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vjd.:d financ j.al support for this re-'seårch " I em v€l'! ÊIí't'eful to yor'l Ken'

for your. inter.esi in r.ny r'.'ol"l(-r for le¡,chi ng me to tl'rink ancl coru'rrinÍcr'le, and

fol being a good friend"

Fina}ly, Ì arir qreatly inclebLecl lo nry lovel-y ",'if'er Julie, lrrlrose love and en-

couragemenL have serVF:d. as assura.nce r.h¿,t l- ,n,as cr.oins Lhe r16'hL thinp: in pursuing

a scientifi.c career. l{e¡ pa.Lience ¿rrrcl underst¿rrcling CurjnÂ the disruption of fanr-
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that reason I dedicate this thesj.s to her. Julie, JIou are indeed an angel.
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uni-t aclivily froln lhe laleral geniculate nrrcleus was studied in un-

anest,heLized ilr:¡rro'oilj-ze,l cats. In the Í-irst er-perimenL the dorsal ¡:' phe

nucleus v¡as sLinrulaLed el-ectric¡llì-y to test, Lhe liypothesis lhai, the raphe

nucleus of the rn3s{incepha}on e; erls control over neuron¿rl clischarge in the

Iateral geniculate" In an effoi"L to determirre if any observed effects nere

specific Lo various anaLomj-cal areas of t.he ntidl-'rain, points in the lateral

tegmentum were also sti¡nulaLed. 'l|Je founcl that stimulation of the raphe nuc-

leus resulted in a selective ciepression of pholica.lly driveri neuronal acLivity

in Ùhe IateraÌ geniculaLe }luL h¡Icl minim¿rl effe:ct on spontaneous clischarge in

the ¡Lbsence oi'light" stimulat,j-on of varj-ous loci lateral lo the r;¡ohe nucleus

caused a nLixture of non*s¡¡ecifj-c facilibory irnd depressive effecbs'

Next we preLr.eaLed subjeci;:¡ r,¡ith eit,her p-cliì-orphenylalanine (I'CPA)' a

specific depleLor of seroLonin' or alp¡a-nrethyl-p-tyrosine (Al"iT), a depìet'or

of catecholarnines in an effort Lo deLermine if Lhe stirnulaLion effects v¡ere

clepenclent upon function¡il concentlaLions of r:ncoqenous amines j'n the br¿rin'

The typical depresslon of geniculale acLivÍLy follorving raphe stímuI: Lioll was

abolished in pti,A lreaLed. sultjects, hut was restored hY subsequent' admiti-

is.Lration of' 5*i{TP, the irn¡necì.ia.1-o precursor of sçrotonin' sLinulation of the

raphe nucleus in Äl'rl treaLed. anim¿¡]'s had the same selective depressive effects

on geniculate acLiviLy as in cont'rol suhjects"

ln Lhe next:¡eries of e:: peiimen+-s 1,he effecl,s of raphe stimulaLion on

genrculate activit,y v,ras studierj'trefore and after the aciministratíon of sa-

Iine, Iysergic ¿rcicl dielhylamirie (l,SD), o¡ ils rto*-hallucinogenic congener

2 Ì:rom*Lyserglc Àcid (¡0L) " 'lhese sLudies ¡,:ovi<1ed a Lest of whether raphe

stirnulat,ion el't'ecls coulcì ¡s gi:ìlecti-veIy poLcntiaLeC or ant¡gonized by LSD"



We observed that LSD, not tsOL or sal-ine, antagonized the depressive effects

of raphe sLirnulatiorì cn photically driven activity in Lhe }ateral genÍculäte'

ooth spontaneous and light evoked activity in Lhe lateral geniculate v/ere

consideratrì-y height,ened after LSD'

The results suggested Lhat the raphe nucleus coulcl re¡{ulate the transfer

of afferent informaLion from the optic nerve t o lhe laLeral genicul:'te by

the syn;,ptic release of serotonin and Lhat this regulator.y fLlnction was

selecti,velY anLagonized bY LSD'



