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' Noxious stimulation acting, at lea\st in purt, by a’

serotonergic mechanism suppresses peniutuin-induced !ccal

- epileptiform activity in the rat (Neuman, :Lsasb). In che

present scudy the -site of vserotonin's action and the’

n n»" p d ,ﬁ. involved’ in the prncass were e

investi;;utedf The working hypothesis was that ‘an increase

in éhé cortical ccncentration of ‘serotonin urising from the

rostral ‘raphe: nuclei me?iated tha aupprassion ot tocal o

A epilepﬁitom activity by noxiotls stlmu].aclon !

'I'he systemio ad.ministrntion ol aqenta kno n-to

nh:.bn: raphe unih ac ivity includillng seroton;ln agonisu

OH-2~ (d" -propylamine)tetralin, z—methaxyphenylpipera

> zine :and trifluorumethylpiperazina as well as blockers ot,'

sflnt o 3 nin “P“-Bkﬂ, he 'and tluoxetine, prevented the i
. ioni of focal Ani'lﬁn'-lfnmv activity—by— oxid

stimulation. i Analg ia’ at’ the spinal cerd level was not
thaught to be a tactor in this b].ockade bu\'. rather the drugs

were considered to act by inhihiting dorsnl raphe neurons.

The pressure ej ection ot serotonin and B-OH-Z- (di—n— .

propylamine)te(:ralin into the dorsal raphe also blockad thg

suppression of focal epkleptiform accivity~ by noxn‘us y

stimulation, despita a several minuv:e deluy betwaan prassure

ejeccion ol drug and responaa. Avnilable histology _‘
s \

confirmed thnt the maj ority of | ivesites wera 1 t

1n t:he dox:sal ,taphe, while the majority o! non-rssponaive »



in thiu study, the degree of this 1nvolvement could nét be ‘\
date:mined. L LR LR & < “

studies at the cortical level involving ‘the pza{suxe 4

. ejection of 1) the ir n L y ; w;y try

in fats “ ed with g,L,-m alanlne, and 12) the |.

1
}
|
i
!
sarotcnin releaser p-chloruamphetumine, pravided some[

evidenqa that serotonin at the cqrtical -level was: essential
{ ssicn o! tucul epilept),tom actlvity by‘hoxious /
'- stimulation. Howaver, similax: stud Les: with serotohin o /-

£ tluramlna failed to Show any effect. .

focal’ apilepti!orm ct:lvit hy noxious st:hnulaticn. . Based “
on the uvnilnbl data it uppeata that S-HT mediates the

upprassion nl.’ focal epilaptifnm nc.tivity by noxious
stimulation by an action at 2 and/or: 5=-HT; 'receptors. 2
L Kexmzxs!_ K
’\T?m’{ Epnapeuom \Activity, serotonin, Noxious ‘

stimulution, Dorsal Rnpha, Cerehrn], Cm:tax

A}
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" Epilepsy is ~ism'dvaz' of brain !unctioix. V;Ihé‘t:sn
epilepsy ;etera notltéa sinqle disaula an(:ity bu\‘.—rat.her toa -’
group of / &snrﬂer \mir:h huve in ccmmnn t;he cl;nical

’phenomenon of. repetit:lve seizu:’eu.. A seizura - an

»mvoluntaxy cpisoﬂic event chatacterlzed nt ths cellular
level. by an uncontrcued'. synchronou- !1r1ng otﬂnrga i
aggregates of neurons (Snead, '1983) . sa_!.zuras ngy_ l;g -
. classi‘tled in two broad categoriei:i) focal saizurﬂﬁnd 2)
generalized ssizuras Pocal seizuras arise !rom 2 sinqla
focus, “or mltlple !oci in the qray mn:ter of the cerebral
cortex and either rau‘a!.n localized ox secondarily gereralize
('Fpr‘ead thro\.xgheut.thé Qr.ai:ni . Gerféi-alin.d seizures appear
to. have. '$Lhenisphar1c involvement- from theixr earliest
S maniféstations. The diverse clinfcal m’ttestutiuns und
etiologxes of - the apilepsles seem ta prulude .a singl‘
undetlying neurochenicul machanisn. \

A




epileptitom by tcpical gpplicatiamof penicillin (PG) to the
éoztex of cats during both in erictal (between seizures) and
ictul (durinq seizuras) epxsodes. PG app{ication resulted
in paroxysmul dischnrges * recorded frem_ a ce’rtical
electroencephuleqrum (EEG) . _The 1ntrac‘ellu1‘ar cqrrelate of
tha cortica). diacharga was a 1arqa 20-50 mv depclanzatmn .

lustinq 50 100 msec. The !mtracellular depolanzatlon

: correlated with the surface cortical paroxysmal discharge in

- 96% of cells. 1It was named t_he paroxysmal depclarization
éhift, and vas often. followed by a hyperpolarizing shift
(Hu'céuﬁcto und; Ajmon‘e’ Marsnr;, 1964a). The hyperp::lar‘iiir;;g-
shitt wus found to disappaar at the cnset uE an ictal episode.
nnd a praminant ntterdepplarization develnped. Dnrmq the. -
tonic phuse th an ictal e‘)ent, the membrane potential ‘was

decreased and rhythmical oscillations wl'th -action putentials

. appeared above a sustained excessivaly depo].nrized memhrane
‘(

poten‘tial leve o 'rha c].onic phase of an ictal. episode was
tound :o coﬁ-respond to a slow_yapolar&zation brocess. 'rhe 3
and of .an ictal event was thaught to be ‘due tu inactivation

rathar\thm’)membnne hyperpol::’ization (Mztsumoto and—kjmone

Marsan, 1964b). .~ h . - .
oy Wna the chronoloqy of cellular evants occurinq ina 5

; epileptic focus (hereafter refa(rad to as a focus) have been

studied éhréuéh 1nt£}sce;1u1ar‘ recordings, Jthe’re is; still
gonu_idarub_ie controversy a’s to. what initiates the paroxysmal

éapbiarization shift and mediates the interict 1 to ict_al'

“'transition. - Tw'o'vvla’vs,. the 'qbiiapt;ic .neuron’ and. the %




neurcnal aggregate: ﬂ;ea;jas, have ba‘an t_\'dvnnceﬂ to.explain
the nech_nn{sm vharaby.'a focus develops in a group of cortical '
. neurons. Accozdinq to the epileptic neuron theory, there is.
an alteration of t.he nerve membrane which/ leads to new modu- -
of splke initiation in the !ocu- Each neu¥on may ba
gonsidezed an "epileptic neuron" since it becomes bapablé of
geneiating a};axad ragj:onse patterns (Ayala et. al., 1973).
"Accordinq ,ta,‘th-e neuronal_ugqrgqats E\eary, the
‘focus is °'2“P°5";’ of "normal neurons" wk}icﬁ !1:;: abnomaily_
-with = bursts ' of ;ctlon potentials - in reéponae ta e
hypersynchronc;us synaptic input. The excessive output uf.
such neurcns leads: ta abnomal input to fnllnwer nsurons,
resulting in a !ocus l:y maintain!.nq ..nauronul synchx‘ony
(schwartzkroin and Wyler, 1980). A§none Marsan. (1961) in
studying the electrographic aspect:s of epileptic neuronal
aggregates in the PG foci in cats concludad_ that it was highly
improbable tmo’-u sip;;!.a' lst;.lated epileptic element could
develop self-sustained activity. §pnepuc ac':tvuy could
be explained, in the case of an epileptic nauronal. pool, by
assigninq reciptocal cunnectionn and assuming. reciprocal
nnpulse_s‘ hnpfnglnq among }ts various. elements. After
stl-xdying. the neuzul‘ behavior and‘ triggering mechanism inthe
cortical PG foci of cits, Hutsumet:u et. al. (1969) concluded

that thg pnroxysml depolarization shitt v’;a a population

Under ng éonditions, -when' no cortical

paroxysn was ; it vas ble to' identlty

of the peniculin-lnduced apileptlc focus as potantiuuy




-should meet:. .-

epiléptic. The paroxysmal depolariiat{on' “shift 'wés - :
produced by continuous synaptic \reexcitation “of. t:h\eieuron'
lncluding distal and proximul pottions of ‘the dendrites,
apparently as a result of very é?ective coupling among
neurons in the focus. ' ) !
\‘\\\
1.3 . Animal Models of Epilepsy

No experimental quél developed to date is a totally
adequate substitute for human epilepsy. For this reason, it’
is important that’ the scientific investigator of subhuman
organisns utilize a model that is as relevant and approprinte
to the atudy of huian apilepsy as. possible. Wada (i977)‘

outlined the criteria which the ideal animal of- epilepsy

".l‘he animal model should allcw precise axperimagtal eombeoi-
over buth the araa and sj.ze of th epilaptogenic lesion to be
cteated. ) ¥ o

2., 'l‘he introduction ol destructive pathclugic conditxons.

should 'be avoided. i G 4 f =

, 3. The animal model should allow -accurate experimantalA

- control over the chronology. of events leadinq to seizure

development o, . ' .

4, The. seizura should be precipi\:ated hy a discrete and’

identifiable experimental event. :

A vast variaty of animal mcdelé of huim’n'l epilepsy

exist. Thesa experimental models can };ae classified as

’e




’ generaiized myoclonic orpartial (focal) uai:\ireu induced by. ’

X cerebral cortex of urethane anaesthetized rats within the

a facus (mmondn et. al., 1974) . Although cobalt Lu

vl la

exibiting” generalized convulsant, generalized ‘absence,

a variety of agents. Focal seizures, nuva been vldcly
studied due to both™the high 1ne.hiem:e of this type\t lu!.zun N & 3

relative to other £o and tha ease with which they canbe

cerébral cortex of monkays and -cats was first reported by.- -.

Walker and Johnson (1945) ) The §bility of topically appliad\
PG to create an epileptic focus in corticul ‘neurons has ‘been
confirmed in the cat (Mai}sumatn et. al., 1959; stark et. ul. .
1972; Edmonds and Stark, 1974), Jquh_rrel nonkay, (ll_ugnumgto
and 'Ajn);one Marson, 1964) ;md th; rat (Eﬂmnnds et. al.,1974) :

Lockton and Holmes "(1980) found “that the ragicm of tha

span of layers . III and V (0.5-0. 8 nm below the coxtax) were
particularly ive -to the epil

p c affect of PG
applied electrophoretically .iro- glass nigroalactrodu_.
Neuman (1986a) found that tha‘ presuu’re ejection of PG at' a -
dept.h of 1.0 mm from the cortical s\ert_ace (cpn:!.cal layer IV~
V) c\»t‘ urethane anaesthetizéd rats resulted in the appearance
of 'fécal epileptiform activity (FEA). . In these experiments
FEA was thougm: {:é repreiént a larval. 'lcrm of- interictal”
spikes, rather than reprasent a iceal apianda. )

anne\t 1ndui;ipg‘

PG is cansida’rad a good choice u

considered to be the most eplleptog,nlc of’ thq topical].y



3 upplied heavy matals (colasant\l dnd craig, 1973), heavy
matals tend to disrupt: 7ort1ca]} cytoarcnitecture whila

3 i 1 - disrup ollowing  the . topicak

upplication o: PG ia x\qt acommon| ﬂncu.ng. -

Kindling is an éxperimen 1 madel of epilepsy in
which tha bx:ief application of sub onvulsive nonpolari:inq :
elactrical curran\-. to dlscrata regions .of the brain rasults

in proqressj.ve intensi.tication of seizure a tivity'

B culminating ina ganeralfzed seizure (Racin;i all; 1979) oo

., This phenomenon was flzst . (1969)

to ogeur ln tne rat:, cat'. anc{' monkey) In rats st b ulated in’
"the:-gmygdal_a, 3 the " initial stimulus aﬂ:en el cits focal
elac:r.:ical vaeizura ac(:ivit:y,‘ but generali ed seizures :
'daVelop with rapeated stimulation (McNamax?a /7 1984) wnile
kindling crsates “the, predictahle e;f ¥ eptog‘eriic re- '
‘orqnniza\:ien of brain !unction,i t:th ?nd space without
. causinq struct:ux:al damaga tc tne cerebral tissue (Wada,

1977), it is a less pracl:ical manner of inducinq focal

seizures in cortical' 1 ot‘ acute ekper nt i anj.mal

: praparations than the topical application of PG.

Cortical treezig\q has been rsported to induce focal b

seizuras in | animal . p: eparations.» vnrintlons of this"

procadure lncluda the appligation of .a metallic frey f{ng
. probe to tha cottsx (stalmazter ana Hanna 1972) application ) 2
‘:ot di,chlorodiﬂucromathane sptay to tha P al surface of gyrus
'posterior laterulis (visual uotbex) (Hor et. al. * 1979) ,tand

' application oi: ethyl chloride spray (Léwin et. al.; 1969).




In the cat, spiking activity associated with focal seizures 2
develop in tha cortex within* 10 to 60 minutes of cortical
treezinq (Hori et. al., 1978), while the rat.is rela\:ively =
mqre resistant to cortical fraazing (Dow et. al., 1962). ' In
the rat, focal epilep ic seizures usuany develop within .
eight hours of apslication of ethyl chloride spray to the )
cortex (Lewin and McCrimmon, 1967). g
’I‘hexe are severa]. animal’ models with a qenat):{h:ally
lowered ‘threshcld tor: tha infuation of focal seizures
including the tottering mouse (Ncebels, 1979; Noebels and,
Sidman, 1979) and the e[ﬂleptic beagle, dog (Edmonds et. al.,
199;;. Beth display a-lower threshold tor focal seizure
initiation than ' their unaftectad 1ittamatss. Fccul
seizures in these two animal models, howaver, can not be
evoked by any fnm of sensory stimlation, but instend
tequire the application ofa lower han normal dose ot saizure

‘producing ageu}: o L o

1.4 “'mm;pamn&emmmumm

B many. chemicals {naluding water, alactrolytes, blood gases,

vitamins, and hormnnes are_ known' to int 'uence saizure

suscept:.biuty (uiller, 1981) ) some of thea imhalnncas may
ekert-more !\lndamental 1n£1uencas on:neuronal (unntion than "

alterati.cms in' the, synthesis, stgaraga;or re,laass " of

itters. ot itters, , forn- a




better bridge betwean the binchemistry and physiology of the

<central nei  'system it ‘ention is o?r@ieular

x:agionu o! the brain involved in partiaular syndromes of

epilapsy (Muynert et.-al., 1975).

