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ALTALANOS BEVEZETES

RZISKENY PRIMER AFFERENSEK JELLEMZESE

A CAPSAICIN-

A klasszikus idegszabalvozasi elmélet szerint a szenzoros idegrendszer 1o teladata a

L amely @ periférias idevvés sddéseken keresztil

Kulsé és belsd kornyezet ingereinek felve
valosul meg, és az ingerek érzorostokon at torténd tovabbitasa a kozponti idegrendszer tele

Ugyanakkor mar a malt szazadban Stricker (1870) felfedezte a gerincveldi hatso kok

ingerlésével a borben kivaithato vazodilucio jelenségér, amit Bayliss (1901) “antidiémos

vazodilatacio”-nak nevezett el. A klasszikus elképzelés az axon reflex teoridn alapuiva az voit,

hogy az 6 ilatacioért  felelos i egyes primer  afferensck
i effektor it badulnak fel. Napjainkra mar  kisérletesen
és dltala fogadott tény, hogy cgyes szenzoros axontermindlisok kettos

s & offr sz : ik - : i
neuropeptideket kozvetlenil, axondlis vezetés nélkal felszabaditani (Szolesnyi

1984, Maggi és Meli 1988). A gerincveldi ér: mai szerint
populaciot képeznek, vannak tisztan afferens, kevert kettds funkcioji “szenzoros-efferens”
neuronok, illetve Gjabban azt is feltételezik, hogy léteznek tisztan lokalis effektor funkeiot
betlté neuronok is az érzddicokban (Holzer és Maggi, 1998, Holzer 1998). Ez utobbiak
esetében azonban joggal megkérdéjelezhetd a szenzoros jelzo hasznilata

Az elsddleges ér k mitkodésének siban k 5 dsége van a

capsaicinek. a paprika (Capsicum annuum)  csipdanyaganak  (8-methyl-N-vanillyl-6-

nonenamide), melynek elsd farmakologiai vizsgdlata magyar kutatok munkissiginak az

eredménye (Hogyes 1878, Jancso 1955). A capsaicin szelektiven izgatja az érzdneuronok egy

la melyre a capsaicin-érzékeny primer afferens neuron (Szolesinyi

1982) elnevezés napjainkra mar altalanosan elterjedt. A capsaicin szelektiv hatasa a

polymodalis nociceptorokon és a capsaicin far bgiai r nak létezése (S yi és

Janeso-Gabor, 1975) hiokémiai hizonyitdst nyert a capsaicinfvanilloid receptor (VR1)

klonozasa révén (Caterina és mtsai, 1997). Az elsodleges érzoneuronok 40-50 %-at Kitevd

psaicin-érzékeny neuronpopuldcioba tartoznak ptiv teruleteken a C-polymodilis

nociceptorok, a meleg ds forrd receptorok, az Ad-polymodili . valamint az
interoceptiv  teruleteken a  nydlkahartydk  és  viszeerilis  szervek  perivasculiris

chemonociceptorai (Szolcsanyi 1996b). A capsaicin és szarmazékai ezeken a neuronokon



izgato, nagyobb dozisban alkalmazva deszenzitizilo, illetve neurotoxikus hatast fejtenck ki

Ezeknek a nociceptiv afferenseknek kazos tulajdonsaeuk, hogy Klasszikus afferens

funkciojukon kiviil lokalis effektor (T.embeck és Holzer, 1979 Holzer 1988 Szolesinyi 1984)

illetve émés neurohumordlis (Szolesanyi 1996b, Szolesanyi &

mtsai, 1998a,b) funkeiot is

betoltenek, vagyis megfelelé inger hatdsira periférias idegvégzadéseikhdl tachvkininek

peprid  (CGRI

(substance P (SP), neurokinin-A (NKA}), ealcit

szomatosztatin  szabadulnak fel. Az aktvacio hatasara  felszabadulo ~ gyulladaskeitd

neuropeptidek (SP, CGRP) lokili

valaszt, ugynevezett neurogén gvulluddst (Jancsod és misai,

1967, Szolcsanyi 1983) valtanak ki az ideg altal innervalt bor es nyaikahartyateruleteken, ami

helyi arteriolds és vénas val, ér [ plazmaprotein

kiaramlassal, majd nyalkahartyak esetén a sejtes elemek (leukocytak, hizosejtek) aktivaciojaval
jar (Gepetti és Holzer, 1996). Az SP a venulakon vazodilataciot, illetve plazma extravazaciot

valt ki az NK-1 receptorokon keresztil, a CGRP pedig elsésorban arteriolas vazodilataciot,

§ st Tuoepicl AGEsiicece ol Dai G
a CGRP nem képes plazma extravaziciot kivaltani, az SP hatisdt potencirozza, emellett
vazodilatatoros hatasuk is egymast erdsiti. Természetesen a lokalis keringési hatasokon kivil
mindkét peptid valtozatos, fajtol, valamint szervtdl fliggd motoros, szekretoros, immunologiai,

1995, Lundberg 1996, Szolcsanyi

illetve egyéb effektor hatasokat képes kivaltani (Mag;
1996a). Tgy a capsaicin-érzékeny peptiderg érzdidegvégzddések egyarant ellatnak nociceptiv
afferens és lokalis efferens funkciot. Ugyanakkor capsaicin eldkezelés utan, amely ezen

idek écioja ényezi az i égz6désekbol, a capsaicin-érzékeny rostokat

pep

szelektiven izgato ingerre adott helyi vilasz clmarad, a deszenzitizcio eredményeként

Elézetes vizsgilatok intézetinkben fényt deritettek arra az érdekes jelenségre, hogy
exteroceptiv tertiletek capsaicin-érzékeny rostjainak antidromos elektromos, vagy orthodromos
kémiai ingerlésével kivaltott primer neurogén gyulladas szisztémas gyulladasgatlo hatasa révén
gatolja a test tavolabbi részén kivaltott szekunder akar neurogén, akar nem neurogén gyulladas

kifejlodését (Szolesanyi 1996b, Pintér és Szolcsanyi, 1988, 1996). Direkt biokémiai, illetve

felszabadula

funkciondlis  madszerekkel  sikerult  bizonyitani az
szomatosztatin dontd szerepét a hatas kozvetitésében, mivel az endogén gyulladasgatlo hatas
, illetve in eld é 5 6 volt, emellett a

kisérte (: anyi és mtsai, 1998a,b)

plazma in szint jelentds emelk




ALOG VEGYULE

A CAPSAICIN RECEPTORA I

A capsaicin dltal kivaltott csipd. ¢ed fiidalomérzes a capsaicin-érzékeny szenzoros

idegvégzodesek talalhato fikus receptor aktiv: on létre. A capsaicin

ojan keresztii

VRI receptor egy ligand aktivalt nem-szelektiv kationcsatorna. melyet a vanilloid vegyuletek

alni

mellett fajdalmas hinger valamint savas pH (magas protonkoncentracio) is képes ab
(Caterina és mtsai, 1997). Lokalizaciojat tekintve a capsaicin-érzékeny szenzoros neuronok
periférids termindlisan, az axon teljes hosszaban, a szoman, valamint a centralis végzodésen is

lilhato. Szintézise az idegsejt cit lorténik, ahol a Golgi-apparatushoz,

valamint a plazmamenibrinhoz kototten talilhato, majd innen a ligand kotésre aikalimas

receptor a centralis, illetve periférias terminalis felé transzportalodik, ahol preterminalisan un

small clear vesiculak” az i kotott formaban

pedig

talalhato (Szallasi s Blumberg, 1999). Capsaicin kezeles hatasara ¢észlelheto ezen . small clear

depléci

A kompetitiv capsaicin receptor antagonista capsazepin specifikusan blokkolja mind a
vanilloidvegytletekkel, mind a hdingerrel kivaltott aramvalaszokat, ami a kozos hatéshelyre

utal (Caterina és mtsai, 1997). Szenzoros idegsejtkultiran vizsgalva a protonok potencirozzak

a capsaicin-kivaltotta valaszol bb koncentrécioban pedig onmagukban képesek
membrénaramokat kiviltani a capsaicin VRI receptor aktivaciojan keresztil (Tominaga és
misai, 1998). A gyulladasos, valamint ischémids szoveti kirosodasok kapesan kialakuld magas
protonkoncentricié fijdalomérzetet vilt ki, csokkenti a receptoraktivacio hokuszobét, illetve

iey

a capsaicin VR receptor egyes fajdalmas kémiai valamint fizikai ingerek integratoraként

potencirozza a capsaicinnel és hdingerrel kiviltott v (Tominaga és mtsai, 1998)

mitksdik a nociceptiv neuronokon
Napjainkban mér obb olyan szintetikus (olvanil, nuvanil, phorbol vanilloidok.

ot

terpenoidok, triprenyl phenol vegyuletek), illetve a természetben is eldfordulo anal

(piperin. zingeron, cugenol. guajacol. resiniferatoxin) s ismenink. melyek a capsaicin

1 d o h kban. Lzek kozil az

receptoron hatnak, de k izgato, illetve
Euphorbia resinifera kaktusz vanilloid struktarat tartalmazo irritans anyaga, a resiniferatoxin

(RTX) a capsaicinhez hasonlo hatasokat hoz létre (Szallasi és Blumberg, 1989, 1990,

16nbi76 L

Blumberg és mtsai, 1993), azonban annal tobb nagysagrenddel

bizonyult. U a hatas ére utal, hogy ellentétben a



capsaicinnel, az RTX képes a pulmondlis chemoreceptorok deszenzitiziciojit a pulmonilis
chemoreflex eldzetes aktivacioja nélkul kivaltani patkinyban (Szolesinyi és msai, 1990)
apult az a napjainkban megddini 1atszo feltételerds, miszerint

R?

Ezeken a kisérleti adatokon a

két vegyilet hatisa kilonb6zd, a capsaicin C". mig az RTX

receptoraltipusokon érvényesiil, azonban valosziniibh az az elképzelés. houy eovazan receptor

killon kotshellyel rendelkezik vanilloid, illetve re:

b p ga szintén izgatja a capsaicin-érzekeny rostokat, és kepes a neuropeptidek
a capsaicin-érzékeny Gdésekbol, illetve keres. mutat
a i 1, ami a kozos yre utal (Pal es mtsai, 1990, Szolcsanyi 1983, Liu es

Simon, 1996). Szerkezetileg a capsaicinhez részben hasonlo elemet tartalmazo szintetikus

vegyiilet az undecenyl-2-amino-ethanol, amely korabbi a capsaicin-analogokat osszehasonlito

kisérletckben  fijdalomkelté hatast tekintve a capsaicinnél megkozelitsleg  hirom

nagysagrenddel bizonyult ( anyi és Jancso-Gabor, 1975). Ezek az adatok

325 hatdsdban az aromds wyGraick fiitus scurupe e, uevmibun

igazoitak, fogy & capsaicii

a vegyilet akkor is hatasos ha a hidroxilesoport alkillanchoz kot6dik

Mind a mai napig nem ismert azonban a receptor endogén ligand vegyiilete és nem
teljesen tisztazott a szerepe fiziologias korulmények kozott. Bizonyitott ellenben, hogy szoveti
sérilléskor, valamint gyulladasos és ischémids koros allapotokban jellemzo savas pH érték.

valamint az ilyenkor felszabadulé bradikinin, hisztamin és prosztaglandinok szerepet jatszanak

a capsaicin-érzékeny rostok itizacioja valamint aktivala . mely dep

akciés potencidl generdlsahoz és tovaterjedéséhez vezetve, a fij mellett az effektor
funkcionak megfelelden a peptidek periférids felszabaditasin keresztiil lokalis valaszt hoz létre
(Lundberg 1996). Ezeken az adatokon alapulva a hdinger, valamint a protonok tekinthetsk a
receptor természetes fizikai, illetve kémiai aktivitorainak Az anandamiddal, mint endogén

d krol a

cannabinoiddal és capsaicin receptor agonistaval er

lesz szo.

SZENZOROS NEUROPEPTID FELSZABADULAS KOR:

A capsaicin-érzékeny jellemzd a nociceptiv kémiai

ingerekre valo érzékenység. Periférids végzodé tartos, endogén ingerlése, pl. kronikus
gyulladdsok esetén, a htso gyoki érzd ganglionok szenzoros, valamint efferens funkcicjanak

megvaltozasat hozhatja létre. Kisérletes polyarthritis kivaltasa utan a n. ischiadicus, hatso gyoki



ganglion, htso gyok, valamint a gerincveld SP/CGRP tartalma megnd. Bizonyitott czen kivul,

hogy ilyenkor a hitso gyoki wanglionok idegsejtjeinek SP- és CGRP-szimtézise novek

(preprotachykinin 1- és :CGRP-génexpresszic n) s ezze

mely wtobbi résat vehet o

peptidfelszabadulds is fokozodik (Donaldson & misai 1992),
Korallapotot kisérd kronikus fijdalom keletkezéséber

" (NG tartal,

ischiadicus nerve g

valamint anti-NGF szérum védo hat a gyulladaskor letrejovo SP/CGRP szint emelkedesre
(Donnerer és mtsai, 1992)

A capsaicin-érzékeny elsodleges eérzorostok  fokozott aktivacioja, illetve a

periférias peptid  f as er \ Kialakulo neurogen
gyulladasos komponens szamos betegség pathomechanizmusaban jatszik fontos szerepet. Ezek
kozé tartozik a légutak esetén az allergias rhinitis. asthma bronchiale. chronicus bronchitis, az

arh d arthritis, a bérbeteg Kozl psoriasis, illetve az agyi ereknél a

migraine (Ferrei es Lam, o, szaiiast es Biumoery, iv5v)

u a si g kozul a diabetes mellits  sulyos

keé:

b irreverzibilis

szovodménye a periférias idegek eloszor reverzibilis funkciona

morfologiai karosodasa, amely mind a szomatikus mind a vegetativ idegeket érinti. A

pathi izmusiban a tartosan emelkedett vércukorszintnek
kiemelkedd jelentésége van, melynek énye a polyol it hip
sorbitol odissal az ideg és a fehérick nem enzimatikus

olikicioja. Szerepet jatszik a karosodott zsirsavmetabolizmus, az oxidativ stressz, a

g I ereds is hypoxia, valamint a trofikus, illetve a novekedési
faktorok (NGF) csokkent szintézise is (Fedele és Giugliano, 1997). A kirosodds jelei elsdként
a legsértlékenyebb myelinhiively nélkuli, valamint vékony myelinhvelyes szenzoros rostokon

jelentkeznek (Fedele és Giugliano, 1997, Ralevic és mtsai, 1993). Kezeletlen kisérletes

diab, i ik a n. ischiadicus, valamint a hatso gyoki ganglionsejtck SP és CGRP
tartalménak csokkendsét. Ennek kialakulisiban az NGF csokkent mennyiségén kiviil a polyol

anyageseredt is szercpet jdtszik, mivel a neuropeptidek deplé

mind insulin-kezeléssel kivedheto, illetve javithato (Diemel és mtsai, 1992, Bennett és mtsai,

1998). A neuropeptidek anterograd, valamint retrograd axontranszportja is karosodik az NGF

hidny, illetve a polyol mékek miatt, ami is odémat és
hypoxiat okozva kozvetlenul rontja a neuropeptidek transzportjat (Diemel és mtsai, 1992).

A kezeletlen, vagy nem megfelelden kezelt diabetes mellitus viszonylag korai Klinikai



jelei a szenzoros zavarok, paraesthéziak, valamint csokkent fijdalomérzés a primer

Iszabadu

kirosoddsanak, valamint uropeptid

kovetkeztében

karosodasa a szenzotos zavarokon tala perifcrids effekton funkciok romidsdhoz is vezet

NALBINOID LN 4

ANANDAMID - A4 CANNABINCID LS A4 CAPSAICIN-LRIEKENY R
KAPCSOLATA
Az endocannabinoidok a marihuana 0 ahoz, a D

hasonlo hatasokat képesek létrehozni hatasaikat két receptor altipuson, a CBI es CB2 G-

protein-kapesolt receptorokon kifejtve (DiMarzo és misai, 1998). Ezek kozul a CBI receptor

kozponti ideg i str talalhato, azonban jelenléte igazolt a peritérias
idegelemeken is, mig a CB2 receptor perifériasan elsdsorban a gyulladisos sejteken talalhato
A CBi receptor Jeienielel Nmutatan & Capsaicin-erZexeny PEpUaerg 10SI0KOI 15, Ddl & KelLos
jeloléses in situ hibridizacios technikaval a CGRP, illetve SP pozitiv sejteknek csak 10-13 Yo-a
mutatott jelslodést (Hohmann és Herkenham, 1999). A CBI receptor aktivacioja az adenil-

ciklaz, valamint a fesziltségfiggd Ca® csatornak gatlasahoz és inward K aramok

aktivalodasahoz vezet. Az endogén binoidok mint atorok fontos szerepet

toltenek be a i asa illetve asai befoly

keresztil. A Ca® csatornk. illetve az adenil-ciklaz gatlasa preszinaptikusan a
itter is gatlasthoz vezet, mig a K csatorna aktivacio képes

csokkenteni, mintegy kivédeni a depolarizacio és akcios potencial létrejottét pre-, valamint
post-szinaptikusan hatva (DiMarzo és mtsai, 1998). A cannabinoid és capsaicin-érzékeny
rendszer kapesolata az elmalt évben kerilt az érdeklodés kozéppontjaba, miutan igazoltik,

hogy [‘H]anandamid akkumulicié humén astrocytoma sejtekben capsaicin analog olvanillal

kivédhetd (Beltramo és Piomelli, 1999). Az (N- ide), mint
. 1992) az

endogén cannabinoid a CB1 receptor 1992-ben azonositott ligandja (Devane és mts

sérleti adatok

cayik legtobbet vizsgdlt cannabinoid veaytilet Egyes

anandamid a capsaicin VR receptort is képes aktivdlni. Az anandamid a capsaicin-érzékeny

afferenseket izgatva izolalt artérian CGRP fe itasan keresztil ilataciot hoz létre
(Zygmunt és mtsai, 1999), emellett a VRI receptoron kifejtett agonista hatasat patch-clamp

kisérletekben is igazoltak (Zygmunt és mtsai, 1999, Smart és mtsai, 2000). Ugyanakkor

ismeretes, hogy az psaicin-érzékeny primer seken lévo CBI recep



gatlo hatdst fejti ki (Richardson ¢és mtsai, 1998). Az cgymasnak részben cllentmondo

het-e az dac inoid receptor

eredményck miatt egyenlore nem tisztazott,

ouén li s (Szolesinyi 2000a b, Zvgmunt és mstai.

mellett a capsaicin receptor end

2000).

AZ ERTEKEZES CELKITUZESEL

Az ér fog ényeim a capsaicin-érzékeny neuronok
funkciojanak felderitéséhez ésa t korabbi
képezik. Elsdsorban a szenzoro b 2 valamint az

anandamid, mint feltételezett endogén capsaicin receptor ligand szerepét vizsgaltam fiziologias
és pathofiziologias (diabetes) korulmények kozott in vivo kiserletekben és in viro

peptidfelszabadulas kozvetlen meghatarozasa reven radioimmunoassay (RIA) modszerekkel

Eisokent vizsg az anu i Haro seuneuius weuivjipsiiiv
ayakorolt kvantitativ hatasok osszehasonlitasa alapjan.
I Az elsd kisérletsorozatban arra kerestink valaszt, hogy az exteroceptiv teriileteken

mar igazolt szomatosztatin kozvetitette szi as neur alis g asgatlo valasz

kivélthato-e interoceptiv teriiletek feldl is, a n. vagusok szenzoros rostjainak antidromos

ingerlésével patkanyban, valamint cgy masik allatfajban, a tengerimalach izsgaltuk

antidromos, illetve orthodromos

tovibba, hogy a capsaicin-érzékeny idegvég:

ingerlés hatasara endogén in kivalt-c anti ptiv hatast is

11. Streptozotocinnal kivaltott kisérletes diabeteses neuropathias modellben vizsgaltuk a
capsaicin-érzékeny szenzoros rostok ingerlésével kivaltott neuropeptid felszabadulds, neurogén
ayulladas, valamint az elsbb emlitett endogén gyulladdsgatlé jelenség eltéréseit

III. Az endogén szomatosztatin mint gyulladasgatld mediator igéretes lehetoséget rejt

magaban Uj tipusi Ennek a kisérletsorozatnak célja

az inté; ben mar eld vizsgalt h d in analog TT-232 hatasanak

atokra, 2

tovabbi tanulminyozasa volt, kiilsnos tekintette! a kron lya

nzoros neuropeptid felszab asra, illetve a i felderitésére. Korabbi

vizsgalatok nem tértek ki a gyulladas cellularis fazisara, ezért elemeztem az idegingerléssel

p . valamint a TT-232 szomatosztatin analog leukocyta

endogén

akkumulaciora kifejtett hatasat.
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IV. Tanulmanyoztuk a capsaicin, illetve természetben eldforduld capsaicin analog

t0. illetve akut deszenzitizalo hatasat in vitro

vegyiletek, mint az RTX és a piperin dirckt iz

Konilmények kozott tracheapreparatumbol fel 10 szenzoros neur dek (SP. CGRP.
szomatosztatin) RIA meghatdrozasa alapjan

V. A laboratri an korabban kitejles RIA modszerek scuitségével

(Németh ¢s misai, 1996, 1008a) szenzoros neuropeptid felszabadulas mérése  alapjan
modszereket dolgoztunk ki capsaicin receptorokon hato agonista cs modulaio-antagonista
hatasok kovetése céljabol. Vizsgaltuk szisztémasan adott RTX, mint capsaicin receptor

agonista altal kivaltott CGRP, valamint in felszabadulas dozis ¢s idoflig in

vivo a plazma peptid szintek mérése Gtjan. Az anandamid, mint feltételezett capsaicin receptor

agonista hatasat a harom neuropeptid (SP, CGRP, in) ara

ayakorolt in vitro és in vivo hatisok alapjin elemeztik



a

LA. NERVUS VAGUS, ILLETVE NERVUS ISCIIADICUS CAPSAICIN-ERZEKENY
SZENZOROS IDEGVEGZODESEIBOL FELSZABADIILO ENDOGEN
SZOMATOSZTATIN SZISZTEMAS GYULLADASGATI O HATASANAK
VIZSGALATA PATKANYBAN LS TENGERIMALACBAN

A fej kapesolodo sajat ki
LA/l Thin M. Németh ] Szilvassy 7, Pinter E. Helyes Zs. Szolesinyi Jo Anti-
inflammatory effect of somatostatin released from capsaicin-sensitive vagal and sciatic sensory
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mediated systemic anti-intlammatory etfect induced by antidromic vagal and sciatic nerve
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Regul. Peptides, 80, 137, 1999, (eldadaskivonat)

LA/3. Thin M., Németh )., Szlvassy Z., Oroszi G., Szolcsanyi J.: Systemic anti-
inflammatory effect mediated by somatostatin released from activated sensory vagal nerve
terminals in rats and guinea-pi
Fundam. Clin. Pharmacol., 13, 328s, 1999. (eloadaskivonat)

Bevezetés

Elozetes vizsgdlataink igazoltak, hogy a capsaicin-érzékeny rostok ingerlésével
kivaltott primer neurogén gyullads gatolja a test tavolabbi részén kivaltott szekunder akar
neurogén, akar nem neurogén gyullads kifejlodését (Szolesanyi 1996, Pintér és Szolesanyi,

1996). Kronikusan denervilt teriileteken kémiai anyagokkal (pl. dextran, bradykinin) indukalt

nem neurogén gyulladds nem ilyen szisziémas gyulladascsokkentd  hatdssal,

alacsony frekvenciaju ingerlés (0.1 Hz) lokalis plazma extravazacio
kivaltasa nélkiil is képes volt ezt a hatast létrehozni. Ezek az adatok arra utaltak. hogy a
szisztémas  gyulladasgatlo  hatast  kozvetito  mediatorok  kozvetlenul az  aktivalt

¢érzoi é k fel és nem a

1998a). A capsaicin-érzékeny id k végzddéseiben a 1t peptidek (SP, NKA,

szovetbol ( anyi és mtsai,

CGRP) mellett kimutathato és ingerléssel felszabadithato neuropeptidek kozul gyulladasgatlo
hatéssal rendelkeznek az opioid peptidek (Stein 1995), a szomatosztatin (Lembeck ¢és misai,
1982) és a galanin (Xu és mtsai. 1991). Az eddigi kisérleti credmények igazoltak az

deavéazddésekbil felszabadulo in alapvetd szerepét a gyulladascsokkentd hatas

kozvetitésében (Pintér és misai, 1997, Szolcsnyi és misai, 1998ab), azonban teljes
biztonsiggal nem zrtak ki egyéb gild hatasi peptidek részvételét sem

Mivel a fenti kisérletekben a primer gyulladas kivaltasa mindig exteroceptiv tertiletcken,



a borben tortént, felmerdlt a kérdés, vajon ez az endogén sisztémas gyulladiscsokkentd hatas

teritlet

aktivalhaté-c viszeerdlis interocepto:

vagus tracheat, hag zoveteket

rostjainak ingerlésével is. Ismeit, hogy a cranidlis &

killonboznek  embriologiai  ered
szitkséges trofikus faktor igényiiket teki
ganglionok teriiletén NGF-fliggd. a vagus ganglionseitier BONF (brain derived neurotrophic
factor) jelenlétét igénylik (Winter 1998)

Bizonyitott, hogy a légutakban afferens funkciot mind a spinalis afferensek, mind a n
vagus szenzoros rostjai betoltenek (Coleridge ¢s Coleridge, 1984). A trachea SP-, illetve
CGRP-immunoreaktiv afferens rostjai a n. vagusbol szarmaznak, a fobronchusok, valamint az
alsd légutak kevert afferens beidegzésében azonban mind a n. vagus. mind a thoracalis spinalis
afferensek részt vesznek (Lundberg és mtsai, 1983, McDonald és mtsai, 1988). Ezzel szemben

masok adatal SZenn patkanyban a4 WAO SZENZ010S DeIdeRLeNe GOIUEN eriiovei] eredad

(Springall és mtsai, 1987). Ezen clientmondasos eredmények mellett azonban igazolt, hogy a

szenzoros vagus rostok fontos lokdlis effektor funkcioval is birnak, mely ceyes légiti

jatszik fontos szerepet

b égek (asthma

iale) pat

(Lundberg és mtsai, 1983, McDonald és mtsai, 1988, Szolcsanyi 1996a,b)

Vita targyat képezi az is, hogy a capsaicin-érzékenység ezen a tertleten is a VR1 tipusa
capsaicin receptor jelenlétéhez kotott-e (Holzer 1998). In situ hibridizacios kisérletek igazoltak
a VRI jelenlétét a n. vagus afferens rostjain, de mas receptor altipusok részvételét sem zartak
ki (Helliwell és mtsai, 1998, Tominaga és mtsai, 1998)

Kisérleteink célja volt a szomatoszenzoros idegek esetén mar leirt ztémas

pének_elemzése a cap.

atlo_hatas vizsgalata, a mediator

érzékeny szenzoros vagus rostok antidromos elektromos ingerlése kapesan. Mivel az eddigi

kisérletek kivétel nélkul patka torténtek, a éma alis capsaicin-érzékeny

gyulladasgatlo jelenség vizsgalatat egy masik allatfajon. tengerimalacon is elvégeztem



Maodszerek

1. Nervus vagus bilateralis  antidromos

Ztemas

gyulladasgatlo hatas vizsgalata patkanyon

Kisérleteinket 200-240 suhvii ndstény Wi

“C-os hdmérséhicien a 7

patogénmentes  kornyezetben,

Altatashoz natrium thiopenthalt (Trapanal, 100 mg/kg, i p ) haszniltunk A primer neurogén

gyulladés kivaltasira nyaki feltarasbol végzett kétoldali n. vagus atmetszést kovetden. az
idegek periférias csonkjanak antidromos iranyt elektromos ingerlését (20 V, 1 ms, 8 Hz, 20
min) alkalmaztuk. A paraszimpatikus vegetativ hatisok kivédésére az ingerlés megkezdése

elétt 10 perccel atropin (2 mg/kg, iv) elokezelést alkalmaztunk, amely mellett a fenti

1és nem okozott szig a riy

Vizsgilatai a kétoldali erlés hatdsat vizsgalik egy tavolabbi teruleten, a

labhatakon letrehozott masodik neurogen gyulladasra. Mindket oldal hatso vegtagot akutan

denervaltuk (n. saphenus és n. ischiadicus atvagasa 30 perccel a kisérlet elott) ezzel

a nocicepti a A ma 20 g dast a labhatak borében,

paraffinolajban oldott 1 %-os mustarolaj helyi ecsetelésével valtottuk ki, ami a capsaicin-
érzékeny C-polymodalis nociceptorok orthodromos iranyu szelektiv kémiai izgatasaval valt ki

ilataciot és plazma aciot (Jancso és mtsai. 1967). A gyulladds okozta plazma

Evans kék akk lacios modszerrel hata meg. Az allatok a gyulladas

kivaltasa eldtt 10 perccel vénas kanilon keresztil Evans kék festéket kaptak 50 mg/kg
dozisban. Mivel ez a festék kotoddik a plazma albuminhoz, a gyulladas helyén kilépve az
érpalyabol a gyulladt szovetben torténd akkumulacidja aranyos a plazma extravazacio

mértékével. A mustarolajecsetelés utan 20 perccel az allatokat elvéreztettiik, a labhati boroket

lemetszettitk, majd 72 oras formamid extrakcio utan 620 nm-en fotométerrel meghataroztuk az

festék iségét. Az eredményeket pg/g egységben, nedves

vonatkoztatva adtuk meg,

A vagusingerlést a libhati gy 5 stimuius aikaimazasivai egyiddben. iiietve egy
masik kisérleti csoportban 5 perccel korabban kezdtik. A kontroll csoportban a labhati
neurogén gyulladast megegyezd modon valtottuk ki, de a n. vagusokat csak atmetszettik. Egy

kilon kisérleti csoportban a ingerlést 10 perccel

hexamethonium (5 mg/kg, i.v.) elokezelést alkalmaztunk, azzal a cellal. hogy a n. vagusok

rostjainak stimuldciojira a alkahirtya, illetve a gastro
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traktus  egyéb szomatosztatintartalmu  D-sejtjeibol  torteno  esetleges  szomatosztatin

felszabaduldst biztosan kivédjik. A szerepének vi az cgyik kiserlett

csoportban @ gyulladis ivaltasa elétt 4 oraval cysteamin (280 mgkg, sc) eldkezelést
alkalmaztunk, amely mint szulfhidril vegyiilet a szomatosziatin molekula ey SH-csoportiahoz

kapesolodva, diszuifidhidat hoz létre, igy azt immunologiailag ¢ funkciondiisan szelektiven

inaktivva teszi (Patel és Pierzchala, 1985) (csoportonként 6 dllatot hasznaltunk, n=6/csoport)
2. Nervus ischiadicus antidromos elektromos ingerlésével kivaltott szisztémas gyulladasgatlo
hatas tengerimalacon

Kisérleteinket 350-500 g silyt tengerimalacokon végeztik, natrium pentobarbital

(Nembutal, 30 mg/kg, i.p.) narkozisban. Az ingerlés elow | oraval adrenerg neuronblokkolo

hidin (8 mg/ke, ip.) eldkezelé hogy juk an. i
futd szimpatikus rostok hatasat. Az allatokat pipecuronium bromid (200 pgkg, iv.)

arorrils \findlds aldali

kiprepardltuk ¢és az 4 idegek periférids csonkjait clektromosan

ingereltiik (30 V, 0.5 ms, 20 Hz, 20 min), 5 perces id¢ éggel. Az utolso

stimulus utan 15 perccel az allatokat elvéreztettiik, a n. ischiadicus innervaciojanak megfeleld
borlebenyekben a plazma extravazicio mértékét az Evans kék modszerrel meghataroztuk
(n=8)

3. A plazma in koncentracioja patkanyban és tenger

bilateralis antidromos vagusingerlést koveten

Az idegingerlésre felszabaduld szomatosztatin mérésére plazma szomatosztatin

12 oras éh ési periodust kovetden. Az artérias vérmintavétel

céljabol a jobb oldali arteria carotisba kaniilt helyeztiink be

1. A kontroll a nyaki feltarasbol kétoldali a ést Ve K

2. Az ingerelt csoportban a vagusok dtvigisa utin 10 perccel a periférias csonkokat

elektromosan ingereltiik (20 V. 0.5 ms, 5 Hz. 5 min)

3. A harmadik abd. ali a P a gastr is traktusbol tortend

az ingerlés kezdete eldtt 30 perccel hasi feltarasbol a

n. vagusok torzsét a rekeszen valo atlépés utan a a K 2 %-os Li

és 96 %-os alkohollal k. A nyaki szak kipreparalt és ideget




megegyezd paraméterekkel ingereituk

4. Az aloperalt ingerel
5. az aloperalt kontroll csoport adatai arra a kérdésre adtak

illetve.

szt. hogy a miitéti beavatkozas

befolyasolja-e az altalunk mért szomatosztatin felszabadulast

6. Patkanyokon egy hatodik csoportban sziszt capsaicin elokezelést vég (1 %-o0s
capsaicin s ¢, hirom napig nivekvd 30, 60, 00 myikg dozishan), majd a hilaerdlis ayaki

vagusingerlést hirom nap utan a fent leirt modon elvégeztik. Az eldkezeléssel azt kivintuk
bizonyitani, hogy a szisztemas keringésben mért emelkedett szomatosztatin valoban a n. vagus

K termindli armazik (n

csoport).

ps: zékeny
Az ingerlés befejezése utin 2 perceel artérids kanulon kereszil 3 ml vért nyertunk

Trasylolt (1000 IU) és EDTA-t (6 mg) tartalmazo jégben hutott kémcsovekbe A 4 °C-on

végzett centrifugalast kovetden a peptidet haromszoro: yisegli alkohollal
Precipitaciot és Ujabb centrifugalast kovetden a mintakat nitrogén alatt beparoltuk, majd a
pagot pullicben Gia Rioldva, o plazia SZifivhct lab

1996)

sziraz

kifejlesztett specifikus RIA modszerrel hataroztuk meg (Németh és misai.