Sjince Hofmann' s (Sg) d:i'icover.y of 'r,he ps;"chotomimetic l-r'operties of

lysei:gic acid ¿reth;rlarniiie (IJD), therc has been consicleral,-l-e interest in the

effects of this and oLher so-ca]-]-ecl h¿Ll-lucino¡le1ic al1enl's on sensory and per'-

cep.bual processes" 6l-'inical- obse'vatio's on human:; (ì-l, 6'!'r 66, LZJ) shgtdng

the apparent pred.ij-ecLion oii ISll for r-he visual- sysl'em, ha-ve prompted nuüerous

inve:-;bigators to sLudy the effecl's of this substance on elec'brophysi-oloi'jcaI

actir,-ity in visual paì,hvlays Of arrirnals" Althcu¡ih infensi-r¡e ::esearch has so far

faik-'cl to provide an aclequ¿rtc neurophysioloiiical nroci¡;l- of a drug-induced hal-

lucilúod state, sevel.al sbudies lrave succeedecl i,n j.dcrl.bifyin¡i various an,:tomic¿i}

loci. ancl physÌolo¿rj-caI and pharrnaco-Lo¡,icaI variablcs bhou¡liri to be invol-':ecl

in Ljil) action in Lhe CltlS"

lJhileear.lyevoked.polr:nbialstuclieson[he¿rct,ionscftSDsu¡lgestetì

cortj-caÌ simapses ¿rs ¿r site of ¿rc.bion, (BB u c)9r:I-OO?IOI) r'ecent attentio;t

has ìteen focusecL oil subcc¡rtrcal v-j-su¿rl aÏ'eas, pa|l'icularl;i the lateral gctr-

icu;-ate nucleus (.mfU). fiva:'ts ¿rncl his co*\"roÏ'ì(ers (À2) for-urd tha'b small ''.n1'ra-

arterial rfoses of ISD (3O ug/ttg) naa a p'ofouncL ciep¡essant effect on ¡1en-Lcul-¿rl'e

fielcl potentials evokecl by opLic rleI've stirnur-'-ition' Doses nany tines gr rlater

th¿rn that requlreci 'Lo cle¡ire;s IlìN pot,eri'bia1-s had no effecb on cortical poten-

tj-als evoked Ìry stirnul-atj-on of bhe o¡lbi-c raclj'¿lf ion' subsecluent experime¡r1's

fron:I]ishop'slaboraLor.y(zO)iraveconl.'irmedllvartIsearlierobservationl;

on i,he rlìN. Stuch-es on -l,he ioni,o¡rhorebic ap¡rlicafion of rSD in the Iateral

geniculab e (1J60 9'1, 12ó) have sltov¡n tha'b v¡ilit lol'¡ ejec'bing cu::rents' ISll

depresses focal poLentials evol<ecj- by c¡rì:ic nerve sùj-mulation l'ril'hout affecting

antjdromic ac1ivaii-on or glul,anrate e¡rcitation of lclrl neurons' Higher eject-

iry, curren'bs r,¡ith.IJ|D c¿¡use de¡ri'ession of al-l- LGI'I responses includiilg gi-utarnate

excit,aLion .rncl inl,iclromic invasion' LiecenL studies on 'bhe effects of IIID on

the receptive field propertics r:Jl lc'lù neuron'; (ó0, Ç1) have shovrn that' this
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dru¡; cloes not unifcrma}Iy clepress; all lateral geniculate neurons" llith -.olv

intravenous doses, some cells responcì'eci Wittr acceleration of spontaneous and

light*evokedactirrity,othercel}sshov¡edadepr.essionofbothspontaneous

and right evoked activity. l,libh higher doses (2OO ug)r:-nninition of cel--

luJar activity rrras predominant"

It,seemsapparentfromthesestudiesthatlsDexertsaclose-dependent

selective action in Lhc lateral ¡5enicualte nucleus' The rneciranism responsible

for this action remains unkotun; hov¡ever, a number of hypo'bheses have been put

forgr" curtis and llavis (3ó) proposect th¿,t rsD acts by preventing the re-

Iease of excitatory transnli'bter fromoptic nerve ternlinals f¡hile Phillis et al

(9?)navesuggesLed1,hatad"irectpos'bsynapbicactionotrthelGNisinvolved"

