CHAPTER V
DISCUSSION

This study was conducted to investigate the roles of NO and 5-HT on
CSD-evoked cerebral hyperemia. CSD is an electrical phenomenon,

considered to play an important role in ﬁ,ﬁ zechamsm generating aura of

migraine whereas NO and S-H'I' are reco play significant roles in

the process of headache phasv'

i

CSD cause extens’?/} in neurophysiolegical condition during
its propagation across | : : ace (Hansen et al., 1980; Lauritzen,

1987a,b; Sugaya et al., 1975) , calcdl are depolarized, extracellular K

concentration rises, vaso éia%ol 3 and neurotransmitter released
(Krivanek, 1961). In these ci umsftance%fv‘inous factors could promote
cerebral vascular changes duri g (‘;SD In ﬁng;sfudy, the increasing of NO, a

§

potent vasodilator, evoked by CSD was foeg -A series of experiments were
2 "q__.--.

conducted to mvestlgatq the relatlonshlp betweenr NQ ﬁnd the changes of
cerebral vessels evoke&ld_y‘ CSD. ‘m"._iJ

An animal model Véas selected in this experimeiii. Rats were divided
into two main groupsy That is-the control group)and the €SP:group. Several
animal models are prbBabIe t6<tn'gger CSD (Lauritzen, 1994). In this study,
CSD was mducod by topical appheatwn ofisolid K€l 3 mg), o the| parietal
brain surface whllst solid NaCl‘was served as a control (Read and Parsons,
2000). The changes of cerebral vessels were determined by using the laser

Doppler flowmetry and the fluorescent microscopic technique.
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1. The effect of KCl application on cerebral microvascular changes.

KCl application induced the repeated pattern of cerebral hyperemia. A
wave of cortical hyperemia in associated with CSD was firstly suggested by
Leao (1944) who demonstrated a brief period of pial dilation in the rabbit.
Subsequently, a number of authors using a variety technique have confirmed
that CSD results in phase of cortical hyi)eieﬁd}(Lauritzen, 1987a; Lauritzen
et al., 1982). The mechanism underlying KC@cd CSD-evoked cerebral
hyperemia has been progggd:_(}gafs%ein (1963) ryypothesized that the

increasing of extracellu _“Concentration results. in the desisting of

intracellular K* efflux. cell membrane potential becomes to

depolarization (Grafsteing' | The aépolarization is associated with
dramatic changes in the di tion Qt" ioés between intra- and extracellular
ie cells, vg}hle Na', Ca"and CI enter to the

#*
;{E%‘gi%en, I‘-i{;‘ﬁ% These changes induce some

-

compartment: K" and H" leave

cell (Nicholsen and Kraig, 19

transmitter release, especially g’l{i;@nate ﬁfNO Glutamate is a potent
b S N,

mediator of the propagation of CSD (Curtis and Watkins; 1961) while NO is

possible to play rolesﬁ@ecorﬁcalhyperemiaevé@ CSD. Therefore,

the pattern change in this study is likely to be secondary detector to CSD.
The NaCl application group~was served @s a control which showed no
change in rCBF in any‘periodithroughout the experiment.

The vasodil;ation—vasoconstrietion‘ eyeles, were, ;observed, in the
fluorescent microscopic study. The pattern of these cycles correlated well
with the hyperemic cycles recorded by laser Doppler flowmetry. Our
findings suggested that an increase in rCBF and pial arteriolar diameter

during CSD were closely correlated.
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In addition, in contradiction data presented by others (Duckrow, 1993;
Goadsby et al., 1992; Lauritzen, 1994), we did not observe a period of
oligaemia after CSD. However, some of experiments showed the data which
concurred with our results (Colonna et al., 1997). Although the spreading
oligaemia was not observed in our ekperiment the transient spike activities

in rCBF were showed as the unique in CSb' )injnomenon

The above data suggested that the changesf)i neuronal activity evoked
by CSD are associated Wocal cu]culatxon changes Nonetheless, the

chemical mediator Whlﬁ ible \{or such hyperemia evoked by CSD
has not yet been define JI»