4. A plazma szomatosztatin szint valtozas meghatarozasa tengerimalacban n. ischiadicus
antidromos ingerlésének hatasara

A tengerimalacokat a szomatosztatin szint mérésekor hirom csoportba osztottuk

1. A kontroll & az egyik oldali n i
2. Az ingerelt csoportban az egyik oldalon dtvigott ideg periférids csonkjat elektromosan
ingereltik (30 V, 0.5 ms, 5 Hz, 5 min).

3. A harmadik csoportba a capsaicin-elokezelt dllatok Keriiltek, ezekben a jobb oldali n

Idattal atitatott Sp szivacsot 30 percig,

koreé 2 %-os

azutin a sebet osszevarrtuk. A perineurdlis eldkezelés utan S-6 nappal az idegingerlést
elvégeztitk. Az ingerlés befejezése utan 2 perccel artérias kanilon keresztil S ml vért nyertink
az allatoktol, majd a plazma szomatosztatin szinteket RIA modszer segitségével
meghataroztuk (n=5-6/csapart)

Az egyes csoportokban az adatok atlagait adtuk meg a standard hibaval
(atlag=S.E.M.). A plazma extravazacios értékeket nem-parametrikus Mann-Whitney probaval,
a plazma szomatosztatin szinteket kétmintas Student t-teszttel elemeztiik. Statisztikailag

szignifikinsnak P<0.05 esetén értékeltuk az adatokat (* P<0.03, ** P<0.01)



Eredmények

1. A . vagusok peritérias csonkjainak antidromos iranvu clektromos ingericse {20

ms, 8 Hz, 20 min), szignifikans mertekben gatolta a labhatakon kenuai ingerrel Kivaitou

masodik plazma extravazaciot a kontroll csaport érickeihez viszonvitva A

-0 (P

ingerles 30453 01), mig az 3 perceel korabban Kezdett stimuiacio 30

%-0s (P<0.01) gatlast eredményezett. A hexamethcnium el csoportban tén

30.3942.86 %-0s (P<0.05) csokkenést észleltink (I/1.a. dbra). Mivel a hexamethonium

a kentd hatast nem befolyasolta. yitast nyert. hogy a mediator

anyag az aktivlt érzéidegvéezddésekbol szabadult fel

160 = [ Kontroll
= *%
4 80 1
- i
g i {
2 40 ’ |

|
0 h
Atropin Hexamethonium-+atropin

V1.a. dbra. Bilaterdlis vagusingerlés gatlé hatdsa a labhti neurogén plasma extravaziciora

[~ Kontroll
KSSY vagus ingerelt
(XXX Cysteamin + vagus ingerlés

160 -
]
E3
2 10
=7
% i
2 g
&40 -
0

U'Lb. dbra. Cystcamin clokezelés hatdsa a bilateralis vagusingerléssel kivaltott gyulladasgatlo
valaszra
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A cysl 16kezelés a gyulladasgatlo hatast szignifikans mértékben 82.97 %o-kal

(P<0.01) csokkentette, de azt teljesen kivédeni

iis csonkjinak antidromos

2. Tengerimalacbun az egyik vidali 0. ischiadicus perif

0 Hz. 20 min)

iranyt elektromos ingerlésével (30 V., ¢

0.05). a pathanyban lapasstaiital megegyesd wiérichben gdiolia az

45.46%5.08 Yorhal (

ellenoldalon § perccel késibb létrehozott masodik neurogén plazma extravazacior

3. A n vagusok periférias csonkjanak kétoldali antidromos elektromos ingerlése

p b a plazma szint 3 8-szeres (30.5+1.65 fmol/ml, P<0.01),

tengerimalacban 3 3-szeres (26.26+3.16 fmol/ml, P<0.01) emelkedését eredményezte a

kontrollokhoz ~ viszonyitva (788156  fmol/ml), illetve (7934188  fmol/ml) A

gastrointestinalis traktust ellato idegtorzs atmetszése nem csokkentette szignifikans mértekben

a 6 yiségét, ebben a csoportban patkinyban 3 3-szeres

(25.73£3.93 fmol/ml, P<0.01), illetve tengerimalacban 2.7-szeres (21.35:1.38 fmol/ml,

P<0.01) emelkedést tapasztaltunk. Ebb3l arra kovetkeztettink, hogy a felszabadulé peptid

a thoracalis érzoi és nem a g

beavatkozas nem novelte s kansan a plazma

traktusbol  szarmazik. A my

szomatosztatin szintet: (10.16+1.51 fmol/ml) patkanyban, illetve (10.75=149 fmol/ml)

tengerimalacban. Az almitott ingerelt csoportban sem patkanyban (36.3+4.18 fmol/ml) sem

tengerimalacban (32.27+2.81 fmol/ml) nem k szignifika éget a stimulalt
csoport értékeihez viszonyitva,

| k a szisztémas capsaicin eld és sikeresen kivédte a kétoldali

vagusingerlésre bekovetkezo plazma szomatosztatin szint emelkedést (10.66+1.45 fmol/ml),

ami bizonyitja, hogy az altalunk mért peptidfelszabadulis valoban a capsaicin-érzékeny

szenzoros rostok aktivaciojanak eredménye volt (P<0.01) (I/2.a. ésb. abi



Plazma szomatosztatin (fmol/ml)

Plazma szomatosztatin (fmol/ml)

*7 L} Kontroll
NN\
% BN Vagus
. s
407 i S5 Vagus ingerlés ¢ hasi v
Almutott ingerelt
30 NN -
‘:\\\: | " ) ' Almutott kontroil
NN -
N ! Capsaicin elokezelt + vagus ingerelt

20 4 ]
0 i
10 -

!

i

i
o '
1/2.a. dbra. Plazma in szint valtozisok patka n. vagus ingerlés hatdsira
50
40
30 -

|
20 A
10 - -
IR
| NN\

0 [ y B

1/2.b. abra. Plazma szomatosztatin szint valtozasok tengerimalacban n. vagus ingerlés hatasara



4. A n. ischiadicus periférids csonkjanak egyol antidromos elektronmos inger
plazma szomatoszlatin - sznl 3 S-sze (2098297 fmol/ml. P<001)  emelhedésé

eredményezte tengerimalacban a kontrollhoz viszonyitva (7.45£1.58 tmol/ml). Perineuralis

a plizma szomatosztatin szint idegingerlds hatdsira bekoverkezd

capsaicin  eldk

emelkedését kivedte (10 54=1 12 tmol/ml) (I3 abra)

40 5 Kontroll
XY N ischiadicus ingerlés
o [ Capsaicin elékezelés+ingerlés

1/3. dbra. Plazma in szint tenger n ingerlés
hatasara
Kovetkeztetések
Kisérleteinkben elsoként sikerlt bi itani, hogy a n._vagus_periférias k
lek ingerlésével paraszi blokad étél a idegek
ingerléséhez lan szi s gyulladisgatld hatas jon létre

Bizonyitott, hogy a n. vagus szenzoros rostjai afferens funkciojukon kiviil képesek

periférias neuropeptidek f¢ itasan keresztil lokalis neurogén gyulladasos

valaszt kivaltani, mely vazodilataciot, a venulik teriiletén permeabilitas fokozodast és plazma
extravazaciot, valamint bronchokonstrikciot hoz létre (Lundberg és mtsai, 1983, McDonald

1988, Szolcsanyi 1984, 1996a,b). Ezen capsaicin-érzékeny szenzoros rostok ingerlésével
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kivaltott lokalis primer neurogén assal eavutt éma a hatas is

létrejon, amely gatolja a test tavoli reszen letrehozott masodik neurogen gyulladast

patkanyban
A plazma szomatosztatin szint bilateralis vagusingerlés hatasasra bekovetkezd jelentds
dése, valamint a in cldkezelés gyulladisgatlisra gyakoroit majdnem teljes
blokkolasa megerositik azt a _ hogy a hatast dontéen az erzdidegy
ingerlés hatasara 0 in kézvetiti. Nem zarhatjuk ki azonban mas gatlo

neuromediatorok részvételét sem, mivel a cysteamin eldkezelés utan a n. vagus ingerlésével

kivaltott asgatlo hatas 17 %-a dt, kor elozetes kisérl an

ischiadicus antidromos ingerlésével kivaltott plazma szomatosztatin szint emelkedés, illetve

hatas yezd dozish teljesen kivédhetd volt. Ezek

az eredményck dsszhangban dllnak azon immunohisztokémiai adatokkal, melyek igazoltdk,

hogy mig a bdrt beidegzd hitso gyoki gangli koralbelil 20 %-a mutat
immunoreaktivitast (Lawson 1996), addig ez az arany a ganglion nodosum, petrosum és
jugulare tertiletén joval kisebb (Helke és Hill, 1988). Mindezek ismeretében nehezen volt

magyarizhato a n. vagusok érzérostjainak antidromos ingerlésével Kivaltott igen jelentds

(kozel négyszeres) plazma in szint emelkedés. A capsaicin-elokezelés és vagus

atmetszéses kisérlet eredményei azonban egyértelmiien igazoljak a felszabadulo szomatosztatin

szenzoros eredetét és kizarjak a i inalis traktusbol felszabaduld
részvételét.

A tengerimalacokon végzett kisérletek eredmény sikeriilt a 3
mar leirt endogén szisztémas neurogén lladasgatlo jelenséget egy masik a j is. A

plazmaszint mérések eredményei ebben a fajban is megerdsitették a capsaicin-érzékeny

érzdi ¢gzGdésekbol inger hatasira idegi eredetii szomatosztatin mediator

szerepét. Az aktivalt szenzoros i ode tehat klasszi afferens, illetve lokalis

efferens funkciojukon kivil egy (j tipusi neurohormondlis vilaszt is kivaltanak az

és a keringésbe jutd

P és exterocep ki

szisztémas hatasa reven
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LB. A SZENZOROS [DEGVEGZODESEK ~ ANTIDROMOS,  VALAMINT
ORTHODROMOS INGERLESEVEL KIVALTOTT ENDOGEN ANTI-NOCICEPTIV
HATAS VIZSGALATA

A fejezethez kapesolodd kozlemeny

LB./1. Helyes Zs, Thin M., Oroszi G , Pintér E, Németh | Kéri Gy, Szolesanyi 1 Anti-
nociceptive effect induced by somatostati

synthetic somatostatin analogs in the vt
Neurosci. Lett., 278, 185-188, 2000,

in refcased from sensory nerve terminals and by

Bevezetés

Bizonyitott, hogy a capsaicin-, hd-, valamint egyéb eyulladisos mediatorokra érzékeny

nociceptorok aktivildsa a helyi fi érzeten kivil peptidek & asihoz vezet

(Maggi 1995, Szillasi és Blumberg, 1999). Ezek koziil a CGRP, valamint az SP elsésorban 2
helyi neurogén gyulladdsos vilaszban jatszik szerepet. Az eldzd fejezet, valamint kordbbi
kisérletek adatai (Szolcsnyi és mtsai, 1998a,b) igazoltak, hogy a capsaicin-érzékeny primer

afferensek idegvégzodé tarolodo inger hatasara elegendd mennyiségben

szabadul fel ahhoz, hogy szisztémis gyulladasgatlo hatast valtson ki. Ismeretes emellett, hogy

az exogén szomatosztatin gyulladasgatlo (Lembeck ¢és mtsai, 1982, Karalis és msai, 1994)
hatasan kivil anti-nociceptiv hatast is létrehoz (Chrubasik 1991)
Ezen eredmények ismeretében érdekesnek latszott megvizsgalni, hogy a capsaicin-

érzékeny idegvégzodések antidromos és orthodromos ingerlése a gyulladasgatidson kivul

kivalt-e ant iceptiv hatast is. Kisérletei az anti-nociceptiv_hatast

ingerrel kivaltott cardiorespiratoros reflexeken vizsgaltuk
Madszerek

A kisérleteket 1 g/kg, i.p. urethannal altatott nostény Wistar patkanyokon végeztiik,

mely narkozis  alkalmas ptiv. - vegetativ

Chemonociceptiv ~ inger  (capsaicin)  hatasara  urethan  narkozishan  szisztémas
vérnyomasemelkedés (presszor vilasz), szivfrekvencianovekedés és légzésszamfokozodas jon
létre. A bal juguldris véndt és a jobb oldali arteria carotist megkanuldltuk a vénas anyagadas,

illetve capsaicin injektalas céljabol. T a éges lélegzeté

(elsé csoport), illetve a lég regisarilasa céljabol A vérnyomas, valamint
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szivfrekvencia valtozasait a bal oldali artéria carotisba helyezett kaniilon keresztil

szamitogéphez kapcsolt poligraf segitsé folyamatosan monitoroztuk.

1. Antidromos idegingerléssel kivaltott endogén anti-nociceptiv hatas vizsgalata

Az elso kiserleti csoportban n. ischiadicus antidromos elektromos ingeriesenek (20 V.,
05 ms, 5 Hz. 5 min) hatasat vizsgaltuk intraarterialis capsaicin-kivaltotta nociceptiv
reflexvalaszra. Az allatokat a kiserlet eltt | oraval guanethidinnel (8 mg/kg, i.p.) elokezeltuk.
pipecuronium bromiddal (200 ngkg, iv.) relaxaltuk és mesterségesen lélegeztettuk. Az
ismételt capsaicin (1 ng/kg, ia) adasok hatasira bekovetkezd vérnyomasvalaszokat
regisztraltuk (MAP) az ingerles elou, illetve 10, 20, 30, 40, 50, 60 perccel a n. isciadicus

rlés  elotti  capsaicin  injekciora  adott

ingerlése utan. A valtozasokat az idegi

érnyomasemelkedéshez viszonyitottuk (n=3)

sCrICssel Rivalui Ciidugdin dillisnudicepiny tias vic

A masodik csoportban orthodromos kémiai ingerlés hatasat vizsgaltuk hasonloan
intraarterialisan adott capsaicinnel (I pg/kg) kivaltott reflexvalaszokra. Mindkét hatso végtagot

akutan denervaltuk (n. saphenust és n. ischiadicust 30 perccel a kisérlet eldtt atvagtuk) ezzel

gakadal a nociceptiv reflexvalaszokat. A labhatak bérét paraffinolajban oldott 1 %-os
mustarolajjal ami a capsaicin-érzékeny noci okat orthodrémosan izgatja, mi
a kontroll csoportban a solvenst (paraffinolajat) A vérnyomas, szivfrekvencia.
illetve légzé encia valtoz gisztriltuk a paraffin-, illetve mustarolajecsetelés eldtt és

5,10, 15 perccel utana az ismételt capsaicin adasok hatasra (n=10)

3. Plazma szomatosztatin szint meghatarozas
Intraarterialis (1 ug/kg) capsaicin adas utan 5 perccel, az ellenoldali artéria carotis

kaniilbol vett arterialis vérbol mértiik a plazma szomatosztatin szint valtozasat RIA-val annak

kizara hogy az igy felszab hatasara a reflexvalaszok

snmagukban csokkennének (n=4)

Statisztikai értékelésre nem-parametrikus Mann-Whitney (paratlan adatok), illetve

Wilcoxon (paros adatok) teszteket a isztikai ignifika P<0.05 esetén

értékeltiik az adatokat (* P<0.05, ** P<0.01)
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Eredmények

1. Kontroll esetben 1 ng/kg, ia. capsaicin a vérnyomis reprodukalhato emelkedését

valtotta ki. Az atlagos artérids kozépnyomds (MAP) 47 743 5 %-kal nétt (74 5+5 7 Hamm ¢

110.1£10.6 Hgmm-re). Nem g ést a valaszokhan a i

Bilateralis . ischia

smeteltitk

kontroll esethen 8-10 alkalommal me;

ingerlés a capsaicin-kivill reflexes ver a ds 49.7820.92 Yo-kal gatolta az

riés eldtti kontroll valaszhoz

ingerlés kezdete utan 10 perccel (P<0.01 Wilcoxon teszttel az i

viszonyitva). A valasz egy oran belul fokozatosan visszatert (/4. abra)

;
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V4. dbra. N. ischiadicus antidromos ingerlésének gatlo hatésa capsaicinnel (1 ug/ke, ia.)
Kivaltott reflexes vérnyomasemelkedésre

2. A bor nociceptorainak orthodromos kémiai ingerlése szintén gatld hatast fejtett ki a
capsaicinnel kivaltott nociceptiv cardiorespiratorikus reflexvalaszokra. Ebben a csoportban
kontroll esetben 1 pg/kg, ia. capsaicin hatasara a MAP 42.41:69 %-kal nétt (70.96.5

Hgmm-rél  100.9+11.58 Hgmm-re). a szivfrekvencia 149+1.9 %-kal (286+29/min-ral

329534/minerc), a | m o pedie 33729 %okl (85:Simin-réi i idwiSiminere)

. Ezek a valaszok szignifika értékby mustarolaj és utan 5, 10,

IS perccel, a kontroll csoportban azonban nem viltoztak (* P<0.05, ** P<0.01, Wilcoxon
teszttel, a mustarolajkenés elétti kontroll valaszhoz viszonyitva, # P<0.0S, ## P<0.01, Mann-

Whitney teszttel a paraffin olajjal kezelt kontroll csoport értékeihez viszonyitva) (/5. dbra)
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/5. abra. Labhati bor nociceptorainak orthodromos ingerlésével (1 %-os mustarolajecsetelés)
kivaltott gatlo hatas capsaicinre (1 wg/kg, i.a.) adott cardiorespiratorikus reflexvalaszokra
(artérias kozépnyomas (mean arterial pressure: MAP); szivirekvencia (heart rate: HR);

légzési frekvencia (respiratory rate ‘RR))



3. Intraarteridlisan adott 1 capsaicin nem okozott szignifikans plazma

[

a S perceel az adis

oldoszerrel kezelt kontrollhoz viszonyit

eddst

szomatosztatin szint emel!
utan (7.0£0.54 fimol/ml, illetve 6.920.08 fmol/mi). Capsaicin tehit ebben @ Ris dOzisban

b olya

erepel. de &

alkalmazva mint not

szomatosztatin sziniiet

etkeztetések
igazoljak. hogy a id elektromos, valamint
kémiai ingerlése gatld hatast fejt ki a icinnel, mint iceptiv ingerrel

kivaltott nocicepti i iratorikus reflexvalaszokra
Az alk antidromos n. ischiadicus ingerlés, megegyezé az
elozetes Kiserietekben a piazma n szint kozel negy vaioua ki,
mely jelentds (50 %) gyulladasgatlo hatast ered (S anyi és mtsai, 1998a). A bor
psaicin-érzékeny K 1 %-os mustarolajjal kivaltott szelektiv orthodromos

ingerlése szintén gyulladasgatlo hatast és plazma szomatosztatin szint emelkedést hozott létre

(Szolesanyi és misai, 1998b) és az intraperitonedlisan adott in gatlé hatast fejtett

ki a helyileg icinnel vagy mustarolajjal kivaltott nociceptiv reflexvalaszokra

Mivel az ingerlések eldtt a kozponti idegrendszerhez befuto afferens palyakat
megszakitottuk, az aktivalt helyek felol kivaltott reflexek, illetve a kozponti idegrendszer

részvétele (“diffuse noxious inhibitory control”) kizarhato (Villanueva és mtsai, 1986). Ezek

alapjén arra hogy az hatést az aktivalt_periférids

felszabadulo_endogén kozvetiti é é szerint

ezért a hatasért is a capsaicin-érzékeny szenzoros idegvégzdésekbol felszabadulo

szomatoszatin a felelds, de ennek bizonyitasara tovabbi kisérletek sziikségesek.

A nativ in terapias alk szab széles hata uma.

s rovid plazma féldletidie. Endokrin hatdssal nem rendel

receptoron hato analogok vizsgilatarol, mely jelenleg is folyik intézetunkben, a

1. fejezetben még lesz 526
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I A CAPSAICIN-ERZEKENY SZENZOROS IDEGVEGZODESEK IZGATASAVAL
KIVALTOTT NEUROPEPTID FELSZABADULAS, ILLETVE GYULLADASGATLO
HATAS KAROSODASA KISERLETES DIABETES MELLITUSBAN

A fejezethez kapcsolodo sajat kozlemények

1L/1. Németh J., Szilvassy Z., Thin M., Oroszi G.,

neuropeptide release from trachea of the rat with streptozotoc

Eur. J. Pharmacol., 36 4, 1999

10/2. Németh J., Thin M.. Siri R.. Peitl B. Orom G.. Farkas B.. Szolesanyi J.. Szilvassy Z

pairment of neurog v and v responses in diabetic rats

Eur. J. Pharmacol., 386, 83-88, 1999

II/3 Németh J., Thian M., Peitl B., Oroszi G, Szolcsanyx.l Szilvassy Z.: Impaired anti-
y response and d d sensory peptide release in in-induced

Sari R., Szolesanvi J.- Decreased sensorv
induced diabetes.

diabetes.
7. Physiol. London, (kozlésre elfogadva) 2000. (eloadaskivonat)

Bevezetés

A szenzoros idegek [UNKCI0)apan bEKOvelkezo Karosodas aitalanosan elororauio
jelenség a periférias neuropithidban szenvedd betegek esetében, ami a diabetes mellitus
legstilyosabb szovédményeinck egyike (Fedele és Giugliano, 1997, Ralevic és misai, 1993,
Bennett és misai, 1998). Uj aspektusa a szenzoros neuropathianak az a korabban mar
bizonyitott tény, hogy a capsaicin-érzékeny érzérostok a szenzoros informacick felvétele,

valamint azok kozponti i felé valo abbitasa mellett biologiailag aktiv

mediatorok, neuropeptidek felszabaditasin keresztil fontos lokilis szabalyozé funkcidt is
ellatnak. fgy kirosoddsuk nemesak szenzoros funkciocsokkenéshez vezet, hanem befolyasolja
a gyulladasos, sebgyogyuldsi, vascularis proliferativ folyamatokban szerepet jitszo szenzoros-
effektor funkciot is (Brain 1996, Lundberg 1996, Szolcsany\ 1996).

llitusb tinet a szenzoros

Kisérletes lin-hianyos  diabetes
neuropeptidek (CGRP, SP) insulin-szenzitiv deplécioja (Diemel és mtsai, 1992), valamint a
neurogén gyulladasos valasz csokkenése. Ez utobbit azonban egyes szerzok (Gamse és Jancso,

1985) a neuropeptidek deplécidjaval szemben azok csokkent hatisival magyarazzak és

microvascularis eredetiinek tartjak. Sokkal valOszinGbb ¢és Kisérletesen t6bb  oldalro!

megerdsitett ezzel szemben az az elmélet, hogy a pro-i atoros szenzoros pepti

felszabadulasanak kkenése all a hatterében a kisérletes szenved? I;
allatok, valamint a diabetes mellitusban szenvedd betegek esetében észlelhetd csokkent

neurogén gyulladisos vilasznak (Gydrfi és misai, 1996, Walmsley és Wiles, 1991). Ez a
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Kkarosodas reszben visszavezethetd a trofikus faktorok elsosorban NGF hianvara, tovabba a

hyperg]ikémia ko b kialakulo ra, mivel NGF-, illetve
insulin-kezeléssel a neurogén microvascularis vilaszban jelentds javulas erhetd el (Diemel ¢s
mtsai, 1992, Bennett ¢s mtsai. 1998).

Tudomasunk  szerint eddig nem toriéntek  vizsgalatoh a scomatosetatin, CGRP,

valamint SP_szimultdn _felszabadulasanak érintettsézére streptozotocin-kiviltotta diabetes
mellitusban, ezért kisérleteink i vitro része elsdsorban erre iranyult. Mivel voltak adatok a
primér neurogén gyulladisos folyamatok kirosodasara, megvizsgaltuk a capsaicin-érzckeny
szenzoros  idegvégzodésekbol  f 2 in altal kozvetitett szisztémas

gyulladasgatlé hat

rintettségét is in vivo korilmények kozott

Modszerek

2002230 o sy him Wistar na eatith a7 Allatakar haram
csoportba osztva: 1. kontroll, 2. iv. 50 mg/kg kezelt, 4 hetes diab
csoport, 3. i.v. 50 mg/kg i kezelt, 8 hetes di: csoport. [n vitro

peptidfelszabaditési kisérletek az 1. és 2. csoportokban, in vivo kisérletek mindhrom

csoportban torténtek.

1 idek in vitro k vizsgalata -atumon

A natrium pentobarbitallal (Nembutal, 40 mg/kg, i.p.) narkotizalt patkanyok tracheait
kimetszettik és szervfiirdonként (1.8 ml) 2-2 szervet 37 °C-os oxigenizalt (95 % O2és 5 %

€O;) Krebs oldattal 60 percen at perfundaliuk (1 mi/perc). Az ataramlas ledllitasa utén a

kamrakban lévé oldatot 8 percenként 3-szor lecserélve frakciokat gyijtottink (ingerlés elotti -
ingerelt - ingerlés utani). A peptidfelszabadulast elektromos téringerléssel (40 V, 0.1 ms, 10
Hz, 120 s) valtottuk ki. A mintkat jégbe hiitott csovekbe gyiijtottiik és a kisérlet végeén a
légesddarabok nedves silyat lemértik. A frakciok SP, CGRP és szomatosztatin koncentracioit

RIA m6 itséaé a meg (Németh és

mtsai, 1996, 1998a, 1999), melyck érzeékenysége a CGRP esetcben 1 fmol/cso, a

szomatosztatin és az SP-mérésnél 2 fmol/csd. A peptidek mennyiséaét fmol/me egységben,

nedves ] a fejeztitk ki (i port)



2. Neurogén gyulladas valamint gyulladasgalo hatas vizsgalata in vivo

A kisérletet natrium thiopenthallal (Trapanal, 100 mg/ke, ip.) altatott patkanyokon

végeztik. A g idin (8 mekg, ip.) eld és utdn az dllatokat pipecuronium bromiddal

(200 pgkg, iv) relaxiltuk és a kisérlet alatt tr keresztill mesterségesen

Iélegeztettik. Mindket oldali n. ischiadicust kipreparaltuk és az atmetszett idegek peritérias

csonkjait elektromosan ingereltik (20V, 008 ms, S Hz, S min) S perces iddknlonhséggel « két

oldal kozott. Az utolso gyulladaskeltod stimulus utan 15 perceel az allatokat elvéreztettik, an

innervaciojanak megfeleld bérlebenyeket | k. majd a plazma extravazicio

mértékét az Evans kék akkumulacios modszerrel meghataroztuk (n=5
3. Diabetes mellitus hatasa a bilateralis antidromos n. ischiadicus ingerléssel kivaltott plazma

szomatosztatin szint valtozasra

oras ¢heztetés utan 3 ml artérias

A plazma szint

ok KRl

4 jobb u

tutisbu AGIGH Randlln heivectdl Thasyiult (1CCCIU5 &

vérmintal

EDTA-t (6 mg) tartalmazd jégben hitste kémesovekbe, A kontroll allatokban az alap

szomatosztatin  szinteket mértik, a n. ischiadicusokat csak atmetszettik. A st alt

b indkétoldali n. ischiadicus periférias csonkjat antidromosan ingereltiik (20 V, 0.5

ms, 5 Hz, 5 min). A vérmintakat az ingeriés befejezése utan 2 perccel vettik le az allatoktol,
majd a plazma szomatosztatin szinteket RIA modszer segitségével meghataroztuk (n=6).
Mindezek mellett plazma insulin (RIA), illetve vércukormeghatarozas (glucose oxidase-
peroxidase modszerrel) is tortént, valamint kovettik az allatok sulygyarapodisat mind a
kontroll, mind a diabeteses csoportokban. A periférids idegek érintettségének igazoldsira

méréseket végeztiink az A- s C-rostok vezetési sebességének meghatarozasaval

A plazma acios értékeket nem-p ikus Mann-Whitney probaval, a plazma

szomatosztatin szinteket kétmintas Student t-teszttel el enifi

P<0.05 esetén értékeltik az adatokat (* P<0.05, ** P<0.01).

Eredmények
1. Az egészsé a ol szarmazo heap d ol az elektromos
téringerlés szignifikans mértéki d é amasodik frakcioban mindharom

peptid esetében. Szomatosztatin esetén 0.18+0.03-r0l 0.51=0.03-re, CGRP-n¢l 0.170,03-rdl

0.69£0.12-re, SP-nél 1.77+0.09-rél 5.96+0.38-ra, fmol/mg ndtt az ingerelt frakcio
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pep(idlanalma (P<0.01). Diabeteses allatokban ez a valasz szignifikans mertekben (P<0.01)
csokkent (szomatosztatin 0.31£0.09, CGRP 0.4120.14, SP 3142044 fimol/mg). A gatlas
392428, 40.543.2 és 473329 %-ot ért el szomatosztatin, CGRP, illetve SP esetében

azoltak a harom vizsgalt peptid (szomatosztatin, CGRP és SP)

Eredményeink tehat ig
felszabadulisanak parallel karosodasat (I1/1. abra)

KONTROLL DIABETES
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V1. dbra neuropeptid felszabadulis kirosodasa kisérletes diabetes mellitusban
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2. Egészséges dllatokhoz kepest a primer plazma cxtravazicios erékek mindket

g mértekben k. A 4 hetes csoportban 51.27 %-os
(P<0.01), a 8 hetesben 44.25 %-os (P<0.05) csokkenést tapasztaltunk. Mig normal allatokban
a n ischiadicus antidromos elektromos ingerlésével kivltott primer neurogén eyulladds
52.753.1 %-kal (P<0.01) gitolta uz 3 perccel kesébb az eflenoidaion hasonio modon kivlott
masodlagos plazma extravazdcidt. cz a gitlo hatés diabetescs allatokban nem ért ol szignifikins
mértéket: a 4 heteseknel 29.6+1.98 %-ra, a 8 hetes csoportban 18124157 Yo-ra csokkent

(11/2. abra).