5 “f'he role of GABA in seizute disordergyis not.clearly
understood, althéugh there is considerable evidence {:hat it

is 1nvolve&. The. avidenoe favoring an 1nvclvement of GABA 1n

tupicany induced axperimental epilapsy Js strong (craiq, '
o 1984) Guetz'aro-ﬂquaraa et. al.’ (1964) found that the

toplcal appllcution ot GABA t;: the hippocampus inhibited
Alumina crean spontuneous epilaptitom activity in px.-imty’ e
2 nnd sacondury focl.v' Stach and Kacz (1977) concluded that

.compnunds thnt stimulate GABA raceptors in ouahain 1nduced

rubbits seen to posaese antiepileptic propén:xes Kcyama N
(1972) found that the concentxution ot GABA was reduced in
cortical tissue of cats adjacent . to the site of a cobalt
lesi.ovn 1" day folloving its appucmon.' ‘Van Gelden and
Cuurtuis (1972) fnund that 7 days. follnwing the application 2

bf cobalt powder to the anterior motor cortex of the cat the

o aqjacen; epuep\::lgqnic ,xegion vas defic‘ient, in GABA. -A

clear correlation was Found to exist hetween the sevérity of
ap_ilapéy and Ehe extent towhich the boncantration dt dABA vas

reduced.’ -In the primary focus GABA was~ reducedr 5-10 days' L

tollouinga tha 1mp1antat10n Of cobalt: pellets in the rr-:mtal

'_ ‘cortex of rats, & the GABA syn c’ ehzyme'v




Aérfects of central application of’ s-hydroxydcpamine (6-

" is.related to the'destruction of the NE systen, an:d not-to.DA;

dec%\rho)gylaae (GAD) was siqpiﬂcuntly raduca‘d ;in' both the -
primai’y' and secondary fécus 4-a days iollgwlﬁg’imﬁlnnéat&on b
of cobalt (Emson and Jbsaph, 19'75) & Ribak et. al., (1979)

chund ar higm.y significunt numerical decraase ot GAD- '

pos:.tive nerve. terminals, lndicatihg a tunut/lonal 1ass of

ic inhibitory v in ys made gpnaptip by
cortical application of alumina gel. “Ribak and Reiffenstein

(1982 showed a sinilar loss of o inhibitory sy

= &
‘in denervatedcat.cortex. Ross an\i craig’ (1981) :ound that u

" reduction in . GABA —uptake ~occured tollowlnq cohnlt

applicatiorr and bthat “the effeuts were grantash nt > nenr

the peak seizure actlvity * I was thuuqht tha€ Ehe uupucity
.uf Dbrain, cens to take up GABI; more etticiently at later time
.pgriads tollowinq'cobalt administration was® due “to a
.regeneration of GABAergic nerve teminals =
e B ‘_ 7’,,1
The inference +that - cerebral catecholamir‘s (nor-
.

P epinephrine [NE] and dopemine (DA]) participnte in saizure

snppreusion has been reinrorced by studias exanining the

oHDA), n drug that can ptcduce salectiva damage to
catechclaminergic neurons. NB and DA are thought to.
dirferantial‘ly participate in the suppression of di!teunt o g
aeizure typas.‘ zl‘hya’_ enhancag .convula;lve response to

. pantylenetetrazol‘ob_ser.:véa following treatment with 6-OHDA




sinca inéta’as‘:{(q}i dep;.e{:ion of’ D”A using a monoamine
oxidusa inhibitct (MROI) did not greatly enhance.the e?f;cﬁ .
I. px'aduced by S-OHDA alcne (com:ox'an et. al., 1974; McIntyre
et. al., 1979) In nmygdala kindled rats treated vith a - <
MAOIL, saizuras develeped aigniticantly faster ‘than rats
tz‘auted only with 6-OHDA.  This effect was thouqht ta he a

function either of a combined depletion of NE and DA or. a
reﬂuction ot DA alone (Corcntan et. al., 1974). Satu and
"Nnkuahlpw (1975).° conbluded Ehat seizure suscéptxb:.lty “in :‘,

hippocampul and amygdaloid kindling is based on a marked %

: depletion of NE_ and DX.  The seizute state 1nduced by ;
m_nchvlnlald‘ vk‘indling is accempanied by a signi!icant . . L

’ depietion of NE in the hi‘ppocampus, nidbrain, limbicicBes'
and frontal cortex wbila no changes 1nf the level ct NE occur iry
the hypothulmus, brain stem or basal Y’_glia (Gallaghan andr .

€ not affected in any ' ¥

11979).°0 D mine “levels ve
brajn. region. Alpha-methyl-p-tyrosine " and disul{i‘ram’ L

(drugs which deplete NE by reducing its synthesis) as well as

. proprunolol, whicb mpuirs noradr %C mec SRS tl 3
‘an'action on 'beta érgic tors, ~increased the

dnration o! n:terdischarges accnmpanyini; the seizures.
Drugs af!sctinq dopuminergic mechanlsms, such as pimozide
and. apomorphine, and druqs ncting on alpha-adrenergic
_-téceptors, such-ag phanoxybenzamine and clonidine, had no

.effect on the duration of nttsrd!.scnurges accompanying

'seizures. Mohr ‘and’ Cnrcoran (1981) concluded that the

!apil!.tation of amygalnid kindling produced by deﬁlgt‘ion of '



NE by 6-OHDA is due ‘to| a disinhibition ‘of the ‘spread of
epileptiform. activity 10)11 the atimuluted‘amy‘gdnld. ilE'

depletion was found not to effect’ either ﬂm threshold tor

“after discharge or the du&-ation of the first nttardischarqe

at the primary focus.’ Enl;el and Shurplgss (1977) found that
amygdaloid kindling prodlxced a detlnite, specific, long-

1asting (measured one |month Btter the 1last, kindled

cunvu\].sion) 4 . in locnl on. This”

could. be explainbd eith r by a paraistent increase in”

dopamine relepse and metabolism or- by a persistent\dacrease

in dopaininé produchiqn. dacrease in NE which. ucqurad was

thox_xght’tc riot be greater t:Ln ﬁhat which wculd be expect:ed ‘to”

occur .f?llcwing electrode rlacement in the amygdnlu.
Qua\::t:ran; et.. al. ”

|

involved ' in, the c of elec hock: saizure

Ry ‘

(1978) determined that NE was

Susceptibility in rats since no change’ in electruconvulsion

thiésholdwere found in animals in which NE but not DA neurons -

were Pprotected” by the selective NE rauptake tnhibitor -
\

-, desmethylimipramina (DMI) pgetreamanh from the action of 6-

.or DA levels or turnovex' in cnbalt-inducad qpilaptic rat

OHDA. ''It’ was fiirther suggasted thu}: the anticonvulsant.

actién of ca ¥ diphenyl t n nnd

italis related £o NE since protectinq NE riéurons with DMI led

t:o no siqniticam: dif 6-OHDA tre animals

1
and their controls:

Colasanti and Craig (1973) reported no change in NE

- possible flaw in this experimen\:, however, i_s that vhole




brain rather than specitic bx:nin regions were analyzed for

lamine Y 1 et &l., (1931) s?:udied

tetationé in. the cortical NE system 'fo awing the

applicntion of cebalt !:o the sensorimotor cortex af the rat

usinq tha q].yoxylic M ical “flu 1 Eethod

cqmbined with— biochemical analysis of cortical ‘NE content. .

X aed xS & in'the density of NE terminals in the perifocal

aregwas tcund before the onset of §pike activity. NE- levels

were _1owes': when .the. tix:sl: epilephic discharges were

racordsﬂ . At the and of the epileptic syndrnme,;sprouting of
norndrenergie fibres in the perifccal area ccinci,ded with an

increusa in the NE levels. .i° - . *

Neunnn (1986b) four{& that’electrical stimu).atinn of

;:ha. locus usru].eus, a major NB containing nucleus in the

:‘_ : brainst:em, or of its axons projeccing to. t:he torebraln, the

+ dorsal Y c bundle s, SUPP! N ind\med FEA. s
b '.l‘his sugqested NE involvement in . the suppressian of , He
’ interictal spiking. o \ on_ - t
. \ s afn R 2 X

i 'x‘he possible importance of 5-hydroxytryptam1ne

(serctopip, S-HT) as a modu,).atorpff aeizure suscepcibility .

= has béen’ repeatedly suggested in the past 30 years.

1 avidsnce that appears

Unto; inately some of the'e
to 1nclude or exclude a rcle tox‘ serctonin in variuus seizure. 5
atnt:as is clout{ed by t'.he use ‘of nonspacitic drugs and

proceduras (lesion stndias) .

Drugs that prbduce a'marked
w4



ryeduction in brain 5-HT content can be grouped into three

categories sin reié\tion to their. mechanisms of action: 1),

drugs that release the store:— of 5-HT, e.gy r‘e‘serpina and.p-
: chlurcampheéamine (PCA); 2) dr\':gs‘thht inhibit the synthesis
. of: s-ﬂ'i‘,,;a, ~g. P chlcrophenylulanine (PCPA) ; and 3) d’mgs that
have éf/;ytntoxic effect ‘on §$-HT neurons, q g. 8,7-
dihydroxytryptamine (5,7~ Dﬂ‘l‘) (SQnders-Bush and Massari,

1977). . s

« The bosgiﬁle importance of 5-HT as a modulator:of

seizure ibility was

| in 1954 by Chen et. al.

who observed selzure tacilitatcry efracts by raserplna in |

mice suhjected to el jock and pentyl e o1 induced

convulsions. Reserpine used as a drug to deplete 5-HT has
se;ric.;us " 1inm{tations, t?.h'e most important  being . its
nonspecific effects. Azzaro, et. al. (1§72) concluded’ t);at
both 5-HT and catecholamines were involved in the reserpine-
inducel reduction in threshold for minimal, electroshock
seiz:%z'e.s in the mouse. Not only is 5=HT in the Prain dapletad
to hegligible levels ‘but.alsa the levels of NE and DA:are
réﬂqced in association with the concomitant increase in 5-
hydg-oxyindoleac_at_i_t_: acid (5-HIAR); the principle metabolite
of S-ﬁ'{' and the deaminated metabc}iifgs‘ of NE and DA (Sanders-
Bush and Massari, 1977). .- / = H

& The administmﬁioh "PCA causes a marked reduction.

of both 5-HT, 5-HIM and yptopl y lase (.

Bush ec. al. A 1975) u{thcut alterinq the lavals of NE and DA
4
v (Pletschex: et “al,., . 1964) M thrmacalogicul teuts to




>
: s determiine the réle of 5+HT in seizm& production’through the
use of PCA in ahygdala kindled :ratg found that PCA didﬂ ‘not .
reduce seizure threshold, PCA” was. thought to reduce th\e
I o inhibiting ef!act of 5-HT on the seizure mechanism, buf this
seizure machanlsm could not be sensitized anx further than
‘had already been accamplished through kindl).nq (s:.egel and
Murphy, 1979). - : R 5 \
The hydro:éylation of {ryptophan by 'Erypt.loph.an'"
fxydtax&lu‘sé is the rate limiting sp in the'synthe"sis. of ;
= e e Ht, and Hrugs Buch as/PCPA that reduce the synthesis of 5—HT )

likaly do so hy madityinq the activity of this enzyma (Fig 1)

i directly or indirectly by decreasing the ava_ilabillty of tl;e(
L substrate tryptophan (Sanders-Bush and Massari, 1977). i Koe
and Weissman (1?55) _(‘:unc‘ludad. that lchA was a potent am‘i ¢
selective dspla(:qr of'brain 5-HT and Q—nxu innmice, rats and

. dogs. ?Ci’h, however, is not an entirely selective depletor

.ot s-HT, singe NE levels are "anm-.ly but consistently

deplsted in PCPA treatad h&ls (welch and Welch, 1967;

s

Kilinn and Frey, 1973). De La Torre and l{ullan (1970) tound
thut treutment <with -rata Wltlf PCPA enchanced * the'
suscep{:ibility te pentylenstetrazol inducee Beizuree whxle

treaﬁment with the S-H'l‘ pr £ y ytryptop (5=

" nre) sed the tibility to pencylenetetfazol :

‘induced seizures. PCPA ‘was found by Butarbaugh, (197—7) t§ K

i the P i1 1tv of rats to maximal elac\:rushuck.

The activation by saizure dj.achax‘ge of one or nore central

rgic " -was t to be an impmn:ant



Figi¥e 1. The techanism of depletion of?-m by PCFA. /“PCPA

is thought to dqpleta 5—,11'1‘ hy 1nhih1tinq the hydtoxylution ot

the enzyme gzypt:ophnn hyt}roxyluse e
~o T .
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s ! . functional del:emlnant of the cenvulsive response pattern to

/ maxmal eleqtroghock stimu].ation. s

- . 5,7-Dl-1'1' is’ a powerful neuretoxin‘ that daétroya

mohoamine-containing cells including 5-HT in the CNS. - The SUCS

T usefulness of 5,7-DHT has been somewhat limnited due to its

nnn-s_electiva, tokicity = “for both induleaminas and

catecholamine neurons. The administration of a specific NE e

reuptake blocker prior to intracisternally adminisﬁérlnq

3 v 3

5,7-DHT appears to provide increased selectivity to lesion 5- .
HT neurons and spare catecholamine neurons (Stewart et al.,

,1976) .  -Browning et. ul., . (1978)- " found ‘a’ seizure-

\ b v fac:.‘l::tating effect of 5, 7-DHT administered after tha NE
’ reuptaka blocker protriptyline .in pentylanetetrazol and
& electrically induced seizures inx rats. Electrical leeians'

of the dorsal “and medlan raphe nuclei which, produced an 80%

2 ‘deficit in forebrain 5~HT, failed to alter the response of the
] animals to chemically and electrically in‘duced seiiures‘. It
was thought that eithera speclfic group qf 5-HT neurons not

. among the neurons damaged by 1esioninq the dnrsal .and median

raphe nuclel, must be

D ble for izing eaizures'

i %

' L ' or.that |5,7-DHT may hnve seizure facilitating effects
unrelated to its action on S-HT neurons. ‘crinelli et. al.,

(1979’) found that the intraventrlculur admiﬂis!‘.ration ot_

; - s, 7-m-m £ollowing an intraperitoneal (i.p.) injscuorra: DMI -

dia nac chanqe seizurs suscaptibili.ty to elaatzieally

* induced convulsions 10 or 30 .days’ after surgery dispite

narked selective depletion of 5-HT in the brain and .spinal




cord. Blectrolytic and chemical (5 7-DHT) lesiuns of the
dorsal rapha ‘also did not altthhe selzure susceptibility.

While lesicns of the raphe nuclei failed to influence

- seizure uuscspbibility, Kovacs and Zoll - (1974) found that
electrical stimulation’ of the median ~raphe caused the *
i‘nhibiticn,ot 'both amygdala kindled and pentylenetetrazlol
induced seizure,s in rats. sinée stimulation of the median

-raphe was known to. releass 5-HT (Aqha’janxan et. al. » 1967)

o

this sugqested that 5-lﬂ‘ was capable of inhibiting seizures.

\ :
‘l‘he ability of nmkious stimulation (NS) to suppress “e

ox: lessen ths severd.ty of epi].eptic seizures has been known

© for over 1700 years. In- the. 2nd century A.D., Greek

‘. physicians, (most notably Galem and Aretaeus) found that the

application Df-ligatl'u:es to limbs of patients whom had 3

experienced ‘an “aui‘q" lessened the severity and postporied the’

onset of saizutes (’l‘emkin‘,‘v 1971). . &

- '.l.'he ability of NS to. suppress spike and wave activity .

is\ thought to be due to its ability to lncrease cortical

arousal: Epileptifom activity in humans and labcratory L4

\n‘ntmals is’ subject to

;-.' on by
Ay

which- 1ncxe=se cortical arnusal including NS (Pollen et.

