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EXPERIMENTAL METHODS
AND RESULTS

- Efféct of nitric oxide on pial microcirculation: an intravital
fluarescein microscopic monitoring

Effect of nitric oxide on ullrastructure of cersbral microvessels

Effect of nitric oxide on Fos immunareaclivity in brainstem
NEurons

. Effect of serotonin depletion on nitric oxlde-induced cerebral
vascular responses

- Effect of seratonin depletion on nitric oxide-Induced Fos
immunoreactivity in brainstem neurons
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DISCUSSION

- Response of Cerebral Microvessels to Nitric oxide
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ABSTRACT

OBJECTIVE To mvestgats the affect of ssotonin deplation on nifric gods-inducad
meningaal vasculer responise and ceretiovascular nocicaplion.

MATERIALE AND METHODS. Wistar rais were divided Into controd 520 saratonin -depieted
groups (8 rats sach). Depletion of aerotonin was induced by infraperitaaedl injection of pars-
ehlgrophenyiaianine (300 mo/ky), Thiee doys after pratraatment, rais ware pregared for
asssEsmant of nitre code-induced plal vasodsatation using nitroglycenn (10 mafka) 88 @ nittic
code-donee. Pl croulistion was monfored to the period of BT minutés poatinfunion using
iniravital fluorescain videomicroscopy. The carvbrovascular noCsplive respanse 1o
ritralycern wan stodied using neuronal Fos imesnorenchivity o8 on indestor

RESULTS Nire coate-inducod pial microvassuiar dititalion wis sigrifcantly graaler in
serotonin-dephitad group than (hose measumd i the contral (P=0.026). Peicentnge changos
o basnlipn dismeter 60 minutes afiar niroghyeernn infuslon wete 53 424 7% and

45 54 d, 7% for setalonin-depleted and control groups, reapectively (P<0.001].
imriunahistochamicd study revealsd Uit exposune 1 nitre axide donor evaked Fo
nmLincrenctivity ¥ vanows brainsiom nuciel The numbers of Fos positve calls pef fives
neclions in serptonm-depleted and control groups were 15246 and 1548 n tngeminal
noleun casdiks, 250427 and 258239 In nuclaus af salitary Uaed and 218+ 17 and 326414 In
Interol meticular nucleus. No significan! diftersaca n numbdr of mitns sade-avoked Fog-
positive cells n any Beminatem nuckel wiss svident whin the PWO GroupEs weln Compared

CONGLUSIONS. Afnough daplation of serotenn can facilitali his vassuiar respanse Lo nitie
axidi, || does not alter the nilne oxide-nducnd erainiovascullr nacioeptive respanse 03
ovdant from e comparabla number of Fos positive cells,

Koy Wards: rugming, serotonin, it cxide. cerebral exrewiation, Fes

Abbroviations:  S-HT sarelonin, NO nitns axda, NOS nitic oaide synthase, PCPA plra-
chisroptenylalaning. FPE plasma protein extriavasshon

INTRODUCTION:

Previous studiss showad that migrsine patients exparicnce 3 deisytd fngraine-ike
heattactis i assacston with nitioglyoenm, & nine oxide (NL) domating CoETRpORIng,
aministration Teea aften than do nopmsgemeurs.| This headache is precedad by an
mmediaia hesdsche responss during niToghysenn mission, fesembing St st fuffiling
diagnostic ctilens for intearational Headache Sacely's criteria for migraing withaut aurs.
Besides clinics! headache, an incresss in sanslity to nitroglycenm-midecad ditsiation of large
intracranial arteries was also evident in migrsine patients.” Thess slinical findings imply an
increased NG saasiivity in migraine nstietts and kssd toa ND supessnsitty hypothesis of
migraing painogenesss in atcard with fhose cheical phservalions, he rodn for NOin
mediating nociceptive ransmissian in acule mMigrRRaus atteck it also suppartad by Tesells
from animal sxpefments. For instance, Hoskn ot 2 showed that nocepton-avbied Fos
Evpression in ihe masrminocavicat compiex of the cat could be roduced Sy inhebilion of NG

synfhesis” The use of nitrc oxide synthase (NOS] inhitlior 35 2n ahositea ir=atment for

il






migraing hes been subjscted o clinical tna! and prefminary result showed s potantially
Beaofickal sfect =

Though the swelverpent of NO in megrame pathogenesis has been widily recogniasd,
m=chamem undsiiying sUch supersensitivity 1o NO s still unknown, Infrinsic darangement in
NO protiucSon sysism & unlikely since nstther ===aciation of the NOS microssialits Aor
linkage 1o mgrame was demonstrsted.” Such finding, therefore, did ned suppad the rols of
this gene in migrane patnagenesis. An indicect mechanism Vis sxtraneos: factors; B,g.
derangement i othes nsurclranamitier systems, which can sphance cerebroyasoular
TEsponse io NO ks =nofher possible altemanve explanalion.  Previousy, we have shown thal
depletion of semionin {5-HT) can facilii=te the pial microvascular diatation in responsa lo
intravenous nitteglysesin infugion,* In the present study, we employ an sxperimental mods! i
invesligata whether the degletion of 5-HT can enfanie the cranioyasodsr necicaplivi
response io eecgenoes NO. Bralnstem nevronad Fos immunareactivity w=s used as an
indicator,

MATERIALS AND METHODS
Experimental Design

Mals Wistar rats, weighing 300-330 grams wern divided nfo S-HT depleted and
control groups (st mts each) In the 5-HT cepletog qruug;; stnghe dose of 300 mgikg of
pare-chioro-phenylainnne (FCPA), o tryptophan hydroxylasa inhisitor wos administenad
mirapelioneaily iNea days prior (o the expedmant. This regirmen csn daglets the brain 5-HT
I the level of iezs than 20% of nomial* Physiclogie saling of the seme volue was given fo
the control group. Throo days after PCPA protreatment, the animabs were prepared for the
suzmsyment of NO-sdused Intragranial recssumssolin responsa using namglycarin as a NO.
donitting agent. The respanse of pial microcrealstion 10 nitroglvce©in wos maniieeesd i1 vivo by
Aucrascein videomicrescopic technigue  To avoid the affact of surgicsl operation-nduced Fos
exgrasmnn, anoftir sef of xpariment was conductod 1o inyestigale the afeot of 54T
depletion nn NO-evekad e-fon yxpression m oramsiem neuoos by uaing
immunohistochemesl mathod

Suigleal Preparation and Intravital Fluorescaln Videomonitoring Testmigque

Fots wers ansgthetzed for e suraton of expatiments by intrmpedtorel
adiministraton of 50 mapg of sodium peaisbarhial. Addilional doses of smaitholicy wera
(Ve D3 reqled fa mamimn wxparimental process onesthesis bosot on lesting of corneal
reflox und rasponse w0 tail piach, Tracheostomy was parformed and weidaton was o8sisted
by & pamitive pressuno ventllotor (Roden) werdilaior madal 883, Harvard Apgamtun, South
Ivluzr;u:ﬁf:I MA, LISA). A femaral srisry and & femonl vain werg canlibited o recond bood
pressurs and for infuson of drugs, respectvely.  Blood pressum wes monionnd therigho
EXROFITIENLS with pressure transducer (Nichan medal TR-300T, Niton Khoden, Tokyo, Japan)
which recerdes on 2 polygranh (Nikhon R 6000, Nshan Khoden, Tokvo, Jegam), Aneral
biood wis coflected panadically for determinaten of pH,. Pat,; and PaCO, by a pHihilood fas
analyzed (208 oH/bicod gos analyzer, Ciba Coming Diagnestics, Esee LK)

After tachessinmy and canulation had besn perfonred, the mts were paced on =
awrgical frame 20 the head was socuely positoned with a head holder. The frontal bene
w2z ooy by 2 ssiine-cooled dill o =xpose the suparior sagitial sinus and tha durs was
then openad osng & fmcroneedlo. A cranis! window wis placed over cronichimy sHa. An
arfificial cerebrospnal fuid was infused into the miracranial spase The finorescan
micoscops (Optiphot 2, Nikan, Tokyo, Japsn} Tidad with the videomanitoring aystern {SIT
Camera, SIT-MT]. Mehigan, (N, USA) wos istaied Fluarescein-isothiosysnals labeied
sextian (FITC-{x-130) (mokcular weight 150,000) was Injested intravenausly o visugiize the
ol microvessess  Nitroglyesnin {2 mgflegiman) was given inlravencesty unti the iotal dose of
10 mglkg wes resched. The images of pisl microvessels at 0, 5, 15, 30 and 50 minules post-
wnfiesion were rescedad with the videosystem for frame by frame playback anatysis. Pl
vassels with bassline dismeter betwesn 10 lo 3D Lim wiore sajacied for the megsuremen|
sinca these smel erernies are regarded s= resisiant vessels and plzy saonficent rofd in
control of regional blosd fow, Twenty vesssls wers sandomnly selecled Tom each group of six
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dstermined by using the computar program “Giokal Lab image” (Datz Translstion, MA, USA).