Evans kék
%
8

3

# ™ .
w0 | 7
il BE BR

Kontroll 4 hetes 8 hetes
11/2. dbra. Neurogén gyulladas és dltala kivaltott endogén uyulladasgitld hatds kirosodasa
kisérletes diabetes mellitusban

3. Az éhgyomri plazma szomatosztatin szintek mindkét diabeteses csoportban

megemelkedtek. A 4 hetes csoportban 83.64 %-os (P<0.01), a 8 hetesben 163.5 %-os

(P<0.05) igen hata és volt észlelhetd, a normal llokh iszonyitva
¢ mig az egészsé a bilateralis n. ischiadicus ingerlés tobb mint
négyszeres szint Tkedé ény (636+0 30-r6l 28 30+2 60-ra
fmol/ml, P<0.01), di a ez a vilasz (11.68%1.37-r61 17.90+3.74-re,

fmol/mi a 4 hetesekben, valamint 16.76+3 85-rol 25.06£1 67-ra, fmol/ml a 8 hetes diabeteses

csoportban) és nem ért el szignifikans mértéket (11/3. abra)
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1I/3. dbra. Bazalis plazma szomatosztatin szintek, valamint n. ischiadicus ingerlés hatasara

illetve p

4 Mig a kontroll allatokhan a 4 hetes periddus alatt 42433 ¢ sulyeyarapodas volt

észlelhet, mindkét diabeteses csoportban fogyast Az éhgyomri vér

a kovetkezdképpen alakultak: 6.0£0.3 (kontroll), 23.6+3.1 (4 hetes; P<0.01), és 18.4+3.2

mmol/l (8 hetes; P<0.01). A plazma insulin ki ok szignifikans mértékben ki k

10.542.7-r51 (Kontroll) 2.50.6-re (4 hetes; P<0.05), illetve 2.8+0.9-ra, wIU/ml (8 hetes;
P<0.05). Az ingertiletvezetési sebesség mérések (A-rostndl 0.5 V, 5 Hz, C-rostnal 3 V, S Hz)
mindkeét rostpopulacioban a vezetési sebesség szignifikins csokkenését igazoltak, mely a

diabeteses dllapot fennallési idejével parhuzamosan romlott

Kovetkeztetések

Tracheapreparatumon végzett in vitro neuropeptid felszabaditasos kisérleteink

igazoltak a harom vizsgalt peptid, a in, CGRP és SP felszabadulasanak parallel
ka dasat diabetes In vivo er ¢ ak az el6zGekben mar
leirt bazalis plazma in_szint ést (Fischer és mtsai, 1998), valamint a
neurogén llada valasz, k ¢t insulin-hianyos kisérletes diabetes mellitusban

(Gamse és Jancso, 1985, Gyorfi és mtsai, 1996)

Streptozotocinnal ~ kiviltott  kisérletes diabetesben a primer neurogén plazma

a jelen vizsgalatok alapjan egyértelmien az emlitett gyulladéskeltd

neuropeptidek (SP, CGRP) csokkent felszabadulasival magyarazhato. A diabeteses periférias
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neuropathiat kiserd neuropeptid depléciora, illetve karosodott axontranszportra 1s vannak mar

adatok (Fedele és Giugliano, 1997, Bennett 1998), bar a deplécio tekintetében az eredmények

ellentmondoak (Gamse és Jancso, 1985) Figyelembe kell venni azt a ténvt is, hogy

a peptidek deplécidja nem bizonyiték a funkciondlis karosodas mellett

A fenti eredményeken kivui elsokent vizsgaltuk a kiserietes diabetes hatasat a

szenzoros  idegvégzbdésekbol Iszabadulo sztatinra ¢s az  alala kivaltott
I hatasra. lgazoltuk _az allatokban_leirt
dasgatlo valasz kiesését di kanyban, amelynek hatterében a hatast kozvetitd
Iszabadulasanak

idegi eredetii csokkenése all. Mindezen adatok alapjan a

plazma in szint emelkedd altozisk

egy kompenzatorikus a

aktivaciora csokkent g 6 idegi eredetii potlasira. Az

SP, illetve a CGRP deplécioja és karosodott felszabadulasa mellett az allandoan emelkedett
bazalis plazma szomatosztatin szint ugyanakkor jarulekos faktorkent szerepet jatszhat az

ingerlésre adott esakkent neyr:
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IILA. TT-232 SZINTETIKUS SZOMATOSZTATIN ANALOG GYULLADASGATLO
HATASANAK VIZSGALATA

A fej p sajat ko \
TLA/1. Szolesanyi J., Pintér E., Helyes Zs., Nemeth J, Orosz1 G, Thian M., Kert Gy.© Anti-
inflammatory effect induced by TT-232, a novel heptapeptide somatostatin analog

Regul. Peptides, 80, 137, 1999 (eldadaskivonat)

1A /2. Pintér E., Helyes Zs, Németh J Oroszi G. Than M., Kéri Gy. Szolcsanyi J
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Bevezetés

A szomaiosziatin @ sZcivezcibein a aozpuiiil G oa puiilliils degivindsivibon, o

alis tra és a belsd a asu szervekben 14 és 28 aminosavbol allo

formaban eldforduld peptid, mely valtozatos endokrin hatasain til gatolja a tumorsejtek

at, asolja a kognitiv és Iked

valamint a car i

rendszert. Hatasai 5 receptor altipuson keresztil valosulnak meg (sstl-5), amelyek a G-

X l6do receptorcsalad tagjai (Reisine és mtsai, 1990, Patel és mtsai, 1990,

Reisine 1995). A nativ in terapias aga korlatozza széles
hatasspektruma és rovid felezési ideje, azonban szelektiven hato, hosszii hatasi analogok uj
terapias lehetségeket kinalninak. Az utobbi években szintetizalt Uj szomatosztatin
analogokkal végzett vizsgilatok elsosorban endokrin és antitumor hatasi molekuldk
elballitasara iranyultak.

Az irodalombol ismeretes az exogén in neurogén ladast és

gatld hatasa (Lembeck és mtsai, 1982, Karalis és mtsai, 1994). Az el6z0 kisérleti eredményeink
igazoltak, hogy e peptid felszabadul az aktivalt capsaicin-érzékeny —szenzoros

idegvégzddésekbsl és a keringésbe jutva szisztémas g dasgatls és fajdalomesillapitd

hatassal rendelkezik  Laboratriumunkban mar folytak elozetes vizsgalatok a szomatosziatin,
octreotide, valamint 3 Gj, a Magyar Tudoményos Akadémia, Kozpont Kémiai Kutato
Intézetében Kéri Gyorgy és misai dltal szintetizdlt, stabil, ciklikus analog vegyilet
gyulladasgatlé és anti-nociceptiv hatdsarol. Az emlitett vegyuletek kozul a leghatékonyabb

gyulladasgationak a TT-232 bizonyult, mely heptapeptid az elézetes vizsgdlatok alapjan nem
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rendelkezik endokrin hatassal, viszont hatékony antitumor hatasu (Keri és mtsai, 1993, 1996),
és a nem-szteroid gyulladasgatloktol eltérden (Jancso-Gabor és Szolesanyi, 1970) hatékonyan

gitolta a neurogén gyulladast is. Az endokrin hatasokat kivaltd octreotide az sst2, 3 és §

16 ana watlasban nem

receptorokat izgatja és hatékony hormonszekré de gvullada

bizonyult hatasosnak (Hofland ¢és mtsai, 1995) es sajat vizsgalataink szerint a neurogén
gyulladast sem gatolta Az altalunk vizsgdlt hatdsok tehat valoszinilleg az irodalmi adatok
alapjan kiilon csoportba sorothato sstl és/vagy sst4 receptorokon (Reisine 1995) keresztul

valsulnak meg. Ez anndl is inkibb nagy jelentdséggel bir, mivel az eddig vizsgilt vegyuletek

elsdsorban az sst2-3 receptorokon voltak hatasosak.

Jelen kisérleteink célja a TT- tovabbi vizsgalata volt akut ncurogén, valamint

ast kil | a hatas idotartamara, tovabba a TT-232

kronikus kevert g , kilonos

hatasmechanizmusara.

Modszerek

1. Neurogén gyulladast gatlo hatas vizsgalata

Natrium pentobarbitallal (Nembutal, 40 mg/kg, i.p.) altatott 150-200 g-os ndstény
Wistar patkanyban a hatso végtagok akut, bilateralis denervalasat kovetden a labhatak
orthodromos neurogén gyulladasat 1 %-os mustarolaj ecsetelésével valtottuk ki. A plazma
extravaziciokat az Evans kék akkumulacios modszerrel hatdroztuk meg. A vizsgalt anyagot
(TT-232) s.c. alkalmaztuk 1, 2, 4, illetve 6 oraval a gyulladaskeltd stimulus elétt 10, 20, 40,
80, 160, valamint 320 pg/kg dozisban, csoportonként 5-7 allatnal A hosszii (16 6ras) hatas
vizsgalatara, egy kilon csoportban az allatok a kisérletet megel6z6 napon 2x500 pg/kg
dozisban kaptak a TT-232-t (n=5-7/csoport)

A kiilonbozs idopontokban felvettik a dozis-hatds gorbeket és regresszios egyenes

segitségével meghataroztuk az IDss értékeket

2. TT-232 tartés hatésa Freund-adjuvéns indukalta krénikus arthritisre

A kronikus izuleti gyulladds kivilidsira 0.1 ml komplett Freund-adjuvanst (elolt,
sziritott Mycobacteriumok paraffinban oldva) (Thesien-Popp és Miller-Peddinghaus, 1994)
fecskendeztiink a bal talp bérébe intraplantérisan, valamint a szisztémés hatas fokozdsa céljabol

az elso két napon a faroktdbe. A térdizuleti duzzanat mérése plethysmométerrel tortént a

6 anyag ' lozoen, majd a 2., 5, 8, 12, 15 és 18. napon a
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kezelés alatt. Az izileti duzzadas mértékeét a kontroll értékekhez viszonyitva szazalékban adtuk
meg A TT-232-t szintén s.c. alkalmaztuk 2x100. 2x200. illetve 2x500 uwkg/nap dozisban a

18 napos idészakhan, a kontroll csoportot a TT-232 oldoszerével kezeltik (n=8/csoport)

tesztet  haszndltunk

isztikai  cértckelésre  nem-parametrikus Mann-Whi

Szignifikansnak P<0 05 esetén értekeltuk az adatokat (* P<0.05. ** P<0.01)

3. Neur i vitro vizsgalata tracheapr a

A natrium pentobarbitallal (40 mg/kg, i p.) narkotizilt patkanyok trachedit kimetszettik
és szervilirdonkent (1.8 ml) 2-2 szervet 37 “C-os oxigenizalt (95 % Oz ¢s 5 % CO;) Krebs
oldattal 60 percen at perfundaltuk (1 ml/perc). Az ataramlas leallitasa utan az eiozo fejezetben
(I1/1.) leirtaknak megfeleléen 3 frakeiot ayijtottank (ingerlés eldtti - ingerelt - ingerlés utani)
A peptidfelszabadulast elektromos téringeriéssel (40 V, 0.1 ms, 10 Hz, 120 s) valtottuk ki és a

frakciok SP, CGRP és i ife ifi RIA

modszerek sewilséydvei iatdroziuh mey (NGmctl Gs Misai, 1550, 1558a, 1755). A pupiidca

ét fmol/mg égben, nedves szovetsu vonatkoztatva fejeztuk ki

A szomatosztatint 10, 50, valamint 200 nM dozisban alkalmaztuk, ebben az esetben
természetesen csak SP és CGRP felszabadulast mértink.

A TT-232-t 200, 500, illetve 1500 nM doézisban alkalmazva meghataroztuk az ICsy
értékeket. A receptorialis hatas igazolasara elektromos téringerlés esetében, egy kulon
csoportban az 500 nM TT-232 mellett pertussis-toxint (PTX) (100 ng/ml) is adtunk a
szervflirdbe, mely G-protein gatlasan keresztul fejti ki hatasat. A PTX hatasat 6nmagaban is

k az elektromos

. valamint tirozin-kinaz gatlo geni (50 M) is el
téringerlést annak eldontésere, szerepet jitszik-e a TT-232 tirozin-kindz gatlo aktivitasa (Keri
és mtsai, 1993, 1996) a gyulladasgatlo hatasban (n=6/csoport).

A TT-232-b51 Na-acetit-ecetsav pufferben (0.2 mol/l, pH:3 4) § mg/ml-es torzsoldatot
készitettiink ¢és a tovabbi olddsokat ebbdl 5 % mannitol hozzdadasaval végeztik. A kontroll

csoportokban az allatokat a mannitolt tartalmazo Na-acetat-ecetsav pufferrel kezeltitk

Statisztikai értékelésre paros és paratlan Student t-proba

szignifikansnak P<0.05 esetén értékeltik az adatokat (* P<0.05, ** P<0.01).



Eredmeények

1. A s.c alkalmazott TT-232 (10, 20, 40, 80, 160, 320 és 2x500 pg/ke) dozisfiggoen

gitolta a mustarolajial kivaltott akut neurogén gyulladist 1, 2. 4, 6 és 16 draval az elokezelés

A

utan. Az 1. 2. 4. 6 oras Dss ertekek a kovetkezok: 20.20, 32.49, 39.80 es 78.22 pwke

TT-232 4 misodik injekeid utin

gyulla

al gatoita

oen gatolta (2x100, 2x200 es

2. A kronikus izileti gyulladast a T
2x500 pgkg naponta, s.c.) (V1. tablazat), mely jelentosebb merteket a legnagyobb dozis

esetében ért csak el (I1I/1. abra). A kontroll allatokban a Freund-adjuvanssal kezelt bal labak

kifejezett, az ellenoldali labak enyhébb volt lelh a jelek
(étvagytalansag, mozgas hianya, gyengeség) mellett.
Napok Kontroll 2x100 pg/kg 2x200 pg/kg 2x500 pg/kg
Jobb Bal Jobb Bal Jobb Bal Jobb Bal
- 45.19 - 3392 0.79 36.82 1.47 19.66
2. +5.63 4298 | 131 +4.79 | #3.12 [+3.06**
12.14 | 6236 14.88 58.99 8.82 48.97 6.50 33.08
5. +333 | 4361 +2.81 4637 | #2222 | 431 1274 | +475%*
15.69 | 69.79 17.01 62.22 11.54 53.08 8.90 36.88
8. £3.11 +390 | #3.74 | +4.01 +3.23 | #4.21% | 33.29 [43.97**
21.35 75.13 18.43 58.62 16.11 54.83 8.63 46.01
12. +2.83 | =430 | +325 |+3.08*%| +2.24 |+4.08**| £2.67* |=4.33%%
2534 | 7087 | 2638 | 61.06 15.72 5551 10.47 | 44.15
15. +3.28 | 419 | #422 | 4372 | #2.20 | £3.01* [£3.49**|+3.27*
24.16 71.62 2588 60.64 | 2034 59.96 10.76 | 41.38
18. +3.41 +6.30 | #3.13 4331 214 | £1.23 | £439% [2477**

[11/1, tablazat. TT-232 s.c. kezelés hatasa a hatso labak Freund-adjuvanssal kivaltott kronikus

iziileti gyulladasara plethysmométerrel merve (%-os duzzadas az 1. napi ériékhez viszonyitva.
plethy: P! y

* P<0.05, ** P<0.01).
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Napok
TI/1. dbra. TT-232 (2x500 pe/kg/nap, s.c.) hatésa Freund adjuvinssal kiviltott iziileti

gyulladasra.
3. Szomatosztatin kis dozisokban nem fejtett ki szignifikins hatast, azonban 200 nM
SP, valamint CGRP elektomos téringerlés hatasara torténo felszabadulasat 16.77, illetve 23.2

%-kal gatolta.
SP, CGRP ¢és in izolalt abo ki téringerlés hatasara torénd

felszabadulasat a TT-232 200 nM: 20.1 %-kal (SP), 232 %-kal (CGRP), 156 %-kal
(szomatosztatin); 500 nM: 39.8 %-kal, 51.8 %-kal, illetve 40.6 %-kal; 1500 nM: 61.5 %-kal,
80.4 %-kal, illetve 62.5 %-kal gatolta. Az ICs értékeket kiszamolva 1033.5. 607 4, valamint
922.4 nmol/l értéket kaptunk az SP, CGRP, illetve szomatosztatin esetén. A bazalis, stimulicio
nélkili peptidfelszabadulast a TT-232 nem befolyasolta. A PTX a TT-232 gatlo hatasat
Kivédte, a peptidfelszabadulast helyreallitotta, ami a G-protein fliggd receptorialis hatast
igazolja. Onmagéban a PTX, valamint a genistein nem befolyasolta az elektromos téringerléssel

kivaltott peptidfelszabadulast (II/2. tablazat)
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Frakciok Kontroll TT-232 PTX PTX+TT-232 | Genistein

1.8P 1.77£0.08 1.79+0.15 184008 1.79 = 0.14 190012

(tmol/mg) :

2 596 +0.15 | 447 £0.30 % | 581 =032 590 =038 5932038

3 248022 211=0.12 203=013 1.97+0.16 211 =010

1.CGRP 0.17£0.01 0.16 £0.01 020=x0.02 0.19 £0.02 0.19£0.02

(fmol/mg)

2 0.69 £0.05 | 0.43+£0.05* | 070+006 072+004 066 +004

3 0.19 £0.02 0.18+0.01 0.26+0.02 026£0.03 027+0.02

1.SOM 0.18 £0.01 0.19+0.01 0.19+£002 0.19+001 018001

(fmol/mg) |

2 0514001 10385002+ nat=nnz | asncant | na-002
| | | | | |

021+001 0.22+£0.03 ‘ 19+0.01

3 | 0.21+0.01 ‘ 0.200.02

1I/2. tablazat. Elektromos téringerléssel (40 V, 0.1 ms, 10 Hz, 120 s) kivaltott neuropeptid
felszabadulas izollt patkany tracheapreparatumon. TT-232 (500 nM). PTX (100 ng/ml),
PTX+TT-232, valamint genistein (50 uM) hatasa. (1. frakcio: alapérték, 2. frakcio: ingerelt

periodus, 3. frakcio: kimosas utani érték, * P<0.05)

Kovetkeztetés

A_TT-232 stabil, ciklikus, szinteti ptapepti in analog rendkivul

hatékonynak bizonyult mind az akut neurogén plazma extravazacio, mind a kronikus kevert
iziileti gyulladasos folyamat gatlasa Kisérleteink alapjan hatasa subcutan alkalmazas esetén

dozistol fuiggden hosszan tart. Hatdsat dontéen az idegvégzddéseken, specifikusan

szomatosztatin receptorokon hatva a neuropeptid _felszabaduias gatiasan kereszidi fejii ki
hatékonysaga ebben a tekintetben az in virro kisérleti adatok alapjan megkozelitleg

ik a s i izonyitott azonban a nem neurogén gyulladasra gyakorolt

gatlasa is, mivel a TT-232 denervalt labon kivaltott dextran-odémat is képes volt szignifikans

mértékben gatolni. K éské a F -adj I kivaltott kronikus gyulladas

csokkentésében feltehetden mind a neurogén, mind a nem neurogén gyulladast gatlo hatasa
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szerepet jatszik
Az sst2, 3 és 5 receptorokon hato octreotide hatastalansaga. tovabba az. hogy a

patkany trachedn, illetve légutaiban ismercteink szerint csak sstd receptor talilhato (Hover ¢s

cugel ezen a recep

mtsai, 1994) arra utal, hogy a TT-232 hatdsat n
fejti ki hatékonyan. dozisfiggden gatolva in vitro a tracheabol a peptidtelszabadulast. mely

atlo PTX kivedte Tradalmi forrasokbal ismenink szelektiven az sstd

gatlo hatast a G-protein
receptoron hato agonistit (Ankersen és misai, 1998), azonban olyan sst4 antagonista, aminek

1 a kérdés a O lenne sajnos nem allt rendelkezésinkre

A TT-232 tirozin-kinaz watlo akiivitasa (Kéri és misai, 1993, 1996) a gyullada
hatésaban valoszinileg nem jatszik szerepet, mivel a potens tirozin-kindz gatld genistein nem
fejtett ki hasonlé hatast a neuropeptid felszabadulisra

azis , hogy bir régdta folynak vizsgalatok

Ezen

az ismert id gatlokkal is, jelenleg egyetlen olyan gyogyszer

yulladdsos reakeiSkat hutdun

sings, amely a

Szolcsanyi, 1970, Geppetti és Holzer 1996). A TT-232 in vivo tesztekben hatékonyabbnak
bizonyult mint a szomatosztatin, lebomlasa lassubb, ezaltal hatasa tartosabb és szelektivebb is,

mert endokrin hatasoktol mentes. Mivel e heptapeptid gatolta in vitro a szenzoros

1 dulasa ¢ juk, hogy a llad és az anti-

nociceptiv hatas az afferens idegvégzodések gatlasan keresztiil valosul meg, hasonloan az

endogén szomatosztatinhoz.
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[IL.B. ENDOGEN NEUROPEPTIDEK, ILLETVE TT-232 SZOMATOSZTATIN ANALOG
HATASA NEUTROPHIL LEUKOCYTAK AKKUMULACIOJARA A BORBEN

A fej K 10do sajit

1LB/1. Thin M., Pintér E., Brain S.D., Rawlingson A., Szoicsanyi J.. Locai and systemic
effect of sciatic nerve stimulation on cutancous neutrophil accumulation in the rat hindpaw.
Regul. Peptides, 89, 84, 2000. (eloadaskivonat)

Bevezet

A neutrophil leukocyték akkumulicioja az akut gyulladdsos reakciok lényeges kisérdje.
Ismert, hogy a neurogén gyulladasban szerepet jatszo gyulladaskeltd neuropeptidek (SP,

CGRP) fokozzak a neutrophil leukocytak akkumulaciojat (McGillis és Fernandez, 1999), in

vitro korilmények kozott az SP a neutrophil akra hatékony iv, a
szomatosztatin viszont gatlo hatast fejt ki (Kolasinski és mtsai, 1992). Bizonyitott az SP fontos

szerepe a phil leukocyta 6 kiva a légutak nyalkahartyajaban i vivo,

melyet tachykinin NK1 receptorok kozvetitésével (Baluk és mtsai, 1995), illetve nagyobb
koncentracioban egy nem-receptor fliggd, hizosejt kozvetitette uton, feltehetdleg részben

interleukin-1 felszabaditasan keresztul valt ki (Matsuda és mtsai, 1989, Suzuki és mtsai, 1995)

Exogén SP képes a hizosejtekbol gyullada a Iszabaditani (Tausk ¢és

Undem, 1995), ugyanakkor a bérben endogén neuropeptidek 4ltal kivaliott neutrophil

sejtakkumuldciot eddig nem igazoltak

Elozetes  kisérletei sazolodott, hogy n. ischiadicus periférids kjanak

antidromos elektromos  ingerlésével  felszabadi a bdr nociceptorainak

orthodromos, vagy antidromos stimulaciojaval kivaltott neurogén plazma extravazaciora gatlo
hatast fejtett ki (Szolesanyi és mtsai, 1998a)

Kisérleteinkben megvizsgaltuk, hogy a n. ischiadicus elektromos ingerlésével

endogén neuropeptidekkel kivalthato-e a brben leukocyta akkumulicio, képes-c
az igy felszabaditott szomatosztatin, valamint a TT-232 szomatosztatin analog gatolni
carrageenin gyulladds sejtes fizisit. A carrageenin novényi polysacharid, amely a gyulladast

részben neurogén tton az afferens idegvégzodések aktivaciojaval, reszben pedig a hizosejtek

degranuldlasén keresztil hozza létre (Pintér és Szolesanyi, 1996). gyors polymor

leukocyta akkumulacios sejtes fazist kivaltva,
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Modszerek
A kisérletet natrium thiopenthallal altatott (Trapanal, 100 mg/kg, 1.p.) 200-220 g sulya
him Wistar patkanyokon végeztiik

dek hatasa a neutrophil

I Antidromos  idegingerléssel tott endogén

feukocytak akkumulaciojara a borben
Az elso kisérletsorozatban a n. ischiadicus elektromos ingerlésével felszabaditott

endogén neur hatésit vizsgaliuk a borben I¢ o feukocyta akkumulaciora

Guanethidin (20 mg/kg, s.c., 24 h) eldkezelés utin az dllatokat pipecuronium bromiddal (200

ng/kg, i.v.) relaxaltuk és a kisérlet alatt tr keresztiil mesterségesen lélegeztettiik.
A n. ischiadicust jobb oldalon kipreparaltuk és az atmetszett ideg periférias csonkjat
elektromosan ingereltik (20 V, 0.5 ms) a kovetkezo paraméterekkel: 1. csoport: 1 Hz, 4 h, 2
csoport: 2 Hz, 4 h és 3. csoport: 10 Hz, 5 h (szakaszos ingerlés, 24 min ingerlés/h). A bal

oldali ideg érintetlen maradt, és ehhez viszonyitottuk az ingerlés hatasat, mint kontroll ériekhez

lesoport)

idegingerlés hatasa car a borben kivaltott leukocyta akkumulaciora

©
>

Ebben a kisérletsorozatban idegingerlés hatasit vizsgaltuk az ellenoldali libon
carrageeninnel kivaltott gyulladés neutrophil akkumulacios fazisara, A jobb oldali n. ischiadicus
atmetszett periférids csonkjat elektromosan ingereltik (20 V, 0.5 ms, 0.5 Hz, 5 h). Az ingerlés
megkezdése utan S perccel az ellenoldali talp bérébe 100 wl, 1 %-os carrageenin oldatot
fecskendeztink intradermalisan, majd a neutrophil akkumulaciot 5 h elteltével mértiik. Kontroll
allatokban, a jobb oldali ideget csak atmetszettik, a bal oldali talpbérbe 100 ul, | %-0s

carrageenint adtunk (n=10)

3. TT-232 hatasa carrageeninnel a borben kivaltott leukocyta akkumulaciora

Az utolso kisérletsorozatban a TT-232 hatasat vizsgaltuk a carrageenin-kivaltotta
gyulladds neutrophil leukocyta akkumulacios fazisara. A jobb oldali labhat bdrébe 100 ul, 1
%-os carrageenin oldatot, ellenoldalra kontrollként a carrageenin oldoszerét, 100 ul Tyrode
oldatot fecskendeztink intradermalisan. Az allatokat TT-232-vel kezeltuk (20 ug/kg, iv.) a
carrageenin adas elott 5 perccel, ezt kovetoen az 55. és 115. percben, vagyis oranként. A
neutrophil akkumulaciot 3 h utan mértik. A Tyrode oldattal kivaltott neutrophil akkumulaciot
levontuk a carrageeninnel kezelt labon kapott értékbol, és igy vetettitk 6ssze a TT-232 kezelt,

illetve az oldoszerrel kezelt kontroll csoport értékeit (n=10).



4. Myeloperoxidéz mérésen alapulé leukocyta szam meghatérozas
Az akkumulicios idd letelte utan az allatokat elvéreztettiik, a talp, illetve libhati brok
megegyezé feliiletit darabjat kimetszettik. feldaraboltuk és 2 ml. detergenst (0.5 % hexadecy!

triethylammonium ~ bromide) tartalmazo  foszfat-putferben homogenizaltuk. Ezutan a

homogenizitumot lecentrifugdltuk (10000 ¢ 5 min. 4 "C) hogy a szévetdarabokat vala
lipidfazist citavolitsuk. A szupernatans | ml-¢t hasznaltuk a myeloperoxidaz vizsgalathoz.
A bérben akkumulalodott neutrophilek szamat a mintak mycloperoxidiz tartalmanak

fotometrids mérésén keresztil kaptuk meg (Schierwagen és misai, 1990). A bormintak

mycloperoxidaz aktivitasat “3,3'5.5"tetra-methylbenzidine (TMB) liquid substrate system”
(Sigma) hozzéadaséval hatéroztuk meg (25 i minta + 25 ul puffer + 100 il szubsztrat). A
kekiilési reakeid szobahomérsékleten megy végbe, 30 pere alatt. Az optikai denzitst (OD) 620

nm-en mertik microplate reader-rel, 5 percenként. Az ismert neutrophiltartalmd standard

nappal (Moroney ¢s mtsai, 1988). A standard higitasi sor OD értékeinek valtozasa alapjan

felvett gorbe kezdeti (elsd 5 perces) szakaszanak segitségével hataroztuk meg az ismeretlen
mintak neutrophil leukocyta tartalmat.

Statisztikai elemzéshez nem-parametrikus Mann-Withney tesztet hasznaltunk,
statisztikalilag szignifikasnak P<0.05 esetén ertékeltiik az eredményeket (* P<0.05, **

P<0,01).

Eredmények

1. N, ischiadicus periférids janak  kilonbozo éterekkel végzett antidromos
ingerlése nem viltott ki leukocyta akkumuliciot a borben, sem az alacsony frekvenciaval (1
Hz, 2 Hz) végzett folyamatos, sem a 10 Hz-es megszakitott ingerlés esetén (I11/2. dbra)

2. N i I egyoldali i ingerlésével in az

ellenoldalon carrageeninnel kiviltort neutrophil akkumuldcidt szignifikins mértskh
%%-kal gatolta (113, dbra).
3. TT-232 (20 pgkgfora, iv.) kezelés a libhit bérében carrageeninnel kivaltott neutrophil

nyitva (I11/4. abra)

akkumulaciot 61.7+5.9 %-kal gatolta, a sol kezelt }
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1il/3. abra. N. ischiadicus eiektromos ingeriésenek (20 V, 0.5 ms, 5 h, 0.5 Hz) hatasa

carrageeninnel kiviltott neutrophil leukocyta ak

az
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111/4. dbra. TT-232 (20 pg/kg/ora. iv.) hatasa carrageeninnel kivaltott neutrophil leukocyta

akkumulaciora a labhati borpen (5 n).

Kovetkeztetések

A n ischiadicus antidromos ingerlésével kivdltott neurogén gyulladés  soran

a itott endogén idek (SP, CGRP) nem valtottak ki a borben
il leukocyta aciot. Ennek 0 egyes irodalmi adatok igazoljak, hogy
az SP hizo kifejtett p acio i (TNF-a, IL-1) felszabadito hatasa

mellett az exogén SP, valamint CGRP a vasculdris endothélsejtek korai adhézios molekuldinak
(E-selectin, P-selectin) expresszidjit is képes fokozni (DeRose és mtsai. 1994, Smith és mtsai,
1993) Valészini azonban, hogy az idegingeriésre ennél joval kisebb mennyiségben

felszabadulé endogén SP nem elégséges ilyen tartés hatésok kivaltasahoz

Erdekes modon az ssel itott endogen s s ezzel szemben

képes volt_gatolni a carr ltott_gyulladas sejtes fazisat. Ez az eredmény azt

mutatja, hogy a capsaicin-érzékeny szenzoros g

a keringésbe jutva mér alacsony, 0.5 Hz-es ingerlés esetében is képes a leukocytik

akkumulaciojat gatolni. Hasonlo hatast fejtett ki a TT-232 szomatosztatin analog is, ami

igazolja, hogy asgatlé hatdsinak a mir igazolt gl hatason

kiviil a gyulladasos sejteket gatlo k is van
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A szomatosztatinrol ismert, hogy a gyulladasos. illetve immunsejteken gatio hatast fejt

K i ‘melését, valamint a

ki, igy a T-lymphocytak proliferaciojat, a B-lymphocy
hizosejtek, illetve basophil leukocytak degranuliciojat gitolja (Kolasinski és mtsai, 1992)
Neutrophil leukocyta akkumulaciot gatlo hatasat feltehetdleg részben ezen a hizoscjt-medialt

i s desekbil © felszabaduli

az SP

indirekt uton fejti ki, emellett szerepet kap az watlasa

is. valamint nem zirhat6 ki a neutrophil leukocytak szomatosztatin receptorain kifejtett direkt

hatasa sem. A leukocytak kitapadasanak, illetve szoveti akkumuiaciojanak feltétele

adhézios molekulak fokozott expresszioja a leukocytak membranjaban (L-selectin, CDI18,

CD11), illetve a vascularis endothelsejteken (E-selectin, P-selectin, ICAM-1) (Panés ¢s mtsai,

1999). Eddig ugyan nem igazoltak, de valdsziniileg a az adhézids molekulak
expressziojat is hatékonyan képes gatolni
A nem-szteroid gyulladésgatlokrol ismert, hogy stimulaljak egyes adhézios molekuldk

(ICAM-1, CDI8) expresszidjdt, melyek closegitik a leukocytdk kitapaddsat az endothélhez

Al avicdn coahadmAbal de

proteolitikus enzimek fontos szerepet jatszanak a nem-szteroid gyulladasgitlok egyik komoly

ovédményének, a gastroi alis fekély kialakulasiban (Wallace és mtsai, 1993). A TT-

232 leukocyta_akkumuliciot gdld hatdsa_Gjabb_elényt jelenthet az eddig haszndlatos
gyulladascsillapitokkal szemben
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IV SP. CGRP ES SZOMATOSZTATIN FELSZABADULASANAK VIZSGALATA A
CAPSAICIN-ERZEKENY ~ PRIMER AFFERENS NEURONOK VEGZODESEIBOL

ELEKTROMOS INGERLI VALAMINT CAPSAICIN ANALOGOK HATASARA

A fejezethez kapesolodo sajat kozlemenvek
IV/l. Németh J. Oroszi G.. Thin M. Helyes Zs. Pintér E . Fa
Substance P radicimmunoassay for quantitative characterization of sensory neurotransmitter

as B Szolcsanyi J

release.