1963; nyslcbndsky, 1976 Glonr, 1984) .. The applicntion




in rbital anaest ima cats \(Pollen et. al., 1963)
and urethane anuesthetized rats, (Neumnn, 1986a). NS is
known to activate cholinergic (Dutar \a\:. al., :;.9‘85)',
serotonergic (Segal, 1979), dapam}netgic'(ﬂun‘asi, 1979) and
noradrenergic (Korf et. al., 1974) systems in the CNs all of
which have been postulated to play a role in modulating
seizure activity.

The suppressionof focal epileptiform activity (FEA)
by NS has been suggested ta be nediated, at least in'part, by
5-HT. Neuman (1585a) found: that NS was 'ineffective in
suppressinq PG—:Lnduced FEA in both resarpine and PCPA

pretreated rats. However, the-i.p. adminiatrat:ion of L-s-'

hydroxytryptophan (5—'HTP), a 5-H‘.I' precursor, was‘ found to

restore the Luppresslon of FEA by Ns, J:t: was’ therelcra-

' concluded that the ‘suppression of FEA by NS was’ mediuteé,‘ at

least in part, by-5-HT. Clearly the case for S-HT
involvement in the suppresélbn of FEA_ by NS .wcu}d be
strengthened if the 5-HT recep;or subty{e inv&fved‘and t.‘he
site of action of this effect could ba'detarmined. .

".Ln..h_m i

The raphe nuclai are a collection of pradominantly‘

midline neurons within the brainsten that coéntain tha ln:gast

on of T ic perikarya :ln the brain and are

the primary source of serotonergic innervation of much ot the.”

neuraxis (O’Hearn and Molliver, .1984). Itv has been.

2




mediating the effects of 5-HT oﬁ ‘:leep,' neurdendocrine

raqulatian, nxuality, “aggression, sehure—threshold and ¢
puin rasponaol (Conxad et. al., 1974).

ing proj to the 1 corte‘x are
pra;lalnsnt among the projections oi the - raphe nuclei.
Fluorescent histochemistry ‘was. used by Fuxe (1965) and
Ungerstedt (1971) ltn‘denonstrate that the dorsal raphe and

_the median ':aphe. are the primary sources of. cerebral _S-HT'._

Direct dorsal raphe ar.m median raphe na’qcorgipal projections

’_havx’beeﬁ confirmed - using horseradish ‘peroxidase

= \_1978) and f1

" dorsal rgphe nucleus innervateéd

(BentVoglio~et: al., 1978; 'Tohyama et.. al. 1980),

autoradiographilc (Conrad et. al., 1974; Azmitia and Segal,

dy 5 techniques (Van
der Kooy anci'ﬂattqri, 1950). i ‘

Using the .fluoresc retrograde dye tracing

technique, O’Hearn and Mollivi (1984) datemi}led that the
lull,rag;'ons of . the cerebral
'

cortex. !Subsets of raphe cilla were postu,la’ted to act

luqéquteﬂ i:ha(_'. tho. raphe nuclei play an ippor&ant role in

differentially dpon particular\cortical areas, despiterthe

observation that the ﬂorﬁal ra;;he aiapqafa to ‘exert its
gr'entas‘: effect q\'lantitat‘ively"upon the troncal cortex. The
dittenntiul projactions are thought to px-avide the dnrsul

-_ raphc with tha cnpuciﬁy to _have nlactiva actions upon

1nd1vidunl !unchionalfuraas of. the naocoﬂ:ex with ‘a




21’
. and bilateral . projections iny olvimj perhaps a  more
generalized -gffect on cortical -structures. o t

'l‘echn gh.es empleyinq "either the retrograde -

1 transport of th enzyms horseradish peroxidase (Wuf_kins at. - £

s al., 1980) or the anterograde transport of tritiated amino

acids (Goode et. ‘al., 1980) have demonstrated that raphe

pallidus, raphe magnus and raphe obacurus neurons. project

primarily to the spinal cord via the dnrsolatsrnl funiculus,
while the more caudal cell groups project primurily to the’
sp:.nal cord via the ventral funiculus‘ .

5 Ll Serotonin Receptors in the R%E‘ CNs

L. . " Barly studies using 5-HT focused primarily on its
. action' on isolated peripheral tissues. . 5-HT was first

discovered as ‘an ‘endégenbus biogenic amine present in ’

- enterochromaffin cells in the gut. 'l'he tiret classiticatian

Lo . of multiple 5-Rt receptors was by Gaddum and Picarelli (1957) .- \

for thé gui.nea pig ileum. 5-HT receptnrs were clasquied asD.

" or M on the bases of their ant 1ism by ne

E & ( Dibenzyline) or morphine. "The D recéptoi' vas blocked by d-

lyserquz acid diethylamida (lsl:’) and its analoques while the ’ .

M receptcx: was blucked by atropine as wall as mnrphine.

. R ummmm@mmmum
¢ RS 5=HI Receptors

Aghajunian ( 1981) propcsed tha existence of three

distinct 5-HT c s based on u nal to 5-HT .



. ’ . 2 " b . - /

as determined by unit recording.

81 Eeceptor - S

“The 51 rece_ptor is a central 5-HT receptor whose prqperties

. L
req‘;nhle 5~HT recept:ox:s in-the periphery. The activntion uf

this 'receptor by S5-HT or . 5-HT agonists facxhtates the
depolarizing action of excitatary amino acids in both facxa}
motnrnaurcns (Mccall and Aghajanian, 1979) and spinal
matumeurans (Whita and Neuman, 1930) The physioloqmal
action of 5-HT mediated~by these receptors is, that’ of a
modulntor nature in which«‘the electrical excitahxln‘.y of *

P ynaptic . 1s~._{ Classlcal 5~HT

antagonists such Jas : y givﬁe,“ﬁi in - and

eyptoheptadine which' are effective against 5-HT receptors, i

also bJ,ock the sl‘re::ep\:er .(Aghajanian, .1981).

. The 82 ptor ‘is a p c - , i.e. a
.

raceptor mediating, the response of .a neuron to. its own
neuratransmitte: (wan;;" and ‘Aghajanian, 1978). These
raceptors are thcught to madiate collateral inhihition
within tha tustral raphe nuclei either through a duect
1nhib1tory mauhaniém .or-by modulating pacemaker activity.

Cluasical 5~HT untagonists are without effect on S2 receptors

] while LSD nnd othér™ indnleami‘\e,hnllucinogens are powert‘ul

qgonists at this receptor (_Aghajanian,' 1981) .
53 Receptor - U g v N

" The pdstsynuptie 83 receptor islocated in_mani ‘pParts .of the’

t_urehfnn including the limbic system and secondary ‘vi_aual




i

areas. ’rh'e‘wss\xeceptor suppresses r;thg_r than Vtacnatss
ﬁeu‘ronal ‘activity. \LSD is a-weak par£1a1 agoniei:‘ja‘t s3
réceptors: vand classical 5-HT antagonists are not
co’nsistantiy‘ effective - in blocking these responses

(A@ajagi’an .y ’ 1981) .

1.72 ciﬂmmumg:mmmg
Clags I Bindlng

Radicliqand studies provide an Accuruta meusure of
binding site density an& drug aftini\:y for specific membrane

recpgpitzon sites (s_nyder, 1953);, The most widely used

" élassificati’cnn of 5-HT binding sites: in the CNS was inii::lal-ly i

prcpcsed by Peroutka and Snyder (1979) . T}xe)} observed that
[ H] 5-HT and [ H] spiroper;dol lnbel dist:inct popﬁlatlons of
S—HT bind:mg sites in the rat brain, ‘which they termed 5-HT;

and 5-H’1‘ respectively, whereas [ H] LSD appear to bind to

" both hind].ng sites to a similar extent.

The  5-HT, sites can be further di\’rided} into
subgroups, 5-1-1’1‘1A and 5-H‘:['1B (Pedigo et: al., 1981)., The
definition is_baé;d on their_ aftinities’ for f:ha‘naurolsptic i
spiperone, 5-—}1’1‘1A sites have a high a!fin:tty for spiperone
(K1=2-3 nin) whergas» s-mm}ites have a low j@:tinity tcrv

'. spiperone (K;=35 um) . Using a\:tora;iiuqraphy, Deshmukh et

al.,. '(1983) ated both the 1 of and regional
ditterences 1n the phamaco].ogicul sensikévity of "’_HTJ.A and_ !
5-HT; g binding sites. A:eas such as tha nippocampus, sapcum

‘and cerebral cortex bappear to be more _sansM:ive t.oinhibition

of [3H] s-ﬂT binding by spiperon'e thanother :araus suggesting. - "
2 Lre 3

'




that these r‘aqiom have significant propottiox;s of ’5‘-!!’1‘1;.
sites. Other areas such as the caudate mcléus, superior -~ -
i collicul'ul, latarnl Qeniculate body. and uui':séantia nig'ri =
) appear rum to 1nhibit£on of bindlng. by)spiperona,
suggesting that t.hey contain the s-m‘la type ot bindi‘nq site.

A furth'er subtyp of 5-HT; sites, 4 s-lﬂ'lc .

S . is 2 2a in the . plexiu ot the pig (Pnzos et.’ @

— nl., 1935) dnd rat (Pazos and Palncios, 1985). It is now

pussibla to idantity four distinct 5-H'1‘1 bindi:ng sites with

specltic rndiollgnnda. 5-"H'1‘:lA sités are labelled by. [Jl-i] 8=

7 < hydroxy-z (& -n-propylamino) 'tetrulih ([3H]' é-LbH-DPAT) .
(Puos atnf_, 1:985), 5-HT; aj.tes are Iabened by [ I]
(

o v o
in'the OF 30 uM iso] lina in ordei-

cyanop“nd

to axclude beta :acaptor bindinq) (Engel et: al., 1935) ;nd 5~

H'r racaptorl are labelled by [:’H] ululergine (Pazos and

i
Palacios, 1985) . Recently, Heuring and Peroutka '(1987) have'

- . found that {’H] 5-HT labels a population of binding sites,

designated 5-HT. in bovine caudate that is distinct from g

1D’

previously defined 5-HT. ~HT; 5 and 5-HT, bfmﬁng sites.

1 s
In additicn to [ ll] spiperone and [ K] I.SD described

'

: ’
© as S-HTZ ngandl by Peroutka and Snyder (1979), other [ H]-

laballed l:ompound- have been daveloped in the seargh for more

. spec: 1gandu [for 5-HT, binding sit:ea. [3ﬁ] 'ﬁiunqerin~ ¥

outka &nd Snydnr, 1981) v [SH] k-l:nnaarln (l.eysnn et. al.,
1991) and \[:H] r:lcanserin (l.eysan et, al., 1985) have

=
xecently_hann assayed. PH] ninnsarin labels s—li'l'2 binding
l:ltea and" hi.tnnin.-l-ll binding sites concmnitantly while " f
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ot 33 in and %1 ri rinhave hig}; affinity for5-

HT, bindlnq sites. “The atfinj,tias of such 5—m'2 antagonists
correlate well: wit{x those at "D" receptora

The "M".receptors originally described by Gaddum and..

Pic,arelli (1957) do not fall into either the 5-HTI or 5—l<l'.l‘2

category. Fozard et. al. (1979) found that "M" receptors -
similar to those in the guir;ea-pig ileum, mediate the release

ot NE from sympathetic nerves 1nnervat1ng the rabbit heart.

Cocaine is a weak but nevertheless specific antagonist at

. these receptors (Fozaz‘d et. al., 1979) . S\fch studi.es led to

the development of potent, selective 5-1-1'1‘ ("M") an:aqonists

,such as MDL 72222 (Fozard/ 1984) and Ics 205—930 (Richurdson

et al.; 1985). 5-HT, binding sites have not Baen localized
: v g v

in thé¥cNs but are located on peripheral.neufons where tha§

are thought \:q mediate the depolarizing action of 5-HT.
5 %
.

1.73 / Radioligand Versus Phvsiolégical Studies

;
Before a bindlng gite ’can be. congidered to be a

re;:eptor, tha’ correlaticn of ' radioligand data .with
physiolégical r is ! y. 6 problems

exidt vhéh such' correlations nté uttem‘pted (ﬁeroutka »1984):
1. only a fey pharmacolugical agents are nomally ana‘lyzed in
physiologil:al studies. correlaticns ate only valid when
they include a large series of drugs, ptetanbly comprislnq'
‘members of diggerpnt chemica,l classes,‘ with "activities
distributed  over. A wide potency range -‘(myseﬁ, 1984) .

’ 2. Phamacologicnl agents mny bé hindered tron; renchinq the )

'receptot site in tissue preparutipr;s,- such as cartical




slices. In in vive studies the posaible problems :of
distrll;l_xtion, absorption and metabolism are’ even more
im.porl‘;ant?: . . ._ : = ; T

3. l»i;rge’ e itns of = itters may,..

’
act simultanéously « at multiple sites. Therefore,
) at€ributing the observed effect of an agonist to a single
2 g .
receptor site may be erroneous. =
N
ot “« L.

P S8 The. pegzee of Correlation
i R mmm'mmmmm tde

At present: there is no satisfactory col{;ruence

-~ . e batween the physinloqicul charnaterization af postsynaptig |
5-HT raceptars and the identification, by the radioligand

mathod, of 5-HT blnging sites. Since clasglcal un_tagoni_.sts e
fiud - have a nigh afinity ‘for both 5-HT, and 5-HT) binding sites
but fail to antu'gon}z‘e §;-mediated rEsponséq ,.the si/v%:epgor'
.would appear to be distinct from theéé two sftes (D’e Montigny- . -
at.”al. » 1984). Hethiothepin has a hiqh affinity for both 5-

E m'l and S-H'Tz bimung sites (R:.chardsnn and Engel, 1986) ut,

fails to block the 5 mediuted responses in the facial motor

/ nucleus (Hccall and Aqhujunian, 1980) suggesting that
neithar binding it

Hontigny et. al., 1:\

Gorresponds to the‘ CH receptor (De

4
Kt px:esent a xola tor 5-HT1 binding sites has Yot xzean

E demonstrated and wj\q% axisting infomation they cannot he
A cansideted as recaptor sites (Leysen, '1984) Some

bshavioral and physiulogtca]. aot:lcns of S—HT hind:l;lg sit:es,

o
hovavax‘, hava ‘baan dstemined. In ‘rats, ndministratiop of

7 L b 8



5-HT precursors or SAHT mimetic agents elicits head twi\:ches,’
forgpnw:trendi’ng, myoclonus and impairment of " blocdv
circulation (Leysen et al., ,1984). Studies ﬁtill;lx;g a .
large series of drugs d,a{nstrated Highly significant
correlations between the pdtancias of drugs to antugonize
behavioral exci;ation induced by serntpnin nnd bindinq

affinities for’ S-H'r binding ‘sites- (Leysen, 1954) .

v’ A much better carrelutioﬁ exists between electro-

physiological x ization of s, 1 and tha.
radioligand characterized. 5-HT binding sitas. In bcth
paradigms LSD acts as an aqonist (Haiglar and Aqhajanian,
1974) . Functionally 1SD decreases 5-HT rgleasa hy actinq at
the tarminal autoreceptor designated&s correspondinq toas-
HT, 5 binding site (Engel et' al., ]1986). ylethiothépin, on

the other hand, acts ‘as 'an antagonist at the terminal -

' autoreceptor (pettibone. and Pflueqer, 1984; Chaput et. al.,

Toge). - - : .
. . 55 X ) -
1.8 - Rationdle for the Présent Study -
" C : - « 1
'l‘he resultl of Neuman (1§85a) implicui‘.e 5;HT

¥involvenment u\ mediati.ng the suppression of FEA by NS. One |

: ,uay to strenqthen the role for 5-HT in t:his process iu to-
+localize the site of action of this. attecc nnd idant:ity‘tha 5~

HT recaptor ‘type involvad.
= ,The main, working hypothesis ot this thesis is that an

increased release of 5-HT at tha cortical level medites the,
3 L &




'suppre_sﬂ'ion of FEA k}y NS. Since cortically projécting raphe

‘neurons arise mai‘rxiy~£rcm tljé dorsél and median 'raphe nuclei,

it is likaly' that orie or_ﬁoth of these structures. is involved
in\mediatinq these effects. This thesis sumazizes several
types Qe experiments that were done to test th).s hypothesis.
1.[ gxperim.ents‘ aimed at simnlasi‘ng the effects of NS “by

ddréctly i ing cort{cal rations of 5-HT or,

conversely, blocking the suppresgion of FEA by NS Dby reducing

the gortical rélease of 5-HT.