Determination of NO-Evoked Fos-Immunoreactivity in Bralnstem Neurons

To avoud the effect of surgery-indused Fos axpression, the study for NO-induced Fos
mnmmmmmmmmmmmmmm-ﬁnm;
wmmmﬂmmmiﬁ:mmi- Serotonin was ceplatad by using
the Same method 2= in the previaus expenment. Nitraglycenn (10 mofg) was miusad
witravenously wilhio the pericd of 5 minutes. Two hours after nitroglycssn infusion, rats ware
numanely killed with sxcacsive dose of pentobartital. Rats were then perfosed tanscardially
With 250 mil of phasphaste nuffer saline (pH 7.41  This was followed Gy 200 mi of 4%
parsformaldenyds m phosphate buffer. The brain and carvical spinet cord were remaoved and
sineed ovemignt = 4° C 1 0.1 M phosphats bulier selution. Tissues were then crysprotocied
by Immersing in 30% sucrosa in 0.1 M phosphats Butfer solution 14" & Cornal sections
{aﬂnmjﬂmmwaMmmimHMEﬂﬁﬂ.w,ﬁmnmﬂnnd
every lsntl) ssctions wers cafiacted tor further procesaing

Free-ficating sacions were washed hwics with polassium phosphals buffer salulion
containing 0,25% bovine serum albumin and 0,15% Triton X-100 (KPBS.A) The wttions wers
then pretrasied o 1% hydmaen peroxides in KPES-A for 10 minutes 1o redude tha
endogenous perondasa Prior to incubalion m MW prmary anisensm, i secions wers
Iciibitbed | 5% nomval sabiig seium in KPES eontaining 1% boving serum afbumnin Bnd 0.3%
Thiton X100 (KFES-8), for 30 minytes ol room lemperatuie. This wes lofiowas by the
sretbnlion n e spesific wntlaetyin agmast Fos protein (CHEMICON tnismational, Temocula,
iy, USA) for 38 nowrs o) 4 G After washing thee Bnies I KPBS-A, the sections ware then
reutinted with bisheyteted ant-sheeap 1gG (CHEMICON Internptonal. Temscuts, CA, LISA)
Aol 3400 in KFES-A for B0 minutes 31 room temparaturo and then wate washad in KPBES-
& for 3210 mintes. The secticns ware irested with AEC-atreptavidin hoarsradish pergxsdiss
comptox diluted 1350 in KPBS-A for 1 now, The sechons ware than washed saquankally m
KPRS-A KPES, st 005 M TraHC! butler (pH T 8) for 10 minute i esch bulfer. Thay were
ranciod far perodidatic activily In @ sohtion contamng 0.025% disrminstenzding (DAB,
Sigr, 5t Lows, MO, USA) and 0.01% hydeegen peroxide In 0.06 M TrsHEl bulfer sglubon
(pH 7.8) for 18 minutes. Foliswing the resction, ihe seclions wen wished twice wilh dintilod
walf and mounted onio galatinized gines sides. Fos-mmmunonesctive (FostR) cells warg
disbingulshed by thes biack alekal onhanced nudel from the background. FosIR cells ware
platied onto sectons of the tealnetom moafied from the atlin of Pavnes and Wilson ,
Chintritistion of Fesii cuts wer quantified for each animal by faking tve sactions for each
|svinln and pictiing the iatel foom each wide onto ong schematic section The nimber of
FealR onlls wate summad ond expressed as colly por five slides

Statistical Amalysis

The nitregiycarn-inducedt efiects on pal vessel dinmetel werd caiculated a5 (he
rEERIMAIT paTceriane change fom pre-dote bassling. All vitluts were presuntod a8
megnsiandatd or of mean (SEM) and 95% confelenco |nterval (95801 Te campare
spria] chonges i vessel dimmeter, analysis of variance (ANCVA) for fepeated maasureinon|
with posthos Barfsrmoot adjustment was employed. The nimber of Fos<H =% in each
trainstem muckeus was smressad as five sschons madiar and interquatie ronge. Siatrstical
dillatenoes ammng 5-HT deplsted- snd control groups wete compared usng Mann-Whilney
test. Al (ne stapstost tests were performed sng compuier program SPSS yemann 0 lof
windows  Probaisity values ol less than T D5 weea cansiderad to ba staSetcelly signifkcant

RESULTS

Pretroatment with PGPA showed 2 siohl decreage in Moot acivity wilhoul significsnt
ehanges conoeming body weight o vita! signs - All snimais included i the Fnalysis waru
successhully maintsned within normal physiciegicsl kmits throughoo! the siugiss  infusion of
niFogiycenn produecad & ransient decteass in systemis bleod pressurs with maximal change
of 1636, Thé biood prassurs rapidly bicamis normalized after nittoghycann was removed, No
chenge in-anerst pH. Pabz end Palt: was svident after nilfogiycedin nfusion Prelreafment
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with PCPA did not cause significant differenca In systentic anefial pressare as compared to
tnose obsaved in nifogiyeerin-infusion alome

Effeeis of 5-HT Depletion on NO-Induced Pial Artériolar Dilatation

Pial ansricisr ciatation was obeenved 2imost immediately sfier nitoglycsnn infusion
and reached fis pesk at 15 minutes and persisted for at least 60 minutes. The greatest
ditfarance was avicent st 15 minuts past-inlusion with the magnitude of difference of 59.3+54

cant (B5%0) = 28.4 10 70.2, P<0.007) 2nd &= offect began to decine afier 30 minutes

sirzatmant wilhh PCPA 2id not affect the bessl diemalers of pial srisrisles bt enhanced the
vasadilating effect of nitreglycesin. A sististically significant increase in magnitude of
mitreglycenn-induess piat arerolar dilatztion was observed In the imymegiate sarly and lats
phases  Peicentage of changes of pisl anersise dametar at minute 5 in PCPA-pretreated
rats and cantrols were 38,424 tand 51,124 3%, respeciively (magnituds of Gifernce =
14,745, 0%, 95%CI = 2.6 10 26.5, P=0.013) A groster difference was noted ai late phase-of
manitaring (manute 63) with the magniude of ddlssance batwien PCPA-peetreatmant and
calyiinl groups of 22846 7% (5G] = 5.5 10 36 2, P<0,001) {Table 1 snd Figurs 1)

Effests of 5-HT Deplation on NO-Evoked Fos immunaraactivity In Brainstern Nourons

Nitrogiyosnn evoked Fos expresson in vanous amss of branstem. In medullary
nuclsl, expasurs i NO-danar produced 5 median of 140 (inlerquanile rahge 134-160) FoslR
catls In tngemingd nuckces caudalis, 240 (inecquartiie rangs 188-262) n Eioral eleular
nurcleys, 332 (inmequartie mnge 15G-308) in nueless ol solitary irsct and 178 (intarquartita
range BE-202) i infanor alrvary muclels In hypothalamus, FesiR cells wore dansaly confired
i {e pirAvenincular and supraoplic nuciel  Conziderabie numbers of FosiR neurung were
also demonsirated in amypdate anl habenutar nucless  The distribution of Foaii calls
raflects djverys vassty ol seurpphyshologisl processes in respons to NO_ including seneary
nei RO, uttnnemss and neuro-ordaonne Tunchons

Prifiragtroant with PCPA did not produe wigrifichinl allizrabon i nemter of M.
evoked Foslit cofl i any beoinstom nucle s compatad with thi contrel. Tho sumbemn of
EosiR colls per thes sections in 5-MT-depheied were 158 [inlerquartile rangs 138-164) calik in
igentngl nucliess Gaudalia (P = 0.851), 204 (intsrquartile ronge 168-288) cafis m nutlaus of
it il foticular mockeuy (P=0 B78), 188 (Inbsrquartile mnge 154-374) in nuchsus =i noldary
wae (F=0.724) ond 154 {nterquartita rengn 120-158) cells In intenor ativary nuecls (2 =
0.0y,

COMMENTS:

In this gtuadly, the 34T apphited slate can enhante the effec] of NO in inducing
menngesl vaspdistation In conttadt 1o e effect on NOuinduced vascular response; dapiation
aof SHT Thils to mocutats (e numbes of NO-=vwokad FoslR naurons in tngusminal nuclous
caudils, which i wrm rsfiecting (he abeence of s effect on modutabon of cranovascular
(gL iyl

Accumilstng svdancas mdicate the rols of NO m mociceptive rensmssan and
medulation Asoetng 1o Wang 2! af, the numbers of both formain. and NMOA svoked Fosii
=04 |1 sping] dors=t hom could be reduced by co-injection with the NOS mkbddr at e
injured sites ™" Thess resulls suggest that Erzom:_ usly gensrsted NO may entiance the
initistion of ntcnoptes mputs of periphers! nocceptors. I addition o f= pariphteail potian,
Hre ristes o MO b necceptive modutation = the 2=nfral nenvous Sysiem ara at=n avidenced,
For inelgnce, the intrathocal admintstralion of NOS inhititor wes shown to mipmaze e
rumer ol nociception-=vekad Fos expression i spingl dorsal hom. "' Colecaltzation of
MADPH- diaphorsss postive nabrons-and noScsplive MEspoNSve NEUrsas in vasicls Iram
areas also imaly the riesof NG in nociceplve modulation at the supraspes] evis ™