Neurobiology. 7. 437-444, 1999

IV /2 Németh J, Thin M., Helyes Zs, Oroszi G, Pintér F_ Szolesanyi I Substance P
radioimmunoassay for quantitative characterization of sensory neurotransmitter release.
Neurobiology, 7, 360, 1999 (eléadaskivonat)

IV./3. Thin, M., Németh, J., Helyes, Zs., Pintér, E., Szolcsanyi, J.: Rel
and CGRP from capsaicin-sensitive sensory nerve terminals in vitro and in vivo
Neurobiology, (kozlésre elfogadva) 2000 (eléadaskivonat)

e of somatostatin

Bevezetés

A capsaicin-erzekeny atferens neuronok periterias vegzodesel Kettos, ,,Szenzoros-

efferens” funkcioval rendelkeznek (Szolcsanyi 1984, Maggi 1995), azaz kémiai vagy

ingerlés az idegvégzOdésekben tarolt szenzoros neuropeptidek (tachykininek,
g 20 pept 'y

CGRP, ) asd ényezi, amelyek medidtor szerepe testszerte

kimutathato. Mig az elektromos ingerléssel kiviltott peptidfelszabadulas tetrodotoxinnal
6, de TTX

(TTX), valamint o-conotoxinnal (CTX) kivédhets, a kémiai inger hatasa Ca®”
és CTX rezisztens, amely arra utal, hogy axonalis vezetés, illetve fesziltségfliggd N-tipusi
Ca® csatornak részvétele nélkul jon létre (Szolesanyi 1983, 19962, Maggi 1995). A capsaicin

hatasa s illetve

és analogjainak izgats, illetve peptidfe
vorossel azonban blokkolhato (Szolesinyi 1996a). Az elektromos, illetve kémiai stimulacioval

kivaltott peptid felszabadulas tehat keét eltérd torténik

Napjainkban mar tobb, a VRI receptoron szelektiven hato szintetikus, illetve
természetes analog ismert. Szoros szerkezet-hatas 6sszefliggést az agonistak egyes csoportjain
belil lehet talalni, de mig példaul a vanilloid struktira kritikus a capsaicin esetében, nem
jelentés az RTX moiekulanal, ahol a diterpén vazon taidihato ketocsoport hianva jar a hatas
elvesztésével (Szolesanyi és Jancso-Gabor, 1975, Szolesanyi, 2000a,b). A capsaicin analogok
nemesak receptoraffinitasukban, hanem csatornanyitasi kinetikajukban is kilonboznek (Szallasi

és Blumberg, 1999). Mivel a kilonbozé aramkinetikaknak jelentés hatasa van a membran

bra és igy a fa érzésre is, nem vonhato direkt kapcsolat a receptoraffinits es
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az izgato hatas kozott. Az RTX a capsaicinhez hasonlo hatasokat kepes letrehozni (Szallasi es

cgben

Blumberg, 1989 és 1990, Blumberg ¢s misai, 1993), azonban a hatiser
nagysigrendbeli kulonbségek vannak, egyes tesztekben az RTX 100 - 1000-szer
hatékonyabbnak bizonyult (Szallasi és Blumberg, 1990, Blumberg és mtsai, 1993) Mindezeken

tal a ket vegyulet lényegesen kulonbozik abban is, hogy az RTX receptoratfinitasa nagyobb,

Kineti

csatornanyi a lassibb. ami magyarizhatia voltage-clamp vizsedlatokban a

capsaicin, illetve RTX kivaltotta aramok eltérd sajatossagait. £z okozhatja az clterescket a ket

hatasukban (Szalla

€5

vegyllet kozott az izgatd, azaz fajdalomkeltd, illetve deszenzitizl
Blumberg, 1999). Kiilonbozé receptor szubtipusok jelenlétét, vagyis a feltételezett ,R” (RTX)
és,C" (capsaicin) receptort (Szallasi és Blumberg, 1993, Acs és misai, 1997) a klonozott VR1
receptoron kimutatott kozos tamadaspont (Caterina,és mtsai, 1997), valamint a VR receptor
knockout egereken kapott eredmények Kizarjak (Caterina és misai, 2000, Davis és msai,

2000). Lehetséges azonban, hogy a VRI receptoron specifikus felismerd hely van a

capsai 3 5
nyitasért, tehat az izgato hatasért, a masodik pedig a lassibb aktivacio kovetkeztében

elsésorban a Ca®" felvételen keresztil a p aért, illetve a
és Blumberg, 1999)

Szallasi (1996) és Szallasi és Blumberg (1999) feltételezései szerint az RTX a VR1
receptorhoz kétddve képes deszenzitizaciot létrehozni eldzetes izgatas nélkill. A pulmonaris J
receptorok deszenzitizaciojat a Bezold Jarish reflex kivaltasa nélkiil (Szolcsanyi és mitsai,
1990) azonban a tarsszerzokkel ellentétben Szolcsanyi olyan agonista hatassal magyarazza, ami

ugyan a VRI receptor aktivacioval jar, azonban az akcios potencidl frekvencidja elmarad a

reflex kivaltasatol. Ezen egy I do vel birtokaban érdekes feladat volt a
capsaicin, valamint az RTX akut izgatd és akut alo_hatdsanak vizsgilata és
in vitro ények kozott a szenzoros neur idek felszabaduldsanak

meghatarozasa alapjan.
Kisérleteinkben in vitro, perfuzios rendszerben vizsgaltuk izolalt patkany trachea

afferens idegvégzddéseibdl ky frekvenciakkal végzett elektromos ingerlésre. illetve

kémiai_ingeranyagok (capsaicin, RTX, piperin) hatasara torténd neuropeptid transzmitterek
(SP, CGRP, szomatosztatin) felszabadulasat, ennck frekvencia, impulzusszam, illetve

dozisfiiggését, valamint az akut deszenzitizacio jelenségét
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Modszerek

Kisérleteinkhez 200-240 g sily( ndstény Wistar patkanvokat natrium pentobarbital

(Nembutal, 40 mgkg, ip.) i unk. K és

szervilirdoben az el kben leirt (I1/1. fejezet) mddon 60 percig perfundaltuk (1 mi/perc). Az

ataramlas leallitasa utan a kamrakban levo oldatot § percenként 3-szor fecseréive frakeiokat
gyiijtottunk (ingerlés eldti - ingerelt - ingerlés utani)

Az elektromos téringerlést 40 V, 0.1 ms paramdterckkel a masodik periodus S
percében kezdtiik kiilonbozo frekvencidkkal: (0.5 Hz, 200 5), (2 Hz, 50 s), (2 Hz, 150 5), (10
Hz. 30 s), illetve (10 Hz, 120 s), hogy pironként kulonbozd frekvencidkkal azonos

impulzusszamot adjunk le

Kémiai ingerlésre capsaicint (10°-10" M), RTX-t (107"-107 M) valamint piperint

(10°-3x107 M) baszn

adtunk a rendszerhez. Az RTX esetén egy kozépdozisnal (10™ M) 6 frakeiot gyiijtottink, azaz
az expoziciot kovetd kimosas utin még 32 percig kivettik a felszabadulas dinamikajat

Az akut

kal végzett 30 perces capsaicin
(10%-10° M), illetve RTX (10'°-107 M) eldmosassal tortént, ami utan elektromos

téringerléssel (40 V, 0.1 ms, 10 Hz, 120 s) valtottunk ki peptidfelszabadulast és a gatlo hatast

az elektromos téringerlés kontroll értékéhez viszonyitva szamoltuk. Capsaicin  akut

deszenzitizlo hatasit kémiai ingerrel, 107 M capsaicinnel kivaltott neuropeptid felszabaduld

a
is megvizsgaltuk. A mintakat jégbe hitott csovekbe gyljtottik eés a kisérlet végeén a

légesddarabok nedves sulyat lemértiik. A frakciok SP, CGRP és szomatosztatin koncentracioit

RIA mod k i ével hataroztuk meg (Németh és mtsai, 1996, 1998a, 1999)

A peptidek iségét fmol/mg cgben, nedves szovetsilyra vonatkoztatva fejeztiik ki
(n=6 minta/csoport).
Az eredmények statiszikai értékelése Student-féle paros és paratlan t-teszttel tortent

Statisztikailag szignifikansnak P<0.05 esetén értékeltik az adatokat ( * P<0.05, ** P<001)
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Eredmények

1. Elektromos téringerlés 100 impulzus alkalmazisa esetén 0.5 Hz és 2 Hz-es ingerlési
frekvencian hasonlo mértékii SP. CGRP ¢s szomatosztatin felszabadulast valtort ki. Azonos
szamu impulzus eseten 0.5 Hz es 2 Hz-es, illetve 2 Hz es 10 Hz-es ingeriesnél nem voit

ifikins  kiilonhség  Flektromos ingerlés tehat a  hirom  szenzoros  neuropeptid

impulzusszamflizgd felszabadulasat valtotta ki, ami 10 lz-es ingerlésnel. az impulzusszam 4-

szeres novelése esetén szignifikinsnak bizonyult (IV/1. abra)

2. Mindharom ingeranyag koncentraciofiggd peptidfelszabaduli Imény Az
RTX mar 10" M, a capsaicin 10™ M koncentracional valtott ki szignitikins emelkedést a
frakciok SP, CGRP, illetve szomatosztatin koncentraciojaban a bazalis szinthez képest (IV/2

abra), mig a piperin 50-100-szor gyengébbnek bizonyult, csak 10° M koncentracioban valtott

Az ingeranyagok nagyobb dozisindl a kimosds utini 3. frakcioban is emelkedett
értékeket kaptunk, igy a IV/1. tablazatban a 2+3 frakcio egyiittesen vett értékeit tintettik fel
Az RTX lasst, elhuzédo peptidfelszabadulist valtott ki, mely 10% M esetén még a 3., 4. és S

frakcioban a vegyulet kimosasa utan is megfigyelhetd volt (IV/3. abra)
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Capsaicin (M) 10" 107 10° 10
SP [REETH 154=-018 2312033 3
(fmol/mg) |
CGRP 0302002 | 1012005 3825014 126019
(fmol/mg)
SOM 0.25+£0.01 033002 0.50 L0.03 073 L 006
(fmol/mg)
IV/1 a. tablazat. Abszolut pepti dulas (243 o ) capsaicin hatisira
izolalt patkany p i (A fel t értékek mind szignifikansan
kiilonboznek a bazilis értektdl, ** P<0.01)
RTX (M) 10" 107 10" 107
SP 107009 139+012 1734020 3.96 =038
(fmol/mg)
CGRP 0.26 +£0.02 0.57 £0.06 137+0.14 355031
(fmol/mg)
SOM 0.10£0.01 0.13£0.02 0.24£0.03 041003
(fmol/mg)

IV/Lb. tablazat. Abszolut peptidfelszabadulas (2.+3

izolalt patkany tracheap (A

frakcioban egyiittesen) RTX hatasara

kiilonboznek a bazalis értektdl, ** P<0.01

)

t értékek mind szignifikansan

Piperin (M) 2x10° 10*° 5x10°%
SP 0.49£0.04 0.67+0.08 250+023
(fmol/mg) **

CGRP 0.06 £ 0.01 018002 0752008
(fmal/mg) *

SOM I 006+001 0.09 +0.02 038+003
(fmol/mg) *

IV/1.c. tablazat. Abszolut peptidfelszabadulas (2.+3. frakcioban egyiittesen) piperin hatasara

izolalt patkany tracheapreparatumon (* P<0.05, ** P<0.01)
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1V/3. abra. RTX ( 10* M) kivaltotta szenzoros neuropeptid felszabadulas dinamikaja.
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2. A kiiszobkoncentraciokhoz hasonloan az akut deszenzitizaciot tekintve is az RTX
szintén kozel 100-szor hatasosabbnak bizonyult a capsaicinnél, azonban a vizsgalt harom
peptid érzékenysége kozott ebben a tekintetben is eltérést tapasztaltunk. Capsaicin, illetve

k107

RTX a CGRP felszabadulasat mar 107107, a szomatosztatinét 10°/10% a7 SP-ét ¢

illetve 107 M koncentracioban védte ki. A capsaicin es az RTX tehat egyarant legkisebd
koncentracioban a CGRP. maid a szomatosztatin &s véall az SP felszabadulisat gatolta, (1V/2

a. és b. tablazat, 1V/4. abra)

( I \ [ T
Caps. |Kontr. | 10" ‘ gatlas | 107 | eatlas | 10° | adas | 107 | gadds ‘
(M)
sp 491 = 443+ [98% |43 11.2% 1290+ [409%
(fmol/mg) | 5 19 0.36 0 0.36 **
CGRP 054+ 037% [315% |0.14+ [741% [002+ 1996%
(fmol/mg) | o 04 0.02 % 0.01 == 0.01 ==
SOM nia. lnais In D A1l Thaior laiss Tssaon
(fmol/ng) ’0 0 10 04 1 005 | ‘o 02 ** ! 0.02 **

: i [ e e [T

IV/2a téblizat. Elektromos téringerlés (1200 imp) hatdsira torténd  abszolit
peptidfelszabadulas kontroll esetben, valamint capsaicin kilonbozo koncentraciojii oldataival
tortént 30 perces eldmosas utan. A szazalékos gatlas szamitasakor a kontroll értéket

tekintettik 100 %-nak (** P<0.01).

T

I
RTX  |Kontr. | 10" | gatlds | 107 | gatlas | 10% | gatlas 107 | gatlas
i

(M)
sp 401+ |444= [96% |472% |39% 449+ [86% [330+ [328%
(fmol/mg) 19 19 0.24 038 0.46 0.26 **

CGRP 054+ |046+ |148% |032+ 1477% |019+ [648% [017+ [685%
(fmol/mg) | 9 0g 0.04 0.03 ** 0.01 ** 0.02 **

SOM 0342 [030+ [118% [020+ [147% [022+ [553% [o16= [520%
(fmol/img) {9 02 10.03 001 002 ** 001 **

IV/2.b. tablizat.  Elektromos téringerlés (1200 imp.) hatasara torténd abszolit
peptidfelszabadulds kontroll esetben, valamint RTX kalonbozé koncentraciéju oldataival
tortént 30 perces elomosas utan. A szazalékos gatlas szamitasakor a kontroll értéket vettiik
100 %-nak (** P<0.01).
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IV/4. dbra, Capsaicin kulonbozd koncentracioji oldataival tortént elémosas (30 min) akut

0 hatdsa

kiviltott szenzoros neuropeptid

invitro
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Kovetkeztetések
Eredményeink igazoltak, hogy clektromos téringerlés esetén_a_peptidfel is a
saicin-erzekeny desekbol_a_leadott 1 i (ligy, es U510 Tlz-es

tartomanyban nem fligg az ingerlés frekvenciajatsl Bizonyitott, hogy a capsaicin-érzékeny

érzorostok 0.1-1 Hz-cel vegzett ingerlese mar kepes maximalis vazodilatacios ctlerens valaszt

kivaltani 22 vivo, a plazma extravazacio frekvenciaoptimuma pedig 2 Hz (Szoicsanyi 1990a)
Kisérleteink igazoljak, hogy 0.5 Hz-es téringerlés hatasat a frekvencia novelesevel a
szomatosztatin, CGRP, valamint SP felszabadulasra nem lehet tovabb novelni. Magasabb
frekvencian (10 Hz) végzett ingerlés esetén egyértelmien bizonyitott azonban, hogy a
magasabb impulzusszim nagyobb mértékil neuropeptid felszabadulist vl ki a capsaicin-
érzékeny idegvégzodesekbol

A capsaicin analogokkal kapott eredmények igazoltik. hogy mind a capsaicin, mind az

RTX és a piperin akut izgato hatast fejt ki a capsaicin VR receptoron, koncentraciofiggd

neuropeptid felszabaduldst okozva. A vizsgalt analog veayiletek kozott nagysigrendbeli
killonbségeket talaltunk: RTX > capsaicin > piperin. Az RTX hosszan tarto peptidfelszabaditd
hatasa valosziniileg a bevezetdben mar emlitett lassu receptorkinetikabol, valamint tartos

depolarizaciobol ered (Szallasi és Blumberg, 1999). Eredményeink azt is igazoljak, hogy

CGRP_és SP_szimultan mellett is a icin-

érzékeny idegvégzddések elektromos, illetve kémiai ingerlésére. Az SP, valamint a CGRP

fajtol, az érzdneuron tipusatol és az innervalt terulettdl figgden (exteroceptiv/interoceptiv)

kilonbozo, de jellemzoen nagymértékben kolokaliza fordul el6 az idegsejtekt Patkany
hatso gyoki ganglionsejtek esetén az SP pozitivak szinte minden esetben tartalmaznak CGRP-t
is (Lawson 1996), szomatosztatinnal a kolokalizacio azonban joval kisebb mértéki, bar egyes
irodalmi adatok szerint kimutathato mind az SP, mind a CGRP tartalmu rostokban (Dalsgaard
1987). A visceralis afferensek szinte mindegyike CGRP-, nagy tobbsége pedig SP-pozitiv,
azonban a szomatosztatin pozitivititds itt igazoltan Kisebb ardnyu, mint a bdrben (Lawson
1996)

Akut deszenzitizaciot tekintve az RTX szinten kozel 100-szor hatasosabbnak bizonyuit

a capsaicinnél. A capsaicin kivaltotta klasszikus deszenzitizacio hatterében a szenzoros

neuropeptidek, valamint a VRI receptorok lé illetve az i

kirosodasa ll, azonban késobb kimutatték, hogy a capsaicin-deszenzitizcio megalapozott

lehet anélkal is, hogy a szenzoro! peptidek szoveti szintjének
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bekovetkezne (Maggi és mtsai, 1987). A deszenzitizicio ezen dltalunk is vizsedlt Korai

azhaté a cap:

szakasza mas iz hoz kay odik és nem ma

utan kozvetlendl kialakuld kezdeti C-rost vezetési blokkal {(Wadde!

érdekes médon az egyes szenzoros neuropeptidehre gyahorolt

RTX esetében egyarant 100-szoros koncentraciokilénbsé;

nem ismert, de felhivia a figyelmet arra, fogy @ capsaicin

tovibbi intracellularis folyamatok, pl dlagosan a i Ca® csatorndk

inaktivcioja (Bevan és Szolcsinyi, 1990) és mis ma még nem tisztazott mechanizmusok

jatszhatnak szerepet. Ebben a szakaszban az efferens vilasz hianya tehat inkbb valamiféle

excitacios-szekrécios hibanak, illetve 4 i 0. mint a

k. A capsaicin alk utin késdbb a szenzoros neuropeptidek szintézise is

csokken és mind in vitro mind in vivo a szenzoros neuropeptidek deplécioa is létrejon az
idegvégzodésekben. Késobb degenerativ ultrastrukturalis elvaltozasok is megfigyelhetdk
{Szolcsdnyi €s iitsai. 1973, Jancso es misan, ived) feienelorey @ Na - es La -10ntoooler
intraneuronalis akkumulacioja kovetkeztében (Bevan és Szolcsanyi, 1990)

A capsaicin-érzékeny szenzoros rostok szelektiv inaktivacioja, vagyis deszenzitizacioja
olyan fajdalmas allapotok, vizeleturitési zavarok, illetve gyulladasos betegségek (arthritis,
asthma, psoriasis) kezelése esetén lehet hatasos, amelyek tineteiben a capsaicin-érzékeny
rostok fokozott aktivacioja szerepet jatszik. Jelenleg a klinikumban capsaicin deszenzitizalo
hatdsat intravesicalisan alkalmazva az urologidban detrusor hyperreflexia, hyperreaktiv, illetve

hyperszenzitiv holyag esetén hasznositjak (Ishizuka, 1995)
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a szenzoros neuropeptid felszabadulas mérése alapjan a capsaicin receptoron hato agonista és
modulalo-antagonista farmakologiai hatasok kovetésére a plazma szomatosztatin és CGRP
szintek viltozdsdt monitorozva

in vivo medell lehe dlivk az elmalt évben az

érdeklddés kozeppontiba kerult endogen binoid ligand amud hatasat a szenzoro
nevropeptidek felszabadulisizg Az anandamid (Nearachidonglemhnolmid) mini endoveén
cannabinoid, a CBI receptor ligandja, mely elsdsorban kozponti, valamint  periférias

iklaz, valamint a feszultségfu,

idegrendszeri struktirakon talalhato és aktivacioja az adeni

Ca’" csatornak gatlasihoz és inward K~ aramok aktivalodasahoz vezet (DiMarzo és misai,

1998). Az elmalt év kisérleti eredményei igazoltak, hogy az olvanil, mint vanilioid capsaicin
analog képes az anandamid membrantranszportjat gitolni (Beltramo és Piomelli, 1999). Az

anandamid izolalt artérian i blokkolhat¢ aciot hoz létre CGRP

keresztul a capsaicin-érzékeny aff hatva (Zygmunt és misai, 1999)

"

sikeriilt igazolni az anandamid izgato hatasat a VRI receptoron (Zygmunt és mtsai, 1999,

vanakkor ismeretes, hogy az anandamid anti-nociceptiv ¢s periférias

Smart és mtsai, 2000).

hatdsét a capsaicin-érzékeny primer afferenseken Iévé CBI receptoron fejti

ki, melynek aktivalasa a neurotr: itter fe as gatlasit a periféri
illetve a centralis idegvégzédéseken (Richardson és mtsai, 1998). Bar bizonyitott, hogy egyes
endogén kémiai (protonok), illetve fizikai (forro) ingerek képesek aktivalni a capsaicin
receptorat, mind a mai napig nem tudunk a capsaicin VR1 receptort aktivalo endogén kémiai
vegytletrél. Ezért érthetd, hogy a fenti adatok alapjan élénk vita bontakozott ki arrél, hogy az
anandamid a cannabinoid receptor mellett a capsaicin receptor endogén ligandjakeént is
szerepelhet-e (Szolcsanyi 2000a,b, Zygmunt és mstai, 2000, Smart 2000)

A fent emlitett tényck ismeretében vizsgiliuk meg azt, hogyan befolyésolja az

anandamid a capsaicin-érzékeny idegek periférias végzodéseibol torténd bazalis, valamint az

ingerléssel kiviltott neuropeptid felszabaduldst i vivo . lletve in viro

kariilmények kozott

Megvizsgltuk tovabba az elmult években felfedezett nociceptin (Meunier és misai,
1995) hatasat a szenzoros neuropeptidek RTX altal kivaltott felszabadulasara in vivo
koriilmények kozott E vegyulet nagy foki szerkezeti hasonlésagot mutat az opioid
peptidekkel, funkcionilisan azonban tobb szempontbol  eltéroen  viselkedik  Neve

intracerebrovascularis adas esetén kivaltott nociceptiv hatasara vezethetd vissza. Erdekessége,
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hogy receptorat mar a ligand azonositasa elétt felfedezték, azt ,orphan” azaz arva receptornak

Kkésébb ORL, vagyis .opioid receptor like 1"-nek elnevezve (Reinscheid és mtsai, 1995). A

nociceptin  cldzetes Kisérleteinkben gatolta in vitro korulménvek kozott a szenzoros

neuropeptid felszabadulast (Helyes és mtsai, 1997),

alamint in vivo kisérletekhen a neurogén

lladasos foly illetve a | o (Németh és misai, 1998b)
Ko asszehasonlitd vizsgdlatok ivazolidk hopy az anandamiddal szerkezeti
mutato und 1-2-amino-ethanol képes enyhe izgato hatast Kitejteni bizonyos

ben, a dan csokkenti a Kl és kivaltja a

p alis ch flexet a capsaicin-érzékeny idegvégzidések izgatisa révén (Szolesanyi ¢s

Jancso-Gabor, 1975, Szolesanyi 1982). Elemeztik az undecenyl-2-amino-ethanol hatdsit is a

plazma szomatosztatin és CGRP szintre, osszevetve az RTX esetén tapasztalt izgato hatéssal
Modszerek
1. CGRP és szomatosztatin felszabadulas vizsgalata in vivo

Kisérleteinket 200-240 g silya néstény Wistar patkanyokon végeztik, amelycket

natrium thiopethallal (Trapanal, 100 mg/kg, ip.) altatiunk. A bal vena jugularist, valamint a

jobb arteria carotist a a vénas anyagbeadas, illetve artérias vérmintanyerés
céljabol. Az allatoknak tracheakaniilt kotottink be és azokban az esetekben, amelyekben az
RTX beadasa utan atmeneti légzésleallas kovetkezett be, rovid ideig mesterséges Iélegeztetést
alkalmaztunk

1. Az RTX hatdsat tobb dozisban is megvizsgaltuk (0.1, 0.3, 0.6, 1 és 3 pgkg, iv)
beadasa utan S, illetve 60 perc elteltével artérias vérmintakat vettink (3 ml/patkany) majd a
plazma szomatosztatin és CGRP szinteket RIA-val meghataroztuk (n=5-6/csoport).

2. Kivalasztva az RTX § perces dozis-hatas gorbéjérdl a 0.6 pg/kg-os dozist mely
megkozelitoleg az EDs, értéknek felelt meg, megvizsgaltuk az RTX adasa eldtt 5 perccel adott
endogén cannabinoid anandamid (10 és 100 pg/ke, iv.) hatisat is. Az anandamid nagyobb

st credmér

dozisanal, mely mar szignifikins

antagonista (SR141716A) hatéasat is elemeztik. Az SR141716A elokezelés (100 pg/kg, iv.)

10 perccel az anandamid (100 ug/kg, iv.) adas elott tortént. Vizsgaltuk az anandamid (1

me/kg és 100 pg/kg, i.v.) hatasat dban a bazilis intekre is (n=6/csoport)

3. Hasonlo ido a szisztéma nociceptin (20
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hogy receptorat mar a ligand azonositasa elott telfedeztek, azt orphan’ azaz arva receptornak,
késdbb ORL, vagyis ,opioid receptor like 17-nek elnevezve (Reinscheid és mtsai, 1995). A
nociceptin eldzetes  kisérleteinkben gatolta in virro korilmények kozott a szenzoros
neuropeptid felszabadulist (Helyes és mtsai, 1997), valamint in vivor kisérletekben a neurogén

lada 1 kat, illetve a hizosejiek faciojat (Nemeth és musai, 1998b).

Korabbi osszehasonlito vizsedlatok igazoltik. hogy az anandamiddal szerkezeti

logiat mutato i-2-amil thanol képes enyhe izgato hatast Kifcjteni bizonyos

a icink 0 csokkenti a Oméf és kivaltja a

pulmondlis chemoreflexet a capsaicin-crzékeny idegvégzbdésck izgatasa révén (Szolesanyi és
Jancs-Gabor, 1975, Szolesanyi 1982). Elemeztiik az undecenyl-2-amino-cthanol hatésat is a

plazma szomatosztatin és CGRP szintre, dsszevetve az RTX esetén tapasztalt izgato hatassal

Madszerek

1. CGRP és szomatosztatin felszabadulis vizsgilata in vivo
Kisérleteinket 200-240 g silyd ndstény Wistar patkanyokon végeztik, amelycket

natrium thiopethallal (Trapanal, 100 mg/kg, i.p.) altattunk. A bal vena jugularist, valamint a

jobb arteria carotist i a vénas . illetve artérias vérmintanyerés
céljabol. Az allatoknak tracheakaniilt kotottiink be és azokban az esetekben, amelyekben az
RTX beadasa utan atmeneti légzésleallas kovetkezett be, rovid ideig mesterséges Iélegeztetést
alkalmaztunk.

1. Az RTX hatasat tobb dozisban is megvizsgltuk (0.1, 0.3, 06, 1 és 3 pg/ke, iv)

beadasa utan 5, illetve 60 perc elteltével artérias vérmintakat vettink (3 ml/patkany) majd a

plazma szomatosztatin és CGRP szinteket RIA-val meghataroztuk (n=5-6/csoport)
2. Kivilasztva az RTX $ perces dozis-hatds gorbéjérl a 0.6 pg/kg-os dozist mely

megkozelitdleg az EDsy értéknek felelt meg, megvizsgaltuk az RTX adasa elétt 5 perceel adott

endogén cannabinoid anandamid (10 és 100 pgkg, iv.) hatdsit is. Az anandamid nagyobb

antagonista (SR141716A) hatasit is clemeztuk. Az SR141716A clokezelés (100 pg/kg, i.v.)

10 perccel az anandamid (100 pgke, iv.) adds elétt tortént. Vizsgiluk az anandamid (1

m/kg és 100 pg/ke, i.v.) hatdsit ban a bazalis i is ( port)

3. Hasonl6 ido é izsgaltuk a szisztéma < iceptin (20
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ugkg, i.p.) azon dozisit, mely a neurogén plazma extravaziciot elozd kisérleteinkben

szignifikinsan gitolta (n=S/csoport)

6 undecen:

4 ztik a ¢ C: 1 szerkezeti h

(1 mgkg, iv) hatisira bekovethesd plazma CGRP é scomatosztatin szint viltozisokat

(n=6)

sdutok atlawan adiuk andard  ibaval

Az egyes csoportok

(atlag=S E.M.). Statisztikai ertékelesre paratlan Student t-probat hasznaltunk. Statisztikails

szignifikansnak P<0.05 esetén értékeltuk az adatokat (** P<0.01. * P<0.05)

2. Neuropeptid felszabadulds vizsgalata in vitro

Kisérleteinkhez 200-240 g sulyu néstény Wistar patkanyokat natrium pentobarbitallal
(Nembutal, 40 mg/kg, i.p.) tortént altatasban elvéreztettiink. A tracheakat kimetszés utan 37
°C-os oxigenizalt (95 % O, ¢és 5 % CO.) Krebs oldattal 60 percen at perfundaltuk (1 mi/perc).
Az ataramias ieaiiitasa ulan a Kamrakban ievo 0ldatol ¥ percenxkent 5-szor lecserelve frakciokat
gytjtottink (ingerlés elotti - ingerelt - ingerlés utani), (11./1. tejezet)

Az anandamidot a masodik periodus kezdetétdl adtuk a szervfirdsbe 10° M
koncentracioban onmagaban, illetve PTX (100 ng/ml) jelenlétében. Anandamid hatasat
megvizsgaltuk nagyobb koncentracioban alkalmazva is (5x10™ M) (n=6 minta /csoport)

A mintikat jégbe hitott csovekbe gytjtottak és a frakciok SP, CGRP és

I acioit specifikus RIA modszerek segitségével hataroztuk meg (Németh

és mtsai, 1996, 1998a, 1999). A peptidek mennyiségét fmol/mg egységben, nedves
szovetsulyra vonatkoztatva fejeztik ki. Az eredmények statiszikai értékelése Student-féle

paros és paratlan t-teszttel tortént (** P<0.01, * P<0.03)

Eredmények.