* R Experiments aimed at antagonizing thé effect of N§ on FEA

by decreuslng raphe firing by the local pressure injectior) of -

5-HT agonists. R




Hala and femala Sptaque-Davley rats were obtained - ‘

from canadian Hybrid Farms in Halls Harbour, Nova scot:la.

& The ats were communally housed in cages at the animal care
facility ot the Health’ Sciences Centre und kept on & 12 hr. 9
light/lz hr. dark cycle. » Food (Purina Ra: Chow) am:l water o

. were prcvi;led ad libitum. s R ¢ .-
5 N
i ; ( 1
2.21  Preparatory Surgery 1 y
_ Rats’ between .200g-420g at the time of =t :
£ experimentation were i and jetized by

bd
intraperitoneal (i p.) injection of urachane 11 25 q/kq) <

For experiments requiring the im:ra-venous (i.v. ) 1nje=t1nn

of drugs, the femoral vei_n of the latt hind leg was cannulated
vi? PE-50 tubing (Fig 2):

Rats  Were mounted in'a _stereotaxic frame and ‘an

—

incision was made along the midline of the skull to expose

lamba and bregma. An area uf the cortex was c*po-pd (2=5 mm



. Ngu::a 2. i The cannuiatign r:vt the femoral vein of t;\e rat with
_PE=50 tub;ng. - The ‘cannula (C) is'sh‘own about to b“’e inserted

" into the left femoral-vein (V) adjacent to the left femoral
artery -(a)! - ) R ) G L







R

caudal to braquin and 1-3 mm lateral) using a dental drill and
the dura reflected to allow placement of an electrode for
recording and. drug application. In animals in which
electrodes w;ex-e to be placed in the dorsal raphe for d.zug
application a second burr hole was drilled exposing an area on
the midline 0.5 mm anterior to lambda. An Ag/AgCl reference
electrode was placed under the skin of the neck (Fig 73) 5

Pressure points and wound margins were coated with 2%

- xylocaine jelly or infiltrated with a 2% solution of

lidocaine. After electrode placement the brain was doveted’ :
with warm agar (2%) in . saline.. Core temperatnzé was

monitored and ‘maintained- iaetwean 36 and 37.6 '_c by a servo-

o b

controlled heating system.
e i St 3

2.31 Intracortical Recordlng and Drug pclivery.
:t_nfracorticalrocording and drug delivery wgi-e nade
ing 5 barrel glass ’nlcropipettea (gnega‘Bot Glass cﬁpany
of Alerina) pulled ona Nnriahiga microelectrode puller and
broken back to 15 um tips. Tha centra bnrral contained 4 M
NacCl'and .vu_ used for .ract;rding. A second barrel was tulad
with 1(_)0 mH PG.for ap{)ucation by pressure ejection‘. PG was =
dissolved .in. Ringer’s solution (pH=7.4) in whicl;‘ the'
isctonicity was maintained by deleting 100 mM Nacl ‘from the
Rinénr'm. Tha ramnining 3 hurralu were availpbl.a for the

p:‘uura ejection of dzugs or were filled with uli.ne. The




i‘i&_mre 3. The stereotaxie aatup of 2 rat dur&nq tha_

i tical ing .pr " shcwn are the 5 barrel

recording electrode (R) the 5 barrel electrode for pressure

e]ection of drugs (D) into the dorsnl raphe region and the

Ag/Agcl indifferent electrode (I) placed under the skin of
? % ;

the rat’s neck. v 5 N






p for . ejection using the

micr were

hethod of Neuman (1986c) . PG was ejected (35-137 kPa) using
a co_mprss"sed air source. Other drugs were. applied by
pressure pulses (50-1000 msec at 275 or 550 kPa) using a

Picospritzer connected to a nitrogen gas source.
v .

2.32 Drug Liim to the Raphe Nuclei

5 barrel micropipettes broken back to a_ }{ um tip,
identical to those uSed for incra'coz:ticgl recordianand.druq
delivery, were used t‘cv pressure éject drﬁqs '1nt$ the dorsulv-

raphe nucleus.

Intracortical aétivityv ‘was recorded with a hiqh
‘impedance headstage (WPI 701) v amplified filtered between
0.1 and 75 Hz, and displayed ona Grass chart recorder. To

. quantify‘ changes in the recorded activity;. the signal was
digitized at 303 samples/sec by a laboratory computer and \:he
"absolute value wa¥ 1nteqréi::ed. Bs the signal was integrated
the value of the integ‘raticjn‘was converted. to an analogue

signal which was displa‘ayed on another channer_ of the Grass

. The i ion was reset every 2, 2.5 or'5

seconds.




The racordinq elactrcda was placed 1 mm below the

: sur!aqe of the cortex and the skull surtuce covered with agar. .

Followlng a 30-45 minute recovery interv\al the EEG recording
procedure vas initlated. To quulif/kis a suppres’sj.on of FEA

resulting: fz}nm ‘the application of NS and not a spontanacus

ic (Angel, 1976)

event due a t uating 1eve1 of
the suppression of FEA had to be cuncomitant with the delivery
s of NS and had to be repeatablﬁ. Noxious stimuli in d:.ffsrent
) : expérimexits consisted~n£ s 1) va' blunt probe applied to ths tail -

. bya requlated pressure source solenoid valve,. and automatic

oy timer (TP) 2) .square wave slectrical pulses (10 Hz,”0.2-0.5

=3 . nmsec, 2-100 v) applied ‘to the tail via subcutaneous needle

slectrodes (ETS); 3) a mini-gator clip applj,ed t:o the ‘tail

('x'c) . L

Rats ,ragﬁiring pretreatment with PCPA were qiveh

#7 i.p+ injections of 1.5 mmol/kg (suspended in 5% acaeis) the

first day and 0.5 mmol/kg each & ing.day of

The durntion of: \:reatment was from one to three days with

animals being testsd at least'24 hours tollowing their last °

. injection. ; ¢ 5

'vm I..an:\.es:‘ignsgxm

Aﬂ:sr ohtaining sevaral control responses to NS,

c ngonists, n C m*ﬂ, or other drugs were

& 'udministarad i.v. and their a!teebon ths suppression of FEA -




by Ns, as well as the duration of their effect noted. If a

.given d_ose of drug failed.to -elici!; an etfect., hiqh‘er.dosea

. were administered. Fqno‘winq the completion of the-
. experiment, 3M KCl was infused i.v. to confirm that i:he

; cannula had been in place .in the femoral vein during the

entire experiment. When the cannuln was in place, 3M KCl
rapidly killed the animal. . i

53 Intrac ms;wmnm

iy 3 - ~-After several com:rol responses toNs were ohtained,

5-HT, PCA or fenfluramlna ware pressure eject‘.ed into the

cortex. The tesul’can}: effect of these drugs upnn the

amplitude of the FEA. was noted as was any change in the

duration of the suppression of FEA upot delivery of NS. T

2 2.5  local Pressure Election of .

B s s g |
. After obtaining séveral control responses to NS,

4 discrete p\;lse.s of 5-HT or an abpropriate 5-HT agonist were

pressure ejected into the dorsal raphe nuclei. If noeffect

. ~ occired, higher doses (longer pu:lses) of drug werelel ivered.

If an effect (blockade of the suppression of FEA by -NS) /

‘occured fcllowing the pressure ejection ot 5-H'l‘ or a S*H'l'
agonisl:, the dux:ation of time between the preesura ejection
ot drug nnd effect was noted as was t:ha duration o! et!acc.
Following tacovery, tha alechroda was moved to a great:e:

depth to determine if an ar:act could be obtained at the new

o site .and; if so, it _more or less drug was required ca cbtain




the effect. /-
-, 4

In éa-:h animal the mean (+ standard error) of =20 - »

values corresponding to FEA amplitude were lntsgrated Eor
periods before and duting drug agplication._- The paired
student’s £ test was used to compare. the means for

siqnificunce (P<6 05 was' considered slgniflcant),

PCPA -ﬁreéteq animals were perfused-“through ‘the
abdominal -aorta with ‘chilled saline followed by 4%

" paraformaldehyde in 0.1M phosphate buffer. ‘Brains were

removed and s‘tured in fixai:iva for 24 hours prior to being
sarially sectidnedon a vibracome (40 m) Ln PBS and placed in
PBS containing wells./ sect10n5 were processed accnrding to
the, paroxldasa-antiperoxidase (PAP) /method of immunochisto-
chemlstry (Sternberger, 1979) with nodiﬂcatiana for free
tloatinq sections. Sections vere preincuhated at -room

temperature for 45 ininutes in 10%. noma]. goat serum (NGS) in

- PBS cnntaining Q. zt Triton X-100. The NGS was added to block

any nonvspauitic bind:lng sites on the brain tissue_to which
the linx!.ng an!:ibody (gout: anti—rahbit) mlght attach. with
the ncn—specitic hindinq sftes blocked each 11nkinq antibody.
molecule veuld be axpactad to bind to! the appropriuta bindinq

i

*a of




N

| incuhation at 4 C. {

site on each primary 5-HT antibody molecule. The Triton X--
100 was added to make intrnceilular binding sites accessible *
to the primary 5-HT am:isera. 200 p1 of -the blocking
solution was piaced in euch section containinq uall and t:he
well trays placed on a aliquot mixer during the 1ncubation
period. Sect}uns were transfered to clean well trays, with
each Bection being placed in 200 ul of » 1:2000 dilution of
primary s-ili'r vantiseﬂu ct} rabbit. origin (Immuno‘Nuclenr) .
Sections were.incubated in:the primary 5-H'If antisera for 48
hours at 4 o I;ftei 4 wuéhes in PBS, each (;f 30. mihutes
duration, each - section wa} placed in 200 pl of a_ 1:150,
dilution of g}at-antirabblt—antlderum (Bcehringer Mannhein
Bicchemicals) at room temperature for 3 hours while agi.tated
on a nliquot nixer. Sections were once again given 4 rinses
of 30 minutes duration in PBS and then transtered to clean
well crays each well contnining 200 )xl of a 1 300 diluvion

rabbit . peroxid iper T (St Meyer

Immunacytochemicals) . Well trays were pluced on a aliquot
mixer for' 2 hours at room temperature !ollowed by overnight

Following a final 4 washes, in PBS, each of 30 minutes
duration, sections were tr‘ansfe}:eﬂ to clean well trays
containing. 3; 3’—diam1nbhenzadina HCl (Sigma) (0.5 mg/ml),
qlucose oxidasa (3 8. mg/nl: Apergillus niger Type v, Sigma)
and D—thcose (sigma) (2 mg/ml ino.1 H phosphate but’ter, PH
7.2) for a 10-15 minute duratién. 'l'ha 3,3{d1aminyhenia_ding

HC1 served ds- an electron donor and: hydrogen peroxide, .




’ .
liberated upon the reaction of the enzyme glruéo_se-oxidnse
3 . £
N ~  with D-glucose, served as a subs\:rate in the fomation of

insoluble brown reaction product, (clark, Downs and Primus,

= 193_2) A Hydroqen peroxida was not added directly to the 3,3'-

dia‘minabenza§ina HC1 due to the amoum: of time (5-10 minutes)
% b

. solution. The sections wera mounted in PBs, air-dried,
rinsed brief}y in di.stilled water, dshydrated in ethanol,
cleared in xylene and ccvarslipped in Eukitt.

¢ o ; i

The" tollowing compounda were used in the various

= expﬁrimente comptising this thesis: baclofen (ciba-Ge:Lgy) H

Db-p-chluroumphatamlne (PCA, siggxa) H p-chlnrophenylalanme

' (PCPA, Sigma); desi_mipramine (DMI, ciba-Geigy) ; fenflur-
..amine (Fen, .A-H Robins); fluoxetine (Flu, Liiy)‘: 5=
hydroxytryptamine (himaleate sal\:) (5-HT,; Sigma)’: L-S-

hydroxy{ryptophan (s-HTP, siqma), Ics 205 930 (sandoz

inipramine (IML, sigma); . ketunserin (Jamssen) i (+)- -

hy;ﬂroxy' -(di-n-praplyaminn) tetraline ' HBr (B-OH-DPM'

( 7 1ine  (F salia); n yi-

piperazine’ (2-HPP, Research : Biochemicals - Inc-i;

N \, i ne (M: s' La ories, Inc.);-ri n

required to transfer section-s trom’ the E'BS to.the daveloping )

Research Bicchemicals Inc.); LY 535/ 57 (Lily); mesulergine'

mathyaergide (sundoz) R mianserin (Janssen); »piz'otiten ;
e

(Jansisen) ; ' Sodium /Panicillin’ 6 (PG,‘ Sigma) ; apiperone‘







{3 Noxious Stimulation and
Suppression of FEA

Intracortical EEG activity recf'nisd_ from Jurethane

anaesthetited rats consisted of slow vul'es'with occasional

of ‘onization. Fdllowing~\the ' pressure
ejection 6f PG.(69-140 kPa) for a parigd of 1720 mi, FEA’
.developed. It n‘ppearegl to  be uhar;oi:__érized . by i the
trgnstormit!;on of ;inw ;a;le's :p ’sh..arp wav‘?s aind spikes. In
accord with priviaus observations (Neuman, !.9’95b)', NS was
found to tapidly_ suppxasstxJA, wi.tl; z-ecov)e’ry taking iw)ace
‘ following the renoval of NS igi_g 4.