In the cntest of vascular headaches, NO has baen propossd to be e pein mediator
in igraine and chrster headachie. Clinisslly, expoaure to NO-donal cofripounds can evoke
headachs in both pstents willt migraine end non-headache conbois Fumhermnaes,
Chiigtiansen & af stowed that infusion of nogivesrin could proveke beadsche, which
Al criteris tor misrme willoUt ura in petients with migraine wilh 2ura. ™ Their findings
ity Thak MO c2n bypsss thit Aeurnal process et underies the mising sUrs and dir=clly
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stimulaie the pan-sensiive structures in crenizl cavity. In thie study, we demonsirate that he
administration of nifroglycerin can indiiced Fos expression In Lilgemins! nuciEus caudalis
RELronS indicating the sctivation of crantsl nociceptive pathway. The disribation of NO-
evoked FosIR chsenved In this study suppors peevious findings of Tassoreld and Josaph '
intsrestingly, wes shawn that in some brzin sreas. the NO-evoksd FosiR newons are 2iso
NADPH-diaphocase-pocitive ' |n addition. KnyiharLeiliik and Vecss demenstraiad the
affect of exogenous administration of nitteglyoanin in increasing beading of ha NOS-
immunoreactive nerve fber in supratentonal durs mates. ™ These findings indieste that
seaanous NO can achivats NOB positive newons resulting i endogencus prodoction of NO
This ptoposed mechanssm might explaln pralong nittoglycerin-induced vasodistion
dermonsiratad heren 2ns may undedie the soleyed NO-induced headache ohserved m
migiding patints.

Multipis mechan=ms srohestrats in <catrai of NO production in the central nervous
sysiom. These compiex mechanisms Involve vasious types of chemical messengsr, indiuding
SHT. Evidances have indicated that S-HT can both facilitats and atlemuats the process of
NO production, cepending on fypos of ils recegtor. In 1985, Fozard suggested that 5-HT, via
setivalion of S-HTe-5-HT5o recepton on snoathalksl cells, might stimuiats the rdease of
NO ' Inihe contesry, B was shown thal 5-HT gng Sqonists can sbolished the NMOA:-avokes
enhanaement of NGS sctivity and cGMP cancentralion. ' Aithough we feund e snhancing
affoct of 5-HT depletion on vasculsr respanse. we could not delect sy significant changes in
muttiber of Fosiit cels in bealnstem. This contradiction may results from difterent SHT
rocaptor [ypes that play mejor roles in ench procass

Pathaphysiologeal slieialion i enanal vess=ls, speoully pervascutan sterifn
neunagenic infemmafion causing pinsma probein sxtravisation (PPE), have besn propossd in
play o caitical role w cxiiding haadaehs n mgree Hewaver, recent evidences showed thal
changes in cranil blood vessels and hiadache have no difee] Cause-stiact relationship,
Aczerding to Goadsty and Houkin, the sammistration to CR122 288, a patent seloctive
inhibitor of PRE, st the doss thal blocis PFE has no uitect Jn Fon expeegzion U contral
tigemina neurons afted supetior sagittat smus strmutsbon.™ Th finding m i scoord with
subioquent clinicasl study. Roon et ol demonstrated that CP-122, 288 by ol dinically siective
at dotes and plisma conosntralions in excess of Mose required to infuba PPE ™" Therelore,
FHEE i untilkly 1o piay crucil rake in the pathegenesis of headactus m mageaine  Tha teslils
of no assoCrtan Detwearn vasciiar and nedronal responso privcented in Bus study Turdher
nlppad puch arsumplicn

In eoncluton, daplilion of 5-HT can facktate the vasodialing respansa to NO b
has no ollscl on NO-svoked Fos expreision in nosceptive houron, Theselors. dapletion ol &
HT stane cannot halty explain e more sevene headache obsarvid m megrsine patlents after
axposio o NO.donabng aganta
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Tabled. Effectcf PCPA en NITROGLYCERIN-induced pisl anenciss diztation, Dats

5re explessed == meansSEM and 9%, confidanca interval of percant change fram
B dioams

Time Group Mean B5%CI Difference | P-value
|SEM) PCPA-Control
MinG Concal || 364 (A 1) | 2E2&a7 {4752 ni5
SCoh | BT | 2naEs | =0 e
Min 15 Contrnd 5904 (54) | 484202 aA6+7 0 510
—BePA [ aaEEn | maani | ‘eateles
Min 30 Control BE5{5.0) | 417674 136+7.0 i
sepA AT ET | maevay | (48
M G Coomci | AGG{4T) | 350351 37 B T oy
BEPA | BRA[T] | sEaTEG | (MBI

Table 2. Efocs of PCPA pi the numbes ol NC-evokéd Fosth cells = brallnmitem ucle
Bt wiern exgressisd ie madian and range of sum of live secbons tor each mitieus. No
sigrificant dttirmnos was sbsarvbd in oy basinatem mielsys whin e nurribel of FoslR
eally betwaen PCPA-pretraatmant and thi control groups won campaiea

Ares Group  Median  1Q Rango Pavalun

TTOONG Contrd 14D 134160 a5
PCPA 1585 138-164

Latoral reticular nuelews Conbinl 40 188262 a7h
PCPA 204 13- 208

Nucluus tractus solfarius  Coatiol 78 1EE-258 24
BCPA 164 154374

nferior olive iBantrol 178 g-202 022

PLPR =1 {2168

i






Figue1. EfloiFCPAOD nitroalycssn-induced pial aneticler gilst=ton. Data are
sypreseas = mean+SEM of pereent change frem B pling Eenaers
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Original Article

Ultrastructural changes in endothelial cells of
cerebral microvessels after exposure to
nitric oxide donor

Thiraporn Anuntasethakul,’ Anin Srikiatkhachorm,' Supang Maneesri 2 Suthilak Patumnraj'
and Vira Kassntikol

Brepanments of "Physitogy ana “Pathology. Facihy of Medislig, Chulalonghomn Unleersivy, Bangeok, Thallasa

I Bas been largely nedopiod that mitrie axide (NO) plays an
PmperTant fols ln cerebiml vasommior control N6 his alsa
birem preposed 1o be b sipnifisast chemical In the procos of
endothelial cull injurien in varoms pachologient vonililos,
Althowgh the waie effvct of high concontrations ol NO
b besm shivws, only o fow alivstrctral doilics baee
Twem repoateal, Th purpose of this stuils i 1w demna
siwte plpiakopieal ond patbadogeal dianges in corebiral
micravesimls wfiue pxpovare s o bigh dose of NO danos,
UGlyeery) irimilrale, o MO iloaating ehemdenl, was ad-
minbsternd mtreenonly (W0 mekg W experimental
* bt The vustmitnr besprmse was il by i vive
Huneessrin videonicrasongy wnd ultrsilmiuenl ehonges
wire philied wsing Inmsmisdaon  slvetron mieroseopy,
" The result sbowed ling-lestiog seodiststion of il
mrrmoachs. The gremicsr respene wid olisorved
lereroesely will bustling dbmmcter of b thin 10m
vompated with microvissoh of w lasger dameier (P =
WIEE. Faprsurg fo MO dons prashiiied coniitonabis
shangrs in the uttsnletine of esselsrsd microyeseh, Spch
morphologeal changon were charscterized by inerensed
*pivweytoss, beoressed micrevillioss burmation, mitoche-
didal swelliag, dundng of the endothelial surfoce, swelk
ing of the perivasculsr aslmayiie fnot platy anc partisl
“aeparution of andithelinl cells from the fjaconi hrain
lisvue These reinlls conlinm ihe cytoiotic slled of N0 on
verchral endatficlal coll pod lurther elabomie the rbe of
thels swibsstanee o ondnthelind cell mjury nbserved Iy varbiom
virmkithiies

* Key watthe corebnil vessol. cododbolind cell, mitrie svide
il ragirnary

Lovpondezce ARl Sohisrbbarhorn il Boporimem of
Vhbieiog s, Faully ol Medining, Ulniibiel s Ui Benpook
L0330, Tantond Spmil: lndsst Tt = oo ue o5

et b Bnuury 1!9'Ei;nwnnd-nm!u=-;|=.r'l-il-_';uu.qn 1o,

INTRODUCTION

Tha comtenl of corebral cirestators o comilex process sod
wvoives malliple mechanizas da woll i 0 wide varlers ol
ssrmicul mesangers Revenly, i hisi lieen lurgely ncxepied
Ut mitndi oxide (WO) playy & metjur ule 1 Lhe phystode
weal comteol of zerebend wunidibitition, “This meodecule
Ehem b 0 Nl common pettway of vaneay vasodidsing
PrOCeswen such a8 vanodllaiaie i i sespaniag s soiredt s
mittem, fypo e eie