2. The effect of

I or on ﬁ}l}evoked cerebral hyperemia.
) ] f‘ a

CSD‘ evgi'eed‘the release of various factors,
emia, mclu}gng NO. In this experiment, the
NOS inhibitor, L-NAME, was" '@_cted wenously at the dose of 10
mg/kg BW after the 2"d peak-of hyperemic - cyclesf The amplitude of

As previously mentio

that can promote cerebral

hyperenuc peaks wd’s" rapidiy—attenuated—after —treattnént. These results

supported the hypothe51s that NO synthesis is mcreased' durmg CSD and NO

is responsible for CSD- evoked cortical hyperemia.

In the presentstudy,: it was found that L-NAME administration
attenuated CSD-induced cortical hyperemia without altering ¥CBF in the
control group. We found.that L-NAME.¢could increase MABP 1n the control
rats. However, these changes did not reach the statistical significant level.
This hypertensive effect of L-NAME was likely to be due to its
vasoconstriction effect. It is known that CSD induces glutamate release,
which subsequently activated the NMDA receptor. Administration of
NMDA antagonist could block the propagation wave of CSD (Gorelova et
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al., 1987). Activation of NMDA receptor has been shown to stimulate the
release of NO in brain via nNOS activity (Faraci et al., 1993; Meng et al.,
1995 Northington et al., 1995).

More recent studies have confirmed the importance of perivascular
nerves in mediating CBF changes during CSD (Bari et al., 2000; Gold et al.,
1998; Reuter et al., 1998). Shimizu et | tJ /(}002) investigated the role of
endothelium in hyperemia during CSD in Fafs« y used the intravascular
administration of phorbal /13-dlbu ate (PDﬁﬁ) as the acute general
pharmacological impairm othe ial function. The results showed that
the impairment of endot

hyperemia. They suggest

responses. As the study € sﬁmb éfoﬁp, their results in the insulin
resistant rats, the chronic alrmcnt ﬁf ‘éndothehal -dependent dilator

responses, provides further otlmlium did not mediate

‘..54
vasodilation during CSD (Mlller‘eFaI @8) The results from several
J “q__.n--

studies supported the 1mportance of nNOS activation in’ i mediating cerebral

hyperemia during CSD“ That is also agreeing with our resuits and suggestion

in the current study. __J o

Here we showed that the minimizing-effect of LNAME on cortical
hyperemia depended. on its dosage. L-NAME at the dose of 1 mg/’kg BW
showed the shght effect on.€SP-evoked cerebral hyperemia, On #he other
hand, L-NAME admlmstratlon at the dose of 10 and 100 mg/kg BW almost
completely attenuated cerebral hyperemia evoked by CSD. These data also
supported that CSD induced cortical hyperemia by activated NO pathway.

Moreover, the changes of pial arteriolar diameter also were

determined in this group. Administration of L-NAME could minimize the
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maximum vasodilation of hyperemic peaks after treatment. It also correlated
well with the rCBF changes recorded by laser Doppler flowmetry in the

same group.

3. The effect of 5-HT,p receptor agonist on CSD-evoked cerebral

hyperemia.

\ ’F i
It has long been held that 5-HT pég{) pivotal role in migraine
pathogenesis. This transmitter exeits it Xanous ph;’smloglcal effect via its

vast diversity of receptor ﬁ; least 15 subtypes of 5-HT receptors
have been characterized. en pr osed the role of 5-HT typel and

type2 receptor agonist _.thcnqmenon. Sumatriptan, 5-HT;g/1p

receptor agonist could not' rjattenu ‘t,he CSD propagation wave. On
the other hand, sumariptan'could miniinize the mcrease in NO level during