3.2.  5:HT Agonists and the
- - Suppression of FEA by NS

5-HT neurons i:unt;ain two types of {adtorecep‘tots .
One is 1gbu11ed by [3H]» l-OH-m"A’E (Hano;i et. al., 1986) and/is
X located on the soma of 5-HT neurons in the dorsal and median
. raphe nuclei _(c.otﬁn et. al., 1983; Verge et. al., 1985; .
Dourish et. al.'p 1986).. Activation of this|receptor by 5_%
) H'.l;u ngonint‘s‘, lﬁc”:l\ "b, 8~OH-DPAT, inhibits spontaneous ce1l
ﬂriﬁg'o: 5-HT neurons (fe ubx;t'igny ot. d1., 1984; Sl;rnuae and

. Aghajanian, 1986).  The second autoreceptor is located on
s

* terminals of ' §-HT neuro_ns( projecting to the forebrain

(Middlemiss, 19847 Engel et. al., 1966) 4nd is labelled by




Figure 4. . The effect of PG pressure ejected into the rat’s’
cortex. , control (A) Ehows intracortical recording prior to
-induction of FiiA. The t;'aca in. (B) was recorded 5 min
following the start of PG ejection (69 kPa). The trace (C) is
a:(:untinixation of (B) demonstrating that the applicat’iun oé a
mini-gator clip to the rat’s tail (TC) suppresses FEA during

-and briefly following its removal. &



A.Control -
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. 122517 cyanopindolol (Pazés et. al., '1987)." Activating this
’ receptor dec‘reases 5-HT release from raphe neuron teminalq
(Pettibone and Pflueqer, 1984; Chaput et. al., 1986).

If 5-HT mediates the suppression of FEA by.NS, 5-HT

agonists with affinity for the 5-H’1‘1A somatic autoreceptor
should block the suppression of FEA, provided that 1) the
activity of raphe neurons is important in the process and 2)

s'ﬂfm receptors don”t mediate the suppréssion. Activating
g

the términal autoreceptor should also block the suppression
© tof FEA by NS, by reducing 5-HT release frml_\ raphe neuron
. ternunals. ’ o .
\' o 'I'he prctctyplc S-HT agonist 8~OH-DPAT (Hjorth et.
. i ‘al., 1952 Leysen, 1985) (0 9= 1 S)Jmol/kg i.v., n=5) ‘blocked
- . the suppression of. FEA by NS within 1 nin of administx:ation
(Fiq 5)4 'l‘he av_etaq_e _duration of 'the blockade of the.
. suppression of FEA by NS was 46 min (Tablel). 2-MPP (0.4-4.4
nmol/kg i,v., n=4), with affinity for both 5~HT,, and 5-HT,
binding sites (Hamon e-tfal-. + 1986) ,.blocked ;:ha suppx{assiox!
6{, FEA by NS within2.5-5 yin of udmilniscraticn (Fig6): The
\ ave'i-age duration of the bl‘ocka'd;e was 61 min (Table 1). The5-
aqonist TE‘MPP (Hamon et. al., 1986) (0.4-4.4 umol/kg,
Coe i Ve ) blocked the suppressﬂon of FEA by NS (Fig 7) within 30
sec~4 min ot administration. The average durati_nn of the
‘suppression of FEA by- NS ‘las 43 min (Table 1). o
3.3 ' The Effect of Amine Uptake
on the Suppression of EEA hz NS

. 331 mmmmnmm::mmuun 3
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Fir‘;u\re 5. The i.v. administration of 8-OH-DPAT blocked the
,suppresslop‘ of FEA by _Né in the rat. Control respnnée (a)
shows ‘the éupprassion of FEA by TC.. Administration of B=OH-
DPAT bloc)_(eé the.suppression of FEA by NS (B). Reco'veryvaé
apparent within 31 min '(c)‘. ’lfhe gdministration of s-oH-DP;\’I‘ L
again blocked tfie supprgséion of FEA by.NS (D) while QPZ,
| admiﬁistated 4 min 1u£er, res‘tore‘d the s\{pp‘res's'ion of FEA by

NS and redyced the background level of FEA (E).




A. Control

TC
o

B. 8-OH-DPAT, 0.9 umol/kg iv..

—Ic

C. Recovery 31min latér

E.QPZ

D. 8-OH-DPAT,0.9umol/k g

‘ TC
4.7.1mol/Kg,4 min following 8-OH-DPAT




l‘ab]\e 1: The chnnge in backqx'ound level  of FEA and’ the

duration. of ‘the blockade ot the -upprmion of FEA by NS
©  following 8-OH-DPAT, 2-MPP and TFMPP.




Rat$ Change in FEA

Drug puration
(nmol/kg) 5 . (% of control) (min)
8-OH-DPAT %

1 104 30
2 82% 83 \
3 98 - 30
4 95 ‘51 ;
1.5 5 102 35
2-MPP oA
0.4 s 1 B89% - 95
0.4 2 94 69 .
2.2 ¢ B 97 .45
4.4 4 48% 35
TFMPP . . s
0.4 & 104 25
0.4 2 102 . 63
2.2 3 86% 30
4.4 4 55

84% .
*=Significant P< 0.05 ’




Figure '6. The i.v. 'udministra‘tiun ‘of ‘2-MPP blocked the

suppression of FEA by NS in the rat. . cbntrcl_:espopse «A)
."shows thé_suﬁpi'assion of FEA by TC. Adminiu(:n‘tion, of 2-MPP
. hlachd tha\‘uuppra'nl'qn of FEA by NS (B). Recovery »‘was . N

. uppar'ant within 98 min (C). & 2 % o %
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Figure 7. .The iv . adininistratiér.\ of‘ TmPP blocked the
su’pprug'ssibni_ét FEA ’by “s, 1n’_'t¥1e rat. Control response .(A)
showé the sup‘ér_ﬁ‘esﬂqn of FEA by TC. Adlqinistfatiop of TFMPP
v blocked the suppiession e‘jf FEA by NS.. Recovéw waﬁ apparent .

wi':k;in 25 min (C). - e

B '




8. TEMPP 0.4 umol/ka

e -
\\/ )
" . © T10sec




Anétbler way - to activate the 5-HT somatic
autoreceptor, and thus inhibit unit activity, is to increase
the concentratiod of 5-HT in the vicinfy of the
au'_t'oraceptcr. This can-be accomplished by blucking the
u;take of- 5~-HT \us.{nq IMI. Ifi, however, also h.].oc}:s the

uptake’of NE and therefore inhikl: ts locus coeruleus (LC) unit

activity (Nyback et. al.; 1975).- To. test for possibile
o

effects at reducinq LC unit activity ’thg_response‘ to IMI,‘—
DHI was, adninistered prior to IMI. Bt selectively Blocks .
the uptake of NE, but not 5-HT, 1§ad1ng to the inhibition of e
but not qo;sal or median raphe neurons (Sheard ft_' al., 1972) .
The adl‘nini‘s\:ratv:mn of K?MI (10 umol/kg isv., n=9) did

of NS in. g FEA,

net reduce the

ulthough it caused a statistically significant reduction in

the background level of FEA in 8 of 9 animals tested ('tabl._e 2).

“Thus it gpﬁ{eara that Lqmiit »activity’ is not essential for the

suppr:ess‘ion, of FEA by NS. 'However, when'IﬂI (11 pmol/kg L.V,

n=7), was adn.linisterad following - DMI it Ylocked the

) suppraéslow of FEA yll_s '(Fig 8) and caused-an increégse in the
- x

background level of 'FEA inall rats tested: IMI admi istered /:
alone (n=3) also blocked t}fe suppreésicn c:l FEA by -Ns
demonstrating that DMI'did not influence the outcome with

IMI.

232 nmmine UEWY g /
In contrast tc IMI, tm 1s aspecific blacker of 5-HT " f
uptako w t.h litcla orino ettact on the uptaka ot dopamina or




Table 2. The cnange in background level of FEA following the
administration of IMI, DMI, and QPZ. -~ 2

’




. . Drug Rat# Change in FEA -
i 2 ‘ _ (% of control) h V.3

~ 103

‘"

IMI® ' 7208 :
, 11 pmol/kg . +  Not Tested
. 135% . -

. . 109 ‘ g
, 94 ‘
Not Tested W ®
P 85% i
3 - 153% . oA
é ¢ ° N7 4
. 1 )
QPZ 52% 7
. 14 pmol/kg Not Tested .

:
2
3
4
5
6
7
8
9
1
2
3
4
5
6
t7
8
L)
1
2
3
4
5
6
7
8
9
P<

*=Significant

. ’




Figure'§. The effect of DMI, IMI and QFZ on th supprassiun.
. of FEA by NS in the rat, DMI failed to alter ths suppresslen

% ‘atl FEA by NS (B) compared to congrol a), but did reduce the

» 7 bacquound level.of FEA. I.HI adminlstqred following DMI”
blocked the suppresslon of FEA by NS (C). .QPZ administered
shor'tly after record in (C) restored the suppression of FEA by

NS and reduced the background level of FEA (D).
g # i y
: , . .
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A. Control

58

ETS 20V )
‘ f
”  B. DMI10umol/kg
: .- Esav . . -
C. IMI 10 umol/kg v
<y . Es2v .
D.QPZ 20umolrkg S ,
" ‘¢
ES0v - )
S * 350 v




norepix;sphrina‘ (De Montigny and Aghaja sniaﬁ 1978). ! As Y;lith

IMI, FLU (3 mox/kg i.v., n=4) blocked the suppression of FEA
by NS (Piq 9) The duration of action was quite brief for
b;:th doses of FLU (Table 3).

3.4 The Effect of Quipazine (0PZ) en .
the Suppression of FEA by NS

QPZ antagonizes some actions of 8-OH-DPAT (Goodwin

‘and Green, 1985). QPZ ws administered following the

blockade of tha on of FEA by to -test for

possxble antaqonism. QPZ (4.7-14 gamol/kg i.v., n=3)

restured the suppression of FEA by NS |(Fig 5) in 2 of 3 rats .

tested, (Table &5
QPZ ‘was also used to attem t to ant-ageniza the

. blockade of the suppression ut ‘FEA by induced by IMI. It
was felt that 124 might restore the suppression of FEA by NS,

since IMI,was thauqht to 1nd1rect1y 1 hibit raphe titing.

QPZ (14 )mol/kq i-v. ’ n=5) restored the suppressian of FEA by
NS (Fig '8) .in "all animals test d (Table 4). The
administration of QPZ (4.7-23 ymol/kg i|v., _n=4) tountreated
x:ats signiticantly decreased tha eackg ound levsl of FEA but
did not sltsx,- the suppression of FEA by NS.

3.5 mmmumamqn and
\un_nmxm;hgnml

IMI, FLU, S-OH DPAT and TFMPP have baen shown to




Figure 9. Fluoxetine blocked the suppression of FEA by NS in

the rat. Control response (A) showsthe suppreﬁsion of FEA v

by TC. Administration of fluoxetine blocked the suppression

R . of FEA by NS (B) . Recovery was apparent within 14 min (C). .
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A. Control

—_—
TC

B. Fluoxetine 3umol/kg. iv.

—_—
TC

C. Recovery 14 min Iatér

350V

10sec




\

Table 3. The change in background level of FEA and duration of
‘ the blockade of the suppression of FEA by NS following FLU.

oy




Duration

Drug Rat# Change in FEA
(% of control) (min)
PLU . 1 102 <1 1
3 pmol/kg 2 106 15
© ‘ 3 71% 1.,
4 63% 18
5 FLU o gt 103 20
» 16 pmol/kg 2 101 12
= R 3 74% - 6
K 4 ° Not Tested

#=Significant P< .0.05 .

L ol




‘Table 4. ‘The effect of QPZ on the suppression of FEA by. NS‘in 8>
OH-DPAT pretraat:ed rate, DMI and IMI pretreated rats and
normal rats. 5 Bp ) -




/ o

Restored T

Drug Rat# Change in FEA

(nmol/kg) (% of control) Suppression ..

QPZ (Following 8-OH~DPAT) . .

& < b t o 86% No g

14 - 1 88* ‘No 1
4.7 2 3 75% Yes:

4.7 .3 88* Yes

4 . Not Tested.
5 Not Tested
Drug , Rat# Change in FEA - Restored
(umol/kg) (% of control)’ Suppression
: . o

QPZ (Following DMI and ‘IMI)

14 1 W Yes

14 2 .. Not.Tested o

14 3 Not Tested @ 4

14 - 4 Nat Tested >

14 5 v

14 6 Not Tested i
14 7 Yes

14 8 u* . Yes -

14 . 9 84 Yes

LY

° Drug Rat# Change. in FEA Duration  Blocked

*(umol/kg) (% of control) (min) Syppression

QPZ (Untreated Rats)
4.7 - 1 -
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‘xestere the suppression of FEA by NS by directly eécu:inq

. 'msecy 280 kPa [n-7]) blocked the suppression of FEA by NS 1n

‘or 10 mM) were 1ne!teot1ve (n=s) « The effectiveness of 5—H'l.‘ #
. and 0.2 M GLU vnried within euch rat depending an the depth of 7

byNs was 6.6 ; 3.9 min. A).though tissue damage in the ara\a‘ot«ﬂ

b o
Crisp, 19767 Sprouse and Aghajanian, 1985; Sprouse and
Aghajanian, 1986). All of these agénts blocked " the
supptassicn of FEA by NS when administered i. v. Although
those observations sn‘ggest invqlvement of the raphe nucleiin
mediat:,{'ng the auppren‘;sion of FEA, other interpretations are
baasible. However, invdlv;zemant of the dcrsai raphe cduld_ba
&ectly tested by 'local drug application. clearly if~
dorsal rnphe firinq is nacessa'ry for t};e s\gppressinn of FEA by
NS, then the local pressure ej ection of 5-m‘ or 8-OH-DPAT into
the do:sul raphe - region should activate the somatic
autoreceptors .leading to a decrease in raphe firing and,
hence, bfcck thg suppragsion nf' FEA by Nf.. 'r:‘urthermnre, the .

pressure- .ajaction of the 4 Yy n'eur itter

glutamuta (GLU) into the same region miqht be expected to

raphe neurons. L

as s b P
¢ _The pressure ejection ot 100 mM 5-HT (100~1000 .

all rats tested ('.l‘able 5). Lcwer concentratians of 5-HT (1

1 m 'l'he g interval 7

ejection o! 100 M 5-HT and blockade of the auppress'ﬁl\t\)f FEA

the - dorsal : raphe during sectioning ’preventad ths



Table 5. The response gtained -following -the

pr
arious depths in the ragion nt the

#

ejection of 100 mM 5-HT at
dorsal raphe.




r

Depth Pulse on El
Tested Duration Blocked 2 M GLU  in
Drug Ratf (mm) (msec) Time (min) Reversal Raphe?

S-HT  ° i e

100 WM 1 | -6.5. 750 No NT Yes

100 mM 1. °° -6.8.-'950 Yes: 10 Yes ‘Yes

100 mM  1\_==7.1 550 No NT Yes

100 mM~ 2 - =6,5 ..750 No NT' & Yes .