Bapusure 14 NO cam resill m iiterant oellitis cltocn
Pl oo i Doricembrabine. AL the ﬂpl||:||,u.| lewel, 84
PR SI0pTUTeEvD BTy, A Teeenl  xperiomeg
demonattated thut sdeinisiration of 0 MO donor couid
prevent andolbedin] col) mgery due 1o dschemis sl ge
pertson b | he rabhie ol b’ O e wiher hanl, frigh
cancenirations of NO huve bees domunisiruted play @
vubs v Wie prthogenesn of some cunidllion Fer S ETE S
& tesenl expuHives) agag oo pulfuonary - anery
exdotbalinl colls shoveed thar o high bovel of MO relegseg
by sssivated fumooytes conmiuies 1o endothelial miury!
Mitrie wxide alsy inhibiz coduilielil 2l mAogen
und peolilomtive by inhiliiing DNA synthonds anil tha
tmpuiting regtowth af e endothcinl colly wy ees of
ditense ! |0 muwd Sretmstasees, high conentration of
NO resalh foom the nctivstion of fedudible nitre eaids
snthnse (INOB), & eioem pon-dependem toform of
NS Induction of (NG bas beas chpwn (o produce Sk
leszh ol NO- which Jeuss to- tissue-siinmging free radical
pruction’ Rueh free dical mlice PErOTYIUDE
[N ), MO, 2te Thet bnpher the increuse wl NOL (e
mnde loxe the oxidizod metaboliies The toxie cifcer of MO
t5 furiluet eoniimed by observalions tha sdmnismares of
KOG minbilurs can nrevent el death ' various Bebesme
el

Althoaph (he wiic sifee of bigh soncemrations wf %0
naz toon shivn, onily [ow glirastrustdrul studies have be=n






M)

reported. The present study wes simed 1l demonsirsting
i mu—mrm.tm—al changpes i oerch] misrveTssls alier
exprsate W) ghycery| tinittsis (GTH), & NO daastinz
compuvnil The {TN-nduesd visomoton response was

moniltored Uy m ive fosescor vidéomicrossopy and.

imestrncttrul champes wers sndied osine trensmisson
eleciFon ANCrOSCOpY.

MATERIALS AND METHQDS

Surgical preparation

Mile ‘Wistny | Furth s weighing: W0-38lg were
mssihetiznd for the dorsnna of experinunts by ntrepen-
wneal slministrution of S0mgieg of widlion peniobesbeesl
Addtitivmal doses of ercubstios were given s Toquired 1o
maindain. diitgenl ansstheuy bussll on lesting of (ormesd
felles and reapnnee otk pmch Trnehibninmy wad
perfnrmed. and vennishon e aashled by o pomtive

pretdisie venbifiior [ Hodens veatilator i) 683 Llarvarg.

A pip e Suirth Nutck, MACLISAY A femorsl snery aad
# femural vein wore canmubsed yi reoprd, blood pecaume
andd ur prirsvenous nlssis of drap. reipeeiiecly. Blocd
prmasire woh monliodsed thiosghiml sxpinment with &
prevare (rimstuces (ke el 1P300T;  Sibhon
Kohden, Tukyw, lupan) shbeh was rroordod on s polygragh
(Msikhon RM O Nihoo Kahden). Aterial binod was
callesiey] petiodically e Sstwrmmiljon of pH., Pafl, s
FaiCy by o pHMo0d g smbyeer (238 FHlbsed pas
aralyver Cilin Conng Dhagooston, Ediea, LK)

Intravital fooresceln videwmonitoring rechmgoe

Alier traihanslimty and sanmulation o sy performe)
cach nl tha raes was pleced m & Eameamd thi e pecarely
pomstianed with & lesd habdez, e skill wns txpiest amd
the frontal bone wes Usmeed by deifling with i waline
canled crifl il the Whood v=secis of tho dira wore clealy
wisihie The seperior sagitial st Wi expoted snd the
durs way Lhen opened oung @ microncedle. A crenidl
wdow was plhecd over the cmimntomy oprmag An
artificil corcbrogpinid fusl ey mluseld fslo (he e
tanitul spaoe. Al Came smdow wal fittod, the mwima)
waz placed nnder Lthe Beorssoam micrasenpe (Optiphor 2
Nikon Tokyo, Jopan) fitted sk e vilvosmnitoring
systcn . [SIT Camers: STTMTI, Machigan [N, LISA),
Flucrescoin-isoihiooransre-dahched dexiran (150000 MW,
FITC-dx-150, Slgma. 51 Tools, MOL 1ISA) was bnpeeied
mtravenoosly in orderio vizusiize the pisl mlorovesses

18 order to cxzmine the offeet ul wllpc oxids domss -
pial imicrocirenlation. alyeen trinkirate (2 tigfkg fies win}
w25 afeed imtavenoosly in the exporimental grong fos
the perioyd of S min (rotal does = {0 mpfkph A compsmabic

T oA murraresbatd 2o al

vistumie of physickosies) sailne way infused in e soateal
group. The images of pial microvessels of 0,5 15.30 and 80
mis postinlusion were ssoped with the viden srrem for
further playbmck smabysn The videotspe reonded fram
cach exprerment was played hack frime by fame snd
vomseh Of difirrens Smetier were Tandomty seleeted
Vessedd were divided o thres gmum Baked on thelr
buszlipe dimmeier vessels witl & dismerer of less
HWpier, betwrea W assil Mipnr snd greaeer then S
bnagey-of selecied vemely werk digitized and lhe dametery
uf those vestell wers detormined wsing (e compuler
progrumi ‘Glebal Exb bmeps' | Dong Teswlsiae, MA.
USA)Y.

Ullrustrnctural stmdy

Pt Wit tn lber dreg mbosan, the s were Kille<) with sn
excastivi ke of sodium peinhaibiey), Thi snimel were
prefysed iramscasdiafly with PHImb phosghaie e
aling, foflobweed syib 250 mL ol 4% pacsformldebypds o
0 mall plwsphule-butiered saline, Afine gus s, e
cranlul window wus cemoved and a sl poroos of the
astarlor padietid cortey wwa gl [l kil 1 % ) mm
cubot. Tha liain specimers wore homodiatily immerred in
5% ghararellshyde 1 ) malL pheaphaie bofier (pH
T food o Rnt by el gyt Bimedd Wiy 1% Oesmiionn ietpomiide
tor ar binat ) b Thmses wete dehydritad ihrough s graded
seried A el hamol pemed thrangh twa chiges of propylens
i il Hlnubly, embodded i & plastly Uock | Epon 3127

Semithun and ubrathin secthong wore Got sah oo

ertdamd aahing delmnemd Sapes Tho sormithin sedmm wore
stained with tolulidlse Shes m ordar 10 teloes wralsde dsue
for wieciron mrsscopy. The wlirmllnn  seciioms were
itined. witl uramyl scetae and lenfl Sitrais eml were
cadmiid vnder ihe vsnuninlon dlertine incihpe
(HEM 1210, JEEH , Tiok ym, Inpmn}

Criterin of morphometric study

A rrrphinlagient chsmess in b ulrabtraciure of esdathniin
eeils ol the cerchiral mborvesels were imuniilked. i order
o doline possthie dilfesspoey betwten Wirmiresturl
changes (o capilleries and arieriples the studicd pldl
imicrovestedy’ were divided into twe proupe based on their
dlumeter, Cspiffancs worc dofined s such i their diaane-
tere were cqual o fess than 10 jlim. Vool sth & diaseier
sreates thun 1 wre dofined a3 ancnnics The mar-
phométpne poramettes smdked induded tho oomber of
mxfervilli, mmmber of mmscytoplimc pivocyts veaichey
il i rochiondrial Gmneier

Im uwtler b determine (e mumber of mirreil, 30
irtercles anid 100 eopsifsrizs were rimdomiy seleci=d from
Five .clqmllmn.nt.ul dmmaly The m,unbcl: of m=crowilll in
cagh vesscl werc powied snil expressed 2= number of
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bryan fwsense in PnGCy E vesicles, micrnvillops firmsteoe,
mitochiodrial swelling, domire of 1he endodholisl srfpce

swelling af perivasclar ssrocyic foot philo aid SCpRrEsios
of endotheliul cells from (ha defacent brain 1ssue,

Mezroweillons foremation

A sigmficint ingresse f0 e punber of endsiihelial
Fcoew el Wik evident b the ETTM tro ey B mrpciunpEres)
SN -2ty ol Eraop (M2 23] The average numbes of
s = TS TR T diisester of fegs din 100 iy e
B3 =03 and 5850 + 33 miEnwlin Per el b ine
emmtruld sl GTN Y reated gronsps, respectively (P - 2.000)
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The eame pattorn of incresse was observad in vessols witl
a dinpneter grester (kam Hpm. The aversee aumber oF
microvilli i these vessehs wat 124 LA gnd 9785 =354
e thi contra| aad LT frestnd . prosps MEErECiively
(I =04025),

Numbet iof pinecpie semetes

Lhly @ Jow nawmber of Pubaivile vigiclds o Ao
i endothelbs] eediy & i cerchraf Mnroeessaty i il
voninol group: These sesicles heckme pire g
endisthatig| CEIN of etvebral m ErOVessels ik en frees GTN.
tigated i Duorewied MemRyrariE was demossirgied
Goth ihe lumming ssd sbsliininpl surfees of éereiral
Blicivedsols (Frg 32 The Weldge domghty wl placeytic
vexicles In cerelad copilisyiey Wiy 4y & Lhand 1738 =
X uuh:im;,m-’ fou ihe eauiiril i expmrteentsl g
rEapecively (P<BOML 1o ool ohe ilenzsiy af
PIOCYTE  veshdes way Tl = | 9p and  Xred =349
weskicthum’ for The conirol nd OTNyeated ran
rEspetlively [ e Dy

Misachemitrial dimmeeer

The wveripe sisitockendrial Sutmated In cevetoal m
civennely, with o dameter e et e 0 s
Fiskitm fruiem thir pissego) Eronp wan 187 AE = JHAT ana 1S
= MO8, reapaprteoiv, A Senbliemil indreass by miiectmg
ditl- dlameler sk cvident i e LT N vpariod geow (1 «
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Hyposerotonin-Induced Nitric Oxide Supersensitivity in the
Cerebral Microcirculation

Annn Srikintkhnchorm, MY, Thirnpom Anvntasethaleu], PhD; Supang Maneesri, MSc;
Patesiel Phansiewan-Pojito, PETY, Suthiluk Priemrsj, PhD, Viea Kassatiknl MU

Ubjective~Ta investigate the relatiinahlp hetween bypasersinnin mid crantsl mborarssailar respanses 1o ol
Iric wraide (NCYH.