CSD (Read and Parsons, 2: O rt geems @(e‘ly that sumatriptan, a potent
/]
antimigraine drug, may play mb: m the @mshl of CSD-activated NO

__4

pathway. In 1998, Gold et al mvgsg.gated wHJEtﬁg 5-HT i1s involved in CSD-
associated hyperemia mfrat Intravenous apphcanon_aé&e mg/kg of the 5-
HToanc receptor antégonlst ritanserin, s:gmﬁcaﬁ't y reduced the
hyperperfusion amphtudé during CSD. They concluded that 5-HT is
involved in the modulatien: of \the r€BE increase during«CSD, probably via
5-HT, receptors (Gold et al.,'l998). It 1s known that 5-HTanc receptor

activation .eleyates, ezlcinm- concentration pim, the gpostsynaptic ccells by
mobilizing calcium’ from its intracellular stores and finally incréase NO
production. As the pervious suggestion, NO plays an important role in the
CSD-evoked cerebral'hyperemia. These mechanisms could explain the role
of 5-HT, receptors on CSD-evoke cerebral hyperemia. Furthermore,
311C90, the 5-HT,p/1p receptor agonist, was investigated the effect on CSD-
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evoked hyperemia in the same study. They found that 311C90 had no effect
in the low dose (100pg/kg BW) whereas the high dose of 311C90 (800pg/kg
BW) increased hyperperfusion significantly. They also suggested that the
high dose of 311C90 may act via the 5-HT; receptors.

Therefore, in this study, naratljiptan, 5-HT g receptor agonist was
selected to investigate its effect on /evoked cerebral hyperemia.
Naratnptan at the dose of 0. lmg/kg BW was uﬁaod intravenously after the

peak of hyperemic cygleor"fhe results showed that naratriptan had no
affect on CSD-evoked '

Doppler flowmetry and

cremia both in the signals from laser

" _ent mwroscope The percent reduction

from the naratriptan-tre was.not significantly difference when

compare with the control C group 5 is the same as the effects of

naratriptan on MABP or rBF in ﬂie coéiro‘l naratriptan-treated group. It

Al J -h

ot -:-:::fa

_—-

Two possible explanations. cxxst m rmﬂs of these results. First, the

was no changes in any peribd

dose of naratriptan usgct was low dose wh1ch was not—&nent enough to act

via the 5-HT, receptor. ”ﬁowever this is unlikely smce—naratnptan has high
affinity to 5-HT;p recéritor. This was evidenced by an observation of
Suwattanasophon of thepeffectoof this) dose ©f) naratriptan=on minimizing
NTG-evoked nNOS expression in trigeminal nerves. The second explanation
was that, actiyation of 5:HT, g receptors cdoes, not affect the-CSD-evoked
cerebral hyperemia. 1t is known that SHT, receptor agonists have an
important role in migraine therapy. This compound acts via constriction-
mediating 5-HT,p reéeptors on cerebral arteries. The 5-HT,p receptors are
found at smooth muscle cell of cerebral vessels (Longmore et al., 1997).
This receptor is negatively couple to adenylyl cyclase. Naratriptan may act
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via constriction-mediating 5-HT,p receptors on cerebral arteries but not
blocking neuronal activity within trigeminovascular afferents. As the
previous suggestion, the mechanism of CSD-evoked cortical hyperemia was
involved in the NO pathway. CSD induced glutamate release and finally
activated nNOS activity. The increase in NO production in the perivascular
nerves causes vasodilation, and results ﬁl/ rebral hyperemia. The 5-HT;p

v&mﬁﬁside as vasoconstrictor. It
does not act on the tngemmovasculaf afferents or cortical nerve cells.

receptors agonists may act oaly in the

Accordingly, its effects on e cerebral blood vessels may not be potent
enough to alter the CSD -e

1on or cerebral hyperemia.