100 mM° 2 .-6.8 100 Yes. 3 NT" , ¥ Yes

100°mM- 3 .-6.5 750 © No. NT . Yes

100'mM 3 =6,7. 850 Yes' . 12\3, Yes . Yes

100mM 3 <7.5° 600 . Yes No * Yes

100 mM 4 +6.8 ° 325 . Yes :5.5 Yes/ * NHA

100 mM 5 - -6.5 - 1000  Yes 1.5 NT NHA

100 mM 6 =-6.0 ° 350, ‘Yes. 10 NT NHA

100 mM 6 - =~6.5 . 350 Yes * 10 - Yes N .

100 mM 6  =7.0, 100 Yes, 4.5 Yes NHA .
100 mM 7 6.5 . 850 - [ 'Partial 6.5 Yes . NHA .° ,
100 mM 7 . -=7.0 .. 750 No . NT NHA

NHA=No Histology Available . i '
N’A‘=Not Tested



v ’
raphe in 4 of 7 rats, the interval

ejection of drug and blockade of ‘the suppression of FEA by NS
was similar for animals ,w\th (7 + 5.3 min) and wi;:hnut
. hl.stcloq:u:al varification of'electrode placsmem:s (6% 3 +3.3
min) . 'S
3.52 8-0H-DPAT g
‘ Both 1 and 10 mM 8-OH-DPAT were 'étfect/!.ve’ at some

13

sites in blocking the suppression of FEA by NS-(Table 6). As

was the case  with-the préssure -ejection of 5-HT, 't.he

depending on the depth of alactroda placement. ."In one rat
for which histology veriﬂed that the electrode 'wus

positioned in the dorsal raphe region, 1. mM B-OH-DPA'.!' tallad

_ ,/.‘T ,to block the suppression of FEA by NS. Thls may indicata that
fv ‘ 'a higher’ cnncentraticn uf 8-OH-DPAT is ne essary to cause a

‘blockade. The average interval batween pressure ejection of

8-OH-DPAT and blockade of the supprsssion of FEA by Ns was 9.2
o’ - + 4.8 min. . .

s Increasing the \ 3 ‘hn’ff in the

micrcpipette +o 100 mM resulted in more consistent blocknde

of the suppression of FEA ('l‘uble 7). The gvaraga interval

] betwsen pres ure ej ection of 100 mM 8-OH~DPAT and hlocksaa of

i the suppression of FEA by NS was 4.25 + 3.2 min. Tisnue

Ve

g preve the L. on of the’position of

nation of el le pl relative to the dorsal,

(- effectiveness of 8-OH-DPAT and GLU varied within each animal -

L

/ .
‘electrode tracks relative to the dorsal raphe in the 3 rats -
5 tested. Based on the available histoloqf, it'is clear that




Table 6. The response obtained tollowing the pressure

ejection of 1 and 10 -mM 8-OH-DPAT at, various depths in the
region of the dorsal raphe. ) )




pept Pulse 5

Tested Duration Blocksd .

EL
M GLU '

in - ¥

Drug Rat# (mm) T(msec) Time (min) Reversal Raphe7 A
8-OH-DPAT * [ o & .
1 mM 1 22008  partial 5.5 NT ‘NHA

1 mM 2 3700 Yes .16 Yes NHA

1 mM 2 1950 M\ - NT - Yes

1 mM 2 2800 NT Yes 3
1 mM L2 2100 No NT Yes

10 .mM 3 3700 No NT NHA
0mM -3 2550 Mo, * NP NHA
-10 mM 3 1100 , Yes 14 Yes NHA

10 mM. . 4 2800 No NT NHA

10 mM 4 <1000 No 2 & NT . NHA

10 mM |, - 4 1500 No NT NHA
10mM 5 2000 No NT Yes

10 mM 5 2000 Yes 5 .Yes Yes

10 mM 5 1800° Yes 15 No Yes

10 mM /5 3900 No NT Yes
T 10 mM 6 200 Yes A Yes NHA

10 mM 6 2900 No = NT* NHA
0mM 7 900 Yes 11 NT NHA

10 mM T 1800 © Yes 7.5 Partial Yes™
‘10 mM 7. -7.5 700. ° Yes 5 es Yes

‘NHA=No Histology Available

. NT=Not Tested




* raphe.

\ ) L : g ) A,,'_

Table 7. The rupenna obtainad tollwing the pressure
ejection of 100 mM s-on-npn at various depths 1n ‘the dorlal
LIE

B .

R s #,




Depth  Pulse . Y B |
- 5 Tested Duration Blocked +2 M G in
Drug Rat{ (mm) (msec) Time (min) Reverual Raph-?

8-OH-DPAT | kS . "
100mM 1 -6.8 . 400 Yes 1.5 Yes NHA
) 200 mM., 1 =7.0 200 . Yes ' 1.5 No NHA' 4,
100 mM 1. -7.2 200 Yes 3 No. NHA ¥ :
100 mM 2 -6.7(S1) 425  No NT NHA .
% 100 mM 2 -7.0(S1) 675 No NT \, NHA
: : 100 mM 2 . -7.5(S1) 1400 No NT . NHA
100 mM 2 . -6.7(S2) 750 Yes 5.5 Yes -NHA
’ 100 mM . 2 -7.0(S2) 1100° No - NT NHA ‘
100mM 3 -6.0. - 750  No NT NHA
100 mM° 3 -6.5 200 Yes 10  Yes NHA
100mM 3 -7.0 750 Yes 4 Yes. NHA < 3
', - NHA=No Histology Availlble = i ’ -
= * NT=Not Tested ¢
E si=site 1

Sngite 2
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in the majority of responsive ysite,s,‘tested in which the
pressure ajectinn of S5-HT or B-OH-D}:‘AT blocked the
suppression of FEA by NS, the micropipette was positioned in
the dorsal raphe ltegion. In the majority of non-responsive
<sites ‘tested the micropipetta was found to be,pasitioxged
" outside the d;rsz‘:l raphe Areqion «(Fig 10)“. . . »

3.6 'mmmmmmg:
* {5-HTP) in PCPA

.62 ‘m of 5;1-11; on EEA T
‘In.PCPA treated animals, NS is ineffective in

suppge‘g'sing FEA (Neuman, 1986b). As the rostral raphe

nucla( appear to be the mo‘st: sens: give'to autoinhibith_:n:

(Haiqler and'l\ghuj’anign, 1974) and these project to the

! ‘L it ts that in str (0’Hearn
.nnd Molliver, 1984) may be 1mportant,iin mediating ‘the
suppiession of FEA by NS. Since 5-HT is'.r;aléased cortically-
and PE}\ is induced cdrt{cnlly, this suggests .that 5-HT might
act cortically to reduce FEA. ’l‘o test this h?ethesis, 5-HTP
wus pressure ejected intracortically, at the same site as PG
application, in PCPA t;entsd apimals. in an utcampt to restore”
5-HT transmission selectively at thig level und thereby -
restore the .suppreséieﬁ of FEA by NS.

The rationale’ for these experiments was t:'hét. since
Pcws does not raduce‘tha activityof raphe nauz-ona‘ but rather

only reduces the level of neuronal 5-HT, if 5-HT levels could

' be restored at the site of nétlon, the suppressi_on of FEA by NS




.Figure 10., Hlntuloqical\lmuutinn ot thc nicropipette
tracks in the vh::l.nit:v of the dnrul raphm (DR). The

majority of responuive dites were found to be 1qcntad in tha

DR while the majority of non-respunsiva sites were tound to be
. Tocated outside DR. (/

*-




eResponsive Site
oNon-Responsive Site



could also be restored
The local applicntion of 65 mH 5-HTP (0 33-44 nin;

'34-128 kPa) to 4 rats pretreated with PCPA caused a N
. statist#cuily siqniticant:daeraasa in the background level
of FEA in a‘ll rats tesfed. . Furthermore in 2 of the 4 rats the
' pressure ejection of 5-HTP ia‘stured the suppression of FEA‘ by

Ns (Table 8). ' .

s ;P‘.(:PA -treated brain tiss;xe processed using the PAP
method was essentially devoid of neuronal processas‘ showing
s—i{T-like immunoreactivity (5-HTLI), which stained dark
brown in controls, with thé exception of two. teéicnu: Y:L) i:he
area i;-n the left hemisphere of the cerebral cortex into whicﬂ
E-HTP had been pressure ejected 2) the decussation of the '
'w_rentral téqmentum. The' remaining regions of the b;‘uin

sue were observed to be.a paie yellow’shude v indicative of
an absence §t~5-uwu . Inthearea of the cortex infc which§-
HTP had been p\r‘a‘ssure‘ ejected, m b1, od capillaries wa‘re
cbse'rveﬁ to’ have siained posit:\.:z!ép 5=-HTLI. Proceaaen
containing 5-HTLI could be detacted .scattered among the
stained capilluries. . ’J.‘he majority of the processes observed

were located ip close proxim!.ty ti the site of injeckion of 5-

HTP. N erous smau, rnund varicosities (0.8-1.4 )x}n in

stuinln’ positive for 5-HTLI. _ In untrautod rats numerous

" neuronal processes snlh:lnq poniti,vu tor 5-HTLI were found °




Table l Nme uz'ation of tho chunge of bauhqround lcvul of FEA.
following 5-HTP
PCPA tnatod fats.




v

- Change in FEA

s . (% of Control) ' Restored
“kPa ‘min Rat# . After 5-HTP suppression ' (min) -
69 v 0.33, "1 28.1% .No.' 12
‘138 1.5, 2 73.8% . Yes . 17
E] 1387 3. 58.4% . ‘No. 18
" 138 44 4 87.5% Yes 28

% sigpificant P< 0.05

Duru‘tio\



'

Figure- 11. . (A)\)leurona'l pr‘ncesses (some indicated by
arrows) staining positive for 5-HT like immunareactivity (5=
HTLI) in the cerebral cortex of untreated rats. . (B) The
nma area of the cerebral cortex in PCPA treated rats did not
thow neuronal processes staining positive for 5=HTLI. -(C)
Nauronal prucesa (indicnted ):ry arrow) and blood capiuaries

c_nntainyng 5-HTLI in the carebral‘cox:tex of a PCPA treated rat

located proximal to the site of ‘pressure ejection of é-HTP:

(SI) froma mic!opip“atte. (D) Nauronul process (indicated

!
by arrow) and blood capillaries containing 5-HTLI Below SI in

another PCPA treated rat. .- W

7
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/—\ throuqhaut the entire cerebral cortex - (Fig 11). A £
’ in ths region of tlle decussation of thl ventral
I tegmentum, a small number of fibres staining positive for 5-

HTLI were observed with varic’ositiés, ()8 6-1' <& am in diameter.

< -The few fibres visualized were cf a much shorter length than il

&\thosa observed in the cortex in the area where 5-HTP had been

- . pressure ejactaﬂ. In untreated: rats- the region of the ) ’
decussation of the ventx:al tegment\‘ was .found to contain '
many ﬂbres‘ showing S-H'x'il‘:. ‘Fibres were of a much greater

':. -~ length than those observed in the equivalent region of PCPA
' treated rats with varicoéiti:es 0.6-1.2 pm in diameter and
intervaricose ‘connqc\:iun? cle‘arly“ visiblé,

.2.7  Intracortical Application of

5=HT and Drugs Releasing 5-HT ! : L
271 Pressure Ejection of 5-HI . !
o Since . the 1local pi\’essura ej\ection of 5-HTP _

' intracortically in PCPA t";aated rats .provided some
suggestive evidence that'an increase in 5-HT at the cortical )
2 s level miqhty mediate the suppression of FEA by NS, attempts ) “ 5

vaie made to.simulate the ,atfects of NS by the local brgésure

’ aqutinn 'Br;-ﬂ'r. 'Thq pressure ajéutic'n of 1mM 5-HT (190-500:
msec pulses; 550 kP;t [n=2]) had no élttact u_pt;n tl’lle gmplitdge
of. FEA nr‘: upon the duration of suppression of FE;A in response o 2
t® NS. Increasing t!;a 'co}xcentraticn of 5-HT ejected (10 mM, "

< s .
[n=4)) was also .found to.be without effect on FEA.
. »

"‘\1-1,1" Pr—— e ‘Amumnsml of ) : o




S-HT is 11keiy to be rapidly t'rail;\sporta'd into
amineréic teminals and/or mstah‘olized when' applied by
; pressura ejection.’ 'ps a result, the 1oca1 cencentntion or .
spread ‘of 5-HT may/lze insutﬂciant to have a demcnstratabla

effect on FEA. PCA, which releases S5-HT as we].]. us"

i inhibiting its and sy is ( sh and
Steranka, 1978) , was applied carti,callf( by. prassuri ‘ejection
as an alternative test of the importance of the cortical site

of action of 5-HT. N - N

’l'he‘ pressure ejection of .10 ’mH PCA (100-800 msec
pulses; 550 kPa [n=4]) resulted in a suppression Of FEA that
was riot duplicated by pressure ejection oF 1 vahic'le at the same

e. The . s on. of FEA consisted of a

statisgically significant reduction in the backgrouhd level

FEA in each rat tested with the average reduction in the
backgrour:d level of FEA being 77.5 + 10h2%.of contro '(Tnblaj
9). The response to NS tollewivng ‘recovery of the,bar;kgro nd
1ev;1 of FEA was unaltered from the control respnnsa txs '
with the exr:apt:ian of 1 unimu,). in which the- suppression was
’ . slightly prolonged. Once a respunse to PCA had been

.-cbtained “the !urther ajection of Pc}\lwus without effect.

3.73 * The Pressure Edection of Fenfluramine
FEN, lika PCA, .alQo releases 5-HT (zomlun, ’1979).
Hawever, the pressure ajeccian of 10 mM! FEN (100-300 mseu
pulses; 550 kPa [n-d]) tnuad tn aupprall the blékgteund ’
.'leval of FEA or tacilatate f:ha supprul!.on of FEA by N8,

“




.