Dachgromemd - Alihuugh e mechasien underlving NO wpesseqnitivity ln mbpraboe b ostill puelear, an lies
wiima ol the gerotonin sydiem i s posable explonifion.

Methade~VWiutar rals wers divided lnlo caniro] amt hypeserotondi gronpe. Serotonia w depletod by inire-
peritonesl Injection with 30 mighg of pora-chbraplen lalanine PCPAY, 8 iryptophan hydeoxylase labilibo.
Threw days alter PCPA pretresmment, e snlinks worg propared (or assessient of ibee SO nidueed vasomoine
peesprnen nabog phyeory] eindbrwie (G N j0 T pagyh g, intrasenoesdy ) o oo NO doose. Plad deculuation yas vissl.
fend by the inteavital Moorestein vislenmicerseopio leclhimigee. Inmges of vosaets m 0, 5, 15, 30, wod 60 mimiics pos
TN infusbon were digitieed snd meavured. Af the end ol wmniioring, the raf hrslss were cemnved forilimstre
tarmd siwndy o than Lirwinn sy ros el

Keaulta—tnliinn of GTN prodaced dosa-dopendent plal siterlalar dilatation. Thes varndilator sllect was ap-
niflemnily invreaiedd b the PCPActrented gronps, mpecisils o 30 und 60 minotes The percentipe chunge (fom
barclinr diamcter at 3 minatey alior the S-mp/kg GTN lnfuddun wos 4206 £ A1 Tor the hyposssiinnin group swl
I8 = 29 for the control growp (F<.000). Electron miousouple study reveuled that expisare 16 (e NO douo
prodeced comsidirable changes in eevehial micrnvesieds, characteriand hy fovil balloosing of eadoiteliul cell, ine
srvased mibcrmsillons formatios, amd lporeasel endothiclls! ploseytnads, These snatinlesl charges were sipnile
contly mare jrrominent ln the hypeservionin group,

Comchmdmne, =& hpp-nmmmur'l: ool can facrlinie the MO nducod ,p.h_nhlq.lm'ﬂl wineh pwd hasburgrowd
respanres in meaingeal and eercbeal microvensely snd, therefore, be s passibile explasation far thie inpercenslfivity
1m N0 alwarved o patienis with mlgraine,

Key=ords migraine. sarebonbs, ibivle nxide, cerebral iileotrentdtbion, andoiloelbl ool

Abbirevlatione N0 nlivke asdde, cGMP oyclle gnanovios swmaphoapliale, 5HT sembanin, POTA para-chlam-
phonvialanine. G 1IN glyeeryl rinitate

[ H e edaebee JOO0ULAGP-2TA]

Milne oxde (MO 8 0 mafor OgunUiraREmies
thiat plays-a significant role m the sontrol of ecrebral
coutiation. This chetmical serves as & finol como

From the Departmondy of Plysiolops (Do SelkEitlk hachom,
Ansmtasetinrkal, mnd Pobonstals wed Petalogy (M. Mummes

sl Dir. Kassmifkut), Faciliy of Medicirs. Clutabimgkorn Unk
wersitr; mmd Uve Diepartinont of Anstossy, Foendty pf Medicine.

Sripakhammwimnt Dniversity (T, Fhianssran-Pajiio) Bangkok,

Virnstarmd

Adifrrss ol eorrespudidener. e The Anes Srikitkhachari, De-
partmest of Physintugy, Facelly af Mediore, Chulsfonghom
Linkversity, anphisk 033}, Thatlees

Aivrpled forpolilicniing Ehciobet TH, 1R,

satlpugy foy varinus vasodilating pricessas, Besides
i role o vasomotor contred. NO nlsa has sn -
serlafil finelicit in pin-processing mechamems: 2.
cr=xscd sctwvity of nilre oodsnmne Easssidesion 1n 1k
spinsl dorsat horn has been poopoged 458 crucial stap
m the develdpment of central sépaitization, which
beads 104 hyperlpesic ssale





el

Supeetengitivity of corebil vesels 1o NO b

bees recenily proposed to e s possible techanizm.

of migrnine pathopesesis | Chnieally, the udminisim-
iz of an NO-donating componad reaslied in stms-
g=i headache in patiemts wilk mmgraine compured
with palienis. with reasion-nype headache vr non-
beadache controls. s invalvement has been tumher
confirmed by observations ol meremead plagler NO
and ils active lolermedinte, cyclic guanosine mum-
phosphate (CGMP), i pabesis with, sigrsine com
puared with nonherdache contooll eipecinlly during
migramons anocks:'" Nirmz onide synibese inhildio:
has boen miroduced wilo wmizraine phormpcother-
apy Thuugh varows picces of cidence sigeest an
imvolvement of NO & migrasme pathogenzshd, Ihe
mechanam linderlying sich NO gupersgusitivity hus
it yoi been Drought ta lbpht.

v hay fong been kmown (el seroloidn (ST
plays an imporisal e i migraine pathogoiesds [n
s, Faream ot ol demomcened thot aibockn of oo
grazne cuinitided with o fall @ phaiciet 53171 aa wall ;e
wli iprresue (g plasms SHT® Tha admimimirition of
3-HT o S M aponicks (reaindy SHT,, ., 8jgnniat)
can sbort e attack of inigraine. Theie (fnding (m
iy w celativaship bevween KT depletion and the
dewelopment of 8 mgruee stisck. Therofoie, 1t b
possthly that S HT depletion may sensitize oranisl
veteele, resuliing n supereemaltivity to NO. In the £
ladeing wiully, we employ sn exparimesial siode] 1o
wvestigate the ellect of hyposstatonin on menmgeal
and cerebril mucrnaretIamndy iespotizd Ta NO

MATERIAL AND METHODS

Experimenitl Detipn-Mels Wistur Fusth rats
weighitg 3 to 350 p st dEvhdind frilo (we o,

with and withoul SHT depletica. In Lhe $:HT-lepleied
promp, MHEmiglkg of para-chioropbenyiolanine (PCPA).

a syptopann hydroxyizse mhibitor, was adomnricred’

miraperitoneally prioy to the expermment, This TR
men can deplete S.HT in the braim 1o less than 7%
wl e gormnl amomnl® Physoelopisl sibine of the
samz wnlume was given o lhs conimol groop Thres
days slier PCPA pretotatmedt, the animils weie pre-
pared fior theasscssment of NO-nduced intracranial
mzvvasculir cesponse sung ghvecryl wnltoste (GTN)
zsan NO-donuting agent. The responge of the menn

April 2000

grdl mcracitoulation 1o the ML) donor was moiorid
v by the lvvremem wsimistusoome lechnmgue.
Choneey in the wrssmettre of cerebrat endothelinl
eelid weye siudied by electron mistoscupy,

S.urliul Preparstinn anl Illruu.lp’l Flusrescein
Videamanltoclng Technigue~The mls were anesibe-
azed for the duration of ths experments by the gt
pentoned sdminisrmoos of 50 mytkg of sodinm pea-
mhmnml. Additana doses ol mnesthetios wiic Erven
s reqquired to mainiein swrglon] aossthesm based an
eszing af the goryenl relies snd rRfnse 10 full puct
Trachoostomy was performed aud venlilisthon wa 2
saaredd by o posilve: presuete venlamos { Rodenl veiii-
Later madsl G103, Harvard Apparatus, South kack,
Maa), A Lemmral aneey and a lemoial bein wers can-
malated to récerd blaod peessire and 10y e tdrave-
ot (ofusbou of drugs, revpectively, Rlood pressure
wez nionitored thigughou the . syperimenn with &
presdure irnhrducer (Nikhioo mude] TP, Nihon
Kioden, Tokyo, Ispan} snd recordid on o polygruph
[Nikhon RM 6000). Areral blood was collected pe-
rodmilly for the defermination of pH, Pall, and
FaCOy by o plliblood ga saalyrer (238 pl Vblood pad
wnalyzer| Ciba Comning Drisgrimtics, Fasny, LK),