1. A szisztéma RTX dozisfiggden cmeli a plazma s7omatosztatin,
illetve CGRP szintcket. Az 5 perces értékeknél szignifikans scomatosziatin szini emetkedési
okozott mir a 0.3 pgkg dozis, mig a CGRP-nél csak a 0.6 pgkg. A 0.6 pgrkg, illetve ennél
magasabb dozisoknal még 60 perc eltelte utan is emelkedett plazmaszinteket mértink mindkét
peptid esetén (V/l.a. és b. abra). A szomatosztatin tehat érzékenyebben reagal, azaz

kiiszobdozisa alacsonyabb és dozis-hatas gorbéje hamarabb éri el a maximumat
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V/l.aésb. dbra. Plazma szomatosztatin és CGRP szintek dozisfliggd valtozasa szisztémas RTX
kezelés hatasara (a: 5 perces, b: 60 perces érték)

2. Anandamid (100 pg/kg, i.v.) mindkét peptid RTX-kiviltotta felszabadulasat jelentds
mértékben gatolta: a szomatosztatint 76.3+3.02 %-kal (P<0.01), a CGRP szint emelkedését
80.1#4.56 %-kal (P<0.01) csokkentette. A kisebb dozis (10 ug/kg, i.v.) azonban csak a

esetén ért el szignifikans mértéket, 48.143.24 %-os gatlast kifejtve (P<0.05). a

CGRP szint emelkedését csak 18.5=1.71 %-kal csokkentette. Az SR141716A szelektiv CB1
antagonistaval végzett elokezelés mindkét peptid esetén szignifikans mértékben képes volt
csokkenteni az anandamid gatlo hatasat, a szomatosztatin (76.33.02 %-rol 42.9+2 36 %-ra.
P<0.01), valamint a CGRP (80.1+4.56 %-rol 22.25%1.64 %-ra, P<0.01) felszabadulasara is.
azonban teljesen kivédeni nem tudta (V/2 a_es b. abra)

Onmagaban alkalmazva az anandamid nagyobb dozisa (1 mg/kg, i.v.) a szomatosztatin

bazalis pl. ét szignifikans mértékben csokk te a kontrollhoz képest (5 02+0.56-rol

3.52£0.16-re, fmol/ml) (P<0.05), a CGRP esetén azonban nem tapasztaltunk szignifikans

eltérést (17.520.78, illetve 18.0+0.59 fmol/ml).
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3. Anandamid (10° M) i vitro korilmenyek kozott mindharom neuropeptid bazalis

anifikans mértékben . melyet PTX a G-protein Ut gatlasan

keresztiil helyreallitott. Ez arra utal, hogy az anandamid ezt a hatasat a G-protein fuggd CB1
receptoron ¢s nem  direkt ioncsatornakon fejti ki (V/3 abra) Fzzel szemben nagy
koncentracioban alkaimazva (3x10™ M) az anandamid igen jelentds neuropeptid felszabaduiast

in felszabadito hatdsanak felelt meg. ami mar

eredményezett, ez koriilbelil a 107 M capsa
neurotoxicitasra utal
4. Nociceptin (20 pg/!

az RTX-kivaltotta szomatosztatin felszabadulisat, mig a CGRP esetén 38.553.4 9

. i.p.) szignitikins mértékben 46.8+3.8 %%-kal (P<0.05) gatolta

s watlast
tapasztaltunk. Az alkalmazott dozisban a nociceptin onmagaban nem befolyasoita a bazilis

peptidszinteket

5. Undecenyl-2-amino-ethanol (1 mg/kg, iv) a CGRP szintet nem befolyasolta,

azonban szignifikans emelkedést valtott ki a plazma szomatosztatin szintben (5.02+0.56-rol

Jo Eeaz iegaid hatds kozaliiblog mcgfuicl az RTX 035 pwghe

dozisanak, ami arra utal, hogy az RTX kozel 3000-szer hatasosabb a szomatosztatin

felszabaditas tekintetében

Kovetkeztetések

Kisérleteinkben in vivo koriilmények kozott is igazoltuk a szisztémasan alkalmazott

RTX akut izgatd_hatasit a capsaicin-érzékeny idegvégzddések VRI r in, ami az
adisbol ereden Sleg clsd a perivascularis ch okon és a
polymodalis noci kon érvényesil. Az aktivicié hatasira_felszabaduld _peptidek a
keringésbe is_bejutva_a_plazma CGRP,_illetve szint_jelentds,

okozzik. A kidolgozott modszer alkalmas inr vivo modell a capsaicin

receptoron hato agonista, illetve antagonista vegyiletek szenzoros neuropeptid felszabadulasra
Kifejtett hatasanak vizsgalatara a plazma neuropeptid szintjeinek kovetésén keresztil

A fe kivalto ) bb, 0.3 pwkg ¢s a

szeres emelked

maximé

s hatas a plazma szint 22 t eredményezte, ezzel szemben a CGRP

felszabadulast kivalto RTX kuszobdozis 0.6 pg/kg és a maximalis emelkedés csekélyebb, 5.2-

szeres volt. A tartosan (60 perc) fennmaradd hatas az RTX receptorkinetikajabol eredd

elhuzodo, fi fe kovetl y k arra, hogy mindket peptid

féléletideje rovid (szomatosztatin 0.5-3 perc, CGRP 18-20 perc) (Patel és Wheatley, 1995,
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McEwan és mtsai, 1988) Irodalmi adatok is bizonyitjak, hogy mig a capsaicinnel kivaltott
aramok az ingeranyag elvonasa utan rogton megsziinnek. ezzel szemben az RTX altal kivaltott

ionaramvalaszok sokkal tartosabbak ¢s még az agonista elvonasa utin is sokaig fennmaradnak

(Liu és Simon, 1994), ezzel 2 hosszantart neuropeptid felszabadito hatas is magyarazhato

damid es_nociceptin_ gatlo hatast fejtenck ki a_capsaicin-érzékeny d]

Anandamid

kémiai_ingerrel kivaltott neuropeptid felszabaduli

pept

kifejtett gatld hatasa specifikus CB1 antagonistaval kivédhetd volt in vivo, ami arra utal, hogy

az anandamid ezt a hatasit a primer afferenseken lévo CBI receptorok aktivalasa atjan fejtette
ki. Ugyanezt igazolja a PTX-eldkezelés eredménye is in virro, mely a gatlo hatast kivédte és a
bazilis peptidszinteket helyreallitotta. Nem lett volna meglepd eredmeny az sem, ha a CBI

receptorok blokkolasa utan, id hatasara a fe fokozodik. Bizonyitott,

hogy az anandamid képes mindkét receptort, a CB1 és a VRI receptort is aktivalni, egymast
ellensulyozo hatasokat kivaitva. Irodalmi adatok szerint az anandamid in vitro korulmények

\Zygitait &

kezott CGRP

mtsai, 1999), mig in vivo kisérletekben a capsaicin-kiviltotta CGRP felszabadulast a talpba
adott 10" M koncentracioban gatolta, a bazalis felszabadulas befolyasolasa nélkil (Richardson
és mtsai, 1998). Ezek alapjan feltételezhetd, hogy az ananadamid capsaicin VRI receptor
aktivalo hatasa a CBI receptorokon kifejtett gatlo hatas kovetkeztében nem tud

czért az capsaicin VR1 receptor endogén ligandjaként valo

funkcidja nem ltszik elfogadhatonak. /n vitro kisérletiinkben alkalmazott fiziologidsan nem
relevans nagyobb koncentracioval (5x10™ M) kivaltott peptidfelszabadulas lehet, hogy a VR1

receptor izgatas eredménye, de ilyen dozistartoményban mar neurotoxikus hatas sem zarhato

ki.
A nociceptin szintén gatolta a capsaicin-érzékeny afferensekbol kémiai ingerrel kivaltott
pepti ¢ az idegvégzd Iy ORLI receptor
aktivalasa Gtjan. Ebben a in eltér az opioid I ol. mivel a kl neésd
receptor agonistak csak az | Kivltott dulist gatoljak

(Maggi 1995). Irodalmi adatok szerint a nociceptin gitolja a: csony fesziltségl, T-tipusd

Ca® csatorndk mitkodését (Connor ¢és mtsai, 1996), valosziniileg ezzel a mechanizmussal

gitolva az idegvégzddésekbdl stimulicio hatasira torténs neuropeptid felszabaduldst is.
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LEGFONTOSABB UJ EREDMENYEK OSSZEFOGLALASA

1. Patka a os hasonléan, a n. vagusok capsaicin-

vz6désekbol felszabaduld

érzékeny szenzoros rostjainak antidromos ingerlése az aktivalt idegv

Hasonle

szomatosztatin altal kazvetitett szisztémas gyullada

0 hatast hoz létre patkany

endogén gyulladasgatlo hatas valthato ki tenger a n. ischiadicu o
idegveégzddéscinek ingerlésével
2 A capsaicin-crzckeny idegvégzodések  antidromos, valamint  orthodromos

aktiviciojival felszabaditott i-nociceptiv hatast is kivalt

3. Kisérletes diabeteses neuropathiaban SP, valamint CGRP csokkent felszabadulasa

Iszabadul

mellett igazoltuk a capsaicin-érzékeny s rostokbol a

csokkenését, valamint az igy kivaltott endogén gyulladasgatio hatas karosodasat is
4. TT-232 heptapeptid szomatosztatin analog vegyiilet gyulladasgatlo hatast fejt ki akut

neurogen gyulladasos, valamint kronikus iziileti gyulladasos tolyamatokra egyarant, hatasat

o 3 Sapswini

felrchetden dontden a ne

idegvégzddések sstl, illetve sst4 receptorain. TT-232 gatolta a carrageenin gyullads leukocyta
akkumulacios fazisat is. Hasonlo gatlo hatassal rendelkezett az antidromos idegingerléssel

endogén is. Ingerléssel fel endogén neurop

(SP, CGRP) azonban nem sikerult leukocyta akkumulaciot kivaltanunk a brben.

S. Capsaicin, RTX és piperin, illetve téringerlés a capsaicin-érzékeny

Sdésekben tarolt CGRP, valamint SP felszabaduldsat valjak ki

o-, illetve amfuggd modon. Az elekiromos  ingerléssel eldidézett
peptidfelszabadulis 0.5-10 Hz frekvenciatartoma azonos i am esetén azonos

mértékd.  RTX-szel, valamint capsaicinnel kiviltott akut deszenzitizicio szintén
koncentraciofiiggd és képes kivédeni mind az elektromos téringerlés-, mind a capsaicin-
kivaltotta neuropeptid felszabaduldst. Mindkét anyag utdn Kialakulo deszenzitizicio

legalacsonyabb koncentriciéban csak a CGRP dst gitolja, majd a

és végil legnagyobb koncentricioban az SP-ét

6. Sziszté RTX a capsaicin-érzékeny chemanaciceptarak izgatisival
a plazma in és CGRP szint dozishiguo, rapid, de I 16 emelkedését viltja
ki Az igy kivaltott neuropeptid felszabaduldst az id és a ptin gitolja. /n vivo

peptid felszabadulds alapjan kapott eredmé tehat nem timogatjk azt a koncep

mely szerint az anandamid a capsaicin VR receptor funkcionalis hatasokért felelds endogén

ligandja lenne
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fect induced hy antidromie sensors
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stance P) and calcitonin gene-related peptide (CGRP)
(Holzer. 1992: Szoiesdnyi, 1996a.b). Evidence has been

1. Introduction

it has been shown tat acuvalion of capsaicin-sensitive provided by vur previous findings hat. beyond evoking a
primary afferent nerve terminals results 1 vasodiiatation | c cal or orthy
and plasma extravasation in the relevant innervated areas  dromic chemical simulation of capsaicin-sensiive sensory

1992 Jancsd et al. 1967 Lundbery et al.. 1983 nerve fibers tdorsal roots. sciatic nerve) elicits a systemic

(Holzer
and  antinflammatory effect as well (Pintée and Szolesdnyt

McDonaid. 1983: McDonaid et al.. 1958; Ping

Srolesdnyi, 1995 Szolesdnyi. 1984a.b: Szofesiny. 19962). 1996: Szolesinyi et al.. 1998a.), The deveiopment of this
The loat response. defined as antidromic wasodilaation unorthodos systemic humoral response was found 10 he
and neurogentc inlammation (Janesé et al. 1967, due 1o somatostaun release from sensory nerve lerminals
Seolesdnyt, 1996a), is underiain by the refease of sensory  activated by sciatic nerve sumulation or the cutaneous
neutotsniters wuch s tache i (ncurohinin A, sub-  application o hemical inntants (Ssolesingi. 19960
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Substance P- and CGRP-immunoreactive afferent fibres
of the irachea oriinate from the vagal nerve, while the
stem bronehi and ineapuimensisy arways have 3

afferent innervation of hot

ossed

origin (Lundherg ~t al. 1983, M Dﬂm" ol
Springall ctal.. 1987). There is clear evidence that, beyond
their classical 4 nerve ribres
also have a local effector function. which plays an impor-
wnt role i some disease processes (asthena bronchiale)
(Lundberg et ai., 1933: Szolesanyr, 1996a,b),

AL e s ke pletesting 0 G wietner

bilateral antidramis

evoke 1 systemie antein

nerves coul
and o analvse its nevromediator hackzground. Furthermore
since all of our previous results were obtained with rats
statin-mediated systemic anti-in-

L as anaiher species,

2.0, Animals

The experiments were carried out on female Wistar rats
and sumnea-pigs weishing 200-230 and 400500 = re
spectivety. The ammals were kept in the Laboritors Ani
mal Center of the Medical University of Pécs under
pathogen-free conditions (12-h light /dark periods. temper-
awre of 22-25°C. humidity of 30-70%) and had swndard
rat and guinea-pig chow and tp water ad libiwm

The experiments performed in the present work con-
form to European Community guiding principles for the
care and use of laboratory animals. The experimental
protocol applied was approved by the local ethical commit-
tee of Medical School of Pécs. Hungary

2.2 Surgical procedures and experimental arrangenents
in rats

! ree simudition

The rats were anaesthetized with sodium thiopeniane
(100 mg/ke. ip.) Following anaesthesia. both vagal
nerves were exposed in the neck. a pool was made and
filled with liquid paratfin. The peripheral stumps of the cut
vagal nerves were placed on two pairs of platinum hook
clectrodes and sumulated (20 V. 1 ms. 8 Hz. 20 min or 20
V.05 ms. 5 Hz. 5 min). In control cases. the nerves were
only cut without stimulation Almpmc sulphate (2 my, ks
iv.) was given 10 min be
prevent parasympathetic responses. In one <et of exp
v was abso

e cxcitation o

meats. hexamethonium bromide (5
injected 10 min before stmutanon to exctude neuropeptide
relcase mediated by activauon of autonomic vanglia. For
selective immunological and functional inactivation of so-
matostaun, cysteamine (280 mg/kg. s..) was given 4 h

o Pharmacotiney 00 12000) 000-100

prior (o nerve stimuiation (Paikovits et al.. 1982; Patel and
Prerzchala, 19350 Szolesinyi et al. 199830 The
this stimulation under these conditions

iy anaiysed on
ity induced newogenic miammation i (e skin of

aws. i vl plasii sudatsaun-ie immuno
(see expenmental groups below)

on of cuianeows newrogene gl

ed for drug adinnis-

neared with 19 musiard o
and the amimals were  exsan.
IS70lesinyi et al.. 1993¢). Plasia sxiravasation was dete
mined by the Evans blue accumulation method

dissalved 1 paral

wnated 20 min Later

Surgical procedures and experimental arrangements

in 2uinea-pizs

231, Vagal nerce stimudation

The auinea-pizs wer
barbitone (30 my
vagal

e anzesthetized with sedium peato-
ip.) In experiments with biluteral
Ce excitation 20V 0SS 1,

antidre

urined as deseribed for

i) surgical procedures were o
experments in

with atropine sulphate (2
nerve stimulation o prevent parasympathetic responses,
and the alterations of the plasma somatostatin-like
Immunoreactivity in response 1o the stimulation were anal
vsed (see experimental groups below)

2.3.2. Stimulation of the sciatic nerce

Stimulation of the peripheral stump of the cut sciatic
nerves of the anesthetized guinea-pigs was performed (20
V. 0.5 ms. 20 Hz. 20 min) as described for rats (Szolesdnyi
<tal.. 1998a). Guanethidine (8 me /ke. 1.} was
hefore nerve excitation to counteract the vascular

ven | h

concomitant sympathetic nerve actvaon. Pipecuronium

bromide (200 g, ed 0 biock neuro-

muscular transmission and posine presure sentition
was carried out through cheal tube connected 10 4
small animal respirator (KUTES?, Budapest. Hungary )
that a5 supplied with rovm wir. The tidai voiume was sct
for 10 mi/kg and the respiratry rate was adjusted 10
S0-70 cyeles /min.

Sumulation of the as followed by
SO 0f e e e i an et umulon e

wal or S min and the snimal s

ho sciatie nerve

15 min toliowing the second excraton
tien was determined with

In one set of experiments. 2
plasma somatostatin-like immunoreactivity in response (o
clecirical sumulation (30 V. 0.5 ms. 5 Hz. 5 min) of one

we anatysed the ch
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 sciatic nerve. For this purpose. one of the carotd arteries
* was cannulated for blood sampling

Plasma exiravasauion was determined by the Evans bluc
accumuiation method. kvans blue dve was
mg/ke. iv.) 10 min before the inflammatory stimulus i
the dye accumulated in the skin samples was determined
by spectrophotometry at 620 nm (Spectromom 195 MO
Budapest. Hungary ) Lhe resans were v_\prkn

i ASeuteadiyi

. Determiinizion of phisma sumaiostaiin-iite immiono-

reactiviry in rats and guined-pigs

The plasma somatostatin-like immunorcactivity i re-
sponse 1o bilateral antidromic stimulation o the vasal
nerves (20 V. 0.5 ms. 5 Hz. 5 min) was measured in both
species alter 12-h starvation. In guinca-pigs. changes of
plasma somatostatin-like immunoreactivity provoked by
antidromic stimulation (30 V. 0.5 ms. S Hz. 5 ain) of one
sciatie nerve were analysed. Two minutes after the stimul
tion period. arterial biood samples (3 ml/animal) were
taken into ice-cold tubes contaming EDTA (6 my) and
Trasyion G U PRsma somatostan-tise mnno

reactivity was measured with 4 specific and sensitive
radioimmunoassay (RIA) (Németh et al.. 1996: Szolesiny
etal. 1998a.¢)

26, Sustemic and perineural capsaicin pretreatment

One group of rats received systemic capsaicin pretreat-
ment. Capsaicin was administered (in doses of 30. 60 and
90 mg/kg. 5.c.) on 3 conseeutive days under anaesthesia
(sodium pentobarbitone. 40 mg/ke. ip.). Bilaeral an-
tidromic vagal nerve stimulation and plasma sampling lor

lik v was per-
formed 3 days after

Anaesthetized guinea-pigs received perineural capsaicin
prewreatment. A small piece of fibrin sponge (Gelaspon)
soaked with 29 capsaicin solution was appiied around the
sciatic nerve for 30 min. After removal of the culf, the
muscle and the skin were sutured and the animals recov-
ered within the next 2 h. The pretreated sciatic nerve was
stimuiated 5-6 days later for measurement of plasma
somatosiatin-like immunoreactvity

Last dose was given,

27 Drugs and solutions

Sodium thiopentone was purchased from Byk Guiden
(Komstanz, Germanyl, sodium  pentobarbitone,  somatc-
staun-14, cysteamine (2-mercaptoethylamine), Evans biue
dye. [Tvr' lsomatostaun-(1-14), and capsaicin (3-methyl-
N-vaniliyl-o-nonenamide) were from Sigma (St Louis

USA). atropine sulphate. lidocaine (2
VBud\rN:\l L[unv_':"vl proccuronium bromads

rary),

Hu Capsaicin w

 Tween St ang s

{Budapest.

etiinoi. i P e

2.8 Statistical analyses

The data are expressed as

pilasma exirvasaion Dlasn,

reactivity levelk were analysed with an

rtest. Changes were considered sizmiticant a2 < 0,05,

3. Results
0. Inhibitory effect of bilateral antidromic cacal nerce
stimulation on chemically induced cutane aroger

inflammation of ihe hindpass in rars

In axropine-pretreated rats. the pe

feral stump of ¢

0 min o induce neurozenic mammaton i
distal part of the vesophagus. and the mediastinal connec:
tive tissue (Szolesdnyi. 1984a). The ant-inflammatory of-
fect of this vagal stimulation was invesn

ted on plasina
adminisir:
indpaws aiter 2cute den

extravasation evoked at the same time by focal

tion o 1% mustard oil on the h
vaton.

Plasma extravasation in the hindpaws was inhibited by
36.45 = 3.95% by the simuitancous bilateral vagal excita-
tion. as compared 10 the controls. In the second group of
animals. the same experimental procedures
formed after intravenvus hexamethuni
ment. In this case. the inhibition induced hy bilzteral
39 =2%6% tn=

nerve stimulation was 30,

d S min prior 1o mu
skin of the hindpaws. Unde
extravasation was inhibited by 3105 - 3
In rats preteeated with cysteamine (280 m
hefore stmulation). the inhtbitary action
nerve stimulation (8 Hz. 20 min) on neurogenic
ificantly by 42

tion stay

tion in the hindpaws was reduced
9.33% (n = 5: Fig. 1b).

2 Inhibitory erfect of sciatic meves stimuisrion o e

neons piasma extrarasanon of me contrataterat

suinca-pigs

The distal stump of the cut scuatic nerves of the
2uanethidine and pipecuronium  pretreated animals was
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Control (without vagal stimulati 3.3 Effect of bilateral antidromic cazal nerve stimulation
on the level of plasma somatostatin-lie immunoreactivin

After hitateral vagal stimulatio:

in rats — prevention of som, release by systemic
1 capaien pretr &
o — In these experiments, i rats were divided into six
z vups. f the ot sroun. e va < were nly
e utin the neck but mot sumulated Do e
= stmulated group. biiateral antidromic vagal nerve stimula-
- T ton was pertormed (20 V. 0.5 ms. § Hz. § min: sroup 2)
= ow ¢ ihird group of aniinais, e abdominai dranches of
= y gt E e i cnnibined
= . with pertoesaphags 2 il
. B ethanol (9651 30 min
Z N the peripheral stumps. The purpose of the abdorinal va;
o 3 : was o exclude the gastrointestinal release of somato-
= N esponis i nerse stimulation \group 31, In
e e separate group of animals. the abdominal surgery wis
Istimulation Hexamethonium - pertormed but the abdominal vagal nerves were left intact.
vagal stimulation | stimulation started 30 min aiter andominal
surgery (group 4. in the sham-operated controls. only the
) ~ Control abdominal surgical procedure was performed without cut-
Afier vagal stimulution ting and stimulating the nerves (group $). For rats, ther.
was asixth capsaicin-pretreated group (group o),
Cysteaminervagal stimulation Bilateral vagal nerve stimulation (5 Hz. S min) resulted
Py B munoreactivity level in group 2 (30.5 = 163 fmol /ml),
o compared o the control rats fzroup 11 T8 = 136
Z - fmol /mb). In the abdominal vagotomised rats (group 3
»
w ) ondary response
e i
Z W B
z : 2w
smeared an the skin of zat hindpaws simulancousiy s ih biiatera ane =
dromic stimulation (20 V. 1 ms. $ Hz, 20 min) of the penpheral sump S e
OFthe cut agal erve, and i coniolrars Rats wene nesed it s = -
sulphate 12 me kg, 1) or with sropine plus hexamethonmum bromde (< z
me, ke, 151 10 min betore the sumulaton 1h) The inhibiory actron of =
ihe bilateral antdromic vagal aerve sumultion was reduced by <o
fcamine (390 me, ke, 3¢ pretszment. 4 h beiore ihe <xperimenn ,,

Resuits ace shown as neans =S EM. = 5=, P <003, P < )01

sumulated with 20 Hz for 20 min. Sumulation of the
setaue nerves was followed by ~imitar stimulaion of the

0 NI 0 e ki 1 e et 1

C secondary respumse was inhin- MR Cuoked Dy st <%0 . 54 m T 817y e
46 = S.08% compared to the primary reaction  PETPISRI SUMD of the ct s neve. nd s iy <ec on he
Subsequent nesropene milammation ¢ oned by smuiaion i the <on.
a value which was similar 10 that found in et merve < mim et i e e parame
s on »...\lh. nerve stimulation (Szoicsdnyr et al., 1998a). shown as means =S EM . n=3. "P < 001

g
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Control rats (aroup L)

Vagal sumulaton 1group .1

Vagal stimulation~ pregastric vagotomy (zroup 3.)

Vagal stimulation-sham operation (zroup .}

npretreated and stimulated 2roup 0.

TEEED Vagal sumutation= pregastric sagntoms aroup 3.1

Vagal stimulation=sham uperation (zroup 4.1

Sham-aperated contral (zroup.

nerve smlaton 10V 05

Eifect of Milateral nudromic
ms. S Hz. S aun) oo plasima somatostata-fike mimunoreactisity L1 1n

e ok,

fats () and
stimuiation. The

nea-igs thi Plasma <ampies
concentranon of plasma somatontat
the vasus-sumulated (roup 2),

vas sigmificandy
Sodormnal ssgotomied snd »umumrd fzroup 3. shameoperated and
sBwated ammais (group 41, compared 1o the conirols (2roup 1), No
significant elevanon was oberved e o aperaion tgmap €1 o 3

3 smlation i Sapsuciprtesied nimal rup b1 Resuis are

plasma_somatostatin-iike immunoreactvity increased 3.3-
fold (2573 = 392 fmol /ml). In the sham-operated stumu-
lated group (group 4). the increase was 46-fold (36.3 =

Earopean Juurnal of Phacmacology 00

001 00-100 s

.18 fimol /mI). and in the sham-operated contels (group
). the hasal plasma somarestatin-li

it i

vl s shightly but aut sigaticandy levated 110, 16 =

L5 ok i Sysenie
prescaied the sigfican ing
hike mmunoreactaty level (10.66

N

apsaicin pretreatment (group 6)

¢ of piasma somatostatin-
135 fmol i (n

24 Etfect of hilateral antich

o the Lovel

m unea-pies

o those wib ras, Bilateral antidromic vagal nenve
sumulation (5 He. 5 min) ¢
ity Tevel 33-foid 126,26 = 3

ol animals (group

vated the plasma somato-

staen-like immunorea
fmol/ml: group 2). compared to the cont
3187 fmol mi) I the subdiaphragmal wago
tomised animals (group 3). the plasma somatostatin-like
inmunoreactivity level ased 27-fold (2
ol ) and in sham-operated sumulated (group +) an-
mals without vagotomy. the increase was 401-foid (32
230 fmol mb In shamoperated controls (eroup 51, the

Pasal plasina somatostann- ke immunoreact ivity fevel -

Control zuinea-pigs

Sciatic nerve stimulation

Capsaicin pretreatment = stimulation

tin-11 (fmol/

Plasma sos

Fig 4 Plasma somatos
s T e sttt

OV 0 s, $ Ha S i), and in control and capsan iy

< e

Animals Pennearst BN of <apsain around the scane nene

A e s e
wtation and pipecaronium bromide (200

Anndromie sumelaton of the ut seiane
ICTEse Pl somatoNan-ike mmunoreacity sompared 1 the
4 by per

el e o 1 oo =SEM

amich was e
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creased slightly (10.75 = 1.49 fmol /mi). but this clevation
was not significant compared to the controls (n

Fig. 3b).

3.5, Changes i plasma somatostatn-itke immunorcactiis
fevel i response o siutic nerve stimulation

— effect o

scia

Antidromic one senn neree

2l stimulation of
(30 V. 0.5 ms. s

anti-intlammatory effect
from the activ

response. but a sysiemi
via somatost

We aiso teproduced the respunse in guinea
bic conuributon of autonvimie etterent

A possi-
s

prgs.

res in

inbitory

action was ciiminated by the fuii deveiopment of

the response under the etfect of hexamethonium. troy

s sanethidine a6 el b
tor. somatostatin. Further. 3 antidromic
imuiation of th + i 100w

o excitation of nociceptors by musiard oif

increase in plasma

5 (2698 mpared 1 the

mi

279 fn

el

in g
controls 7.+
pretreatment aimost compietely prev
induced release of somatostatin (10.54 = 112 fmol - ml
5-6: F

S 5 138 fmol/mil Perncural 27

nted e stimulation-

3.6 Circulatory paramerers

During anaesthesia and pretreatments. the average heart
rate and mean arterial blood pressure did not show signifi-

cant alierauons compared to.the haseline in either rars
(337 = 42 hpm and

=29 bpm and 75 = 4.4 mm He)

4. Discussion

al afferent

It has been reported that. besides their classiy
function. sensory vagal nerve fibres contain neuropeptides
in their terminals. and that release of these neuromediators
elicits local effector responses consisting of vasodilatation.
increased vascular permeability of venules with conse-
quent protein extravasation and bronchoconstriction (Jancss

et al. 1967: Lundberg et al. 1983 McDonald. 1953:
McDonald et al. 1988: Pintér and Szolesingi. 1995
Szolesdnyi. 1984a.b: Szolesdnyi. 1996a).

A sensory nerve-mediated anti-inflammatory effect with
a possible adaptive function has been shown by vur sroup.
using several experimental conditions with rats (Pintér and
Szolesdnyi. 1996; Szolesinyi ot al. 199840 In
sudies. somatostatin release with concomitiant anti-in-
flammatory effect was evoked by (1) antidromic stimula-
tion of the dorsal roots. (2) antidromic stimulation of the
sciatic nerve. and (3) excitation of nociceptars by chemical
irmitants. Furthermore. evidence was obtained that the me-
diators of the systemic anti-ocdema effect were derived
trom the activated nerve endings. and not from the inflam-
matory exudate Al of these experiments were carned out
on rats and involved activaiion of
exteroceptive skin areas. but dic ot
function of vagal interoceptors

The present study provided evidence for ihe first time
that excitation of capsaicin-sensitive sensory nerve fibres
of the rat vagal nerves elicits not only a local effector

El

Ancicepioes only 0

test for A simuar

CSA0ICNERE ©1 AL IVEACL e ant-niammatory ette.

evhed s vagal simulaton was i pre

e, Coateating &

somatostaun by torming disuiphide bonds with the peptide
without affecting the levels of encephalin, lutcinizs
mone-cleasing hormone (LH-RH).
aive intesinal polypeptide or cholecystokin
al.. 1982: Patel and Pierzchala. 1955)
at appearance of somatostatin-like
. in respe

vasopressin. vaso
Paikovits
Prevention

immuno.

semsory nerve sumula-
us studies (Szole:

ton. was demonstrated in our pre
1998
A priulced enmancement o

munoreactivity in the plasma was now show

nyi
etal
Somatostatn-ke

n

response
ts and
fold

0
in

I nerve stimulation in atropine-pretreated
spective 3.86-fold and 3.3
creases n somatostatin-like. immunoreactivity
hily dinnished after subdiaphrag;
and 2.7-fold. ively). Consequer
terminals of thoracic organs are the
sources of the enhancement of this ncuropepuide level in
the circulating plasma. Systemic pretreatment of adult rats

only sl al

{3310l
vagai

resp

nerve

with capsaicin completely prevented this increase of so-
matestatin-like immunoreactivity in the plasma. providing
evidence for the mediating role of capsaicin-scasitive va-
sl sensory fibres. Capsaicin excites thoracic chemoceptive
| C-atferents in the heart. epicardium. sreat vessels.
bronchi and lung including the pulmonary
(Coleridge and Coleridge. 1983, Szvicsdnyi.

other land. cardiovascular and puimonary. stowiy or
rapidly adupting vagal mechanoreceptors. aortic body
<hemoreceptors. are not stimulated by ¢ (Coleridge

and Coleric 984: Seolesinyi.
asting sensory blocking cffect of capsaicia in fats pre-
treated as aduits 1s restncted 10 those affes are
excited by low doses. the subset of sensory receptors as

sites <ould be delineated on

e b

1 the released somatstatn

that field sumulation of the rat isolated trachea ¢l
release of somatostatin into the orsan hath and capsai
induced
from this preparation is not inhit

clease of somatostatin, CGRP and substance
ited by lidocaine or
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tetrodotoxin (Szolesdnyi et al.. 1998b). providing clear
evidence for the existence of 3 sensory neuropepude re-
leasing process without axon reflexes (Szolcsinys, 1996a.b:
Szolesinyi et al.. 1998h).

These data. and our previous resulis. proving the <ye-
temic elease and humoral <ifects of somatosain, s
lish 2 novel ine ke o
function ot some capsaicin-sensifive sensory nerve endings
(Pintér and Szolcsinyi. 1996, Szolesdnyi, 956D,
Seolesdnyi et ai., 1998ab.c. Thin ot ai., 1999)

Som.
a neuroenducrine ot
inlubitor ettect, while released from the gasric Decelis. 1t
has @ paracrine tunction through inhibition of acid secre-
tion (Shubert et al.. 1987). To differentiate the sensory
nerve-mediated release process of somatostatin from the
already described endocrine and paracrine mechanisms, tb
term ““sensocrine’ function would seem suitable. Sensory
neuropeptides. viher are probably re-
leased and also serve as sensocrine hormones when
vagal nerves are stmulated. since although cysteamine
completely prevented the rise in plasma somatostatin-like
immunoreactivity level evoked by sciatic nerve stimula-
ton. about 17 of the ani-nilam

m the hypothalamus serves

witlh 4 growtiy hormone.

ostann released ¢

han somatostatin,

of wiatic nerve stimulation o
cation. both  responses  were abolished
(Szolesdnyi et al.. 1998a.0). These ubservations are consis-
tent with the immunohistochemical data. which indicate
that. of the dorsal root ganglion cells innervating the rat
skin. about 20% are somatostatin-like immunoreactive
(Lawson, 1996). while in the nodosal. jugular and petrosal
zanglia somatostatin-like immunopositive cells seems 1o
be less common (Helke and Hill. 1988) and sparse amony
those which innervate the rat stomach (Green and Dock-
ray. 1988).