A number of recent invesLiga'bions (3, t*r ZLt 22r 230 {l) have found that IjjD

exerts a selective acLion on certain neul-ons 'in l'he brainsten' a finriíng giving

rÍse to speculation that IsD efflects in 'bhe TllN ntay not be clirect but nred-

iateci by br.ainstem pathways syn¿ì.psin¡i upon the lal'eral geniculaLte (126)"

Arrrongtheimportantquestionstoresolveilrevaluating.bhishypothesisare:

1) clo brainstem pathrøays e>rert any physiolo¿¡ical- conbrol over l-ateral gen-

iculate actirrity, 2) is there anatomical ev-iclence for synaptic connections

betlueen the brainsteln ancl laleral geniculate, ancl 3) if the above are fou¡d

to occur, does IsD exerb a selective action c¡n these particular pathways'

Irlumerous e1-ectrophysiolo¿',ìcal exper'ímenbs (]ó, À'O u D5' I30) have shor'^rn

that rGN activity can be alterecl by electricalry stj¡nul-ating various regions

of the upper pons ancl mesencephalon' ¡¡iving support to t'he idea that certain

brainstem struct'res nor.rnarly ptay a role i-rr regulating trartsmission through

the ION. Iùecent flourescence histochernical stuclies (6, tn9) of the lateral

geniculate Ín bhe rat have clernonstratecì. the preserice of 5-h)'droxybryptarnine

(i-Ht¡ containing terminals o'iginal,ing from ceII bodics in the mesencephalon"
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These observations have resul-tecì in the propcsal that 5-HT may be a s¡maptic

transmitter involved in brainstern regulation of IlìN excj-tability (30, 6Ot 1.Z6)'

This notion is parbicularly interesting in rela'bion to the pharmacoloÉÌical

mecharrism of LSD actj-on. Gadclun (5f) fi""t observed LSD antagonism of 5-llT

action on srnooth muscle prepara'Lions ancl suggestecl that the central actions of

LSD rniglrt be ci.ue to ani;agonism of 5-l{T in the brain. Several invesl,igai,ors

have sholun bhat iorrl,o¡-,horebi-cally applied ISD ani,agonizes the excitant ef-

fect of iontophor.elic¿Ily applieci 5-ll'I' on sorr,e (21 , 22, 23? LO3) while utiniick*

i¡g the clepressant effecls of 5-LIT on ot,her neurons. Biochernical s't,udi-es

have repeal,edly cÌemonsl,r¿rlect that LJD causes an increase in endogenous 5*l{T

in the brain arccorrrpaniec-t by clecre¿;rsed, nretabolic l,urnover of lhis amine (/¡.1,

tr5u /u6! rlr)"

So¡ne author':; have r.eporl,eei that various ltehav-ioral reactions 1,o ISD in

animals ca¡r be alte¡'ecl by i.nl,erfering r,uith synthesis or storage of brain 5-IIT"

/rghajaniarn ancj. his co*i¡orlçers (;i, 1,,, t+3r 55) have shor¡n that neurons in lhe

ralrhe nuclei, the priniary souï'ce of'5*IlT*containing celt bocl-='-es j-n the brain,

aye sensitive to the clep¡essanL cfllecbs of i-nlravenous or iontopholel,i-cal-Iy

ad¡ninisbered LSD"

From these stuclies i1, seems apparent 'bhat I-SD exerts a rather complex

action on 5-l{T conL¿rini-ng pabhr,,r;rys iu 1he brain. /\ hypothes:-s l'hat ISD

selec.bively alter.s Ial,cr.¿rl ¡.;eni'cu1-a.t,e act,i.r¡i'by b¡' specifically interfering with

5-I{T transrnission i-n paL}iria}.$ r.oriiij-nii"bin¡-1 in the brainsl,em r'rould gain con-

siderable supporl, if j t cou-Ld be dernonr;i,ra'tecl Lha-b: I) 5-HT pathuays s¡st¡

a physiolo,llica} efjlecù oil l1ì.i'f acLivil,y ancl 2) Utris activity is selectively

altered by LSD t¡itr'loul, i-rffecti-n¡l fJllÙ responses to non-5-l{T patht^rays"

previous sbucìies r.eporLin5 alLer-r:cl IGIrI ¿iclivity in response to brain-

stem sl,imulat,ion (tó, i,O, L35) huve inctical,ed nufnerous loci effecti-ve in

facilitatin¿1 of clepress;ing latelurl geniculate clischarge; howevert no attempt
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has been rnade to determine v,rhetheï'effects tJere due Lo curuent spread through

thebrainrnorhasthepharrnacolo¡iicaliclentit,¡'ofpossiblemediatingpathvrays

been elucidated" Although hisbochemical studies have demonstrated that 5-l{T

terminals, pïesumäbly froln'bhe raphe nucleir are present in the IlN, the Ph)'sio-

logical ancl functj-onal significance of these corurections is no'b knot'¡n" That