After trnehieosiousy snd canmulation hiad been
periormed, (he ot were ploced on o sargical fume
and the hoad wus securcly postiened with & head
hlders Thie sXull was m—;md. arl Ahe frommul bime
wan thinnadd by deilling with 2 suline-comrled dill satil
the bleod visiols of the dugy becume claurly viabls
Tha s or sagit tal snus wa expazed, and the durs
i W apencd utng 4 mectoned (e, A ciniul wiss
dow was placgd over the cowudtomy opening. An as
fifminl cerelivospmal Nund wem nhised into ihe imrs-
cratisl rpam Ater cranial wipidiew Iﬂ-u:ﬂml’. gh=
antoul was pinocd under the finovesein ilerecope
(Optiphol 2; Nikon, Tokyn, Japan) fitted with the
ridearnonitoring sysem (51T Camers: STT-MTT, Mich-
atr, Ind), Flosrescem-mothooyantedabeled dex-
rean { FITC: D 1500, mokemudar werighe | SO0, was m-
el mimvenusly be vemilize ihe pial mivnvesels
Uihyerryl trinkrate (2 mp'kE por minute) wis infesed
mtravtnousty untll the total dose ol 8 or 10 makg
was resched. The images of pisl microvessclsat 05,
i3, 30, and 60 wistes post mfesion were sored
withun the vidensystem foe Lusther playback analyss.






Haztarhs

The valeatape recorded from sach experiment wi
ey back frame by frsme. snd (he pial vésséls wore
mndomby seleticd. Vessel with & baseling diumeles
betwaen [ gnd 30 um were sslected [or measure-
ment, sme (hese amal) arenolss sre regacded o re-
rinzamce vessals nidl play & signfioant fole i the g
wod of regionnl bleed flow, Tweury vesseh wers
randomly seiveted from esch goop of live rals. The
imugres ol delected vessels wete daglizéd, And the o
amsierd of those vessel were dowermined by unng
the zompurer program Clobal Lab Image.
Uttrmsrnetyornl Sturly ~Toeo b aller doug inhi-
man, tle ruts wede Timanely killod with ay ereesave
dese of sndipm pentoburbital, The anlmaly wire ped
fared trunsanidinlly with 2% mi uf phospliate buffer
witine. (ullgwed by 250 mL of 4% paraformaldchyds
wx 01 wod phosphuie bufler salme Aner perduaion, he
eramual window was removed, and a smill portian of e
antersor paristal dortes wes ot invdo maltfple cuber, | 2
| s The broin gpecimens were limadiately im-
meened Ji 15% plulsraldebyde in 0.1 ol phospiuats
babfer anding (pl17.4) for ot beast & homrn and were post
fed with 1% osmitm vetroaids Boru Jeast | hour, The
tmsases were dobipdiinned Usrough o grdad sarien of elbin-
i, were passdd through two changes ol propylen: ax-
v, el werk finnlly ermibedded i plistle Wock (Epes
£12. Elegtron Microsopy Saeneta, FL Wosiington,
Pa) Semithin und ultrptiin sections wees ¢ty with u
{ramicrotonie wing pless Emves. The semithin sesnom
wese staaried wirh 1obuidine bloe m order $0 saloct =i
e wsue for oloctron mictesoopy. The ulteathin s<-
speermy weere stained with uramid scstate and lewd citrate
il were saaniined umdes the tranmmbssitn elactron
misrascope (JEOL, JEM 1200 JEOL. Tokyo, Japan}
Criterin of Morphometric Snnfy-Morpholegpcsl
chamees in (he uftrastrecture of ondothelind eolis. of
cer=bral misrovessels were gusatified. The morphe-
metric parmmeters studied mslided the numbes af
mrcrovilll, the pimbcr of ntreyioplasmic pinoeytic
vasicles gt piijtochomdrzl diemeter. To determmins

thie pomber of mferoviiil, €0 Ertorinics weére pondomiy

s=toctad from cach proopof Svs s The numbess of
rriserovyil i each vessal were ommmited il sxprressedl
=zs qumben of micravilli per vl The denithes af
pmooyic vediclos wene gquantificd by chunting thei
srrthers in five randomly sclecled micrographs tiken

b

from zach vessel Thiess aumberns were avaraged and
expressed a3 nimbier per squake maczometsr, The d
mnstgr of mitochontdna of cerehrsl endnthebs) cedis
wege megswcd a1 3 31000 megmfioiom. Mitrchon-
drm with didmelers grestes thaon the mean + 3 80 of
the nazanal lenjth were defined ue swiollen sl were
enumed, Oiher champes o the ulivssiructure of -
dothalinl cells wWere ol admerietl

Statlssical Anslysin-The cffectdon the pral vessel
damergr pruduced by OTN were caleulaled a2 the
madkimmim pertenigs chasgs from prediss busline
Al valugs were presented ss mesn = landard sree
ol mean (SEM) und 08% confideénce imerval [95%
11 To cumpure seob] changes m vessel diamarer;
saafyzin of wansnee [ANOVA) o repenicd mea-
st wiith the pow boc Ronfarranl 1oil was s
ployed (PSS version 7.3 for Winduwi), Statities)
ditfereanes among varieus siudled groljs weee oo,
s wsinp, ANOVA ar chi-squakit tesis Tor interval
s carepnrionl dutu, respectively. Frohabiflity values
of bess than 08 were conedaead 10 e sttacully vy
nifcant

RESULTS

Betlden i alighi Jecreasd 11 motor BeivILY, hin sig-
niticani chunje consesming Body waight of vital vigz
waa gbserved 1 the rits pretreated wilh PUPA, bt
won of TN produced & immilent decreass in o>
temic blood pressure, The mean urlerial pressurs ol
sttt 0, &, 15, 40, and 60 poot infision in animils re
eetring 10 wekp of GIN wm 1083 = 104, 900 =
491017 247, 33 = 47, amd 1033 = 4.7 mm Hi
respoctively, Mean artenal preswure. diflerencs b
iweep grmite: U and migote S was 123 & 7.2 Hg
(05%, L1, 34213 P=mY). Blood pregaie rapidly
beesme pormal After (G109 was tomoved, No dilngs
f aeterial pll. PaCy, and PaCll was ewpdent alte
GTN infusion, Pratreatrmmnt with POVA, Jdid not pre-
dner any senilicant differzncs (0 G TN-nduecd changs
tm systomic gricrial pressore compared with thoss o
served im fhe (71 N-infisian groap dlone

Effccty of GTN va Fial Artesdales—Pisl aneolar
Jilntstion was cbserved almust immodiately -afies
GTH tnfusion, resched Gs peak at 15 nnnutes, aad
persizted Tor sz feast 60 mmimes The greaiess difcr






= . — ————— |
=T Apnl 2000
Tatabe L-Effect of ICPA sn GTN-Aaduced Pill Areristsr Ustation
GTH Y ugleg SN 10 gtk

Tusie g i [ g MCRA = P& o F

fefmena dbTr 2 35j Hid = T34 (Brn] TR i g S {reni
e T Lhoikzs 2 [s= s 10 BO-RY

Mlingiis 13 2% =234 mMd2= |5 L AT JAT nNiK=517 gy
|y a-ER A ATERETH I 413501 e

Rliamis 30 TETT =259 4330 = L0 < m] A0LES £ Sed SRS = 4.l (T2
-2 360649105 THALE T A48 20GRT0

Munute 6 | = 53 drne = 448 = £} Tal = 5Ky MLIR = 473 (TR S
AR pRELLTE MENL R SO0 T

Udaaie expigund anmezsn = SEM and U5% confidonss el of porcinipge changs fem bodchme diametens. A sgnifeei
st ik U TN et eslodar dilatitlon wos adsemal ta the POPAprefeand sreup (ICPA ¢ | cumpitied sl e et

gounp (PLPA ), cypsrantty s msssien W1 anab ) Chemazes chuamps winapparent i ansmai coceiving & [Owyr done of GTN,

enca win ot 13 mmates gond mlusion, The magmitieds
of the diffcrones 88 15 namites [n Famk feecfving L0
mpkp of BTN wae 5547 = T42% (98% C1, .
LG P 1), Alter 30 minutes, the degres of va
sodilatation Begun v deciine A highar dose of GTN
prostuend o greater degree of wenalor ditlalanon. Al
munuiee 13, W, mod 60 pom miusion, e percenage
dilistatbin ol plal priesste s sutisthally greser in
the pils reéewving 10 mgfip of BTN, eonnpared stk
tharse recgiving B e £ 1), ANOVA o repested
it et with M post i Boilerroni (=)
Proteentrment with POPA &d nat afTeer e basal
damitem of pal artersles bat enhanced 'the vasady
tating effect ol GTN. An increase i both the magni-
mide aivd duration nf GTN-inshiced: sl srtzrinls @
bstatlon was abserved dsepmcially (n the late phess
(minetcs 30 and (1), Pereentigr changes bl pll arte-
rin{ar dismeteral minuts M it fota recciving 10mpie
ol GTH were 5257 = 4.917% and 4047 = 5,64 for
rae with aod withvul FCPA pretreptment, mpec
twely (magmtude of Fiffermce = IROK = A0F%,
859071, |A1<34.55, P=12d). The affset of PURA upon
TN nduccd plal aronniss dilatstion was mon pron-
mcnt o -rits receiving & lower dosage of GTNL AL
miimte ), e poreenlsse changes in ameter in
recervini B mpfke of GTH ware 42.55 = 110% =nd
16,77 & 2B for rats with and withoul FCTA pe=
srzatmeal, espertively (magaitude ol dilfersnce =