The inhibitory ated somato-
statin certainly interacts at the release site with the neuro-
genic inflammation elicited by co-release of substance P
and CGRP. This aspect seems to be relevant for considera-
tion. the recently introduced concept (Holzer and Magei,
1998). suggesting the existence of neurones in the dorsal
nghia without sensory function in contrast o the
gastric vagal chemoreceptive sensory fibres proposed 1o be
without an efferent function. The pronounced release of
but also from subdi-

completely

effect of sensory nerve-med

somatostatin mainly from thoracic.
aphragmal vagal fibres, clearly indicates the release of an
inhibitory from  vagal

nerve terminals
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ANTIINFLAMMATORY EFFECT INDUCED BY TT-
NOVEL HEPTAPEPTIDE SOMATOSTATIN ANALOG
1. Szolesinyi, E. Pintér, Zs. Helyes, J. Németh, G. Oroszi, M.
Than and Gy. ken®. Dept. Pharmacol. Medical School of Pecs,
7643 Pécs, P.0.B. 59, 15t Dept. Biochem. Semmelweis Uniy
of Medicine. H-1043 Budapest, Puskin u. 3. Hungary®

We have shown earlier that somatostatin (SOM) released from
he activated capsaicin-sensitive sensory nerve endings mediates
a systemic anti-inflammatory action. The aim of the presert
sty was o nvestigate in s the nt-inflammatory it 4
novel SOM amaing, which pocsas

scivity. Neurogenic plasmi_ extravasation evoked by
mustard oil in the paw skin was inhibited by TT-232
administered i.p.,i.v. (1-40 ug kg") or 5.¢.(10-320 pg kg') in a
dose dependent manner. Its effect lasted for 6h and subacut
weatment reduced also the Freund adjuvant-induced arthriis.
Reference drugs, diclofenac and meloxicam did not reduce
neurogenic inflammation hut all three of them dose-dependently
diminished non-neurogenic dextran (5 %) -oedema of the paw
TT-232 (500 nM) inhibited SP, CGRP and SOM relcase from
the rat isolated trachea by 36%,38%,42% when electrical field
stimulation was applied and by 79%,24%74% when the
peptides were released by capsaicin (107 M), respectively. Since
neurogenic component of different inflammatory diseases is not
affected by current therapy, it is conciuded, that TT-232 is a

pr o
inflammation, Suppur\cd by OTKA T-0290428

SOMATOSTATIN  MEDIATED  SYSTEMIC  ANTI-
INFLAMMATORY EFFECT INDUCED BY ANTIDROMIC
VAGAL AND SCIATIC NERVE STIMULATION

Thin M, Neémeth J, Helyes Zs, Szilvissy Z. Pintér E.
Szolcsinyi J. Dept. of Pharmacology, Medical School of Pecs,
H-7643 Pécs, P.0.Box 99, Hungary

It has been established that beyond evoking a local neurogenic
inflammation, activation of capsaicin- sensitive primary afferents
elicits systemic effect mediated by
(SOM). In the present work we analysed this adaptive response
evoked by activation of interoceptive nerve terminals in rats and
guinea-pigs. Bilateral antidromic electrical stimulation of the
sensory vagal fibres (20 V, 0.5 ms, 8 Hz, 20 min) inhibited the
secondary neurogenic inflammation by 36.45% in rats. The vagal
excitation (20 V, 0.5 ms, 5 Hz, 5 min) increased plasma SOM
level (in fimolmi) from 7.8841.56 to 30.5:1.65 in rats and from
7.9341 87 t0 26.26+3.15 in guinea pigs. Plasma SOM increase
was prevented by systemic capsaicin (1%) pretreatment. Since
abdominal vagotomy did not diminish SOM elevation,
importance of gastrointestinal SOM can be excluded. Antidromic
stimulation of one sciatic nerve (30 V, 0.5 ms, 20 Hz, 20 min)
inhibited the secondary inflammation by 45.03% in guinea-pigs,
and elevated plasma SOM level 3.5 fold 10 26 9622.79, which
was also prevented by capsaicin pretreatment. These data present
further evidence to prove that circulating SOM with systemic
action derives from sensory
neurones in rats and in guinea-pigs. This work was supporied by
the Hunganan Academy of Sciences, OTKA T-029428

SOMATOSTATIN AND EPILEPSY

A. Vezzani. Dept. of Neuroscience. Istituto di Ricerche
Famacologiche “Mario Negri", Via Fritrea 62. 20157 Milann
laly

Evidence in human rissue and in exp
epilepsy suggests that somatostatin m(n-) in CNS is involved
in scizure phenomena. Thus, SRIF<containing neurons
degencrate after statws epilepticus in rats ai a differont extent
depending on the severity and duration of seizures while they
higher SRIF  mRNA levels and increased
immunoreactivity in cell bodies and axon terminals after kindling
epileptogenesis (Schwarzer et al 1996 Brain Res Rev 22: 27
These changes are associated with lasting modifications in
peptide release from hippocampal and entorhinal cortex skices.
SRIFI and SRIF2 receptors in the hippocampus undeczo
distinet changes afler status epilepticus and in kindling. Thus.,
ssta binding sites are selectively decreased in kindling while sst;
and ssty receptors are reduced after ainic acid. Pharmacological
studics indicate that SRIF exerts an inhibitory control on limbic
seizures. Thus, intracerebral application of ssty receptor
agonists protect rats from acute and chronic  seizure
suscepiibility induced by Kainic acid. Inactivation of
endogenous SRIF by a specific antibody delays kindling rate.
Thus, SRIF-mediated neurotransmission in the limbic system is
muditied by seizures ana this pepude has both anticonvulsive
and antiepileptogenic properties.

50)
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PWai
S\ STLMJL ANTL- K\FL/\MMATORV EFFL(T MEDIATED BY SOMATOSTATIN RELEASED FROM ACTIVATED SENSORY VAGAL NERVE:

u Tnm i Nemeth, 7 Snivaisy, G Orosn and 1 Srolcsany
Department of Pharmuacology and Pharmacotherapy. University Medical Sciool of Pecs 7643 Prcs. P 0 Box 99 Hungany

Introduction: 1t has bocn esiablished that beyond evoking  local neurogenus IlLAGUON 3UVaKOR of TIPS ¢
clics svstenic antr-inflammatory respons relted 0 th refease of somatosiatn rom the actvated sensor nerve termunals The aum o the pescat work
was o study the systemic effect of bilateral antidromic cloctncal stimulation ef the vagal nerves wn rats, and 10 examune the development of somuGstatn-

ediated systemic anti-inflammatory adaptation in another species 4fefhods: Expenments were camed oul on fomale Wistar rats, and guinca-pigs
Bilateral antidromuc electical sumulation of the peripheral stump of the cut vagal nerves was performed (20V, 0 Sms. $Hz, 20mun), and the effect of this
sumulation was analysed oe 3 secondary newrogenic inflammation induced by topical application of 1% mustard ol on the acutely denervated hindpaw
skin. In guinea pigs the efoct of anudromuc cloctrical sumulation of one siaic nerve (30V, U.5ms, 20Hz, 20min) was examined on 3 sevondary
newrogemc inflammauon. Changes of the plasma somatostaun level in response 1o bilateral vagal nerve sumulaton (20V, 0.5ms, SHz, Smun) were
analysed in five groups of animals of both species. 1. controls, 2. stimulated. 3. abdomunal vagotomszed and sumulated, 4. abdominal sham operated and
sumulated, $. abdominal sham operated controls. Plasma somatostaun levels were measured by means of radiowmmunoassay (RIA) developed in our
labocatory. Results: Bilateral satidromic electncal excitation of the vagal nerves inhibited the secondary neurogenic inflammation by 36 45%. and 30 39%
in normal and in hexamethonium pretreated rats, respectively. n guinea-pigs the hubiion was 45 $6% Bilateral vagal nerve sumulation increased the

lasima somatostatin level (in fmolml) from 7 $8£1.56 to m 52165 in rats and from 79321 87 10 26,263 15 in guinea pigs. In growp 3. the mu:.w
levels were 25.7343.92 and 21354138 i rats and guinea-pigs, respoctively. The sham operation shighty but not significandy elevated the plasi
Somotosatin concentrason. Discusson: Syseme ans-mflvmmnery s modised b & reaing somatsain i be O oked tieugh e acvaton ot
SN SRS sensary vagal fives This adieve raction mediated b samatostaten o

-

arinin i€ renrecuciis 2k in swinern

PHARMACOLOGICAL EVAL
Petri, G.! Florian E.* Sz

Tnstrats of Phammicegnoss Sammeivers Uniersiy of Medicine Hungary 1085 Budapest, CIIGi it 26.. * Semmelwess Univ. of Med
Dept. of Dermatology. Hungary 1085. Budapest. Miria u.. * Univ. of Med.. Inst of Pharmacology. 4012 Debrecen, Nagyerdet krt. 98
Hungary

ATION OF ISOLATED ACTIVE INGREDIENTS FROM THE HUNGARIAN CHAMOMILE  [pws|
3 !

The chamomile s one of the most popular medicinal plants beieved in the cosmetics t0o. Aftr isolation e proved the pharmacological
vaue of the active ingredients. The antispasmodic effect exerted on spasm of
antiphlogistic effect was investigated on dextran oedema of the rat’s pow. The microbiological expeniments were caried out at a solid and
fluid Sabouraud-(d)-nutritive medium. The prouved fungies were Trichophyton mentagrophites, Te. rubrum and Candide albicans

asm was produced with 0,5 g/ml histamine or with BaCl; | m/ml. The isolated compounds were proved in 5- and 50 ug/mi
concentrations mixed in 2,5 % Tween-30. Studying the effect of the ssolated compounds we repeated the expenments 4 umes
Results: Antispastic effect has the hole essential o1l, The chamazulene like to the control puajazulene as well as the flavonoids
Antiphlogistic effect has also the chamazulene The raw and the ). brsabolol have smaller effect in contrary 1o the literature
Chamazulene has 2 sharper antiinflammatory effect than the guajazulene control material. Famesene.- cveloethers and flavonoids have no
effect
Microbiological investigations show an antifungal erfect which 1s hugh tn case of the essenual oif componeats,  smaller action
total flavonoids, and a negative result has the umbelliferon coumarine. After a 30 minute contact in a 1000 wg/mi concentration (-)x
bisabolol has a fungicide effect on Candida albicans. Therefore to develope a chamomile creame o lotion has not only cosmetical but also
medicinal value

have

EVIDENCE FOR FUNCTIONAL CSa RECEPTOR SUBTYPES
N Paczkowski', J. Whitmore', A Wong®, D. Fairlie?, S, Vogen’. S. Sanderson’, S. Taylor

'Dept Physiology and Pharmacology, and “Centre for Drug Design and Development, University of Queensiand, St Lucia.
QLD 4072, Australia. ‘Eppley Institute for Cancer Research and Allied Diseases. Un Iebraska, NE 48108, LIS 3
CSa has imporiant inflamaatory and immanomodulator roles in the body Man small pepice analogues of CSa have been
synthesised in order to study the actions of CSa and its receptor (C3aR) and to develop antagonists which

treatment of diseases. The aim of this study was (0 investigate possible differences in CSaRs present in different assay
systems, namely, PMN (polymorphonuclear leukocyte) activation and stimulation of smooth muscle spasmogenesis  CSa 15
equipotent in these assays, however, a panel of CSaR agonists showed differing selectivities, and two pepndes tested were
approximately 3000 umes more selective for spasmogenesis than PMN activation. Several CSaR antagonists also showed
differing potencies between the assays, having the same potency in inhibiting spasmogenesis, but displaying differences in the
inhibition of PMN activation. These antagonists can inhibit agonist peptide-induced PMN activation, but do not nhibit
spasmogenesis caused by the same CSa agonist analogue

This pharmacological evidence supports the existence of CSaR subtypes. The subtypes can be distinguished by the use of
different ligands, which have different potencies and inhibitory profiles in different systems. These functional differences
may be due to the existence of more than one gene for the CSaR, although only one has been cloned to date. o they may be
due to differences in the G-protein transduction systems within different cell types The possibility of further functional
subtypes is being investigated.
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Anti-nociceptive effect induced by somatostatin released from
sensory nerve terminals and by synthetic somatostatin
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Abstract

In rats anaesthetized with urethan and pretreated with pipecuronium bromide nocifensive reaction of blood pressure
elevation evoked by intraarterial capsaicin injection was inhibited over 40 min by bilateral antidramie stimulatinn nf the
sensory fibres of tne sciatic nerves. Rise 1n blood pressure, heart rate and respiratory frequency evoked by capsaicin
were markedly diminished after smearing 1% mustard oil on the acutely denervated hindpaws indicating a release of
mediators with anti-nociceptive action from cutaneous nociceptors. Intravenous injection of the putative mediator
somatostatin (10 ug/kg) or its analogues RC-160 and TT-232, but not octreotide inhibited the cardiorespiratory and
blood pressure responses evoked by topical cutaneous application of mustard oil or capsaicin instillation into the
eye. It is concluded, that the endocrine and the anti-nociceptive effects of somatostatin are mediated through distinct
receptor subtypes and therefore, TT-232, a novel heptapeptide analogue without endocrine action, is @ promising
analgesic compound. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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Ithas been shown that activation of nociceptors sensitive
to capsaicin. noxious heat or inflammatory mediators
113.14] results not oy in pin sensation but causes elease

inflammatory effect. Thus. the present study was undertaken
to investigate whether antidromic or orthodromic stimula-
tion of the capsaicin-sensitive scnsory nerve terminals
exerts effect. the effect of

of sensory neuropeptides as well. Calcitonin g
peptide (CGRP) and substance P (SP) clicit neurogenic
inflammation at sites where chemically-evoked pain is
induced [14].

Somatostatin is also stored in the capsaicin-sensitive

subpopulation of nociceptors. from where it can be released
and depleted [15.16). Somatostatin inhibits neurogenic
inflammation (6] and nociception {4] and our previous
studies revealed that suficient amount of somatostatin
could be released from the activated primary atterent
nerve terminals to elicit a systemic anti-infl
{15161, Based on these data. we hypothesize that somats-
tatin of neural origin may give rise (0 systemic anti-noct
ceptive action beyond the established systemic  anti-
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somatostatin and its cyclic syntheue analogues. octreatide.
RC-160 (vapreotide) and TT-232 (a heptapeptide somatos-
tatin analogue with 4 5 ring) was examined on cardi-
orespiratory reflexes in response to chemonociceptive
stimuli. Investigations with the latter compound seems 0
be paniculaly atrative due to it acking endocrine ativ-
ity [7.8)

Experiments were carried out on anacsthetized female
Wistar )-250 g). The experimental protocols

nity for the care and use of laboratory animais. Anaesthesia
provided by an i.p. injection of | g/ke urethan (Reanal,
Hungary) was considered to be appropriate for testing
chemonociceptive autonomic reflex responses. when the
animals did not respond with movements to pinching the
<kin 191 Both the
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1 7 Hotyes ot af
carotid artery were cannulated to inject drugs or capsaicin.
respectively. Plasma somatostatin-like immunoreactivity
(somatostatin-LLj was determined from Blovd
described {15,161
sespiration (st experimental sioup! or tor reconling

cv. Blood pressure amd

samples as

Toirachea! tube was inserted for astificial

respiratory freque
continuously monitared through a cannula pm.u into the
left caroud artery by a Statham transducer connected 10 2
computer for data evatuation (Geopolita Lid..
Capsaicin (8-inethyi-N-vanillyi-6-nonenanide
USA) was dissolved in 10% ethanol. 10% Tween S0
(Reanal. Hungary) and 80% isotonic NaCl to provide
1% siock solution. This was further diluted with saline
and administered intraarterially (i.a.) at a dose of | pg/kg
from a 1 pg/ml solution o elicit cardiorespiratory reflexes

In the first experimental group (n = 6) the effect of anti-
dromic sciatic nerve stimulation was investigated on capsai-
cin-evoked nocifensive responses. The sciatic nerves were
exposed and cut in the thigh and the surrounding skin flaps
were fixed to a metal ring to make a pool which was filled
with liquid paraffin. The peripheral stumps of the nerves
Were SUIUIIED Wi C-nbre STengtn (20 V. 0.3 ms. > Hz
for 5 min) following pipecuronium bromide (200 p/ks
ivi Richter Gedeon Ri. Hungary) administration. as
described previously [15]. Nocifensive blood pressure rise
9] in response to capsaicin injections was recorded before
and after sciatic nerve stimulation.

Ina separate experiment (n = 11). the influence of ortho-
dromic sensory nerve excitation was tested on nocifensive
teflex rise of blood pressure, heart rate and respiration
frequency in response 1o i.a. capsaicin applications. as
described above. Both hindlegs were acutely denervated
(saphenous and sciatic nerves were cut 30 min before the
experiment) 1o exclude the interference of reflexes due to
stimulation of the nociceptors in the hindleg. As an ortho-
dromic chemical challenge, 1 mustard oil (allylisothio-
cyanate: Fluka, Switzerland) was smeared on the skin of
the hindpaws or in the control group of animals paraiin
oil (the solvent of mustard oil) was applied. Blood pressure
and heart rate were continuously recorded before and 5. 10
and 15 min following mustard oil/paratfin oil application.

In the third experimental setting (n = 60) mustard oil or
capsaicin were used as nociceptive stimuli to assess the anti-
nociceptive effect of somatostatin and its synthetic analo-
gues. The animals were pretreated with 10 g/kg i.p. soma-
tostatin (Sigma, St. Louis. MO. USA) or one of its
analogues foctieotide (Sandostatin: Sandor. UK
(vapreotide: Debiopharm. Switzerland) or TT-232
sized in the Central Research Institute for Chemistr
Hungarian Academy of Sciences) 13 min prior to mustard
oil or capsaicin application. Somatostatin and its analogues
were dissolved in isotonic NaCl with 50 l aceic acid for |
mlofal . and furd
made up with saline. In the control group. animls were
treated with saline in the same volume. Systemic blood
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recorded. as deseribed above. Nociceptive responses of the

nwere

pretreated groups to red

with that vbsersed i the respeative auline weated vontiol

rats,

Data

as mean = SEM

are presented Non-parametric

rank test paired datar were used for statistical evaluation
Probability values # -
ant

008 or fess were regarded

The first series of experiments was perionied on s, in
which | pg/ky it capsaicin evohed a reproducible rise in
blood pressure exceeding 20 mmHg. The average mean
arterial blood pressure (MAP) rise in these rats was 47.7 =
3.5% (from 745 = 5.7 t0 1101 = 10.6 mmHgr and no
significant diminution of the responses occurred if the injec-
tions were repeated eight to 10 times under control condi
tions. The capsaicin-evoked control responses  were
inhibited by 49.78 = 0.92% 10 min subsequent o bilateral
antidromic sciatic nerve stimulation and recovered within
an hour (Fig. 1),

Nocifensive c:

rdiorespiratory reflexes evoked by capsai-
1N Were als0 MINed Dy OFROAROMIC Chemieal stmutation
of the cutaneous nociceptors. In these rats i.a. capsaicin
injection (1 pg/kg) elevated MAP by 4241 = 6.9% (from

709 = 650 100.9 * 11.58 mmHg). heart rate by 149 =
1.9% (from 286 = 29 10 329 = 34 per min) and respiration
rate by 33.7 = 2.9% (from 85 = 9 to 114 = 15 per min)
prior to chemical stimulation. Fig. 2 shows that these noci-
ceptive reflex responses were significantly diminished 5. 10.
15 min after cutaneous application of 1% mustard oil on the
acutely denervated hindlegs. but not after paraffin oil appli-
cation in the control group.

In the third group of rats the anti-nociceptive action of
somatostatin analogues on the nocifensor reflexes evoked by
topical application of mustard ol or capsaicin
recorded. In control rats 1% mustard oil smeari
intact hindlegs increased MAP 8105 later with 46

were

Comteol 10020 30 40 S0 60 min
Fig. 1. Changes (%] of MAP in response 1o intraarteriai capsaicin
injections (1 ugikg) before (contral) anc 10, 20, 30, 40, 50 and 60
min after bilateral antidromic stimulation of the sciatic nerves
(20 V. 0.5 ms, § Hz, 5 min} in urethan-anaesthetized (1 gikg i.n.J
rats. Rats were pretreated with pipecuronium bromide (200 xg/
kg i.v.} and guanethidine (8 mg/kg i.0.). Results are shown as
means = SEM of n =5 experiments. *P < 001 (Wilcoxon's

pressure. heart rate and respiration rate were

signed 3 response.
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art rate and respira
) and 5. 10 and 35 i aft

Fig. 2
anaesthet:

od 7ats before iconte

of mustard oil. Results are shown as means

compared with the control response hefare mustard ail smearing and

the paraffin oil-treated control group

mmHg. heart rate with 85.2 = 6.9 per min and respiration
rate with 614 = 7.1 per min. Capsaicin instillation (100 g/
ml) into the conjunctival sack elevated blood pressure with
55.6 + 6.1 mmHg. heart rate with 1433 = 9.7 per min and
respiration rate with 48.7 = 6.0 per min. the lutency was 2

5. These efferent responses were significantly decreased
after pravraring s o it s Do 1en o T
232 (10 pg/kg ip). but not after the adminisiration of
octreotide in the same dose. TT-232 had the sreatest anti-
nociceptive activity (Fig. 3)

Our findings demonstrate that nociceptive responses
evoked by chemonociceptive stimulus (i.a. capsaicin). are
significantly decreased by either orthodromic or antidromic
activation of terminals. The nociceptive
tesponses are fully reproducible even for | h indicating
that the repeated test doses of capsaicin do not induce desen-
sitization. Moreover. somatostatin and its analogues. TT-
32 and RC-160 but not octreatide. also show inhibitory
effect on autonomic nocicepiive reflexes

Antidromic sciatic nerve stmulation with parameters
applied in the present work elicited a 4-fold increase in the
plasma somatosiatin-LI und exerted a pronounced systemic

sensory nerve

10N rate in respunse 10 intiasrterial causaicin injections 1
topicai appiicaton of 1 MUSIAra oil on the Skin of tne acutely asnervatsg
hindpaw (solid bars). Open bars indicate the resuits of the control group, whers the solvent paraffin o1l was s
SEM of = 10 experiments. *P

Lgkgi i uretan

**F - 001 (Wilcoxon's signed rank

Whitaey L tess)

anticinflamnion action {15]. Both of these responses were
prevented by somatostatin depletion and the anti-inflamma-
tory aetion was absent after Somatostatin antiserum pretreat-

ment |15, Selective excitation of the citancoss capsai

sensitive sensory nerve endings by 14 mustard oil {11] also
elevated the plasma somatostatin level {16] and inhibited the
injection of somatostatin inhibited the cardiovascular and
respiratory nociceptive responses evoked by topical applica-
tion of capsaicin or mustard oil. Therefore, we suggest that

somatostatin refeased from the uctivated capsaicin-sensitive
nociceptors may account for the analgesic effect, Since all the
afferent pathways were disrupted. reflexes trom the activated
sites involving participation of the central nervous system.
e.g. as in the form of ditfuse noxious inhibitory control 17
can be ruled out in the analgesic effects observed. Plasma
somatostatin-LL after three subsequent .. injection of | e/
ke capsaicin with S-min intervals did not differ from that of
the solvent treated controls (7.0 054 and 6.95 = 0.08 fnol/
ml. respectively, n = 5-4) suggesting that this low dose of

capsaicin used s a nociceptive stimulus did not release
significant amount of somatostatin by itself

Fig. 3. Changes (%) of MAP, heart rate and respiration rate in response to chemonaciceptive stimulations evoked by 1% mustard oil
smeared on the skin of the hindpaws (open bars) or capsaicin (100 ug/mi) instilled into the conjunctival sack [solid bars, in urethan-
anaesthetized rats. Animals were pretreated with an i.o. dose of 10 ug'kg somatostatin or ane of its analogues (octreotide, RC-160, TT-
232) or saline (control group) 10 min before the beginning of the measurement. Means are shown with SEM, n =  in each group
(*P < 005; **P < 0.01 vs. respective control group, Mann-Whitney U-test)
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The therapeutic use of native somatostatn is limited by its
hroad spect rots mediated ¥4 MV FecepOr Sty e
and short (3 min i life-time T addition
results show  that stabic. syathenc octapeptide (RC-160)
and heptapeptide (TT-232) analogues are in fact more potent
10 mhiDIC rerlex. responses Sroked DY ChemOnOCICEpiTe

he present

Since these a

shees Aistinct oifo ming Slood «
heart and
10 be on tie noci
bivud-brain burrier. The most putent compound, TT-232
seems to be 4 particularly important candidate 1s an analgesic
agent.since itis devoid of any endoerne et J. On the
other hand, acireatide. which acts vitsst2. st

tors [12] possessing pronounced hormonal etfects with some
actions in certain pain conditions [10.15]. was found i he
ineffective as an anti-nociceptive agent
ments. RC-io. with an ss12 and ssiS receptor agonistic
effect. induces analgesia in humans {1} and exerts well doc

* pathways o

site of action s likely

spiratory muscles. the
2plors. because peptides nardly pass the

confirmed in the present ~iudy. Involvement of
opioid-mediated naloxone-reversible mechanism |
NK; receptor antagonism (3] in the etfect of RC-160 have
also been described. On the other hand. TT-232. the most
potent agent in this study. showed no endocrine eiects
[7.8]. which emphasizes the significance o sstl and/or sst+
receptors in the unagesic effect of somatostatin analogues. In
conclusion. stimulation of the capsaicin-sensitive nocicep-
tors by mustard oil or antidromic activation of these fibres of
the sciatic nerve elicits anti-nociceptive effect in the rat.
Possible mediator role for somatostatin released from the
Capsuicin-sensitive sensory receplors is suggesied. TT-232
a stable synthetic heptapeptide somatostatin analogue with-
out endocrine action. is a promising moiecule for develop-
cesic agents

ment of novei. non-opioid type wna
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Abstract
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1. Introduction

Sensory neural dysiunction commonly occurs in pa
tients with peripheral neuropathy. a major complication of
diabetes mictlisus. Sensory nerves ot only st sensory
information. but also act upon the Tocal environment by
releasing several biologically active mediators (see for
reviews, Holzer. 1992 Szolcsanyi. 1996).
deficiency in axon reflex vasodilation influences ongoing
inflammatory disorders. wound healing
control of vascular profiferative mechanisms. and sensory-
effector nerve function in cardio-pulmonary
(Holzer. 1992: Tosaki et al.. 1996: Brain. 1996 Lundher,
1996). Morcover, we have recently found that somatostat
teleased from primmary
femic ainflamnatory sifect s well (S .
199%). Ihus, beyond ther <

Therefore.

local

processes.

sensory neurons mediates A sy

N the

sory tunetio

Comresponding author Fay. = 30722107010 Ll
nemethe apac pote b
D014-2999. 9§ - see frot wmaier © 1771 L b

PIL 560142

EXIIEINN

integrity of these nerves is a prerequisite for widespread
ettector regulatory mechanisms (Szolesanyi. 1996: Ferdi-
nandy el ak. 1997). Regarding the neurotransmutters in-
volved. most evidence favours a role for calcitonir
i peplide (CRGPL substance P,
miric oxide (NOD (S7olesanyi. 1996, Mancada and Higes
1905)

Depletion of CGRP and substance P has been shown 10

relute omtositin and

oceur in the sciatic nerve of rats with streptozotocin-in
duced diabetes melfitus (Diemel et al.. 1992). The de
reased ameunt of these sensory newropeptides has heen
suspected 1o underlie @ weak neurogenic inflammatory
clinical patients
ad

respome in both experimental anitials and ¢
h diabetes mellitus (Gyorti et w6 Walmsley
Wiles. 1991),
no swdies have

Nevertheless. 1o the hest of our knowle
been conducted 1o study the effect of

St CGRY,

present work was therefore concerned with the pw\xh\hl\
that experimental diabetes induced by streptozotocin wouid
influence the field siimulation-induced release of
neuropeptides from isolted trachea of the rat

these




2. Methods

1. Ethes

The experiments performed in the present work

formed o F

re and wse of liboratory animals. The expenme

incipics for the
tal
ot

protocal applied was spproved by the Joca ethic

e of Medicad Univensity of Pecs. Hungary

2. Experimental groups

I'he study was camed out with 36 male Wistar rats
weighing 200-210 g They were housed in an animal room
(12-h light/dark periods a day. temperature of
bumidity of S0-7060) with Tour animals per
commercial laboratory chow and allowed tap water ad
libitum. The animals were randomly divided into two
experimental groups. Group | (control): antmals treated
with the solvent for sweptozotocin: Group 2 {treatment
sroup): animals treated with 30 mg ke streptozotocin i.v

Nataniazon. At

oSt Lpjoni

Newrotransmitter release studies

These have been described in detail elsewhere (Helyes
et al. 1997: Nemeth et al. 1998). In brief. following
exsanguination. the whole trachea was removed. cleaned
of fat and adhering connective tissues. Tracheas from two
animais were perfused (1 ml/min) in an organ bath (1.8
ml) with a temperature- (37°C) and pH- (7.2) controlled
oxygenized Krebs solution for 60 minutes (equilibration
period). After discontinuation of How. the solution was
changed three tmes for eight minutes o produce pre-
stimulated. stimulated. post-stimulated fractions. Electrical
field stimulation (40 V. 0.1 ms. 10 Hz for 120 9 was
applied 10 elicit neurotransmitter release in the second
8-min period. Calcitonin gene-related peptide (CGRP).
substance P. and somatostatin concentrations were deter-
mined from 200-11 samples of organ fluid of the prepara
tions by means of radioimmunoassay methads developed
in our laboratories as described (Nemeth ct al.. 1996, 1995,
Helyes et al.. 1997). The whole experimental protocol was
repeated with separate preparations (three preparations from
6 animals per group) preincubated with | M tetrodotoxin

24 Experimental protocol

Fig. 1 provides a schematic representation of the experi-
mental protocol applied. Four weeks after treatment with
streptozotocin,/solvent. the animals from both groups were
exsangumnated. Food had been withdrawn 12 b prior to
blood sampling for glucose and plasma somatostatin mea-
surements. Plasma somatostatin immunoreactivity was de
termined by radioimmunoassay s described earlier
(Nemeth et al.. 1996 Szolesanyi et al.. 1998). The rats
were divided into two experimental groups: 18 animals of

o samplin

Solvent

|
] |

paide el il

Group 1

Hhaod smplin:

Nearapeptie

‘

L S—

Fie 1 Schematne epresentation of the expericntal poto Gro

dicates the sontrols. whereas Group 2 indicates the

oup of il
Kz 1 The borszontal lnes renre
sent he expersmental process. the atrons indicate

Ireated with streprozotocin (50

e

et of pati

entions - exam

the first group (control) were treated with the solvent for
streptozotocin. the other I8 rais were siven streptozotocin
Twelve

fecand group) b fom each experimental

se studies. Blood

sroup were killed for newropeptide rel

blood glucose and plasma somatostatin determinaton. The
racheas of these animals were removed for supplementary
experiments 10 confirm the nevroselectivity of the field
stimulation protocol used. i.e.. the sensitivity of neuropep-
tide release to tetrodotoxin.

2.5, Staistical analvsis
The results expressed as means = standard deviation

(S.D.) were analyzed with Student’s rtest for paired data.
Changes were considered significant at P < 0.05

3. Results

S0 Effects of diabetes on body weight. piasma alucose,
and somatostatin levels

The animals in “Group 1* grew steadily over the 4
observation period. with an average wei
whereas the animals in “Group 2 had a weighit loss of
1.3 2. Fasting blood glucose and plasma somatostatin

veek
tgain of 42 = 3.3

levels were 4.4 0.6 mmol /1 and 636 + 0.71 pmol /I in
the controls (Group 1) and 15.2 £ 3.9 mmol /1 (7 < 0.01)
pmol,/1

P <00

and 1112 = 336 the

32 Field stimulation-induced sensors newropeptide
release

Field stimulation induced a significant increase in levels
of substance P. CGRP and somatostatin in the organ fluid
of the tracheas from normal animals (Fig. 2). The release
of these neuropeptides in response to the same fi
fation protocol was significantly atienuated when the tra-
cheas were from diabetic animals. The resting neuropep-
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Fie 2 Electrical field sumulationsinduced sensory neoropeptde relea
from trachess of norosal and digbetic rais. The data e means =S.D.
obtaned with & preparations in each roup. Resting values are e
sented by blark <olumns Gampling 1: ~ee Seciion 21, Hatched columis
Show neuropeptide concentations in “ample 2 . ¢ aiee 4 2omin period
of field stmulation. Cross-hatched coluniny

ow corresponding “sam-
cant hiference b
01

pling ¥ data
as indicated

denones a5 een values compased
r

0.5

tide levels. however. were the same in both groups (Fig
2). In normal animals. field sumulaton failed to produce
any significant increase in substance . CGRP and somato-
statin concentration in the presence of 1 M tetrodotoxin,
post-stimulation values of 223+ 0,38 0,15 £ 003 and
0.25 = 0.03 v, rexting 232 £ 046, 0.13 =002 and 0.19
= 0.03 fmol /m wet wt tissue for substance P. CGRP and
somatostatin. respectively. Similarly. tetrodotosin
pletely blocked neuropeptide release in diabetic animals as
well (data not shown).

com-

4. Discussion

e resalts presented show that e refease of substance
P. CGRP and somatostatin from isolated tracheas of dig-
betic rars 18 substantially diminished in response 1o electri
cai field sumulation as compared 1o that of preparations
from normal animals. Since the release of these peptides

was completely hlocked by tetrodotonin. a fast Na
nel hlocky

chan-

er. the neuropepiide release eheited by the tield

i e convidersd

heen o nearal origin Fasting plasma somatostatin, how-
ever, was significantly increased in dibetic v, normal

Detrimental changes in awtonomic, sensory and motor
nerves are typically mvoived i diabetie newropathy. De

LECHVE aXOAL IFABSPOTL ICluding that Of Beuropeptides. is

eved 10 be w aitival it

(IR —

Changes i dienic patiens As the

el evecior function
of peripheral sensory erves is known o be supported by
the ability of
response

these nerves 1o release neuropeptides in

to various stimali, direct measurement of the

ticator of i
intearity of the effector function af sensory neeses. Deple
tion of CGRE and substance P content s been showa 1o
in sensory nerves of stReprozo!
(Diemel et al.. 1992); nevertheless. direct measurement of
sensory neuropeptides released in respomse 0 a highly
“undardized challenge obviously provides a more aceurate

oceur

rats

assessinent of the functionl etfector capieity of sensory
nerves in diseased states than does determination of tissue

this report is the first to deseribe a deficiency in sindzane-
ous reicase of the tree neuropeptides. e, CGRP. sub-
stance P. and somatostatin in response o field stimulation
in diabetic rats. Besides a significant decrease in neuropep-
tide release, the streptozotocin-treated rats had characteris-
tic features of insulin-dependent (Type 1) diabetes mellitas
in that they failed 10 gain weight, and sutfered from
hyperglycacmia. It is therefore strongly suggested that the
deticiency in neuropeptide release detected in the strepto-
sotcin-ireated group was caused by the ensuing diabetic
state.