5*flT-containi-ng raphe neulons play a role in regulai,ing activity in sensory

patlrways is an idea supporbecl by some vcry recent observa'bion-s on Lhe so¡naLo-

sensory systeni" Sarnamin et al (fOS¡ fourrcl that raphe stimulation caused a

rerluction in somatosensory evol<ed potentials in the cortex of the rat' This

effect v¡as narheclly facilitaterl after actrninistrati-on of ISD but depressed by

sbrychnine. Other repor.'bs have shol,¡n that respotlses oi'Ianlina 5 cells in the

spinal co¡d to nocioceptive stÍnruli are depressed by raphe stimulation (Bl.l).

These inves.bigato¡.s founct tha'b the stirnulation effec't s v¡ere abclishec'l after

1'reatrnenL t'rith p*chlorphenylalanine (pcpir)' a potent 5-i'lr uynthesis inhibÍlor"

0+) ISD blocked- the response of lamina 5 cel-l-s to raphe stin:ulation but not

bo stimulation of acljacenl, mesencephalic structurcs" Coucuffeut beharrioral

studies (5, g9) ind.icatect l,irat raphe stírnulaLion producecl marked analgesi-a

in both rats and catsu These observations of riipht: influence on somatosen-

sory pai,hways demonsi,rate an apparent funcl"io¡ral relationship v¡hich appears

to be selectively altereci by I-50. In vrhat appears to be 1'he cnly study on

the effects of raphe stimulal,ion on the ¿ruclitory system, Sheard and Agha-

janian (ffA¡ found that sbimulation proclr-rced behauioral dishaL,ituation to aud-

itory stinruli, a condit,j-on also observecl r.rncler LIjD but bloclced !'rith PCPA.

tJhether the rerphc nuclei exert sjmilar control on the visual systemu

possibly through the -Lateral geniculate, and l¡hc1,her inLerference v¡ith such a

functioanl corurection is responsible for IsD ei'lfects on the IGN, is not known'

rnforrnatÍon regarcling 1,his ,possj-bilil,y iuouJ-ci prouide valuable insight into
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mechanisms underlying ISD effects on the uisual system and its rela'bionship

to 5-HT neurotransmission in bhe CI{S.

The present study r,¡as initiated to invesbigate the follor,ving: f ) the

effects of electrj-cal stimul-ation of the raphe nuclei and su¡'rounding mesen-

cephal1c loci on the spontanrous and lightevoi<ed discharge in lateral gen-

icu.l-¿rte negrons , 2) a conrparison of 1,he effects of selective depletion of

enclo¡lenous pools of brain 5*i-11' and caLechol-amiues on gen-iculate responses to

elec'byical sùimulation, and 3) the effects of inl,ravenous ISD on lateral

geni.culate responses to raphe and mesencephalic st|mula'Lion"

fn an a'btempt 1,o determine r.¡hei,her our observations on I^SD were unique

to ii;s hal-l-ucinogenic properbies, tr{e vrill contpare tlie effects of this sub-

sta¡ce v¡ith 2-brono-lysergic aci-cl, a pobent peripheraf 5-HU antagonistr but

clevoid of hal-Iucinogenic effccts (61).