25 TH 2 G4 VSR O3, 314005 A<D ) The mune
Iretil wail oloeress) a2 mitioie 600 Detalls of the 2i-
feety of PUPUA prestzsument oif pial arienolas re-
apouse are sliwe pe Table |,

Ulvesigtriciaral Changes lin Endothelisl Cells wof
Cerobyval Arteriodes ~Changdd i e ultiogt e vee of
entfuiletl cefly were gyvidem iy the O TNanfused
groti Tha higher the dess of (TTN, tha mwoe changes
weps oluerved. Suth streetural chunpes wees charse
welred by sp ncrease in friacytio Yealeles, mistoeil-
bous Lornnitbon, milochobdriil soslling. local swelling
of the endithehal yorface, ond penartenolur aitro.
evtic footplite sweling. Depuks of (he morphomeing
stndy ame ghon in Talde 7

Micerehee of Brmecpne Visigher - The s st
shange ahreryed = (FTMN-infuned groups wm an io-
creise in the demity of pinveytic vesicles In e con-
tral grénip. oniy a whall ntmhber of pinocyiic vexnches
svero observed in oodoheinl pelli of the corcbeal s
crovessels, Pretrostraont with PEPA did st cause
any significant chmge in the prrvoslic veskalar den-
sty. On the wamiteary, these vesicles became mone
sbunilant i the endothietnl eclls of cerebral mi-
erovessols taken Froe mats recoving 10 mpkg of
(7T, Incrossed : proocytosrs. was demonureted oo
bith the lummmad amd abfimneal sirfaces of ceretrinl
microvessels (Figare 1) bke averuge Jensity of pi-
Hucyiic vesicles in corcheal sriprinles wis Y68 + 070,
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Table 1-Effece of Evpomire to GTN on Ulirsstrurture of Cereliral Mimsoneh
Wil |Vl per Cell) Finncytle: Vesie { Ve’
My T SEM 7% (21 r Mem = SEM BN O ”

rrsre-pCPA= A znd ¥ ] WAN =0T LG
TR | TR
i nilh-TUTA 4 1d =0E T =5

) L 3-3d T

OTHE-PCPA - = dh o = i
(LT (=R T
GTREFPA S L ERE Mz ™
ilf4a b 15 0

CTMIABTPA 3= |A L T = 136 (et
L% MRS SN
OTRIOPOFA ¢ om0 Mitz i
LN 12043030

ht eemasad anrmaly | CPA = |, seby 5 high dine of GTN (0 mgfhg) mubderd ultisiruetinml yhanges s cxrebral wrieriulo, gharsses
mod by Inctmmed misrovillu formesion sl ncresiod pinofyioss. Prereantm with P e femeraes Ui utitliivily ol esdobe.
i e b NOH iy o rhobagees! shanges, dapocially in Ihe sl iecciving he b o of 1T

GG mehesarn 1o €511 indimian: CITNIL & mighp GTN befommss: CITMIU. 10 kg STTH i, FCTA S il ICPA o

ismiansat; pnud LA | sl ipad POFA prewmalingml

GG L 1A, ongd 2884 = LSH vemiclefum®. [or The o
ol B and 10 kg of VTN, respeativaly. No siguil-
cunt chinge wis cvidem when fhe densly of P
nocyte yeusdes trom the group reseiving 8 mgfie of
7™ and the suntiods were sumparad, Profreanmest
with PCPA mereated the seasitivity of this ulttnt e,
perad change au shown by s onrked Inceense in e
nirmmher ol veidcles (2648 = 176 vesicke/um®) o tuts
reeciving PCPA preteestm=sl and 8 mg/ky OTN ip-
{iton The average dificroncs Betwesn the value ob-
scrved im rafs ;e_amt‘rlng & myim (GTN m[u:iﬁ'n with
and wilnil POPA prefreatment wus 16,67 = 2H)
vomkcledum [05% CL 951251 P=0B1)- The in-
cressa In pinotylie vesicde dessity thidfciles an o
ceade in trinsendothelis! traussort sad possibly re-
Diects nn shnnrmulity in Hood-beaig barrer (unction
Miernwillons Feroanon -Onr resalts showed thal
the sversge munber of mtrei® m cexelral micee
vossels m rals withinut PCPA prowreatment was 153 =

04 32 =0F and 07 = 11 omimsovilli porvesset for the

ponirol, 5, and 10 ks GTN-trested gloups, respee-
trazty, A greater densiy of perrvll observed Zl!l'l.ﬂ'lﬂ i
meke GTH-sreaied group was satistically significant

with PCTA resuited in 3 greater donsily of macronll
gapecinily in the groups reossvng §mpliyg of G, The
sverape ditlerpes betwesn e miciovilll numbey ob

servuid [y ot receiving & mghe GTH [nfusiun with snd
williout PCPA pretregtmint wax fi.12 = LH7 owicto-
villl pet-vessel (95% CLOOL 12, P, (48) (Figure 23

Atiiochtmulrinl Diameter <The average miochon

drigl simneter i corobrsl microvessels Lakdn b
the control gronp was L5476 = 3093 an Tharelore,
the mitechomdrin with dismetes greatar U I35 m
tmeun b 7500 wete definnd 3= swollon, The peresnt-
ae-of swollén mitothonodria wis sigmficantly gresscr
i EF TN treatsd pronipe as cattparcd with Uhe contruls
(3.45%, 15.00%, amd Z353% tor contrel, 8, and 10
mpfhg GTN-treated groups, rspectively, F<061). A
greater porceniage of swellen il iandr was shosn
it the B iplks GTH-treated rats with POPA protrest

ment as porhpaced with thoss ieodivng the same dos=
of GTN hut withom PCPA preweamment (33.16%
and T548%. IﬁiIE.T?:I?J'— P2 WO segnifam! LI
teremme was observed wisos the valles piken Froam the
1 mefke (ST troated sruupe with and without
FUPA prelreatment wesz compared (ZRA2% mml
33.53%, respectively. F=420]






Fig L-Elgron wicrepraph ihewing incramid pinboym seab
ilew wmil ik e Devemgiles s corobiosl uriedaies slier o
fuatam of (F1TY, These vhaipry som B Faclilioied by presas=
wepmi welifi PO AL (5 51T

Cithie Marphologes Changes ~Ofher  abaermal
foaturea obscoved o the OTN-rreated groupe m-
cluded edemo of the penanenalir mtioeyte loos
plate and ome-like protrasmun of endothelial celn
tavg the TNl wedin=Roth featurey woie pit sesn
s ive conteol group, The number 0f arteroles with
periartoriolan astiosytis fostplite svalling olserved
in 40 vessely i (e contrul god the 10 mpfig CrFN
ereatted] oot w3 and 10 vessils reapeclively (ol
raliy [OR] = 1215 95% C1L 450-47.64;: P</N1) Ne
significant change was obssrved whien the valdes fos
snimaby with and withoul PCPA prelicatment weif
comparod

COMMENLS
It the present stedy. we demensimle] an =0

hancng effect of PLPA un (T ™-indpsed pial mtEri-
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nlar response. The phimidlégical obeervations con-
cided with consrlerabls changes m the uWirssinaiure
of endmbefial cellz in cerabral microvesssis Such
structural chipges were ehatscteriped by incrensed
pinecytic veqeles, inrreased mictuvillone formatian,
swvelling ol endothelinl mitochonuni, [veal yw=lling
af endothelial cells, zpd sweliing of the perisitenola
estrocybic loolpisle Smes PCPA 1 a slrong 3-HT do-
pletmp apeod, e obssrved physolopical and patho-
togeal findimgs reported hese lmply that the core-
hrovaszular respomss 20 NO can be faciitated m the
hypostraominerse congdillon

11 hias besr widely sceepied thut NO plays an om.
potlind rale i ié sosirol of cerebril droulative. Tha
moleculd acts by coupling with the ame proup i Lhe
modecule of oyvopissme gunnyliaie cyclsss, e gn-
ayme catiilyzing cOMY lommiion, I yascilar smocth-
mugle pells, 1he rae n cylojilsdmic eGMP reslilty
the relaxation &f emaatbmuscle Hiber, whith lesdy 1o
v intailon, Immunohivtechemienl dudy dhoweed
il mittic oxede synihee B prosamt in the duis mater.
the st whete vasuly headoche develops.”