Beyond its local effector function. somatostatin: has
recently been shown 10 undelie a systemic anti-inflam
tory effeet (Szolesanyi etal.. 1998). The decrease in neural
in puralle] with that of CGRP and
substance P may participate in disturhed endogenous
tective mechanisms against inflammation in insulin-defi-
cient diahetes, The present data make it ¢

release of somatostatis

pling 1o as
sume that the moderate increase in plasma somatostatin
Tevel recently described in strepiozotocin-induced disbetes
in rats (Fisher et al. 1998) may be somehow compen-
satory. Whatever the precise mechanism. the results pro-
side @ further descrption of the Significant role diabe

m.n in the development of Lue complications of diabetes
ancilitis.
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Abstract

The etfect was studied oF 4 primary (precanditioning) neurogenic inanaaiory ch idiced by lectrical siimukation of the
peripheral stump of the seiatic nerve 120 V0.5 s, S Hr. for S mind o neurozenic aedenia (< mmh'er\ induced by stimulation o the
contraluteral sciatie nerve, Plasina extravasation due to the second stimulation was decreased by 537 = 215 (7 <0011 in nor
animals and by 2.7 = 33 und 11 = 1S with S0 me, K streptozotocin pretreatment 1. 3 and § weeks previously. espectively
Subsequendy. bilateral seiatie nerve stmulation icreased haseline plasma somatostatin levels from 6.4 = 0.3, 1.7 = 1.4, und 16,8 = 3.8

028329 (P <000 179 = 37 and 251 = 17 pmol 1 in norma
that experimental diabetes impars the capability of 4 preconditioning

tory effect. This is accompanied by u deficiency in elevation of the
the baseline plasma somatostatin evel incr

sights resersed

Revwords: Diahetic rat. Somatostat: Neurogenic inflammation. Il

1. Introduction

Sensory nerves trnsmit sensory information and re
several biologically active substances {see for reviews
Holzer, 1992: Szolesinyi, 1996). Evidence favours @ role
for calcitonin gene-related peptide (CGRP). tachykinins
such as substance P and neurokinin . nitric oxide and
somatostatin (see for reviews Moncada and Higgs. 19
Lundberg. 1996: Szolesinyi. 1996). These transmitters re-
leased trom sensory nerve lermunais have been described

to mediate vasoactive effects preduiiinia e
crovascular level. thus contributing o the reeulation of
blood fow i peripheral tisues aid 0 ongome inilann-
tory and wound healing processes (see for seview Bram,
1996). Somatostatin of sensory neural origin and resultin

5242759

author, Tel.© = 3652427899,

respondin.

M-I S e ot matter © 1990 Eletier Serence BV AT 7
PIL S0014-2099(99100724-4

e proportionally 1 the dusation of expe

and 4 and ¥ als. respectively. We canc!
neurogenic inflammatory episode to elicit 4 sysiemic ant-inlamoya-
evel in tesponse w terve stimulation. wlthou
ental diabetes. ¢ 1999 Ehesier Science BV, All

PRSI SomiosLat

enic infla

from local neurog, mmation s bee
anti-inflammatory effects to produ
mone-like anti-inflammatory actuy i rats (Pintér and
1996: Szolesingi et a.. 1995a.0)

ction commonly occurs in -

mediate system,

tients with peripheral neuropathy. i mior complication of
diabetes mellitus. Insul ve depletion of sensory
neuropeptides such . CGRP and sonsato-
statin s characteristic i ex Al insai
mse and Jancso. 1955: Diemel et 4l
1999) and has been suspected 1o
neu Mmoo reponse
o expermental i

(Walmsley and Wiles. 1991: Gyorti et al. 1996). To-
he key role of somatosiatin in the developr

nansion, <ifect prosoked

deficier

i dibetic paticits
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2. Methuds

2.1 Ethicy

The experiments performed in the present work con
formed tw the European Commuaity
the care and use of lahorstory animals. I addition. the
experimental protocol applied wars approved by the focal
ethical committce of the Medical University of Pécs. Hun-
gary.

principles fur

Experimental eroups

carried out with 72 male Wistars
rats weighing 200-230 g, The ammals were kept i the
Laboratory Animal Center of the University Medical
School of Pées under pathogen-free conditions (12-h
light /dark periods a day. temperaure of 22-23°C. humid-
ity of 30-70%) and were provided with standard rat chow
and tap water ad libitum. The ras were randomized into
three experimentai groups. Group 1 animals without sirep-
tozotacin. Groups 2 and 3: animals treated with S0 mg, kg
streptozorocin i.v. 4 or 8 weeks prior 10 the experimens.
respectively. Each sroup consisted of 24 ras: six animals
for determination of plasma extravasation. 12 for the mea-
surement of fasting plasma somatostatin. insulin and blood
glucose levels and six for nerve conduction velocity tests

The experiments were

2.3, Induction of newrogenic inflammation

Neurogenic intlammation induced by electrical
nerve stimulation as follows: the rats were anaesthetized
with sodium thiopentone (50 mg,/kg 1p.). The lett juguiar
vein was cannulated. and a T-tracheal tbe connected 10 a
small animal respirator (KUTESZ. Budapest. Hungary)
was inserted for artificial respiration as described (Pintér et
al.. 1997). The sciatic nerves were exposed and cut in the
and the surtounding skin flaps were fiaed o metad

way

ting 10 make a pool filled with liguid parattin. The periph
eral stumps of the nerves were placed on pairs of platinum
hook electrodes and stimulated with C-tibre ~trength (20
996

V. 0.5 ms, 5 Hz. 5 min). (Pintér and Szolesinyi.
Szolesdnyi et al.. 1998a). Guanethidine (3 mg,’

way gi befo

! & before nerve

excita-
1997). Pipecuronium bromide (200
was injected 10 block neuromuscular trans-
mission. Stimulation of the right sctatic nerve was fol-

vaseular effects of concomitant sympathetic nere
ton (Pintér et al..
we/ke. iv)

Euvopeun Jourmal ot Py ooy 36 101 S5

Towed I <timulation of the left one for vice versa) with

L blue dye V56 m 3w miven S

n aiter
ated 20 min

seute denervation. The aminils were exsa
er the second seiatic nerve stmulation

ayuin

a The cutaneous
areas supplicd by the ~ciatic nerve (plantar and lateral
skin of the hindpaw) were cut out. The dye content
ples was extracted w

dor
o
72 b at room temperature for photometric determination at
620 nm (Spectromom 195, MOM. Budapest. Hung:
Evans biue accumulation was expressed as g dye ‘2 wet
Cas described (Pinter and Szolesinyi. 199%;
19083 1)

e <

)

tissue we
Srolesinyi et al

25 Prtownd b b

T wddition 1o the instrumentation descrived above {Sec-
tion 2.4), 4 polyethylene cannula was inserted into the
right carotid artery to collect blood. Bilateral sciatic nerve
stimulation was performed (20 V. 0.5 ms. 5 Hz. 3 min) 2
min preceding blood sampling for plasma somatostatin
ent. For control. samples were also taken from
fats whose sciatic merves were cut but not stimulated.
These experiments were carried out with animals that had
been fasted for a 12-h period

measuren

26, Determination of plasma somatostatin, insulin and
blood glucose concentrations

Arterial blood samples (3 ml/rat) were taken into
ivewold twbes contining EDTA (0 mg) and Trasylol
GO0 TU)Y 2 min - atter discontinuation of the stimulation.
The sumples were then centrifuged at 4°C (2000 rpm. for
10 min). the somatostatin content of | ml plasma was
extructed by addition of 3 vol. of absolute alcohol. After
precipitation and « second centrifugation with the same
parameters. the supernatants were aspirated off then evapo-
rated under nitrogen. Plasma somatostatin immunoreactiv-
ity was determined by radiommunoassay (RIA)
cnibed {Nen .t
Plasma insulin fevels were measured by RIA,
clucose with the glucose  oxidase-peroxidase
method. OF course. plasma insulin and blood glucose
levels were also measured in animals without nerve stimu-
1on

and hlood

levels.

fuction < clocits

Left femoral nerve conduction velocity was determined
in subgroups of normal (Group 1) and diabetic animals
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(Group 2 and 31 In thiopentone-anaesthetized animals
(Section 2.3). the nerve was prepared. cleaned of fat and
adhering connective tissue and tains of square-wave cor

stant voltage stimuli were applied through a pair of plat-
inum electrodes placed as high as possible. The intensity
frequeney and number of sumuli varied bt the pulse
widih (300 pus) wass kept consiant. Another pair of ele
trodes was applied approximately 2 cm distal 1o the stim
Tating electrodes for recording the summation action poken-
tials evoked by the proximal stimulation. The time 1
between stimulation and the appearance of correspondin
SA™ and “CT waves were determined, reflecting activa-
tion of populations of A- and C-iibres. respectively. Aver-
age conduction velocity (m,/s) was caleulaed by dividing
the distance between the stimulating and receiving elec
trodes by the interval between the end of the stimulatory
impulses (20 stimuli) and the appearance of the corre-
sponding "A™ and “°C™ signals (Janig and Lisney. 1989).

2.8, Drugs and solutions

Sodium thivpentone (Trapanai) was purchased from
Byk Guiden (Konstanz. Germany). strepiozotocin (7ano-
sar) from Upjohn (Kalamazoo. USA). guanethidine. so-
matostatin-14.  [Tyr' somatostatin-14  from  Sigma (St
Louis. USA). pipecuronium bromide (Arduan). trasylol
(Gordox) from Richter (Budapest. Hungary). EDTA. to
mamide. Evans blue dye from Reanal (Budapest. Hungary),
insulin’ RIA kit from Tzinta (Budapest. Hungary). =
labelled somatostatin RIA tracer was prepared in our labo-
ratory.

2.9, Statistical analvsis

The data are expressed as means + standard error of
means (S.E.M.). Plasma extravasation values were evalu-
ated with a non-parametric Mann-Whitney test. plasma
somatostatin, insuiin, blood glucose concemtrations and
sciatic nerve conduction velocity values were analyzed

of Phiarmacolies 356 119990 S 888 55

‘B

iterent from Group 141 < NS and P 010

with Student’s
considered siz

trest for anpaired

ificant at P < 0.05

3. Results

3.0 Etpects of
tucose and plasma i

diabetes on bodv weight, jasting blood

The control (Group 1) animals grew steadily over the

cek experimental period with an averag
of T2z 48

e weight gain
and Group 3

. whereas animals in Group 2
had & weight loss of 6.3 = L1 and 107 =

24 2. respec-
tively

upl Group2 Growp 3
Yo 2 Plama extrasanstion evoked 1 the skin ot the fundpa by o

Atravasation pro

Voked by th ) simulaion. hatched bars <how values

20 ~tmulation on the other side

e o the The data are expressed av

mens ohamed with s anmals n cach sroup. Errar bars are S M

mficant ditterence between It and 2nd imuly

S and a7 P <001

on values within

soups at P othersise as mdcated
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Fasting ood 2 ware B0 2 03 Grvap 1
236+ 31 (Group 2 P <001, and 183 = 3.2 mmal, |
(Group 3. 7~ 0011 Plasma insulin concentrations were
significantly decicased fiom 10,3 = 27 Group ik w0 15

PSP IS nd 18209 WU 4 Group

3.2 Nerre conduction <elocuy test: esdence tor the pres-

ence of diaberte newropathy

Fi
conduction velocity in fast conducting myelinated (A-fibres
n Fig. LA) and slow conducting unmy elinated (C-fibres in
Fig. 1B) fibres. AUa stimulation intensity suprathreshold
for A= (0.5 V.5 Hz or C- (3 V. 5 Ha) fibres. conduction
velocity decreased progressively with the duration of the
pre-cxisting diabetic state

shows the diabetes-induced decrease i

3.3 Effect of diabetes on cutancous neurogenic inflamma-

dion and the sesiemis

antidromic sciatic nerce stimulation

The distal swump of the right sciatic nerve was stimu-
lated with C-tibre strength (1500 pulses). for 5 min fol-
lowed by the same stimulation on the contralateral side.
Evans blue accumulation in the skin of both hindpaws was
then determined. In Group L the primary newrogenic
inflammation resulted in 527 = 3.1% inhibition of the
secondary neurogenic cutaneous plasma extravasation of
the contralateral hindleg (P < 0.01). Diabetes was found to
produce ““per se” an inhibitary effect on the primary
inflammatory response characterized by a significant de-
erease in plasma extravasation as compared 10 that seen in

PLASMA SOMATOSTATIN (o

Growpt Group?  Group 3

ema

Fig. 3. Plavma somatoatn levels i normal and diabetic rats. Giroup |
non-diabetie contrul: Group 2 d-week. and Group 3 S-week diahenc
s Blank columns represent haseline kesels. hatched columns represe:

pertod of diiateral serane nerve sumutanon
(20 V.05 i S He S i The data are expressed o means obtained

with SIx ammaly i cach group. Error bars e SEM. Sigmificant
ditference etwsen b o gotimalsion sies i wroups at

B Groups = and S the plasie evimnasation
produced by the IsCand 2nd sumalations did ot diiter

from cach other (Fig, 2)

S Etteers of diaberes mellins on

o deced of plasing

SOOI — s

respinse o medter

Bilateral sciatic nerve stimultion elicied an approx:
mately d-fold merease entr.
tion in Group | animaks. Baseline plasma somatostatin
ither 4

in plasma somatostatin ¢

levels were sienificantty inereased hy diabetes of
weeks (Group 2) or 8 weeks (Group 2) durstion. However.,
bifateral nerve stimulation

ed 10 inerease the plasiia
. 3)

somatostatin level in Groups 2 and 3 (F;

4. Discussion

Ihe results confirmed previous tindings that e plasina

level increases i cient experimen-
tal diabetes (Fischer et al.. 1998: Nemeth et al.. 1999) and
that streptozotocin diabetes autenuates the primary neuro-
genic inflammatory response characterized by
travasation in- streptozotocin diabetic rats (Gamse and
Jancso. 1985: Gyorti et al.. 1996). The results also show
that sensory nerve stimulation results i a dramatic in-
crease in plasma somatostatin levels with the development
of @ systemic anti-inflammatory effect indicated by signifi
cant alleviation of plasma extravasation in response to a
standardized inflammatory challenge in otherwise healthy
rats (Szolesinyi et al.. 1998a.h). The lack of a difference
between amplitudes of plasma extravasation i response to
repetitive inflammatory insults in insulin-deticient experi-
mental diabetes i the major original findin
work i.e.. the in

jasma ex-

present

lammatory precondiioning phenomenon
is lost in diabetes.
d ras exhibited

feawres of Type | Ginsulin-dependent) diabetes in that they
failed 10 2ain weight. suffered from hyperglycaemia. and
on direct: determination of fasting plasma sl levels
showed @ substantial insulin deficiency. Morcover. the
old standard for verify-

1006 Campron anid

i99n ) contirmed that e dranenc

nerve conduction velocity test, the
ing diabetic neuropathy (1 ove ot a1
Cotter. 1997 Kato et ai
animals sutfered from a superimposing sensory neuropa-

According 10 the report of the San Antonio Conference
(1988). *“diabetic neuropathy is 4 descriptive term meaning
a demonsirable disorder. either clinically evident or sub-
clinical. that oceurs in the setiing of diabetes mellitus
without other causes for peripheral neuropathy ™
experimental approach. streptozotocin-induced diabetes has
been extensively used to study the pathogenesis of diabetic
neuropathy. in this model. neuropathy. similar o that seen

As an
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in the Type | diabetes typically involves detrimental

changes in autonomiic. sensory and motor terves (Svediono

etal. S0, Kuto et . B As s
the pathormechianisgs of setsory neuropathy wsoisted witi
Type I diabetes is concerned. a defective axonal transport

including that nt sensory neuropeptdes s hehieved ta he 1

<how that the nrlammizor: precon,

betes. As indicated
plasma extravasation
 trlammatory episode
cantly decreased i didhetic animals and this

s b bivhed by sireptozcn

oy the resuits presented m iy

rry neurogen

produced
was signi

¥ the pri

critical nitiating factor in devenerative distal
Jeading to severe microcirculatory changes in both diabetic
patients and experimental animals (Ralevie et 4l 1003

1ano. 1997: Beanett et al..

see for review, Fedele and G
1998)

nerves is Kiwwis to be underan by the ability of ihese

s e fonal cficcton function uf pesipive

nerves to s ropeptides in response to various
stimuli (see for reviews Brain. 1996: Szolesdnyi. 1996, it
is not surprising that streptozotocin disbet
acterized by a deticient sensory neuropeptide content / re-
lease has a profound influence on newrogenic inflummi-
tion. Depletion of CGRP and substance P content has been
shown 1o occur in sensory merves of streprozotocin-di-
abetic rats (Diemel et al.. 1992). and direct measurement
of CGRP. substance P and somatostatin released in re-
sponse 0w highly stundundized challenge evideneed o
parallel atenuation of the release of these semsory neu-
ropeptides from isolated trachea of the ra with 4 pre-exist-

L state chi-

Beyond its local effe somatostatin’ has
recently been shown to underlic a systemic anti-inflamma-
tory effect associated with neurogenic inflammation
(Szolesdnyi et al.. 1998a.b). This means that a preceding
neurogenic intflammatory episode significantly decreases
the intensity of a subsequent one induced by either electri-
cal stimulation or counter-irritants even at remote sites. It
has also been proven that the protective effect is mediated
by circulating somatostatin predominantly of sensory neu-
ral origin (Szolesinyi et al. 1998a.b). The phenomenon
resembles that of preconditioning. a term originally coined
by Murry et al. (1936) for the dramatically increased
tolerance of the myocardium 10 4 normally lethal is-
chaemic injury achieved by an initial brief exposure to
ischaemia. Later. Kloner's group has shown that transient
ischaemia of the gastrocnemius muscle combined with

electrical simulation significantly decreased infaret size
due to prolonged coronary artery occlusion in rabbits
(Bimbaum et al.. 1997). Moreover. Ferdinandy et al
(1997a) elegantly demonstrated tha the preconditioning
phenomenon depended on the functional integrity of cap-
Saicin-sensitive sensory nerve fibres. Therefare. we think

that, analogous to the ischaemic preconditioning phe-
nomenon. the ability of a preceding neurogemic inflamma-

ding one <an be

the intemsity of @

termed inflammators precondiioning. Myocardial precon
ditioning. however. seems to be a healthy-heart phe-
nomenon since both hyperlipidaemia and streptozotocin
diahetes block the phenomenon (Szibvassy et al., 1995,
Tosaki et al. 1996 Ferdinandy et al. 1997h: see for
review Ferdinandy et al. 1998) The present resuls also

Simulation_protocol .mp!m faled 1o further increase

his is consis-

phenomenon.
LW e Concept i 1t i netral son

ammatory precon

osatn Whieh 1

of crucia iy

e in

i,

piive aicchanisui, aesentlicien. an

netabolic origin can also

crease in plasma somatostatin of 7
mediate an anti-inflammatory effect

In summary. streptozotocin-induced diabetes s referred
10 as a condiion which renders the orzanism relutively
resistant 1o interventions that provoke neurogenic inflam-

mation. On the uther hand. possibly due 0

neural somatostatin. release_ mechanism. insulin-defic
digbetes blocks the inflammatory preconditioning phe-
nomenon in rats
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nflammatory response and decreased sensory neuropeptide
release in streptozotocin-induced diabetic rats
1. Nemeth, M. Than, B. Peitl, G. Oroszi, J. Szolesanyi and Z. Szilvassy
Department of Pharmacology and Pharmacotherapy, University of Pees, P.O.Box 99, H-7601 P,
Hui

Impaired an

&

Neuropepides (calcitonin: penc-related peptide (CGRP) and substance I (SP)) released from capsaicin-

sensitive sensory nerve endings clicit neurogenic mtlammation. 1t has also been shown that somatostatin

nflammatory effect

(SOM) is rels

(Szolesanyi ctal. 1998a.b). In the present work we studied the influence of streptozotocin-induced diabetes on

sed from this group of sensory nerve endings and induces a syt

the systemic anti-inflammatory action in rats in vivo and on the neuropeptide release from isolated rat

tracheas in vitro. In anacsthetized rats (sodium thiopentone, 50 mg kg'. ip.) after guancthiding and

Hz. for 5 min) of

plasma induced by (20 V, 0.5 ms.
the peripheral stump of the sciatic nerve is inhibited by identical nerve stimulation performed on the
contralateral Jeg 3 min carlicr. Plasma extravasation in the skin of the hindpaws was quantificd by using the
Evans-blue method and SOM plasma levels were measured by radioimmunoassay (RIA). For the in vitro
experiments the tracheas of the anacsthetized and exsanguinated rats were removed. Tracheas of two rats
were clectrically stimulated (40 V. 0.1 ms. 10 Hz for 120 s) and concentrations of SP. CGRP and SOM in the
organ fluid were determined by RIA. Data are expressed as means + S.E.M. (n=6). All experiments were in
agreement with the rules of the Ethics Commitec on Animal Rescarch of the University. Results show that (i)
plasma extravasation duc to the sccond stimulation was decreased by 52.743.1 % (1’<0.01) in control
animals, but was inhibited only by 29.742.2 and 18.1%1.5 % in 4- or 8-week diabetic rats, respectively.

timulation increased plasma SOM levels

compared to values of the first excitation: (i1) bilateral sciatic nen
from 6.4+0.3. 11.741 4 and 16 83 8 t0 28 3+2.9 (P<0.01). 17.943 7 and 25 1£1.7 pmol I' in normal and in
4- or 8-week diabetic rats, respectively, indicating that although there is a progressive increase in basal SOM
level in diabetic rats. the effect of nerve stimulation is diminished. SOM. CGRP and SP release from tracheas
obtained from 4-week diabetic rats cvoked by ficld stimulation was smaller than that of the controls.

respective values being 0.3140.09, 0.41+0.14, 3142044 and 0.5140.03. 0.69+0.12. 5963038 fimol mg™

from an identical bascline of 0.180.03, 0,17+0.03, 1.77+0.09 finol mg". It is concluded. that in diabetes (i)

reduced liberation of pro-inflammatory neuropeptides may account for reduction of the primary neurogenic

inflammation and (ii) there is also a decreased sensory SOM release which may e responsible for attenuation

of the systemic anti-inflammatory effeet
This work was supported by OTKA T-029428. ETT T-04032/99 and the Hungarian Academy of Sciences.
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A*NTI—INFLAMMATORY EFFECT INDUCED BY TT-232, A
NOVEL HEPTAPEPTIDE SOMATOSTATIN ANALOG

1. Szolesdnyi, E. Pintér, Zs. Helyes, | Németh, G. Oroszi, M
Than and Gy Kéri* Dept Pharmacol Medical School of Péc
H-7643 Pécs. P.O.B. 99, st Dept. Biochem. Semmelweis Univ.
of Medicine, H-1043 Budapest, Puskin u. 3. Hungary*

‘We have shown carlier that somatostatin {SUM) released trom
the activated capsaicin-sensitive sensory nerve endings mediates

inflammatory action. The aim of the present
tivate in ats the anti-inflammatony effect +
which possesses no endocrine
activity. Neurogenic plasma extravasation evoked by 1%
mustard oii in the paw skin was mmnueu by TT-2
administered Lp.iv. (1-40 g k) or 5010320 g kg) in 4
ose dependent manner I effect lated for 6h and subacut
wreatment reduced also the Freund adjuvant-induced arthritis
Reference drugs, diclofenac and meloxicam did not reduce
neurogenic inflammation but all three of them dose-dependently
diminished non-neurogenic dextran (5 %) -oedema of the paw.
TT-232 (500 nM) inhibited SP, CGRP and SOM release from
the rat isolated trachea by 36%,38%,42% when clectrical field
stimulation was applied and by 79%.24%74% when the
peptides were released by capsaicin (107 M), respectively. Since
neurogenic componeat of different inflammatory diseases is not
affected by current therapy, it is concluded, that TT-232 is a
promising compound with a novel site of action for inhibition
inflammation. Supported by OTKA T-029428.

- T —-—"

SOMATOSTATIN ~ MEDIATED  SYSTEMIC  ANTI-
INFLAMMATORY EFFECT INDUCED BY ANTIDROMIC
'VAGAL AND SCIATIC NERVE STIMULATION

Thin M, Németh J, Helyes Zs, Szilvssy Z, Pintér E
Szolcsinyi J. Dept. of Pharmacology, Medical School of Pécs,
H-7643 Pécs, P.O Box 99, Hungary

1t has been established that beyond evoking a local neurogenic
inflammation, activation of capsaicin- sensitive primary afferents
licts syste effect mediated by
(SOM). In the present work we analysed this adaptive response
evoked by activation of interoceptive nerve terminals in rats and
guinea-pigs. Bilateral antidromic electrical stimulation of the
sensory vagal fibres (20 V, 0.5 ms, 8 Hz, 20 min) inhibited the
secondary neurogenic inflammation by 36.45% in rats. The vagal
excitation (20 V, 0.5 ms, 5 Hz, 5 min) increased plasma SOM
level (in fimol/mi) from 7.88+1.56 to 30.5£1.65 in rats and from
7.93£1.87 to 26.26+3.15 in guinea pigs. Plasma SOM increase
was prevented by systemic capsaicin (1%) pretreatment. Since
abdominal vagotomy did not diminish SOM elevation,
importance of gastrointestinal SOM can be excluded. Antidromic
stimulation of one sciatic nerve (30 V, 0.5 ms, 20 Hz, 20 min)
inhibited the secondary inflammation by 45.03% in guinca-pigs,
and elevated plasma SOM level 3.5 fold to 26 984279, which
was also prevented by capsaicin pretreatment. These data present
further evidence to prove that circulating SOM with systemic
action derives from cap: sensory
neurones in rats and in guinea-pigs. This work was supported by
the Hungarian Academy of Sciences, OTKA T-029428

Abstracts | Regulatory Peptides 80 (1999) 107-154 137

SOMATOSTATIN AND EPILEPSY

A. Vezzani. Dept. of Newoscience, Istituto di Ricerche
Farmacologiche “Mario Negri”, Via Eritrea 62, 20157 Milano,
ltaly

Evidence in human tissue and in experimental models of
epilepsy suggests that somatostatin (SKIF) in CNS s invoived
in seizure phenomena. Thus. SRIF<containing neurons
degenerate after status epilepticus in rats at 2 different extent
depending on the severity and duration of seizures while they
higher SRIF mRNA levels and  increased

epileptogenesis (Schwarzer et al 1996 Brain Res Rev 22: 7
These changes are associated with lasting medifications in
peptide release from hippocampal and eatorhinal cortex slices.
SRIFI and SRIF2 receptors in the hippocampus undergo
distinet changes after status epilepticus and in kindling. Thus.
ssts binding sites are selectively decreased in kindling while sst;
and ssty receptors are reduced after keinic acid. Pharmacological
studies indicate that SRIF exerts an inhibitory control on limbic
, intracerebral application of sst; receptor
agonists protect rats from acute and chronic seizure
ibili v kainic acid. Inactivation of
endogenous SRIF by a specific ant delays kindling rate.
us, SRIF-mediated neurotransmission in the limbic system is
modified by seizures and this nenide has horh anficanvilsive
and antiepileptogenic propertics.
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s ANOVEL HEB e

TINDUCED 8Y T

PHARMACOLOGICAL ANALYSIS OF THE ANTEINFLAMMATORY EFFE
SOMATOSTATIN \\ ALOG

h. G Orosis, M a1 Szoles
siogy and Pharmacitherpy Famerans Mot Schooi f Pox
ny i Umierens of Mecteme. 11045 Budapea Pukon s

POB 39 iluwars

Cmgans

Our previous resuls ha  novel heptapeptide somatostatin analos, TT-232. which endocrine effiect encits
pokent aati- mlhn.mwmr\ action. m aum of the present study was to test the dosc-related actnay of this agert afer 1p v and s <
admiistration in asae Exans blos accumalation) cveked by 1 % nwstard ol m the pa skin

bt by 25 Jdmxms(crcd p 1135 510,20, 30 wg kg ) or s (10, 20. 40 8. 160

rcowssenases obibor meloxicam did ot educe neutogeme slammation but all e of them dose-dependentls diminished non-
mumm.w.\m.ns ) -ocdema of the paw TT-232 (2x 300 ug ke " 5 &) significandly attenuated Freund aduusantmduced aithnis over

of 18 days. Ocdema of the paws and knee Jonts was measured by plethysmometry 2 (500 nM) also mbibited substance P.
aletonin sene-ralted peptice and somatostatn elease from the fa isolaed trachea by 36. 45, 42 % when slecineal feld sumuiaion (40
V.0.Lims. 10 e, 1205 wasapplied snd by 70 24 73 % when the peptdes e relcased b espssen 10 M. pespestly 1352
o nnce the basa peuce relcase Since neurogenie component of differcat inflammator s are not aifocted by NSAID. # 35
omeiudog hat TT-352 s promssmg compound wit a novel e of acon fo 1hbion of nerogenis and non-heurogem tnlammation
s work s supporil b he Hangarian Academ of Seiences. OTKA T-016045 and FIT:

NEUROPEPTIDE MECHANISMS IN ALLERGY

P. Geppetli. S. Amadesi, M. Hatjinikilas. *FLM Ricciardolo. C. Maoo. D. Miotto, L M. Fabbri **C_Bertrand
Dept of Exp. Clin Med_ Univ. of Ferrara, Ferrara, and Univ. of Padua “Inst. of Respir. Dis. Univ. of Catania, Catania.
Haly, **Inflammatory Unit, Roche Bioscience, Palc Alto

Inflammatory components of the allergy response are multiple. Histamine, leukotrienes and other mediators play 2
role. However, the discovery of non peptide antagonists for tachykinin receptors has ciarified that also the tachykinin
substance P (SP) and neurokinin A (NKA) contribute. This is pa chzrly evident in the airways where plasma
extravasation and bronchocenstriction that follows exposure to antigen of sensitized animals is markedly reduced by
NK, and NK; receptor antagonists. The release of SP and NKA Trom sensory nerves during the ainway anaphylactic
response seems to be mediated by the formation of Kinins that stimulate excitatory B: recepiors on sensory nerve
terminals. Additional evidence has shown that selective or dual NK, and NK; antagonists reduce hyperresponsiveness
eosinophil accumulation and cuugh induced by exposure to antigen | Im'nunomslocl‘emwstry ‘shows that both NK; and
NK; recepiors k endothelial and smor
muscle cells. NK, and NK, receptor activat  tachyk

r pres

vas:
T contracts isolated human bronchi. Howover, 1 15 ot Known
and tachykinins receptors play a role in allergic asthma and in other allergic human diseases.

The study was funced by Azienda Ospdaliera Sant/Anna, Ferrara

[s15.4]
CGRP, CGRP RA AND CGRP, RECEPTOR mRNA IN TUE HU LE s
MIGR

L Edvinsion
Department of Ineral Mediine,

sniversity Hospial Lund, Sweden

bunng atacks of pamary hescahes (migrane, custer headach) and in sukarschod

hemorthage with vasospasm caicitonin gene-related peptide
it for the effects of CGRP

ral vessels, the v/h:r Jo module sensry e sty Ve have examined the lociisaion of CGRE i

3nd of CGRP mRNA with in site pCB 1

e i) newones accurad i ligh mumbers (50-40 5 of ll atonal <) in ach seon and disibutcd

Nomogencously throughout the trigemural ganglion. Double imimunostaining revealed the co-vistence of CGRP- and nitric oxide syntheses (NOS)-r
R . Ol fon scateed CGRP es nere e i sercrl . The o wrgémin ion

cells showed expression of CGRP mRNA by hybrdisation

PCR products of the expected size (339 bp) revealed the presence of mRNA for the human CGRP, receptor in trigemiral ganglia and in cercbral

s, Ths produc v s ko i sl wilhoutendothlum and e s, Resiicion mppin and seqencearlysis of the PCR pradt

ol an CGRP, rect

Thus. we have demonstraled the presence of the CGRP, receptor m e cof

both prejunctional (tigeminal) and postjunctional location (biood el o e CORP receptors. The release of CGRP in head-ache Py

thus involve two separate sites of action.
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MECHANISM OF THE INHIBITORY EFFECT INDUCED BY TT-232 AND
ANANDAMIDE ON SENSORY NEUROPEPTIDE RELEASE

HELYES, 7S, THAN, M., NEME L )., OROSZL, G., PINTER, E., * KERL GY
SZOLCSANYI. J

Dept. of Pharmacology and Pharmacotherapy. Medical Faculty. University of Pées.