4. The implication

It has been propgsed that (SI .’.may account for neurological

symptoms during the aura/pefiod of migraine (Lauritzen, 1994) and link
w,x;f:;ctlvaﬁ ‘of sensory afferent pathways
(Moskowitz et al., 1993b; Parsons, 1998).‘111& link between CSD and the
generation of headaghé is not well understood—(.{SD induces many

neurotransmitters releés,e, ion homeostasis dlsmrbances and vasoactive

excessive cortical excitabili

metabolites. Some of neurotransmltters release such as glutamate and NO,
are known to be able to;activate or| sensitize ithe nociceptor. It has been
suggested by Woolf (1996) that CSD stimulation of trigeminal afferent input
from sensitized peripheral, nerves.-Indeed Moskowitz etoal (1923b) ishowed
that followfng induction of CSD there was increased expression of c-fos like
immunoreativity in the trigeminal nucleus caudalis, demonstrating a clear
association between CSD and nociceptive processing. However, apparently
contradictory studies have recently been published (Ingvardsen et al. 1997;
Lambert et al., 1999).
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The proposed role of NO in migraine headache is based upon several
pertinent experimental observations. Infusion of GTN into migraineurs
induced a reliable and dose dependent immediate headache, followed by a
late migraine attack several hours after termination of GTN infusion. NO is
important for the pain phase in both forms of migraine. GTN is disintegrated
to NO and is an exogenous source of NO (Feehsh and Noack, 1987). NO
activates cytoplasmic guanylate cylase, hence/ p/ﬁjmng an increase in cyclic
guanosine monophosphate, a decrease, in mtra‘éellular calcium, and

) Dilatation of cerebral arteries is known
71
" ita_iic;’mjof the nuddle cerebral artery

vasodilatation (Ignarro et al

to cause pain (Nichols et al., dies using transcranial Doppler
sonography have demonstrat
during the pain phase 1

Theomsen et al., 1991). H

’aiﬁe "ubtypes (Friberg et al., 1991,
er sunple vasodllatatlon is not likely to be
the only event responsible ontancousf?ngrame headache (Thomsen,
1997). A simultaneous sensitiz th_lL dnduces @‘N O, either in the periphery

or centrally, has been suggested (Ihornsen et ,gi:, 1994a b)

It is interesting th'zitjhc—mcrcasc—m—NG—lewl—evaEdﬂﬁ' CSD may play

roles in the pathogenesis of migraine with aura. CSD has recently been
identified in human cortic:1 tissue in vitro (Avoli et al::'1991) and in vivo
(Mayevsky et al., 1995). NMDA is a potent trigger of CSD (Gorelova et al,,
1987), and NMDA receptor activation.in turn triggers the synthesis of NO
(Faraci et al.p1993; Meng'et al., 1995; Northmgton et al., 1995),Thus, CSD
provokes an increase in NO release, which can be blocked by NOS
inhibitors (Wahl et al., 1994). These observations have led to the proposal
that NO may be the mediator not just of the coupling between CSD and the
rCBF changes following CSD (Goadsby et al., 1992), but also as indicated in
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this study, the mediator coupling CSD and post-aura headache. An
immediate CSD-evoked NO release in pain-associated structure of the brain
may explain the phenomenon that migraine headache is experienced almost
immediately after the aura during spontaneous attacks. Aura without a

subsequent headache may be due to the release of in sufficient amounts of

NO from CSD or insensitivity to NO. 7
—_ 4 \':w ’,/ s G v
In the clinic, NOS m@ & -N”  methyl-arginine
”\-k /

hydrochloride, has been reported to decrease lhicada che and associated

\md;@\ NO may initiate

 evaluated for this

migraine symptoms (Lassen e

migraine attacks, hence NOS#ink

effect as prophylactic agent’ i mig d _purpose, selective

inhibitors without systemi¢ cirgulation effect be needed.
According to our suggestion, the mechanis D-evoked cerebral

hyperemia may involve in the nal :-‘ﬁ ) pat "his mechanism may

aura.
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