BXPERIÌ,IEIVI I



-6-

MEITHODS

Sublects; -å' tot¿I of fift'y*five adult cata welghlng betvleen two and flve

lci-Lograns were usod 1n thia study' A].L anlmals wero Judged to be üI good

health before a-r\)r experlmentation' proceededu

.sqr#qg}Pqe,peåa'll'qniA}}atrjma}eb'ergaurgicnl]yproparedforrecordlng

arrdstjmutationoneweekpriortothedayoferçerimentatfon"Catswere

aneatheblzed wlth pontobarbitar sodlrün (luenuutar) u 25 Inï/lll lntravenouary'

AII aurgery nas perfonned r'¡nder aseptic condltions' A uniJ'ateral cran-lofuuy

waoperfomedl-ntheregionoverlylngthelateralgenícu}atern¡cleueat

cc¡ordl¡ratøsuAnterior*-posterlorr+3,0-+8"0;Lateralr?*0-12'0'llstal¡-

}eeegteelcy}fuider!Ù&scementedtothegku]-lcoverfngthoexposedbr{}1fi

eubsequentþ fiiled v¡ith rni¡reral oilu aruå a polyethylene cep vr&a scre!{ed lnto

thecy}inderprovJ-dfrrgaEoa}'Apolyvlnylped.eatalrgagcernent,edtctkto

anterlorport,ionofthes}flr]-].accordlngtoarnodiffedvereionofthetøct¡-

nlquea descrtbed by lfixnpheryo et ¿ú ( ó5 ) " Thio procedufe q:l'l ows attacle

ment of the ar¡-i¡naris head to the sterotsJrlc frwne dr¡ri-ns experimentatr"on

wlthout havlng to r¡ss tratunatl'¿ing ear bars'

Two st,alJ}lees steel Concentrlc bipoJ-ar electrodes vrlth t'fp øeparatLon

of I ¡uu" v¡ere stereoi;axÍce-l}y inrplanted fn the mldbrafuI' &rE ol-ectrode

waapooltl.onedaccorrlJrrgtot}recoordinatesgivenbyBonnarrfortho

dorea,l mesencephallc raphø nucleus (¡r-f, -I'5i L, 0"0¡ D-Ve -2"0 *l+'0)"

,r.he secorui electrode w&e placed l¡r tho lateral tegnrexrtal a're& of the rnld-

bral¡r accordxng to the coordj¡raten A-P, +1"0¡ Lr 2.0 * 5'0ô IÞVe -2"0 -l+uo'

Tn order tO Ïr-i.'o tlte dorsal raphe nucleusr ir¡ the cat frsn a verttlcai' epproach

ft ls necÈBBeïîr t6 ¡þ111 a hole through the boney tentoriun whlch aeparatoo

the occfpfta] Ioì¡a frcxn the underlyi:rg rnådbrai$" l'his $Ùss accsrpllnhed by
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FIGT]RE 1

;tration of ccmputerized testÍng sequenee. One sequence is ccmposed of six presentations

ne light flash. The ccmErter is triggered to sample genÍcrrlate activlty 50o fisec¡ beforet

nsêco during and 1 seco after the onset of the visual stimulus, the entire sanpling per-

oelng termed a trial separate trial- hístograms r^rere ccmputed and sumned orrer f0 repe-

ons of the experÍnental sequence. Raphe stimulation occured during Trial B while teg-

aI stinulation I^Ias presented in Tria1 E'
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FTflTNE 2

Breakdor'¡n of conpleted trlal histogram into

intervals for statisti-ca1 analysis. "'
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pres'blmulu8gponten6flrsaetív:Lt,y'Int,ervaJ.e]andl¿cclrrespondtothe

5@mgecodurlngthavisua].st,imulusasjfidicatedonthehlat,ogrrrnbytv¡o,

r¡êrtica"l eLtrsorB e:rbendlng bo}ow the Ï'-axxe' lntervalg 5,6, ?q and 8

çol"respond to the 1 second perfod of ''cjme foll-owing rhe tennlnatlon of the

vleual stlmulus u For each of the eigJrt nnal-ysls J:rterwJ's the total nr'snber

ofeplkeegmeanm,Enbðrofnpf.lcesperbfn,andvarlancew8recønp:.tedand

printed oute Thls procedure wae fo]-lorçed for each of 'Lhe sJx Jndåv1dua1

trlaï hlstÕppeøne reslrLtln8 frGn 50 repeTåt'l-ons of the ser¡uenee' I'hees

anal¡rsla lntervals fomed the bas:ls of atrL st'atlet'icaJ- cenrparlamts used ln All

experlmentø'

