration of exogenous

PGE2 stimulates iNO. lease. It is more likely that

3;3
el

i ms}exésin_g NO (Meng et al., 1995).

.-.'f ;"

prostacyclin-induced h

od -'-IH
In migraineurs, ha,g beeﬁ'@hown to cause headache with

some migrainous features anoe,n 199’1‘_{’_,Reserp1ne depletes not only

platelets but also presynaptlé—nerve Em{nals of their content of
monoamines. Substanges released mclude S-HT T’l}e 5-HT,¢ (former
— =

called 5-HT¢) receptp)? has recently been Sugg&ﬁetﬁ@lay a crucial role
in the initiation of mlgg‘nne attacks (Fozard and Ka_]cman, 1994). 5-HT

caused an endothelium dependent relaxing response in a number of
vessels from different speci¢§, and this effect was mediated via the 5-
HT),c receptor. The vascular response to 5-HT»¢ activation, at'least in the
pig, is primarily alconséquence of the'release of NO (Glusa’and-Richter,
1993). mCPP is a direct agonist at the 5-HT,c receptor and, therefore, is
likely to cause vascular headache via NO synthesis (Fozard an Kalkrnan,
1994). Based on above data, one may be concluded that NO is a likely
common denominator for headaches induced by NTG, histamine,

reserpine, mCPP, prostacyclin and hypoxia.
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Mechanisms of NO induced migraine

Several neurotransmitters in brain tissue, periarterial cerebral
nerves and in the blood stimulate the formation of NO in brain neurons
and arterial endothelium and possibly also interact with NOS containing
nerve terminals (Nozaki et al., 1993; Tomimoto et al., 1994). Thus,
fluctuations in neurotransmitter concentration both in brain and blood
may trigger migraine headache in ifnip}ine patients due to their
supersensitivity to NO. The formation’ ﬁﬁ:N"_O may be elicited by
pathological reactions sucfi as-(i) C&TD (Goadsby et al,, 1992) (ii) the
activation of the trigemjno\'r'/ ular system with the liberation of e.g. SP

I ? and 1997), (iii) fever and

. ﬁﬁine etc. (Olesen et al., 1994).

‘5*:

ogn i further detail how activation of the

At present it is

NO pathway causes mi ﬁgpﬁachdé@ilatation of large intra- and
extracranial arteries may be ii;iéf'_—‘é__ﬁ'/ed b@ge (i) arterial dilatation is
induced by NO which libérated frd%‘aiaotheli};m and probably
'i_ A et-als 1991} (i) the cerebral

vasodilatation has beerz reported during spontaneoui migraine headache

(Firberg et al., 1991; Iversen et al., 1990; Thomsen et al., 1995), ii)

perivascular nerve éndn

mechanical dilatationcof intracranial arteries causes referred pain in the
areas where most patients feel theirpain duringsmigraine attacks (Nichols
et al,, 1990) and (iv) agents snch ascergotaminé and 'sumattiptan which
constrict arteries (but not arterioles) are effective in the treatment of the
acute migraine attack. On the other hand, the moderate mechanical
arterial dilatation reported during migraine aitacks may not be enough to
cause severe pain. Another possibility is central pain modulating effects
of NO. Direct activation of perivascular sensory nerve fibers and/or

initiation of perivascular neurogenic inflammation (Moskowitz et al.,
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1993b) by NO may be other possibilities and also the direct noxious and
cytotoxic effect of NO should be considered. Whatever is true, it is
striking that NO cause migraine with a delay of up to several hours
(Thomsen et al., 1994a,b). A time course that mimics the often slowly
progressing development of migraine pain during spontaneous migraine
attacks. As mentioned, NO is an unstable free radical with a very short
half-life. Other mediators or mechani§nf therefore seem to be involved in
the rather slow cascade of events set up b /}jivation of the NO pathway
and eventually leading to a migraing attack. The elucidation of these
ither dctvn the NO activated cascade of

challenge “likely to provide new

mechanisms and of st

reactions is a fascinatin,

. a8
4

therapeutic approaches to

—

NOS inhibition new th§rapeutlc principle in migraine

.."}' J:

NOS inhibition is vel ghncn;ﬂq in the treatment of migraine.
546C88 was the only NO th{ntor aﬁﬂﬁ‘ble for clinical use which
conformed to the regulatlons of the Danish‘Natlonal /Health authorities.
546C88, a non- selec‘t’_f’ 'OS inhibitor, inhibits "vv-_ﬁliee types of NOS.
An intravenous 1nqu10n|of 546C88, a NOS mhlbltor, , may be effective in

the acute treatment of migraine attacks. Two hours after the infusion, 10
to 15 (67%) 546C88-treated | patients . experienced = headache relief

compared with 2 of 14 (14%) placebo-treated patients” (p<0.05).
Symptoms' such as)‘phono- @and ‘photophobiat were..also Usignificantly

improved. There was no significant difference between the 546C88-

treated patients and the placebo-treated patients in the relief of nausea.
Therefore, they conclude that the effect of 546C88 on migraine is likely
to be a specific result of NOS inhibition and decreased NO formation

rather than an effect of cerebral vasoconstriction (Lassen et al., 1998).
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According to previous studies, NO may initiate migraine attacks,
so NOS inhibitors should also be evaluated for their effect as prophylactic
agents in migraine. For this purpose selective inhibitors without systemic

circulatory effects would clearly be needed.

l ]
AUt Ingninens
ARIAINTANNINGIAY
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I1I. SEROTONIN (5-HT)

Serotonin (5-HT), a biogenic amine with wide distribution in both
the plant and animal kingdoms, is the vasoconstrictor substance in serum
which was identified, crystallized and named by Rapport et al in 1948,
- While independently characterizing the substance that gives the
enterochromaffin cells of the gastrointestinal mucosa their unique
histochemical property, Erspamer (1956)‘ )‘;)nd that this compound was
5-hydroxytryptamine and was identical o -sé;tgnin. The structure of 5-
HT is shown in figure 2. lii:Ib.e cqmb'J ation of the hydroxyl group in the
5 position of the indole ;}uyﬁ/rgd 4 primary amine nitrogen serving as a

ol miakes 5-HT a hydrophilic substance.

proton acceptor at physi
As such, it does not pas ] h1[ic I;lood brain barrier readily. Thus,
at SF—H’} was bemg synthes1zed in brain,

the 5-HT is found in the e emczhljomaé(nffells of the gastrointestinal
mucosa. The remainder is founFn pl@'ets and the central nervous

system (CNS) (Sjoerdsma et al., 1970) vy

Yy’ )
The serotonergic neuronal system is uniquely organized with cells
o’ T

of origin in the brainstem which provide extensive projections to virtually
all areas of the bfain and spinal cord. In addition, there aré serotonergic
neurons that originate from the midbrain raphe and innervate cerebral
blood vessels. When activated, these neurons change cerebral blood flow
(Lance, 1992). Specific 5-HT receptor subtypes are localized to the

vascular structures innervated by serotonergic neurons (Lance, 1992).

Apart from its role as neurotransmitter in the CNS, 5-HT appears
to act as a modulator, altering the level of sensory responsiveness or

motor activity but not actually mediating the responses (Boadle-Biber,
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1993). 5-HT has been implicated in controlling feeding behavior,
thermoregulation, sexual behavior, sleep, and pain modulation (Leonard,
1992). The development of selective serotonergic receptor agonists and

antagonists has revolutionized the treatment of headache.

(Sjoerdsma et al., 197¢ : atﬁollsm of 5-HT are

shown in figure 2.15. Tl}g first step in blosynthe51s is catalyzed by the

crme s 1) Y AN Gome). whi

converts L-tryptéphan to S-hydraoxytryptoplgn (5-HTP).u5-HTP is
decarbo @] G RITTYIREGAA PRI Gediho acic
decarboxylase. In neurons, 5-HT is taken up into secretory granules and
stored. In man, 5-HT is mainly oxidatively deaminated by monamine
oxidase (MAO) to form 5-hydroxyindoleactetaldehyde. The aldehyde is
rapidly degraded by aldehyde dehydrogenase to 5-hydroxyindoleacetic
acid (5-HIAA), the major metabolite of 5-HT.
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5-HT synthesis is regulated by modulating the rate of conversion of
L-tryptophan to 5-HTP .The concentration of tryptophan is subsaturating
for tryptophan hydroxylase. Administration of exogenous tryptophan
leads to a rise in brain levels of tryptophan and an increase in 5-HT
synthesis in rats (Boadle-Biber, 1993). This effect depends on the rate of

firing of the 5-HT neuron and does not occur if firing rates are reduced.