1t hak been suggested ihaj s oxide plays a key
tale i mipralhe. Thin Bypetaesm wis deduced from
the mbmervition turt mlissiom of GTN prodjsend wios.
gt hoadache s paticnm with migraine compared
wiih nonhesdachie conirols wod piliesis with emdos
Pype haodaehe® In sddingng afrar the adminstsaton
ol nifrutc-contanung compound, paticnis with m

Fig t-Edtetoon miregrast alsilaE nmicrans mrres il e
rmations in cerebral arsbriales uilis owpinikre 10 Fhe M demmr,
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Hesdoche

s developad typical mipnrine sitacky, Whiith wers
sccompanicd by & prolonssd arierml vasndilaation
compaed witho nonhasdsehe eonrmod® Interesimely;
m this expeniment, profopged NO-nduced vasadils-
satian wan Mlsn ahserved (o amesly receiving PCPa
protreaimenl; The involvemem of NO ln migralse w
lurther confirmied by the observatinn thit GTHN Loty
Son mbaived NO relesse dunng wortical spreading
depresnion, o physiologoal phenomenan wnderiying
migruine surn, ! Besides the mdechon of dilsuion n
Llutpe indrnermmial ariecies, NO ray be myvodvind m the
dewelopment of vissilar hesdiche by initinting »
petivsscular neurogemic inflammation with Lheraiog
ol waspaciive peptides That peopuned mechimism
may capinmin the delayed NOGeduced hendiche ob-
sefved 0 panients with uugrame Another possible
mechaninmn mvolves the effes of NO o (ho modile.
Hes ol prain threshold, Themsea ¢ al demupatrated
that the adisbnistration of GTN nduged b deereaws in
bath detection ani folersncs thembolds In tha tem.
porel regiomn, ax measuted by prowure algolimetey, "
Adihoigh sovoial fimes of mvesugalion miggea
that patienin with migraine are mperseniitive 1o NG,
the mechaninm underlying this saperssnsillty. b stll]
unshear, Recen) eapetiments smed ot deteeting » pe-
netic polymarglilsin fof endothelicl nitng gxide sye-
thase shiwad maither sscialbon of the nitre oxide
wynthase mcrosatellite noe finkage 1o migehioe i,
therefore, did-not sepport & role for this pene i ou.
graee ety This findmy mephies that superssms-
tivity 1o NO} obgerved in pationts with migruine n
likely ta be dise 10 indiresy mechamaums rather than
et hypetfunction of the NO-eGMP.system. An
abs=evation thit NO metabolmms i pi:ilﬁﬂ.’gi with
menstrual migrsing could vary depesding on e
phase of the mensirunl eycie sisa Hep 3 ety
slettrancads faplors o NO seastivity.”
i the seavch Tor e pessble com. of NO S5
jivity observed i patisars with migring, -
ﬂ?mte&:ﬂ a5t pramal sl 10 lavestigate (he rﬂ:,
of ST depletion am WO rosponse 0 NTEEERES
bepvsssle i L pow sccepeed b FHT yhe >
crvosal rote i migraine potegenesis, A galieer
gocvess in phiteies 3-HT soniant hys b demon:
corapeet during @ iigeatns atteck® Mogover, the &b
simssiratian ol TescTmhs whsh Eﬁﬂ‘-&ﬂd. g &l &

Prg

plasmn ST, may trisger typical smipraite ol lachs m
paticnts wilh migraine * These pieces of evideacy
ramse the possitility that Byposgoolenm § 4 ol
siep i vhe imiiesion of mepraine attacks: Dur fndings
af an enhanced misrovascular fssporee 1o WD (o SHT-
depleted gnimals supported this bypolhesns and st
bl phve sl il hypueszrronion (i (e mudulssies of
& craninl vasgulur respomie tn NCY It I wel] teong-
mered (hat thie 5.7 e seceptor ix the predominned
SHT peeepror aublype s crsis| vesseld This recep
tor cm gounterbalanee the wasndilvting elfel of RO
by decreating cAMP lutauver (a0 visctlor smooih-
muncie colls, resulting i vassconarrietion, Huweres,

whethier this effect o gpecilic (o NOdependent ve.
sexdilatation i sl open in question. Furiber aludies
ars ceptunly needed 1o shed more light on this prob

tem G the neupoual level, 11T ean alwy eountares

Mimhted noccnptive fncchilotion: ot dorsdd horm
meurwms nulinly by presynspie inlisiion s be 50T,
reseplir,

I this study, varieis morpholingionl climgey liows
been oberyed in cetebrel soorovesol afler erpomeie
ta the NCHdanor. Alihoygh the mbuion of GTN cawsed
& brmmmberit docromse i sysmeme blood pressure, the dd
fermnies wiss inly 1% s i was wiiliKely Wt cone amy
worphologiinl changes. Other physlolrgieal parsness
inctuding nritesinl pli amd eerial blond pay wees kapd
stabie throuphont the expeitment. Therelore, tlm ob-
s muorphologiosl chaness wers likely 1o be the &
et =it of NO exposure an e cadutivelial cclls

The enrllest NO-imtueed nibmtrusturil chimgs
shnerved in this study i en incresse i 1he dentiy of
intracytoplasmic pihocytic vesiches Exposure 1o =
igher duss of the NO denor produced fiurthe: wruc
st changes inchudling Balloonng of mitachimarii,
lncreascd micravilious farmaton. dmiig ol uduthe
fis) oelis, anid sweliing of the periviseular strocytic
totplate: An increuse mmﬂnul_l:u.Iu:!ﬂ;Unﬁ Ih:

ﬁj{rﬂﬁdi‘-' the lumnst SarincE i_l'ﬂ'-ﬂ- Tﬂﬂ"f LPMCEIE ]
croaved cellular aciviny peganding uptake il e
oMby ttimsporiation. Tnmessd andheiial i
Sk e bean prowonsly reported m (ke -:Enﬂtﬂr'l“‘l'
ispptred blood-brsm Remer!! The liypothess d
Sy ndoce itornazee of he blia-besn b3
sy be supported by the abservaiion nia PO
merease it 11 the dromsity ¢f cyloptaimic (IBCYHE YEs-
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cies. An mereéasing number of these vesicles relleces
enhanosd vellulsr trasspon activity, which may Jesd
b Incvessed. permeshility of cerébal microvessels
and, in the extrem@ siate may exuse impuloment of
ta= biood-bexn barrier. Endethelial cell serivulion
(iscrease 10 vesicle number and vacuole (ormation)
snd pevropenic plasma extrvasztion have been pre-
vauely abserved ju microvessets of the dora ity
followmy electricy] tripemming ganglion stimulation.
which provides an aoimal mndel for migrulne = 41
though our gathological studics implied oy inevesse
m cerebeal vascudar petmealsdity, we eonild ol dem-
cmstrate any leakage of macronoleculs from pial ves
sely m the Huorsscom sedy, Wiithe o not the
binadsbeall barrier i normsl during the arack of m-
graine I sl debntable. Lo (hie seperiment, we dom
oamrarad (il e NO-indise=l pathaligicil changes
were more Wohadnced o smuils receiving MCPA
pretreatmenr, This observanon indiciied that codo
thelidl responiacs 1o NO sre more severe in the hypo
tesstoninentic slale mud, 1kas, preeoded Lirther ev-
deace b osuppurt ol the tole al SHT deplotion on
fecitiiation of the NC) reapsnss '

The relationahip betwess SHT and NO) in the
pvilwsgenesn of migrame hax besn previoudy men.
vnned. Fogard suggrmed that S-HT, via activatiog of
5 IIT.—:I-I.I.T“ revcpars om endathalial geits, mighi
stiimubuie (he relenss of NO. Liberated NO) woild by
divectly uctivatlhy someory seerom, ndise e
rewstrtenittel delenie. pinwos eatrssasuting, pain, sy
Byperafpesin'™ Qur reuulls dicate (hil beindes stim-
ulabing WO relense. an aheormaiity wolhe oot
=A0T condition ¢an also wshence the vascular 1=
spumss i N0, resiting m ND superssmitivity, The
weschaniom underlying the isatobility ol the 1T
temm -t mtigrabne is will undear, Ode poksibly mecha-
aibm B an abmuormmlity i the soatral of calelun e
which leads (0 inappopsate SHT relodse; s hin
peevimmsly been proposed in ceses of famlia) hemis
plogic migeame. ™ Obseevation of excessive dilitatton
af mrtaplatalet canalloll m platelots taken From o
teente wil migraine alter phyesal activtlion (mdi-
reculy tmplied an atmormal S-HT seercting wechs
misen it thid erfidition.™

b comidusion, he present findy sbow] thit mes
nezeat and corcbral micovesch undergo sructural

Ajprii 2000

sad Aunclioun] changes sfter expoidicg to'an excessive
doze of N(). Thess chinges can be enhanced by prios
deplation of 511, Hased on these findings. we Sug-
g:iﬂllth}'pﬁﬂ!mtnm v & pesaible mechansm wn-
derlying the NG supersensitivity previousty proposed
Lo exiul in patlanis with mooreine

Ackmpwledgnient: Apprrointion It sxpraysed s de
Thastbed Revearch Fusd for theie finamcind suppoa e

m.ﬂ'.l'ﬂfﬂl"l-'h
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