. i | - 4
. . . ‘< )y -
'Iplble 9. The duration of the change of background level of FEA
following the int;:acortical pressure ejéction of PCAw

&




Pulse N i
+ Duratison Change in FEA Duration
E il Rat# (msec) (% of control)  (min) , E
g T .,250 73.9% . 3e . , i
. 2 500" 74.5% ¢ 8 . &
B 3" 500 92.4% 4
i 4 800 o 69.3% -5 .
: ‘ * significant P< 0.05 - o .
’ ’ p = [ : N
A /
.
. . . & :




. Y Aéince it was hypotheakzed‘ that 5~HT " might be a\ti‘ng

cortig:any to mediate the suppression

j ) y. of ‘the response was not’ apj within 1-2. hre —
following. - inlxj adg:{on (duration ‘of recctdinq) .- Baclofen
caused ‘ o étatiati’cally sigrxiﬂcam: increasa “in t:he‘
“background level of FEA in2 ot,the 5! rats _tested (’l‘able 10).
Although baclafen hasa potent: analgesic action (cu\:tlng and

erdan, 1975; Levy and Proudtit, 1977) r leg wichduwal in "

ERE mmmmnummmm
.mmmmmmgx\mmnﬁ

It S—Hl' mediates the suppressipn of FBA, then by




7 Figure 12. Baclofen blocked tha suppression o£ FEA by Ns.

FEA. b Ns‘\(B)\.\Recovery u,s'noe app.arant

L
X










_~ #*=Significant P< 0.05 -




- nntugonisu vl.m a!tlrdty for aither s-m‘l, 5-8'1'2 ‘or s-l-rr )
% bi;nding niteq varadqated tor thd.r abllity tu ‘hlock the
-nppx:a.non of FEA by xs. “~'The results of thesa exper*mu

nm uhmm Ln Table 11. It appenx-l unlﬁaly thnt S-m's

,reeept’nn aza involved as Ics 205 1930 vn !.neffectlva in N

izing the e c a! m by )(S. “on the other"
-hand, He u\ugonists vhich were etfactive all bind to 5-HT 5%

nnd/or ;-ﬂ'rzc z-ecaptors. ﬂwsvar, even this is nnt uniform

a8 ‘nei Iine -or. were etfectiva.

e : Y
des; ite tha tnct: they bind to both S-HTIC and 5-HT, receptux:s X
: (Haurinq and Parautku, 1987) +. Ind the same vein LY53857 1s o

o .quice potent at 5-H

—HT recaptnra (Cohen-et. al., 1983) and yet

.1_51 ive in 6nizing'the suppr on otmby“s.







ange in FEA . 'Effect on..
(% of - control) supb:gssion‘

Katunsetin i
-1. 4)

Pizotiten
-33.8)
- ipuromr 39’.8
V-(o:-x:) Bl
l(athyutgidn_ -
(1.4-28.3)

Huularqlno 12,7
(0.3-2.6)

. ICS 205 939
:(0.4=3,7)

- 'Axitagonizad suppu-sirm of FEA by NS,
B No_ é: tact: on; lupp: ssion o! m hy s




e expetimental Todels of e)?ilepsy (Walker: and Jnhnénn, 19 §

Matsumato et. al\ 1969; stax:k et al., 1974: Edmonds et nl., !
i Lockton a Holmea,. 1950).- PG inducas two general
types of’ epileptif rm activity, 1) ;pike and wave uativity in

cats tollowing the { . ndmi’.atratinn ot 1arge dosés of PG’V
(Glocr, 19g4) and 2)  large spikes cpmpunbla to human
l‘interic' 1" spikes re:ulcinq from the direct applicaticn o:
-high z:ehqentrations c% PGto tfie neccortex (Ayalu et. al.,

1970) - “ % L o ;G

| " *In the pr -eseni* study the intracortical applicaticn )
{

“‘ct PG-by piessure- ejecticn (35-137 kPa) produced FEA. - FEA

'may represent - a larval form of .focal penicill spike
}a{:“:i“{‘i‘ty (FPSA) { -With incr:easlnq amounts of PG, RPSA‘

) develops. as the result of synchmnized m:t:ivity in: thousands

ot n‘,ther similatlv at:ected neIYons 1n tha populm:ian (Walsh,’ v
1971). T T

. o L
The cellular m ism ﬁy vhich NS FEAis’

not " ; known. H.quev'er‘, " as’ im:racon:k:al activit‘.y is,
desynéhxonitzed( y ‘NS,  this muyv_v well account for the .
suppr‘eésibri of £ the' ppx{ulaigiorﬂ level. The regcent

* observations of V. ndgfwol! (1987). tl\t\n!: 5-HT cdncribut_'es to




X ~anduu pports th 4 mdemt_he‘

©. *.'OH-DPAT, the mixed 5=HT: >

i (Hsninq and Lytle, 1977). sinee noxious-but :not - non-

dauynchronizution il ccnsistent ’lth ch an g;:terpretation :

. study. : 2 e AV | - Y

Lz mmummm
ﬂmnummnxmhxui i, R

Frull the systaliE aduini!tratien of drugs it i.s

ditncult £o detémine the siteor situ‘f al:\:ion at which 5-
..JT .acts to supp:esn PBA. Howevex:, as, the 5—H'.l.‘ agonist a—
1a-18 agcniets Z-HPP and 'rmpp, and .

. tha blockarn .of 5- transport: in fact all hlncked che‘

aupprasanion olFBA by “the number of pussible sites at which—\

S—H’.l‘ uould act to FEA: is ' That is, *

dapending on.the sites at vhh:h the above drugs might exert .
* thair blocking nctio it 15 pousibla td'draw some conclusions

as to where' 5-HT na Mhta ‘the nuppraﬁsion ot FEA by NS.

i

One’ possible aite £ action for the ahove agents is L
“the spinal. pord where by prod.\cing aﬂnl‘g-nin they coé:l’d block

the suppréssloh of m by N5.. There is evidence, based o .- ]
-!:ud,leu enpluylng phamcoloqical, surgical, electzo- t
physiorogical. and dietary mnipulations of cantral nervous

lystam ‘ssion

ing thn(:

'1ncx:enses Ln the uctivity-of brain stem (oliveras' et \:1.,
1974 Busbuumht. nl. % 1975, Belcher et. a].. v 1978 Willer et.
ali,

1979) 5-HT naurons ‘are asﬂoclatad wj‘th/analgesia %

\ nox:luul lt!.nulatlon results in the uupprasaion ot .PEA in

~ : tized rats (Ne n 1985b), ngenta Hhich



ed to plock the
This effect .has been strated far ine" (
1986b) .

produce analgesia \ieuid be'e ¢

. & The hlockads of the uuppraulun of m by:. Ns ==
t‘nllwinq the syste-h: ad:iniuttatlon of _ the upt:axu
in!ubitors IMI and rw, hwever, provides- evidence that

analg_asia is not' al

mportant !a\:tot in the procna. IHI
ECN -does not. appear tu/pz-oduca analgeaia (Go&a!roy at. ul 1985)'
« -even at doses 3/ tj.mes higﬁer ﬁmn those amplnxad in the

A FLU, on tha othar hand, hus been tound tc i

:present stud}(
s, _.produce annlg sia’ (Measinq@ aly, " 1975) but cmly a(: doses 10' i
p timas highe; ‘than \:hose ‘used ih the present utudy. :

= ther possihle site ef action for f.hesa drujs isat

. 'hhe corf ical 1level. . Clearly th\ere are” S-H'l' recaptorl
"locate? in the cortex and it is at the qortil:al laval that the

FEA® s mduced by npplication of PG. However, ‘with the -

) exce/puon of 2-MPP and TFMPP, which bind to S5-HT, su:éa, this
- pgssibility is unlikely.- First, by blocklng.s-m.'_ upé;kl,
> ”{HI and FLU weuld be expected tg&:'ruqa thé extraneuronal

level of 5-HT cozticuuy. ‘Howe' er, when-animals are treated

.uith reserpine or PCPA" so as - to reduce the level of SQH'A‘_

»(Nauinan; 15365) ,.Ns- is no lonqer effective in evoking the

suppression 'of FEA. 'l‘hus, IHI or FLU.acting solely at the

d corticul le'val m!.ght be exp to the ton’
of ¥EA and not’ Bloekdt.  niTg0t \
' ‘Second, stress viﬂcraqual the lavel lo! 5=HT . »

metabolites at the cortical ‘level presumably as n’conl'equanu i



& located (Pazos ami Palm::los, 1b55) v

* 1951) .. since the saurce ot cortical 5-HT is the dorsal raphe :

: “recept

0 .of these receptors hy BAOH-BPAT, toz example, cnuld bloc): the

.tha suppression of FEA. In this case, by actlvating the

ot increas}ng the relaase of S—H'K' (Baumann ‘and Waldmeier:,

nuclaus (D'Hefrn and Honiver, 1384) and this appears to’ bea -
rathar diffuse systém, it is therefore likely that this . .
sourcz of 5-HT contributes to’ the no:mal activ%ion of 5-HT 1a-

ors.. If thase zeceptura are activated during stress,

including NS, theh it is di!ficult to 1mag1na how ‘activation

" suppreasion of FEA whenathesa same receptors would be

activateﬂ by the cortical re].ease of  5-HT. ' . g
Those agonists with 5=HT,, bindin ng. affinity, 2-Mpp
and TFMPP, could. very ‘well act at the con:ical level tc block

“terminal ‘aute s, 5-HT,,

zep -] (Engel‘ et. al! e
1985) y these aqents could reduce the release of S-HT

' The most likely site of action for “the blockers. of

. mﬁina upt;a'ke and the s-é'ru agonists. to block the suppresslon_ g

of FEA'ia the rostral ‘raphe nuclei;‘ a—OH-DPAT -and. IMI by —

"_ their direct and 1nd1x-ect action raspectively can inhibit

dn:sal raphe neuron unit acf.ivity. Funchiunally the rostral

raphe nuclei- .appear to possess 1nhibitory autoraceptors

whlch is'not the case for the caudul raphe nuclei (Haigler and

Aghajanian, 1977) .. This has baen conﬂmed by the bindinq ~

site data in vhich very few s-m x-eceptcrs have’ heen £ound

in the midbrain rapha systsm vith the excephion of the rostral

. raphe where high n rations of such bing sites ax:e»v




Adnunisterlnq S—I-Pr'ngonists with an n!tinity for the

o

) eceptor or activating these 3 by i
oft of S-HT’ in’ the caaao! I or -

C{ lé thus attactively reduce tha corticnl concem:ratien
0f*5-HT released and t\ eby ‘block the supprasslon—'ot FEA by

'N s 'rhus, -enly-ateth rost:axcaphe dn_as it‘a:!paar that" tha

§ \ effects of the agoni. s and blockers ©of 5-HT- ,uptuka are

he results ehtained with resei'plng and PcPA. 0

b £ c%ns&sténtwi
: fl'he observatiun :.hat QPZ can antagoniza the ‘block’ of, the
supprassion qf FEA induced by B-pH-DPA'l‘ and -].‘HI 15 alsp L

; : ‘consistent with this view.' It is ilikely that QPZ is act::lng as’.

an %n,ist at the cortical level, thereby : mimfcking the

action of 5-HT, hencq, restoring the suppresqion af FEA by Ns.
. et . . -

This ihterp‘ratat’ion is supported by ‘the fact that.QP2Z has

previously )‘:}n found to uct as an’ aganiat at postsynaptic 5- -

HT Leceptare (Jacoby.et:.

1976 Neuman nnd White, 1982.

Ggodwirkana Green, 1985).
'rhe 1mportance cf the dorsal raphe ‘as tha sita nt

hich 8 O‘H-DPK'I' oparates to bleck tha supprésuion of FEA™ 15

! 2 further suppcrted by the observatiuns that 5—H’1‘ or B-OH-DPM’
. ‘. . applied 1oca11y to this :eqion block the suppression of FEA.
. Althouqh 3-HT and B-OH-DPAT p:'essure e}ectadinto the dorsal = —

rqpeeeses

raphe i‘eqion were .tnund to ‘block '%he suppzension ot FEA by N8,
_.the micropipatte had t:a contain a hiqh concantration et arug

T £ .(100 mM) befax-e the supptessl.on relhbly occured. It s

likely that a large nmnunt: o: the ejectad 5-HT is r:nmoved from

he site both by metabol lsm and uptaka prodanu.\ § STH'I' hul a ’_\
i o 3 e . <X . 3 v E




S g R higher affinity for the 5-HT,, receptor than 8-OH-DPAT (Hamon

e’t.val s 19&!6) Tixere:ore , even though 5-HT is taken up by an

-amine transporter or metaholized it €an exert an effect at the -

same plpabte concentration as B-OH-DPM‘. ° R =

Thare are several explanations that ‘may account “for

-the lenqthy delay betwagn drug ejection and the blockade of; 7

3y Jthe supprassion of FEA by NS.-. The ruphe isa ralatively large
- 3 structure éontaininq one "of the highest concentrations of - i

serotonerqic perikarya in' the brain (Palkovits et. al.,l -

Vg of D197y 1 consists. of three port ons Ay yg_nsu_ cells
i > batween, witbin and just dorsal to the madial 1cpgitudina1
rasciculus 2) ﬂgm]. a,sma_u,midnne cluster cf cells just
ventrnl to tha aqueguct of " sylvius und 3; nggr_gl uing_s a -

_gymnatricnl pnir of cell( clusters 1ying 1aterally and -

G dor_saliy in the periagueductal gray. at_thg_ level of the’.

trcchlea‘rnucleus (O'Hah’xh and'Moiliver, 1984). 'It is .

possible thet a 1arqe number of. 5-HT" neurnns must be blocked_'

Sy b !.n ordar to efteativaly suppress FEA.. - The applicatian of

GLU Ls conbistent wit' thia interpretation. The rapid

S p * reversnl ct the blcckada !onuwinq pressure ejection of GLV.'

sugqests ctivity inonlya sman number of raphe neurons

. is requireﬂ to restore ‘the snppressicn of FEA by Ns. 'rhus, :

1arger number of sarotonergic neuruus may have to! be

inhibited to hluck thie suppx ﬁm. h ‘to res: <The.

x'esponsb only a f.aw raplie naurons are r(e;qu!.rea. Althuugﬂ'

y conuistent with tha bser ons. this ‘réma as| o

npeculation ‘ih the lbs'ance qf. diract maasurament of ra’”he“



Desp te the long ‘delay batwsen drug ajsut:ion und

ek s : blockade of the suppression of FEA by Ns, S-H'!‘ and H-DPAT

Ly
apldear to'act in the vicinity of the dorsal raphe regionand i
not at a remnte ‘site such as the median raphe, ana n\:hex.—
brainstsm or. spinahcord sites. The obsewatinn that the
majority of sites :esponsive to E-Hl‘and a-oH-DPAT wers in the

- dorsal raphe Mhile non—respcnsive sites were located outside

: x:hs dorsal raphe suggests that the dz'ugs are’ acting u\‘. a

IRaat discrete site in the dorsal raphe raqic and not dittusi.ng 4

intu the aquedu"E to, act at a site an the spinnl cord. Also,

the higher the cuncantramon of 5-HT or a-OH—DPAT presaure

g ej ected ‘the.shorter ‘the delay hetween the pressura ej ection

af drug and t:l‘e blockada of th suppression of PEA by Ns.

. Af\:er finding a site at -which 5-HT. or 8-OH-DPAT hlcckud the

§ et suppressian'of FEA by Ns 1t vas ottan possible to mcve the
pipette by as_ n“Etle as + 0.5 mn.and fail tn get a hlockada of

) ) -the suppression. This,' aqain, suggests thst ths ajected ;
¥ N ’ drug is ac\:ing in the dorsal -Taphe reginn ana not simply

e, il diffusing ap- the elect track. ‘. Fur v onsive: :
% “sités at depths close t to ths aqueduct. dn not block the',

o suppress).nn ot FEA with the shortasc time delayd :

’ 'l'he results cbcainsd !rc?n the phssure ej action ot 5=

H’x‘ and S-OH-DPA'J: into ‘the :aphs su\;qesh that raphe activity is

L 'J.,," ; int’ in"¢he | ssion of FEA by ‘NS, whsther rspha

firing must 1ncreass tollowing NS.or what:hsz' a bssal leval of.

firing is € 2 cannot be > ,' nad fFou tha prasant



data, since raphe firing ‘rates var\e .not recorded. Further -

o 3 ‘studies -are iequii'ed to‘detei—m{ne the actual relati’ans ip .

betveen ruphe unit activity, NS and the blockade of.‘ FBA. -

sim:a \cxw\l raphs -neurons project .cortically ..