Electrical stimulation enhances\ \TQ:; production by increasing

tryptophan hydroxylase activity, mds enzyme phosphorylation.
Activation of the somatodﬁﬂb'-lﬂ‘, A autoreceptors inhibits neuronal
1 £ thé\ﬁm autoreceptor inhibits

e\“?y.tbsenb&,o any effect on firing

ol

' synthesized 5-HT is
10 response to neuronal
inated by reuptake into the

Spo; adle-Biber, 1993). 5-HT
interacts with its target sites thr‘c‘n;Eh VM‘épme of which are

modulated by estrogetl%;‘ most migrain—eg{ﬁ)ed to interact with

these receptors. Manyi'rgceptors have been cloned and their amino acid

sequence and ‘eﬁﬁﬁﬁﬁﬁw ﬁna
AN TUANINGIAE

nerve terminal by the 5-HT-»t3;ﬁspo

-
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Figure 2.15 The biosynthesis and catabolism of serotonin
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5-HT RECEPTORS

5-HT recognizes at least three distinct types of molecular
structures: guanine nucleotide binding G protein-coupled receptors,
ligand-gated ion channels, and transporters (Table 2.3) (Silberstein,
1994). Prior to the introduction of molecular biological techniques, the
classification of 5-HT receptors was based mainly on their pharmacologic
properties. The existence of S-H'lf‘lf ptor subtypes was first
demonstrated by Gaddum and Picarelli (ﬂ@ who examined 5-HT-
induced contractions in_;fﬁj;g,uineadpig ileum. Using pharmacologic

antagonists, they postul s‘ee ce of a D 5-HT receptor on smooth

muscle and an M 5-H n le parasympathetlc ganglia (Table

2.4). Radioligand bindj ‘ qucs iave led to the identification of
subtyp>s Peroutka and Snyder (1979)
péS‘in th’é‘CNS the 5-HT, and the 5-HT,,
. [3H]-5-HT. The S5-HT,
corresponded to the D, while the S'HT, Wﬁéa new receptor type. Bradley
et al (1986) later mcor?orated both nomenclatures S—Hj"l became 5-HT;-

like and were deﬁﬁed by their suscepubihty ‘tg antagonism to

increasing numbers of

demonstrated two distinct

based on their affinity for radlo

methiothepin, remstancé to 5-HT, antagonists and ‘p'otent agonist by 5-
carboxamidotryptamine,(5-€T); D continued as5-HT5;-and M became 5-
HT;. Molecular biological data have confirmed the existence of at least 7
different Afamilies, of receptors—(Table;2.5) ThenSerotonin (Club has
recently prOpoéed a new nomenclature for 5-HT receptors based on their
operational, structural and transduction properties (Table 2.5) (Humphrey
et al., 1993). |



Table 2.3 Overview of 5-HT Recognition sites
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G protein coupled receptors
5-HT,
5-HT,
5-HT;
5-HT,4
5-HT;s
5-HTs
5-HT,
Ligand gated ion channels
5-HT;
Transporters
5-HT uptake site

Table 2.4 5-HT Receptc

1957
Gaddum
Picarelli

1979
Peroutka&
Snyder

1986
Bradley et al.

Satbuci W ﬁﬁ‘tﬁm‘ﬂ’ G| 3 T

Club SHT]D SI‘ITZC

RFINTUUMINGIAY

Transducer VcAMP NP, ion NcAMP? PNcAMP PNcAMP
channel




Table 2.5 Classification of Serotonin Receptors
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5-HT,

~« G protein linked
« Inhibits adenylate cyclase

5-HT,

« G protein linked

5-HT,4

« G protein linked
« Stimulates adenyla

5-HTs

« G protein linked

5-HTs

5-HT,

« G protein Iink
« Stimulates adenylate cyclase

5-HTa
5-HT s
S'HT]D
5-HTg
5-HT

5-HTsa
5-HTsp

]

e G prote

S NN NN

AN AT AN A
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The 5-HT,; family includes subtypes which can be grouped together
based on the absence of introns in the cloned genes, a common G-protein
transduction system (inhibition of adenylate cyclase), and similar
operational characteristics. Potent agonist by 5-CT is no longer required

to define 5-HT I receptors.

The 5-HT, family of inhibitory receptors includes subtypes A, B,
D, E and F. The 5-HT; G protein Iuﬂc&y }/é;eptors inhibit the production
of cyclic adenosine monophoesphate (c “While the 5-HT, G protein

linked receptors stlmulat‘_pboe_pho:%snol hydmlx,sis Other G protein-

coupled receptors are th % 5-HTs, and 5-HT; receptors. The

" channel (Saudou and Hen, 1994).