*[* Dept. of Biochemistry, Semmelweis University of Medicine, Budapest, Hungary

Chemical or clectrical stimulation of the capsaicin-sensitive afferent nerve terminals results

not only in pain sensation but a release of sensory neuropeptides. Calcitonin gene-related

peptide (CGRP) is r sible for vasodilatation and substance P (SP) for plasma protein

extravasation in the innervated areas, furthermore somatostatin (SOM) exerts systemic anti-

inflammatory effect. TT-232 is a stable and selective heptapeptide SOM analog with strong
tyrosine kinase inhibitory action. which has been proved to have anti-inflammatory and
anti-nociceptive activity in rats in vivo. Anandamide is an analgetic CB, cannabinoid
receptor antagonist and since it is structurally related to capsaicin, it may have interaction
with vanilloid receptors too. The aim of the present study was to investigate the effect of
TT-232 and anandamide on SP, CGRP and SOM release measured with RIA from isolated

rat tracheae and to examine their mechanism of action using the G-protein blocker pertussis

toxin (PTX) and the tyrosine kinase inhibitor genistein. TT-232 (200 and 500 nM) dose-
dependently inhibited the release of the peptides induced both by capsaicin (107 M) and
electrical stimulation (10 Hz, 120 s) and this inhibition was prevented by 100 ng/ml PTX.
Genistein (50 uM) and PTX by itself did not influence electrically-induced peptide release.

Anandamide (10™ M) decreased the basal release and this action was also abolished by

PTX. Therefore, the cffect of both agents is mediated via G-protein coupied recepiors.
Since TT-232 is free of endocrine actions, participation of SOM 1 and/or 4 receptor
subtype in peptide release inhibition is suggested. As genistein was ineffective, the tyrosine
kinease inhibitory mechanism is unlikely in these studies. Anandamide in the present case
is supposed to act on CBI receptors and not directly on ion channels.

Supported by OTKA T-029428. ETT-372/96. ETT-T04 032/99 and MTA.
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LOCAT AND SYSTIAIC FFFFCT OF SCIVTIC NFRAT
STIMULATION ON CUTANEOUS NEUTROPiI
ACCUMULATION IN THE RAT HINDPAW

M. Than, . Pinter, > D sram®, s
Dept. Pharinacol PTE, Péc.,
*Dept. Phiarmacol KCL. Guv's

Earlier data documented that stimulation of the sciatic nerve in-
duces vasodilatation and plasma protem extravasation m the skin
of the rat hindpaw. Our former siudies provided evidence that
somatostatin released by sciatic nerve sumulaton eiicits systemie
ihibrtory action on plasma extravasation | he aum of the present
study was to investigate the effect of nerve stmulation on leuko-
'cumuhlmn i \p:xh\:unl hmdpau and s ihibrory acon
d

uirophil ac

contalateral hindpa. Experiments were carried ot on anics.
thetised rats after guanethidine and pipecuronium pretreatment

The peripheral stump the nerve was stmulated m\h 20V. 05
ms. 0.35-10Hz, 1-5h 100wl | &)
the contralateral hindpaw Adier Sh- accumulation pmaa the
number of accumulated neutrophils was determined by pho-
tomatric measurement of mye i of he
ples. Nerve sumulation failed to mduce siz

cumaion however caused 0% inhibilon of carrageenin.
induced neutrophil accumuation in the contralateral hindpaw. /1
conclusion: Endogenous SP cannot act on their own 1o mediate
neutrophil accumulation. We suppose that the syste:
tory action of nerve stmulation s due 1o the reiease of neural
somatossatin. Supported by OTK.A T-0323

an

peroxidase ¢

PRL is iavolved

PR ACONINTS O SRR e ney e
FROV PRIVEARY SENSORY NG RONS
photfs L Trevisani. N Asmadesi, |

NW Bunnen. P, Gepoeti, Dent. of Lxn, &
R R

N VA SN

Protemue activated receptor2 PAR-2) belongs 1o

f G protein coupled receptors activated by proteases. PAR-2 is

activated by rvpsin and trplase and by the rethered Figand

tocalized PAR-2 on primary

GRL-NI W
by immunocy tockemisiny. A large proportion o the acurons
rown i enlture and taken from dorsal oot meeminal nd
anglia that responded (Ca*” mabilizations 10 sapsicin
resporded o 10 PAR-D it i plase
SLIGRL-NTE, but not the e LRGILS-A Caned
case of substance ISP and caleitonin
CCORPY imimnoreactivii

Trypin.

werse

m <lices of rai dorsal

SPand CGRP welease
al

s branchi

and guineapig Rt
abolished by capsaicin-

e v

s (i in ,muun abital anaesthetized

uine

onciuanstivtor respotise diat Was seduvend by « combitii
of the tchykinin NK; (SR 140333) and NKa (SR 48008
anagonists, Thus, PAR-D is prosent in capsaicin-sensitive
primary sensory neurans where it promotes. mobilization of
intracellular Ca™* and release of newrapepiides. SP and CGRP
may results in newrogenic inflammatory
¢ bronchoconstriction.

release responses.

OXYTOCIN WITHIN THE SUPRAOPTIC (SON). Bl hwm

’ BITS
LOCAL WD Ru’m K\l Vi \sUPRls Nk L
oschi. L. Tomner. LD. Neumann, Max Planck (i uuu of
Puschiatry, 8804 Munich, Germany

i

I response to various stressors. oxytoein (OXT) s released into
blood as well as within the rat SON and PVN independent of
sender. [n contrast, stress-induced release of vasopressin (AVP)
occurs. intrahypothalamically. while ity release into blood is
unchanged. So far. the mechanisms involved in this robust
inhibition are unknown. Here. the role of intra-SON and intr

PVN OXT in the regulation of local and peripheral AVP reease
was studied using an OXT receptor antagonist (OXT-A) applied
hilaterally into the SON or the PVN of male rats via reversed
microdialysis (10 pwml. 3.3 pUmin). The basal and stres

induced TIPA axis activity was also moritored. OXT-A in the
SON increased local relesse of \VI' under basal conditons

IS0 ineresse: pr0.0%) as i response to forced
swimming (1'5: 00 3 .nmclc 26-told. OX1-A: 14.7-
fokd increase: p<0.01). In addition, basal AVP release into blood
was disinhibited (2.8-fokd increase; p<0.03). but renmined
unchanged atter FS. In contrast. OXT-A in the PYN did not
affect local or peripheral release of AVP under basal or stress
conditions. Confirming previous results, OXT-A in the PYN
increased basal ACTH secretion. Further, the stress-induced
increase in ACTH secretion was reduced by OXT-A in the PVN
(vehicle: 8.61-fold. OXT-A: 4.63-fold increase: p<0.01). OXT-
A in the SON had no effect on ACTH secretion. Thu
depending on the site of its intracerebral release. OXT exerts
inhibitory effeets on local and peripheral AVP release and
regulates HPA axis activity. Supported by DFG and Conacyt.
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SUBSTANCE P RADIOIMMUNOASSAY FOR QUANTITATIVE
CHARACTERIZATION OF SENSORY NEUROTRANSMITTER
RELEASE

NEMETH, J OROSZL G THAN. M. HELYES, ZS. Pivtir, ..
FArK s B and Sz0rcsasye |

Department of Pharmacology and Pharmacotherapy . Med
P.O.Box 99. H-7601 Pécs. Hungary

'Department of Dermatology. University Medical School of Pecs.

10O Bax 90, H-T061 P

cal University of Pécs.

Summarv: In the vresent work we renart the develonment af 4 new eadicimmin,
method for measuring the substanc
response to electrical or
amount of substance P released by el

P content liberated from isolated rat tracheae i

b stimulation. The

siniferatoxin. pipe
trical stimulation has been found to be dependent
on the number of pulses and chemically elicited substance P release also proved to be
dose-dependent. Our findings reinforce previous data that resiniferatoxin is approximately
100 times more potent than capsaicin and the potency ratio between piperine and capsaicin
is 150

Key words: substance P. radioimmunoassay. clectsi
resiniferatoxin. piperine

| field stimulation. capsaicin.

INTRODUCTION

Substance P (SP). an |1-amine acid basic peptide was first isolated from
bavine hypothalamus (Chang and Leeman, 1970) almost th
Bevond its neurotransmitter and/or neuromodulator role in the central nervous
system its presence and phy siological function have been

decades age

Correspondence should be addressed to:
Dr.J. Neémeth

Department of Pharma
P.0O. Box 99, H-7601 Pécs. Hu

1218-8068,99 8 34000 1999 Akadomiar Knido



trated in the pancreas, the

r 198, More recenth.

and the shin (MeGre,

thermore, i heafthy s ond heating b hoen reciving increni

diseraes such as psoriasis ar

7). Local re
ed peptide (CGRP) from peripheral teminals of capsaicin-sensitive
alferent
(Holzer. 1988: Maggi. 1993: Szolesinyi. 1996). In the ainvays. due to its
potent spasmogenic and pro-inflammatory property. SP has been implicated
ina variety of pathological conditions in particular bronchial asthima (Krishna
et al. 1998: Yamawaki et al. 1993). Regarding the rapidly expanding
spectrum of disease processes in which participation of SP is”increasingly
recognised. the exact and reliable assessment of the peptide in various
samples is demanding. Accordingly. the present work is devoted to describe a
Fecentiy Geveioped SensIUNG FIIOIMUNcassay (KIA) meuoa woien s
capable of measuring the SP content liberated in response to electrical or
chemical challenge and clarifying the mechanism of release from isolated rat

\Braim. 19

case o SP along with other tachy hinins wind calcitonin

gene-rel

neurons underlies the main part of neurogenic inflammation

tracheae.

METHODS AND MATERIALS

Description of SPRIA: Antiserum: "L83". a generous gift from Prof. G.J.
Dockray (University of Liverpool. UK) was raised in a rabbit immunised with
synthetic SP conjugated to bovine serum albumin (BSA) by glutaraidehyde
(Vaillant et al.. 1982). Tracer: '“I-SP labelled with Bolton and Hunter reagent
from Amersham. Standard: synthetic SP was used as RIA standard rangi
from 0 to 1000 fmol/ml. Buffer: the assay was prepared in 1 ml 0.0 mob!
(pH 7.4) phosphate butter containing 0.1 mol/l NaCl. 0.25% (w/v) BSA and
0.05% (wi) NaNs. Assay procedure: 100 ul antiserum (working dilution
1:45.000). 100 Wl RIA tracer (5000 cpm/tube) and 100 ul SP standard or
unknown sample were measured into polypropylene RIA tubes (Merck) with
assay buffer. After 48-72 h of incubation at 4 °C. the antibody-bound labelled
peptide was separated {rom the free one by addition of’ 100wl separating
charcoal. | g destran. 0.2 g commercial fat free mitk powder in

3000

solution (10

TO0 mi distified water)
and measurement of radivactivity. SP concentrations of the unknown samples
were read from a calibration curve




Substance P radiolmmiunoassas i Sensor neurotrn

ter release

SPrefease studv: Adult female Wistar rats weighing 220-.
anaesihietized wiile sodiam thiopentone (i60 muke ipo and exsansuinated
ie e

2 were

The whole tracheae were re

tissue. Tracheae of two a

adjusted (7.2 Kiebs \.»innwn wnwmng or \«1& [ER AR \.\ .(
KO 47 Ol 25 nhweoses 11 mmol ! in
three ,pmunn...nul >lmmm[ul

poststimulated) were collected consecutively. In the second eight-min period
electrical field stimulation (40 V. 0.1 m<1 (Szolesinyi and Bartho, 1982) with
various pulses (100. 00) or chemical excitation (eapsaicin 10710
resiniferatoxin 107~ 107 piperine 2107~ 5x10° mol 1) was performed to
clicit SP release. SP content of the collected samples was measured by means
of the newly developed RIA.

Materials: Synthetic SP. capsaicin (8-methyl-N-vanillyl-6-nonamide) and
resiniferatoxin were bought from Sigma (St Louis. USA1 NaCL NallCO..
KH:PO, MgSO,, KCI. CaCls. D-glucose. NaNs from Merek (Darmstadi.
Getiiany o N NaFFOs, enanol and Dween-du o from - Keanat
(Budapest. Hungary): charcoal (Norit A) and dextran FP70 from Serva
(Heidelberg, Germany): sodium thiopentone trom Byk (Konstanz, Germany ):
BSA and glutaraldehyde from BHD (Dorset. England): piperine from Fluka
(Buchs, Schwitzerland). Capsaicin was dissolved in a mixture of 10
ethanol. 10 % Tween-80 and 80% saline (v/v)

Statistical analvsis: Data are expressed as means=S.E M. Comparisons
were made by means of Student’s ttest for paired data. Changes were
considered significant at p<0.03

RESULTS AND DISCUSSION

The average Dz value obtained with the calibration curves of ten consecutive

assays was 36.323.5 finol/ml (Fig. 1). Intra-assay coefficient of variation was

+.3%. inter-assay mg! cient of variation was 9.6%. Detection limit of the

assay was 2 fimolitube. Directly iodinated I\r- P using lodogen method

(Salacinski et al. 1981) underwent structural modification. therefore

exclusively Bolton and Hunter reagent conjugated SP could bind to antiserum
“L83" and be emploved as a RIA tracer
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Substance I eadioimaminneon s o

Substance P (fmol/mg)

10°m 107m 10°m 107 M

colunns siow the coneentration of the pepude m the prestianulated. lack solumns o

of the pepiide 1 the stumulared d
stimulaied fractions, Dita are expressed as means=S A1 n-3 Conparieo
0.01

stimulated values (%) p

imulation at various frequencies ranging from 0.5 to 10

Electrical field
Hz was effective to release SP from sensory nerve endings of isolated rat
tracheac (Fig. 2). The amount of the peptide released is dependent on the
number of pulses (100 pulses: 1.43 fmol/mg. 1200 pulses 190 fmol/mg)

It has also been demonstrated that capsaicin. resiniferatoxin and piperine
evoked SP release in a dose-dependent mann
fimol/mg. 10" mal/l: 3.52 fmol/m
107 mal/l: 3.95 fmol/me: piperine 2x10° mol/l: 0.49 fmolr
250 fmol/mg) (Figs 3. 4.°5). Our findings are in accordance with previous

Szallasi and Blumberg, 1999) that all the

apsaicin 10 mol'l: 143
resiniferatoxin 107" mel’l: 1.08 fmo
0

observations (Szolesanyi 1983

three natwrally occurring pungent substances are capable of stimulating
capsaicin-sensitive afferents in a dose-dependent fashion. The orde
potency of the stimulants to elicit SP release is similar to that described in
terms of physiological responses (Szolesanyi and Janeso-Gabor 197

tthan

Patacchini etal.. 1990). Capsaicin is approximately 30 times more pote:
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resiniferatoxin is two order of magnitude more potent than

t reach its maximom ¢

)
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7
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 concentrations ranging from 10” 1
ted. black columns denote the
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peptide in the pres:
iched columns indicate the concentration of the peptide in

show the concentration of

entration of the peptide in the stimulated

the poststimulated fractions. Data are expressed a
S pen ot

3. Comparisons were made 1o the pre-

stmulated values () p<(

Based on the parameters described above and findings obtained with the
recently elaborated method in our laboratory. the RIA has proved to be a
sensitive. reliable and specific assay for determination of SP content liberated
from isolated rat tracheae. Beyond the above detailed application. the method
has also been found to be suitable for measuring the SP content of tissue

extracts and blood plasma
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SUBSTANCE P RADIOIMMUNOASSAY FOR QUANTITATIVE
CHARACTERIZATION OF SENSORY NEUROTRANSMITTER REL

N

TH, J. THAN, M, HELYES, 7S, OROSZL G, PINTER. E. and SZOLCSANY1)

Department of Pharmacolagy and Pharmacotherapy. Medical University of ée
nce P (SPYis an Il-amine o
the gastrointestinal tract. 1t has been shown that local release of SP with other tachyk
calcitonin gene-related peptide (CGRP) from peripheral teminals of capsaicin-sensitive primary
afterent neurons underlying the main part of neurogenic inflammation (1, 2). In the present work we
report the development of 4 new sensitive SP radioimmunoassay (RIA) 0 clucidate the mechanisim
responsible for the peptide release in response w electrical or ch
nerve endings of isolated rat tracheac.

Descnpuon of RIA: antiserum: "L83" (1: 430.000) fr
Liv tracer: "1SP (5000 ¢pmy labelled with B and Hunt L from A
s'“mdwrd SP (0-1000 fmol/ml) from Sigma. buffer: 0. /1 (pH 7

ot NaCE alid 0,23 00 (wiv ) DBOAL IICUIMUOIL a0 L ot aep

nervous

micai simuladon from sensory

m Prof. G.J. Dockray University of

rs)

0.1

and

T

in 100 mi distitted wate:

ul separating solution (10 g charcoal. 1 g dextran, (0.2 ¢ mitk pow;
centrifugation (3500 rpm, 4 °C. 15 min).
Release study: Tracheac of two adult Wistar rats were perfused with oxygenated Krebs solution
in an organ bath (1.8 ml) at 37 °C for 60 min. After equilibration, the flow was stopped and three
fractions (f stimulated. poststimulated) were taken. Electrical field
stimulation (40 V., 0.1 ms) with difterent pulses (100, 300, 1200) or chemical excitation (capsaicin
107107, resiniferatoxin 107%-107 molil) was performed to ¢licit SP release. SP content of the
collected samples was measured by means of this RIA.
Results and discussion: This radioimmunoassay newly developed in our laboratory has been
proved to be a sensitive and specific one to determine SP concentrations in various biological
sampics. The average D30 value oblained with the calibration curves of ten consecutive assays was

Sixth Annual Meeting of HNS 361

36.3+4.2 fmol/ml. It has been assessed by means of this RIA that capsaicin or resiniferatoxin
cvoked a SP release dose-dependently (capsaicin 10™ mol/l: 143 fmol/mg. 10-5 moi/l: 3.52
fmol/mg: resiniferatoxin 10" mol/l: 1.0$ fmol/mg. 107 mol/l: 3.95 fmol/mg). According to our
results it is suggested that resiniferatoxin is 100 times more potent to liberate SP than capsaicin but
it requires longer time to reach its maximum effect. It has also been shown that electrical field
stimulation ranging from 0.5 Hz to 10 Hz is effective to release SP from sensory nerve endings in rat
tracheae. The amount of the peptice i
fmoVmg, 1200 pulses: -4.90 tmol/mg)
References:

1. Holzer, P., (1988) Neuro
2. Maggi. C.A., (1995) Prog. Neurobiol. 45, 198

et on the number of puises 116 pulses
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RELEASE OF SOMATOSTATIN AND CGRP FROM CAPSAICIN-
SENSITIVE SENSORY NERVE TERMINALS IN VITRO AND IN VIVO

ML **NEMETH. I ** H

7S * PINTER E 2 ANV T
* Department of Pharmacology and Pharmacotherapy. University of Pecs. Hungary

** Neuropharmacology Research Group of the Hungarian Academy of Sciences, Pecs, Hungary

Activation of the capsaicin-sensitive primary afferents elicits a Ca  dependent release of’
neuropeptides (calcitonin-gene related peptide (CGRP), somatostatin, substance P) stored in the
nerve terminals. The aim of the present study was to analyse the release of CGRP and somatostatin

in rats in response to chemical stimulation (capsaicin, resiniferatoxin (RTX)) in vitro and in vivo,

combined with phari g1ca Dy systemic ana p n
vitro release study. Dissected tracheae of two adult Wistar rats were perfused in an organ bath (1.8
ml) with oxygenated Krebs solution at 37 °C for 60 min. After equilibration the solution was changed

three times for 8 min (; i i fractions) and the CGRP and

somatostatin content of each fractions was measured with RIA Chemical stimulation (capsaicin 10,
107, 10, 10° mol/, and RTX 10, 10°, 10, 10”7 mol/l) induced concentration dependent peptide
release, in which RTX was 100 times more potent. Six fractions were collected after RTX 10 mol/l
to demonstrate the slower kinetic and longer duration of its action compared to capsaicin. For in

vivo experments Wistar rats were used, with sodium 100 mgkg ip RTX

(0.1,03, 06, 1, 3 ng/kg, i.v.) was injected and arterial blood samples (5 ml/animal) were collected 5
min and 60 min after the RTX administration. RTX provoked a dose-dependent elevation in plasma
level of CGRP and somatostatin at 5 min, and lasted for 60 min Pretreatment with the endogenous
CBI ligand anandamide (100 pg/kg i.v.) significantly inhibited the release of both neuropeptides
induced by RTX (0.6 pg/kg, i.v.), while the inhibitory effect of the ORL-1 ligand nociceptin (20
ng/kg, ip.) reached significant level only on somatostatin reiease These data support the acut
excitatory effect of RTX on capsaicin-sensitive nerve terminals resulting a dose-dependent and long-
lasting release of CGRP and somatostatin, which action can be modified by systemic anandamide and
nociceptin administration

This work was supported by OTKA T-029428, and ETT T-04032/99



SPECIAL REPORT
Anandamide-induced inhibition

on the release of CGRP and

somatostatin evoked by resiniferatoxin in the rat in vivo

Jozsef Németh, Mirta Thin & *Jinos Szolesinyi

wrcpharmacelogy Resears

University of Peécs, H-76:43 P.0 Hox 99, Pecs, Hungarv

To determine the ettect of anandamide on the capsai
Somatostatin was measured in the rat by radivimnunns
Resiniferatoxin (0.1-3 pg kg') caused 5 min after injection a
dose-dependent increase in plasina somatostatin and CGRP level up to 22.2- and 5
Anandamide (10 and 100 ug kg') inhibited the resiniferatosin (0.6 pg kg

anandamide and 10-undecenyl-ethanolamide,

e release of CGRP and

injection of resiniferatoxin,

seceptor in viva
¥ i response 0 1.

ectively

"rinduced rel

sensory neuropeptides. 1 mg kg’ of anandamide decreased and 10-undsceny-ethanolamide increased the

i

basal somat level. The

concluded, that the capsaicin receptor agonist effect

I inhibition on the
release was antagonized by the cannabinoid receptor 1 antagonist
of anandamide on the sensory neuropeptide release in

ke') Iis

RI41716A (100

vivo is suppressed over a 100-fold dose range by its opposite effect induced by agonism on the cannabinoid

receptors

Keywords: Anandamide; resiniferatoxin, somatostatin, CGRP; RIA, primary affereat neurones

EA. 1

e 1 con. R

g popuse. i,
VAL vanilloid subtype 1 capsaiein receptor

Introduction It has been described that both ;\nmldmmd:
(ANA), an endogenous cannabinoid ligand (Pertwee, 1997.
Marzo et al., 1998) and resiniferatoxin (RTX), a potent irritant
of plant origin (Szdllisi & Blumberg, 1999) are agonists at the
cloned vanilloid subtype 1 capsaicin receptor (VR1) (Caterina
et al., 1997, Zygmunt et al., 1999, 2000, Smart et al., 2000).
Furthermore, recently it has also been shown that ANA
following activation of VR! receptors of the capsaicin-scnsitive
sensory fibres induces vasorelaxation in several isolated arterial
preparations via release of CGRP (Zygmunt et al., 1999). On
this ground it as been suggested that ANA is an endogenous
ligand for the VRI capsaicin receptor (Zygmunt et al., 1999,
2000, Smart e al., 2000, Swart & Jerman, 2000). The
functional significance of this mechanism, however, was
questioned owing to the highly potent inhibitory effect of ANA
on the CGRP release via activation on the cannabinoid
receptors of the cutaneous nerves and in the spinal cord
(Szolesinyi. 2000a.b). The issue remained unsettled since ANA
activated  cannabinoid receptors in several isolated organ
preparations in similar concentrations as the capsaicin receplors
of the isolated arterial segments (Zygmunt er al., 2000).
Furthennore, on primary cultures of small trigeminal neurones
200 uM ANA elicited both an increase in intiace
concentration and an inhibition of the capsaicin-evoked calcium
wansients (Szdke et al., 2000).

“The aim of the present serics of experiments was
analyse the effect and interaction of RTX and ANA on the
plasma level of CGRP and somatostatin to obtain data in vivo
for the role of inhibitory cannabinoid and excitatory capsaicin
receptors in the action of ANA on the release of sensory
neuropeptides. Some experiments were also made with another

iutar caicium

mechanisms and was proposed to be a capsaicin receptor
agonist (Szolesinyi & Janes-Gabor, 1975; S:

Methods After 12 h starvation Wistar rats of both sexes
280 ¢) were anaesthetized with sodiu
. i.p.). Following anaesthesia the leRt jugular vein and the right
carotid antery were cannulated for dnug adinisisation
blood sampling, respectively. A tracheal T-c
for antificial respiration when required. RTX. ANA
were injected intravenously in a vol
iy weight Dose-response relations between systemic RTX
admuistration (0.1, 0.3, 0.6, 1 and 3 pg kg, i.v.) and
of plastna somatostatin and CGRE levels were et
effects of ANA (100 pig ke and | mg kg i.v.) or UEA (1 mg
ke” iv.) were investigated on basal snm:ﬂo“.llul and CGRP
levels and the influence of ANA on RTX peplide
release was also detenmined The effect of ph-lrmlmcm with
ANA (10 and 100 pg kg ‘, i.v.) 5 min prior to nT‘( m 6
i.v.) injection was analysed. d
receplor 1 (CBI) antagonist (SR141716A) pret munmumn s
kgl iv hefore 100 pg ke, i v ANA) was investi
on the m]nh\lmn induced by ANA on RTX (06 g ke 1v)-
ater dr

nula was i

were tak

min
EDTA

Trasylol (1000 U, Fo
min a1 3 °C) tie peptdes trom the plasma were ractcd by
n of 3 volume of absolute alcol 0

compound (1 (UEA

sensitive ¥ (RIA) methods

A))
which in functional studies activated several cap

* Author for correspondence; E-mail: szolcs




Fthies The experiments performed i the present work
conform to Buropean Community guidingpriscipls (o h crs

d g he
applied has been approved by lv the Tocal eth
Medical Faculty, University of Pécs, Hungary

al committce of

Drugs and ciemicais Sodium thiopentone (13vk Gulden,
Konstaiz, Gerany), - asylol (Richter, Budapest, ilungary
FDTA (Reaal. Budapest. Hungary). somatosatin 14, Tr(
somatostatin-14, r
.u\.md-\lmds (RBI, NﬂllC L.S/\), :Rl H”Iho\ (b.mun,
Pranees, sl TuwCORP (2337 (Bachem,
x:'l.un!] were
cthanolamide was synthesized by Szcky, Medical School of
dbelled TyaCORP (2337 and Tl
somatostatin-14 were prepared in our laboratory (Németh et al..
1996, 1998). Somatostatin and CGRP antiserums were provided
by Dr. T. Gores, University Medical School of Budapest. RTX
and UEA were dissolved with ethanole and further dilutions
were made with saline.

Statistical analysis The results are expressed as
means  standard error of means (S EM.). Data were analysed
by unpaired Student’s rest. Changes were  considered
Significant at P < 0,05

o -

PLASMA SOMATOSTATIN (fmol mi

Control 0.1 03 06 10 30
Log dose (RTX, iv., g kg )

B ix

Tg 100

2 wok

£ o £

by . F

2 ek

S e

: 1

5 w© .

s

&
04 .
0 sy - -
Control 0.1 03 08 10 30

Log dose (RTX, iv., ugkg )
Figure | Systemic RTX administration (0.1, 0.3, 0.6,
ug ke iv) caused a dose-dependent slevs
somatostatin (A) and CGRP (B) level
Data are expressed as meanss.e.mean (n=6). * P< 0,05, ** P<
0,01 compared to the respective control value

5

core

Results Effect of RTY on plasma somatostatin

fevels  Systemic RTX administration (0.1-3 mg kg', 1v.)

cutised dose-deprindent clovation of plasina somawstaun (o

50 up to 113.6628.07 ﬁnul ml'} and CGRP (!

K’S:U 78 up to 926493 ol mr
o o

(from
mus Significant

statin and CGRP o
ere omered trom doses of 0.3 and 0.6 g LE Ly, RTX and
the maxumum increase was 10,7 and 3 I-told, respectively
(Figure 1)

The effect of ANA and UEA on basal somatostatin and (<
prasma levets W00 g kg of ANA did ot caus
phasiiia nearopepiide fevels o

sigmticant
aiterations &
3080 vs £.0200.56, CGRE 18
W), while 1 me kg siemficanty decreased o
somatostatin concentration (from $0220.56 1o 3
ml', P<0.05) but the CGRP plasma concentration remained
unchanged (17.50.78 vs 18.040.59 tmol mi®). In contrast,
TIEA (1 mg kg") significantly elevated the plas

concentation (from 5022036 10 14625123 finol i,
P<0.01) led 1o increase the plasma CGRP level
(17.520.78 vs 18.56x0.72 fimol wl™"). Thus, efficacy of UEA (1
mg kg') on somatostatin release was similar 1o that of 0.3 g
k' RTX (124422 37 funol mf”!

1 on RT

The effect of.

evoked release of somatostatin and

cs (10 and 100 pg kg'") which by itself did not change the
basal plasina level of somatostatin and CGRP (see above), The
dose of RTX was approximately the EDso value (Figure 1)
ANA decreased the neuropeptide release evoked by RTX in a
dose-dependent manner. After the ANA dose of 10 g ke
somatostatin and CGRP release were inhibited by 48.183.24
(P<0.05) and 18.551.71 %, respectively and afler 100 pg kg’
the respective inhibitions were 76.3£3.02 (P<0.01) and
80.124.56 % (P<0.01). Prewrcatment with the cannabinoid CBI
receptor antagonist (SRI41716A, 100 pg kg™) markedly
diminished the ANA action on RTX-evoked release of
somatostatin (76,33 02 % inhibition was reduced to 42 952,36
%, P<0.01) and CGRP (80.124.56 % inhibition was reduced to
22252164 %, P<0.01) (Figure 2),

Discussion In the rat enhancement of plasma
somatostatin and CGRE levels cvoked by inravenous injection
of RTX was used 1o assess the in vivo release of scnsory
neuropeptides from the capsaicin-sensitive nerve endings
response to stimulation of the VKI capsaicin mcmms
(Caterina et al., 1997, Szillisi & Blumberg, 1999). The effect
of RTX on the release of the two neuropeplides was dos

dependent but it was more pronounced in the case of
somatostatin. In respect_of the rise in plasma level of
somatostatin the doses of RTX for the threshoid a

of the somatostan piasma  concent
corresponding values of CGRP

ANA in a dose of 1 mg kg inhibited the somatostatin
concentration in the plasma but caused no change in the CGRP
level. ANA in 10 10 100 times lower dose range caused no
change in basal neuropeptide levels but inhibited the
enhancements induced by RTX. This anadamide-induced
mhibation was partly prevented by pretreatment the rat with the
CBI cannabinoid receptor antagomist SRI41716A (Pertwee,
1997). Therefore, it is concluded that the rejease of sensory
‘neuropeptides to systemic activation of the VR capsaicin
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Figure 2. Effect of ANA (10 and 100 pg
(B). ANA pretreatment decreased the RTX-evoked

SRI41716A (100 ug ke iv)

nificantly d

B [ conTROL
727 RTX
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w04 B B
i Vg I
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kel 06 g ) elease o somatosiain (3) and CGRP
release in a dos manner
crensed the inhibitory action of ANA  Reaults are moressed as

meansts.c.mean (n=6). * P<0.05, ** P<0.01 when compared 10 respective control value, otherwise as indicated

receptors by RTX is inbhibited by the potent cannabinoid CB1
receplor agonism of ANA. This inhibitory action of ANA
overcomes the described (Zygmunt ef al., 1999, 2000; Smart
et al,, 2000) VRI receplor activation as indicated by the fact
that plasma somatostatin and CGRP levels were decreased by
ANA in a 10-100 times dose range.

The ANA-induced release of CGRP in isolated
arterial preparations (Zygmunt et al., 1999, 2000) is an
indication that some capsaicin-sensitive sensory libres are
probably less densly supplied by cannabinoid CBI receptors
and in these vascular areas the effect of VR1 receptor ag
of ANA is not suppressed by the poweriul inhibition due to
activation of CBI receptor. In some vessels CGRP relcase to
VRI activation by ANA might have a local regulatory function
(Maggi, 1995 Szolcsinyi, 1996, 2000a.b), but the present
experiments clearly showed that it is not the case for the
responsivencss of the capsaicin-sensitive  sensory

s

fibres of the rat’s vasculature. In contrast to ANA another
ethanolamide

having a 10-undeceny] alkyl chain instead of the arachidonyl
one of ANA enhanced the plasina somatostatin level. This
synthetic compound was described long time ago s a
capsaicin receptor agonist on the basis of functional studies in
control and capsaicin-desensitized animals (Szolesinyi &
Janeso-Gabor, 1975, Szolesinyi, 1982, 2000a). It is lempting
10 assume, that putative ANA-like lipids without cannabinoid
receptor agonist action are the functionally relevant
endogenous ligands for the VR 1 capsaicin receptor.

This work was supported by the Hungarian Academy of
Sciences and Hungarian Research Grants OTKA® T-029428
™

and 04032/99  Thanks are given to Sanofi
Pharmacewtical Company for the ~generous  supply of
SRI41716A
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