(o” Hearn and Holliver, 1384) " the main WO ing hypothesis of ¥

this thesis (an incteased release of 5-HT"at. the ccrtical
level mediatas the suppression of FEA by NS) seems plausible.

'Expsriments conducted -at the cort:ical “level were suggestive

“but not unequivocai on Jthis point. .
% L____In‘m:der to assess a possihla cort:ical site ‘of

= action tor 5-H1‘ in the suppression of FEA, two dxfferent

exgerimantal paraﬂigms were employed- 1) 5-HTP: was ejectad ' %

coztieany in an attort to zes(:ore the supprassiun in PCPA e

\ treated rats; 2) 5-H'r PCPA und FEN were: applied lpcally to .
'ccnaLin_mtact rats in an attempt to mimick 5-HT release

Neicher experimant provided unequivocal results

The major ditticu’ffy with these studies was most .

_llkaly tz'y:\nq to ‘evoke a change by applying Eﬂy a small

¥ s . . amount of druq in a 1oca1ized aze‘ around t,he micropipette.- \ :

f— LIf 5-HT is: acting at the qqrtica_l level it is’| pcssibla thgt A

"ﬂiutively large area ©of ‘cortex needs to be -affected to

produce tha suppression. .

5-HTP prassure eiected into the cortax ot PCPA.

Ll & e rats anly tha on of FBA by ns in 2 of:
4 animala. ‘since 5-HTP was pressnre ejected unilaterally

’into the cortex vhich “was bilaterally depieted of .5~HT by

PCPA, it is possible tl'gat the S-HTP\éould not he taken up by a



lardé enough nﬁmher of s-m- aplateld neurons, and comlﬁed

‘to 5—H'(' allowing hﬁe ! on of the -assi

n of FEA by

“NS.. There are 4 cell typas in the rat brain whfe\- u'e thouqht
“ ' to ccntain arol tic L-umino acid decarboxylase, the enzyme

which c:mverts 5-HTP to 5-H’1‘ ()‘.Awanba!g, v‘nsz), ‘These |

& include the pex\icytea lining- the cupillarles 1n the brain as ;

well as: dopamine_rgic, norudrenergic and serotonazgic_ neurons "
& EN
(Yurigér _and . Havey, - 19769 . " Since immunohiutochemistry

reveals: many capillaries w(xich staln positiva tax- 5—H:L‘L!, 3

this suggests. that cupillari.as are tak!.ng up 5—H’!‘P and L

convarting it to 5-HT. Since \:npillaries would not. releasa #,
5-HT in rasponsa £oNs, the supprsasion of FEA by NS wnuld not i

. ba restcred if the majority of pressure ejacted S-HTP was
taken up nan—specitieally. 'v Loy gt m s ¥

The: fnuure ut 5-—}{'1', npplled corticnlly in untreacad

r‘atﬁs, to - simulate ‘t:he effect of NS 'at first appears

in’cqpsistent_ with a cortical s_‘ite of action for 5-HT in.’

sup‘pres’ainq FﬁA ‘As Qith the' 5-HTP‘ daca', howevér, it is o
ukely thac insufticisnh quantities of S-H’l‘ ware present to
effect a guppresg:lon_ of F)}A. since prnjectians ‘from the:’
dolz-'sul~'rapt.xé to (:hg cortex bre‘bilgteral (0"Hearn am}

Molliver, 1984), it is p‘os‘afbl‘a that the ‘failure Of §-HT ‘to

simulate N8 “by sing the 3 _leve of *FEA -
: retlects the 1nability of unilaternny preasu}jeoﬂd 5-1-['1'

N to bil‘aterully exert an actien on, ccz'ticnl 5~HT racaptou and

) causa the’ expecced auppressinn.

It 15 dl.tticult to explain Vhy 1ntracatt1t:nl].y



B v ! pr:esﬁura ejacted PCA simu).ateﬁi NS in untreated rats, while

FEN had. no attect on FEA, since hath PCA and ‘FEN are druqs

\ . which cause the’rélease of 5-HT from ' neurons (Neckers, s

» Bertilsscm ‘and Costa), -1976) .. In the cortex, PCA causes the‘

c « and the -

releuue ot 5-H'I‘ from

b level of cryptophnn hydtoxylass to a slightly greaber axtent .

u B than FE}I (}{eckets, ‘Bartilason and casta, 1975). This may,

pussibly partially account ‘for the ab y of . 10 mM PCA to .

supprass the background 1eve of FEA even'though 10 mM BB;J

: !ailsd to"have "the same ffect. - It does not explain &‘e

:ni].u:e of: 20 mM and 100 mM PBN o dacrease ‘the backgropnd‘

i . level of" FEA. ]

. This raiaes the gossibility that .the- success of PcA'

e to the non-specific effects of the. drug. 'rhe:

. could be

immad!.ata eftects ; OF", PcA are’ zelatlvely “hon- specif{c

¥ 1nvolving' n in, snergic; . n ‘energic = and

dopuminerqie levels, wh&le ‘the persistent long: term effects :
L

of pc.\ are speciﬂu to 5-HT' ( ox i ‘(and“ t ;
1975) Althnugh the ahility of PCA to:'rele.asa NE is.much
lower than its ahility to relaase 5-HT, it is possible that ;
t:he reduction ln the baf:kground level of- FEA could have been .
madinted by NE. Furﬂhet experiﬁents coqld be’ perfomed

5 :’eat;.ing PCA vi'n'\ PCPA traated animals. to dgtermin_e it,vshe

nhn ity o£ PcA to supprass FE, continues follnwing deple'ticp

ct S—H'l'. This would halp to ashess whecher the act:ion ©of PCA

'wau non-apeeitio



the eame neurene in both the dorecl rapne (Harendi et. al., ’
1987) end the ventrnl medulla oblonqate ;(Hillhorn et. el. ] i
“1987). " The coexistence of the' twe neumtranemittera in the ;
same neurnn suggests that GABA may play en inmportant role in.
madnlcting th‘releuee of’ 5—m‘. Bncle:en, a GABAy ngoniut,

. reduces: the cortical release oﬁ 5-HT (Schllckgr et.. el‘
1984; Gray.et:.'al., 1986) . The fact that’ eyatamicany'_ .‘
administered baclofen bloe)’ the euppreeeion of FEA by NS is
consxeeent with an involvement ofj‘ 5=HT. in _the euppreeeion of

FEA “by Ns. It eu‘géeéts that .an 'increee'ed' \_\ccrticel

D on ot 5-HT ie L ! ry £or the suppres ;.on of. FEA'

»\~ k‘;y,_"}ls.v However, it doee nwt ‘preclude otnex mee)mnieme byf.
‘whi'cn bnclofen may. act. Baclofen also decreases the releuee» g .
of m! (Bewery et. al., 1980) Y/\ich could also accoumf. tor the‘_.v
euppreseion of FEA. . . ki -

A It can be concluded that bueed on dnta obtuinad :I.n the »
prgsent study, doreal raphe involvement 1n the euppreeeien of

. FEADby NS is certain. Hnwever, the deeignation of|the cenr.ex N

., as .ehe_eite_ot aci;ion of 5-}1‘1‘ requiree d!,fteren pered_igne N

than those uged in’ 'the present invee;iqat}.un;.-

LR 1 is dit:icult, if not 1npoee§tﬁ1e, £ compaze-dguqff\
5 ccncencreciene ‘ysed in'binding studies with 'meqf:udiu.

e Bindinq studies are cenducteq in y_j.t;:_q‘nnd erefore e_x.'h_not

‘susceptible to problems of distribution whi, occ,pr}.nxj.:_m.
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L ;n vivo, it is not possi,bla to datex—‘iﬁn’e the actual
\\concenttaf_ion of drug reaching the receptor site or gites
\(Paz'nutka, 1984.). ‘In . vitro binding studies ;re often
-'conductgd \1n.tha absence- of'.normaj physiological salt
‘Pq}ubions /which may result in an alt‘ered__hinding 'affinity
compared tc in vive functional studies”. »

" In in vive étudies, the lack.aj_selective 5-HT
untaqcnists £ox' apecifiu 5-HT receptors presents severe
problems’ of interpretation. The 5-HT antagonisi;s most:
certainly act simqltaneéugly at mult}ple sites. Vl{{ast» 5=HT

antagonists have at least weak affinity for-5-HT,,, 5°HI,;,

S-HT, and 5-HT, binding sites (Leysen et. alwy.1982; Leysen -

et. al., 1985; Connet. ali; 1986; Engel et. al., 1986). The

interaction at all these sites may be very complex and with

each antuqoﬁiét having a different sgecénm of affinitiesit: |

is dittic\xlt, if not' impossibls, ‘to drav fi.z'm anclusions as
" to the binding s:Lta at <which the antagon1st are acting. /
Since agonists with affinity for S-HT,, and 5—H1‘{B
binding sites blc:pkad trge guppressioﬁ o@_'FEA .by NS, a‘nd” did *

’ﬂo't‘ enhance it, this suggests that 5~HT,; and S-HTIB‘/h,inding

sites'did not mediate the 'suppression of FEA by NS.. The

" failure . of - 1line ‘und .

y € ;.g;de, aputatlve’
antagonists at 5'*“1» binding sites (Heurinq and Psroutka, X

1957) > !:o : 'f ize the ion qu/FEA by NS suqqasts

that 5-HT1D i:inding sites were nét involved in process.

5-HTJ binding sites are also .oﬁ involved in the




" Peripheral 5-HT, bj.nding si..‘tas -v’ith very low attlnity tur 5=
) and 5-H’.l‘ Mnding sites (Donatlch et. al., 1954) H did not
b.lock “the suppression of m by Ns. ol
i mere is strong avidence “that the -uppr-nicn otm i
by NS is mediated by S-H'l‘ r.md/or 5-m-1c r-ccpters. 'nla 5=
n’i’z antagonisu ketanuarin, mlnnurin and ritanmin axl,
blocked the uupprulion of m by NS. These 5'—m-
'antagonists also ponass n!tinity for 5-!-1'1‘1c bind!.nq ll.\:a- .
'(Leysen et.-al;, 1982) Leysan et. ul., 1985; Conn’ at. ul.,

1986;; Engel et, al., 1986). The ability of mam\xlerginu, an

a‘n‘t‘aq‘onist. ae"bc\:h 5-11'1‘ ¢ (Pazos et al., iébé) and 5-HT,
bindinq si\:es (clou'as, 1983) ,as weu as the non-neleetiva S .-
m‘ untxgnnist spiperone, with atfinity for 5--1!!!1_'A 5-'H'l' und

-ETlc hind g m:as (Ri-:hardson and Engll, 1955) to block

the suppteusicn ot mby NS p:F;'idu further evidam:a that 5~
HT, ?nd/ur 5-HT, . receptors mediate th--prm::u. ¥ |
Both s-n'rz and 5-HT;, receptors utilize ‘the

3 hydrolysia ot phosphutidyllnas!.tol (PI) as an etlac':or
: nysten (conn et. al., 1‘956? In anomor study the syltamio
adninistration- ot 1ithitm ( m'mol/kq) wu tound to’ block tho s
suppressiun of m hy NS (Namn nnd 'I'honpsun, unpublished
,ohserv_atl_ons‘) . In the ° rnt: brain 5-H'l' “stinulates . PI
hydrélirsis (qarridge et. aLI 1982 Conn and snndex'l-nnlh,
“19‘9“ '_Kend_all and -l!ahuxjs_ki,. 198’57 Conn: et. nl,., 1!86)

‘Lithium, by blocking myo-inositol-1 e, P

< . " & : *
the normal of for the system and

_may lower the 1 to ists which stimulate -



PI hydro].ysis ( Barridqe ef.‘ n]. v 1981) . “This aci:ian may well

expiain tha !aiiure) of NS to suppress funowing iit.hium )

administration. However,‘ aqonists with attinity rur
' norepinephrine and dcpamine receptors also utilize the
lhydrnlysis of PI as a zeceptot mediated effect.m: mechanism

\ i (Berxidqe, 1984). . m the forebrain 5-H'.l‘ stimulated PI

turnover is noi: secondary to the, release of any ot:her N

neuzaetansnitter and is mediated by hoth 5-HT and 5-H'1'

receptors (Conn, 1986). .

appear cansistent with .an action of s-mz and/or S-HT

~ diﬂicult tn explain why LY 53857, a ﬁ;lec':ive and, gotent.

L it Ca ist at 5-1{’1‘ “binding aites (c

‘tailed to antagonize the ession of FEA by NS. Both

line and ysergide, ists with aftinity for

. both S-H’rz andj-H’i‘m binding sites, cause a decrease -An the

- "background level .of ,FEA, rather than a hldckade of the
' suppressio‘ﬁ of FEA by NS. - The !ailure -of - methyserqide to
i *hlock the suppression o! FEA hy NS; may be. explained by

v o ] _been reported to act as a 5-HT agciiist on neurons 19cated in

the lateral geniculate hucleus, optic "tactu"m and amygdain

- ) o uoz-i:ical neurons (segal., 19763 shamu,_197‘l).

i 1 \ Based on the uvuilnble data, it uppaars that: 5-H'1‘

.

The results obtained with several antagonists do. not %
n mediating the supprassim‘a of FEA'by NS. . It is‘_,

en et. al., 1983),

metnyaergide' 8. actiun asan antagonist, a panial agunist and’

" an qgoniat (Bradley. et. al., "1986). . Metergoline has also:

—

(Haigler and Aqhnjaninn, 1974) as well'as in hippocampal and °




'énd/ox S:HT‘{C xéce ptors mad‘ate the suppresaion of FBA hy ll
. = ]
"The. fact 'that %1 antagnnuta provided 1m=onsiltent

results may not be’ sgrpr*_sinq, in light ot ths lqok of

ccrrelation el £ ological and ndicllqand

1
'bindinq studies. '|The davelcpment of more apauicic
o b v antaqonists ‘for 5-\ 2
) - required to further dharacterize thg rec_e;_zgg; type involved.

un_d S-HTl bindinq sites wculd bé

4 " i 5 - s nx 8 :
++ . in the »‘ ng el P ological, iés. - o

4.4 Evidence for S-HT Hedia\:ing‘ .
the suppres 1on ot FBA by ns

and 1oca1 application ot dzugs polnt t:o i

Both systemla

a major 5-HT containinq nucleus, the’ dorsal rapha, as a slta

) hnportant in med:\.ating the suppression of 'FEA , by NS. i

\

Systemic appl icati

of druq_s known vto effect  S-HT .__
neurotransmissinn, in\cluding b'aclofen‘, 'QPZ and litﬁium all i

mcdify the suppression of PEA induced by : Ns. Finally,

'vnugtbsr o: 5-H'1' antaqonists with accions at 5-HT and 5—H*1‘1c
fx R 5 %
< can a "n\the ssion 6f FEA by Ns‘ Taken

toget:her these p:ovide substnntial avj.dem:a supparting a
|
role for 5-HT in mediatinq the supprassinn o! FEA by NB.

s - &
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