high selective affinity droxy-2~~;d;-n»pmpylam1no)-tetralm (8-
OH-DPAT). Activated h '5- I;IT A ré@_tors expressed in HeLa cells
inhibit forskolin-stimulated ad'éngate cga"e activity. Drugs such as

buspirone act as agomits in cefl Tines: with"a Targe nv]}mber of receptors

——

v receptors, “sﬁggestmg that this
property of a ligand is d J?endent on receptor density. | |

and as antagonists in cett-1i

It was formerly, belieyed thatothere awag a separate 5-HT,p in
humans and 5-HT 3 in rodents, but it has been shown that the B receptor
exists in humam and, thesD. receptor i roderits]/ The ‘Todent”5- -HT g
receptor is 97% homologous to the human receptor. This has been
alternatively named the 5-HT ipp receptor while the classic 5-HT 1D
receptor is called S-HTma. Despite the homology, the receptors have
different pharmacologic profiles. Several p-adrenoceptor antagonists have
high affinity for the rodent but not the human 5-HT,g receptor
(Maroteaux et al., 1992).
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5-HT)c, originally named a “1” receptor based on its high affinity
for 5-HT, behaves like a 5-HT, receptor based on second messenger and
other properties and has tentatively been renamed 5-HT,c (Humphrey et
al., 1993).

The 5-HTp receptor was originally identified in bovine brain
membrane by Heuring and Peroutka (1987). The human receptor has been
cloned and first reported by Hambh? etcalf (1991). No selective
agonists exist. The 5-HT,p receEgrs ﬁt ommon 5-HT receptor
subtype in the human brain and maydbe m to the 5-HT)-like
atnpta@he ergot alkaloids

jha 5-HTID and 5-HT.B receptors

receptor in the cranial vascu
have high affinity for bot
(Heuring and Peroutka, 198

The cloned human

sumatriptan, unlike other 5-

J #F T T
ey o

The cloned human 5-HT ¢ réc_e‘ptor,@{s closest genetic relative,
the 5-HT,g receptor, hai low aff'/uirty for Z‘C‘T but di ers in its high

affinity for sumatnptanzman - 199’.) ‘i;u
—
‘ il

The 5-HT, recepbers have close sequence homology, similar

intron/exon gene pWﬁsﬁ:ﬁ% ﬂ-w%@rﬁﬂdﬁtmn system

(stlmulatlon of phospholipase C) and similar operatlonal proﬁles The

Seorin YA TP AT SN TR B -

HT>p receptoriis the 5-HTr fundus receptor. It has been proposed that the

5-HT¢ receptor be renamed the 5-HT),c receptor as it behaves like a 5-

HT; receptor (Baxter et al., 1995).
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The 5-HTj; receptors are distinct, as they belong to the ligand-gated
ion channel receptor superfamily. The selective antagonists ondansetron

and granisetron are antiemetics.

The 5-HT, receptors are G protein coupled receptors positively

linked to adenylate cyclase.

The 5-HTs family, cloned from the mouse genome library, is
expressed predominantly in the CNS\ / tinct varieties have been
found: 5-HTs4 and 5-HTsg. g is l\éb
5-HTs, and 5-HTsg rece i 1m11ar“an..found on different

@Fﬂfﬁmty for ergot

-and are Gpiotem linked.

d by one intron. The

chromosomes. The 5-
alkaloids and 5-CT, a lo

oy ;;‘ - "'s'.i’

and ergot alkaloids. Some antldepressan tipsychotics show high

\

A

B
4

binding affinity.

\
The 5-HT, receptojm 1s-p031t1vely linked

cyclase Ergot alkalmds methiothepin, 5-HT,

5-CT, 8- OH—DPAﬂ ﬁ E(]m'g % Wﬁw qﬂ)ﬁlotlcs show

high, binding affirify. Both methlotabepln and clozapine mmql}lt 5-HT
o

s AR ATV AR M1 TR o

mammalian cells (Shen et al., 1993).

by a G protein to adenyla
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THE ROLE OF 5-HT IN MIGRAINE

5-HT is clearly involved in migraine; the drugs that treat migraine
symptoms most effectively are known to interact with serotonin
receptors. But the nature of that involvement is unclear. Since there is
little evidence as yet to show that serotonin disturbances actually cause
migraine, many researchers are focusing on the practical aspects of the
connection, working on developing né{x/)heraples that target specific
serotonin receptors. This article presgnts an”Overview of the evolving
knowledge linking serotgmn-andr i —

graine 2

in ctlmical thatis widely distributed in
5-HE 'gre found in the gastrointestinal
d the l*am (Saper et al., 1993).

5-HT is a naturall:
the body. Large concentrafions

tract (90%), the platelets

The first hint that 1 n’ught i% 1mportant in migraine came

nearly 40 years ago, wit the- dtscovei*,y'_ that ‘the drug methysergide
antagonized certain actions of §~HT ani!,_could be used to prevent or

reduce the intensity ana frequency of migraine %ﬁiﬁshn 1991).
. j 77777

Subsequent studlj revealed other possible lmks between migraine

and serotonin. It seems that.levels of serotonin in the blood fall at the
onset of headache! but are nd)r‘l:nal' between attacks. Urinaty excretion of
the serotomn metabollte (S-HIAA) ac1d also increases durmg an attack
and returns to nbrma] afterwards. Rcsearchcrs also observed that-migraine
can be precipitated by the drug reserpine, which depletes serotonin, and
relieved by serotonin agonists, meaning the agonists combine with the

receptors and stimulate serotonin activity.