Tn eval-uatlng the effesbs of raphe ond tegmental stfmulatfon ør genleulate

dlscharge cerbafn asorx'nptions fonned the baslc rat'lonata of t'he sùatÍetiesl

conparisons madeo Flrst..it $r&B eesr.Hned that 50 repetltl"ons of the experl-

menta]- sequence çs'tth the elecbrfcåI stimulators iíurned off would yfettl elx

eumed trlal hlstogrøna ehcnøL:ng dlscharge pa'i;terns t+hielr would not dj'ffer

olgntficantþfroneachcrt,her'Anydlffereneesbetwoent'hoelxhf.stogrms

acfisnuLated over !O repetftÍona of the secpence tsith fdenLical. treatment ln

al-l trials should be attrlbutable to normal error r¡arl-anee' Thls assunptl0nr

was substantlat,ed j¡ lnlt1al pi-Lot' e:cperiments* secccrdu l-f there were no

aftereffegteresultlngFcrnrgphestjmulatlonintria]-Bortegrrental

stl'nulatl.onj:rtrla}EuthenhÍstogrernsAuC,Ð,andFahou].dnotdjJfer

frwn one another sLgnrfícanbly (refer to Flguro 1)- These four hlst'ogrffit8

could be coneidered j¡rdependent contror nønples of genícuJ-ate astivlty uptrI

whichtoaesee$theeffeeLaofstJmulatl-ontneitherhistogrwnBorE.

slgnLficant dJ-fferences 1¡ ccxnparisons b€tween hlstogpøns Ao Co Do or F m{ght

posslblY reveal an ordered effeet rel-ated to relative posltion ll the

seqÌrence or the Presence

both effects ccmbJ¡led'

of after effects of the elec'Lrlcal stJnulatlon of,
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ffi
s'LJïruLatfo5t çrf raphe rmelel alld lateral- teg-

mental reg:ion were

radlatl-on' Ff"guro

etudled ín 1?ó ceJ-le fn the t^ateral genícut-ate and opttc

3a * 3b showe t'YPåeal hfstological eectione wlth &rrows

lndJ-catl¡g the Postion of the tJ-p of the stlrnulatJ$g eleetrodea Ln the raphe

and teg¡nental areas of the midbrai¡" In all anfu¡raLs studled there werø no

eigniffeant changes ln heart rate or blood pressure durlng etlmrrl-atl-on of

lateratmldbralnregfone"wl.thraphest,fnnrlatlontherewarenocerdfoÏrascu].gr

changes resultfng frcim etlnn¡latlon wLthil.t tho mldbx"aln; hcrøeveru ln three

dLfferent 8n1må1s ths electrocìe was J.ocated Ln the rapho area of tho pone

result,lng l¡r e substantlaL fall 1n bLood pressure durtng stj-}nulation w-l-t'h

quf-ck recovery ancl no apparent chango In hearL r&Ne ' Data from theee snLrilal'el

was excluded frøn the aamP1e"

nqq*"!, or naPþg gg* rc8genUo1 st 3

Flgurel+Illuetrat,estheeffeetgofrapheandtegmenta-Lstlmr¡latlonon

a geniculate unit o FÍgure lr¿ showe a control histogram obtal¡red frmt sequenee

trlal- A depictlng the characterlstlc prestirmrlus spontaneous actÍv:ttl¡' llght-

svoked dÍocharge (Oll response) and post-stinmlus activl-ty (Omnresponee)'

}JhencomparedtothehistossmjfiFl-gurel+bitlgforrndthatraphestfmulatlon
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FTGURE 3

T¡rpical histoJ-ogical section showi¡tg tip of eLectrode path in

the dorsal raphe nucleus. (it) and lateral tegnrental area (n)

arrows po5-nt to the location of the electrode tlpn
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FIGURE I+

Effects of raphe and tegrnental stimulation on lateral

genieulate activltyl a and c' control trials with no

stjmulatíon; b, raphe stimul-ation; d' tegrnental stln-

lation.
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caused a signific (P < O*OIB