These findings led to a search for safe and effective antimigraine

agents that could interact with serotonin receptors in the brain (Goadsby,



52

1997). Drugs that blocked or enhanced serotonin release from nerve cells,
the thinking went might somehow influence the frequency and/or severity

of migraine attacks.
Serotonin receptors, agonists, and antagonists

When the search for antimigraine agents that selectively target
serotonin began in the early 1970s, twq 5-HT receptors already had been
discovered. Further investigation resudgﬂn the identification of 5
additional receptors (5- Hh;j-HT 7) @S wen as several subtypes of each.
The 5-HT;, 5-HT>,, and 5- '

ptoJi are most relevant to migraine.
5-HT; receptor

The 5-HT, reCepior

particularly in intracranial

r'-.f

—‘»‘__,r‘ J '\u,i--.

The 5-HT, req_eﬂtors especially the 5- HTm e are among the

targets of currently a<za11ab1e drugs that treat acu& migraine attacks,
namely sumatriptan, a) ihydroergotamine (which af§o acts on 5-HT),
receptors), and(;ergdtaminie J(Rapoport= and (Shefiell, <1996). These

collectively are called the serotonin agonists.

Because \serotonin tonstricts bleod ivessels, many exéerts believe
that serotonin agonists relieve migraine headache by constricting swollen
cranial blood vessels, thereby reducing inflammation around the vessels
and reducing pain transmission through the trigeminal system (Mathew,
1997). However, there is no consensus on this point among migraine
specialists. There are other data suggesting that the blood-brain barrier

"opens" during the migraine and may allow sumaptriptan or
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dihydroergotamine to enter the brain and reach neurons, possibly even

those in the proposed "migraine center".

A "new generation" of triptan drugs, believed to target serotonin
even more specifically than does sumatriptan, will be available in the near
future. They include zolmitriptan, rizatriptan, naratriptan, eletriptan, and
alniditan. Studies have indicated that these serotonin agonists may have a

quicker onset and longer duration of aét%ﬂhan sumatriptan, as well as

fewer side effects. Head-to-head comgar‘ , wever, have been done
in only a few cases. ;*j_g : K =<
5-HT, receptors //
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¥

ons ls.erotonin by acting on 5-HT,
Sodists) car

-4 i d ki L FARAN -P: 3 PR .
the mcygf' ¢ antidepressant amitriptyline

il =, Jr-L

(Tfelt-Hansen, 1997), and /Certain beta blockers and calcium channel

Drugs that block't

receptors (serotonin an useful in preventing migraine.

=g

These include methyser

blockers.
)
5-HT; receptors e
.—i :—"
There is some evidence that the gastrointestinal symptoms

associated with migrdine] such as'ndusea; ahd vomitifg, may involve 5-
HT; receptors, Which are found in the medulla site of the "vomiting
centers" ify the ‘brain., ‘Some- expérts | Speculdte that! thesé.\céhters are
activated during a migraine attéck énd that SLHT3 antagonists may be
useful in preventing migraine-associated nausea and vomiting. The anti-

emetic drug odansetron is a 5-HT; antagonist.



Serotonin and migraine-related disorders

Studies suggest that people with migraine are predisposed to such
mood disorders as anxiety, panic attacks, and depression; some experts
believe these mood disturbances may actually be part of a "migraine
syndrome". Interestingly, fluctuations in serotonin have been implicated

as a cause or trigger of these mood disorders, further strengthening the

link bétween serotonin and rmg‘;@‘ ’ ///{/’

Once more is knowa about thel mechanisms of head pain, other

rs, the role of serotonin

ne. also be clarified.
R

He past fex Eﬁes has led to the
are effective, at least in part,
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The aims of this study are:-

To study the effect of CSD on interaction between circulating
leukocytes and pial endothelium.

To study the effect of CSD on rCBF and pial arteriolar diameter.

To study the effect of NOS inhibitor on rCBF and MABP.

To study the effect o :.' inhibite CSD-evoked cerebral
N ) >

hyperemia. _

To study the effeciof '“ ‘3\ rCBF and MABP.

//

To study the efte or agonist on CSD-induced

N
cerebral hyperemiia. '

=]
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