-21+*

!*lutr]e nF*98) depression of the 0I'l responso

(correapondJ-ng to analysis j¡rterval 3) wlth no slgntfÍcant dlfferenco ln

pre-atJ:mrlus opontaneous actfvity (Tntervats 1 ald 2)" There was & signlff-

cant depreeaion of activltY i¡r Intervals 4 and 5 (P < 0"05) wlth no slgnlficarrt

the histogram lndjJferensee jrr Intervals 6, 7u and B" Comparison between

l+a and 4c shr:wed no signjJicant dif ferences u Tetrynental stfurulation

caae (nlgrrre 4d) had a aLlght but non*si-gnificant facllltatory effect

on the CIN reaPo$se u

trlfgure5showsthervversabilityofsl,iJru]-atj.oneffect$typlca}ofthat

obeerved l;l-'l}fi of our sample (120 ceil-s)' There were no signiflcant dif-

ferencss found J¡ compari:rg the hÍstog¡"e*ns in Fl6ures $au 5cs fdu and 5f"

Tx¡ thls ceIl, elfuüuLation of the raphe nucleus caused a signiftcant (P < O,Ot)

depresoion of the Olrl respoatstl u a:rd a sliÉ4ht Ìtut lnslgnj-ffcant depresolon of

Fl6ure

1n ttLis

Post*s.bfürulus dlschargr:" Tegnental stfuiulation tn thfs

nlf,lcant (p < t1.05)

vlsua1 fnsPectiorr

6Ðexns erneller thrÀrr

¿ceeleral:l-on c:f cl5"øchar:ge throughoirt

ceIL showed a oig-

atl- i¡¡tervalm although

of the 0bü reoPoøaseof F'igure 5e i-ndicates irhat the peak

control values"

In eerverâ,I of tha cel]¡¡ encountererlu raphe and tegmentaù sti'muJ"atlon had

mjxed effects v¡hich soflcrLjÍres resi¡Ited" j-n non-significant t-ratlos sven 1¡ the
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Six sequentj-al trial hi-stograms (a-f) showing r€vef-

sabllityofstimulati-oneffectsongeniculateactivity;

b, raphe stjmulation; e, tegmenbun stj¡nulatiorr; êcdft

controf"
¡



CONTRCL

tffisîR0L

RAPHT STMUTA.TION CONTROL

THGMffiNTAL STIMULATION CONTROL



face of obvious changes uPon

effoct,

ary* ¡. I _

visual i:tsPect,ion' Flgure 6 il-lustrates thfe

CønparlngthehistograrngJnFlgureeóaand6auitcanbeseenthatthe

firgt poak of the 0Ìü resposrse 1e eubstantlal-ly reduced jll 6b eB compered to

6a; neverthelesa a norr-s1gnlfj-cant t-ratio resullod' presumabþ because of the

conaidorable enhancernent of the second Cßi peak (Observe arrows)o There lsas

a oígrlSflcant, (p ¿ 0.o1) roductlon j:r Ïnterval 5 of t'he hietogram rn 6b

correBpondlngtothepeakoftheoF}.reeponso"Ttlsl.nterestfngtonoto

that tegmental stlnn¡lation (figure 6o) eausecl a sfgnifj'cant enhancement

(p1O,05) of pre-stlmulus spontaneous aetlv;tn'c no slgnif1cant change 1n

poet-stfmulus aftor d:ischargeu æd a s$nflar proflle durlng the st'fniulus

(O¡¡ reeposrse) as found wlth raphe stl¡nrlat'1on" Tn ths eeeond ceLL shoÞdn

tn Flgure 6a - 6nu rapho stlmulation (nlgure óU) had a signlffcant (p<0'05)

depressant effoct ln aIL analyals j¡¡tervals except L a¡rd 2 eorreepondlng to

pre-otlmulus npontaneous act.ivlty' Tognental stj¡n'ùatfon (Flgur"e 6o) showod

a slgnlficant, acceLera'L1-on of ths gFF responee l¡ InterrraL 5 (p ( O'05) rqSiåe

exhiblt,lng ulrtually ldentJ-cal dopressaat effec'bs on the CEt reopomse for¡nd

w-åth rapha eti¡nrLatlon (eee arrovre)'

Fígure ?

stfum¡J-at1on"

shor*s another example of n¡i:ted effect,s v"llth raphe end tegmental

Rapho stfuîulatlon resulted J¡ a elgnlflcar¡l (p<0.O5) enhanço-
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Illustration of mj:ced facjl-itatory and depressant

effects of raphe (Urg) and'tegmental (erE) stinu-

lation on two separate celIs. Arrows poi:rt to peaks

ccÍnmontobothkj¡dsofstimulationj¡reachcell.



Control Rephe Stimulstlon Tegmenltrul Stimutotíon
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Mixed facilitatory and depressant effects

with raphe stimulation. Tegmental stimu-

lation ís PureIY facilitatory"



s
l1

CONTROL

11. ¡
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aant of the Peak of the 0N resPomse eccornpanied by profound' dePresoion of aLL

other actlvity* 1'egmental stl¡n'¿l-ati.ns on the other hand (Figure ?e) ' ohowed

a eigniflcarrt facjLltalion (p < 0"OI) of the 0I{ respomso &ccompanied by alg-

niffcant(p(0"05)facl}j-tablonofail.otheractlvttyJnthecell'

ô+-g,lvp-r"p--s{"H+¿-q-d--Þ!-+iry'}c!i-q.+-J!llS'q!g,e

$jgtce eeverel of the cells wo encounl'ered ln our aarnpte showed a mixbure

ofdepreogantarrdfacJ.litatoryresponseetorapheendtegmentalstlmrlatlonu

we made a d-etalled cccrparison Of stltÏru1-ation øffocte in aLL cells" Thls

courparlnorrwasmådefo:.anyglvence1-[bycønparÍngtheeffectgofraphe

sùfuru.îatfon wtth control (the eisht' ann*lys1s J¡¡tervals j¡r trj-al- hfstogram B

vs. the efght arælyeis f-ntervs-ts in 'brlat hlstog¡anr n); end. the effects of

togpent,al stir¡rulat1on w11h eontrc,l (t'ho elght analyaio lntsrvåls 1n trial

hiotogram Ë v8. the elgh'L anrüyøÍa lntervals ln histogrsm A) * ln each

lrrdl.våduål ccmparlson bett¿een paired alralysls j:rtervafc, lf a significant'

t*ratio (p ( .Û5) was ob'balnedo ft u&s rÊcorded approprlatel-y as a facllitatory

of depreraant reaponse for thert par"bieular lJlt'erve1" If a nor¡*slgnlffcartt

t*ratio was obbaårred f'L w¿*8 rtüÖÏ"ded au no effect* Tho total numbsr of ce]ále

røsp€rulfurg to raphe uncl íeg¡renùa-I etfunulatlon wlth facj^Lftatfon' depreeafont

or nû effecl i¡r the elgkri; zuralysis fndervals waÉt Ï'Ècorded and e:cpreooed aa
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of the total øarnPle of cel'l s ' In additionu stJ-unrlation data from

all celtg were pooled and a Pearson correlatlon coefffcient for each pai¡ of

Eaphe'-Tegmental Stj'nml-atl on Analysis

IlLgure I cuxün'e'rfzes the reeul-ts

coefflcient for oach analysfs lnterual

Thie number doee not lnclutle 36 ce}Is

tntervals was coinPuted.

of these comparÍsonsn The nt¡mber of

coverlng the entire oanlple of I40 ceIls"

of, t,Lre origlnal 1?ó v¡hore etùrTuJ.atlon

ce}Is (eryreased as å psrtentage) shor*l¡rg lnhibltory, excltatoryg or no res-

ponsó j.n each anaJ.Ysls Íntorval to raphe stirnrl-atlon (top graphe) and tegment'al

otl¡nrlation (bottoar gra¡'h) is shown' Between the two graPho is the correlatl-on

effect,s ì,Íero t,ested" Efghlleert of 'Lhese Jó celts !{erÖ ÍIori-reoponslve to the

vleu'l strnrufus end the other IB cams frorn three &fii,nar-e where raphe etlmu-

lat,ton cauaed oblrious cerdÍovascular changes*

It, can bs seen from Iriguro 6 thåt deprossion uras the predomlnant offect

of raphe stin'tul-atfon betwsør¡ Tntervalc 3 and I u r*ith tho Peak dePresaion

þ and ó corresPondlng to the ueuel
(Z@ an¿ 8$ ot aLL eell-e) i-¡: fntervals

peak fn tho CitcF r{rdpc}nss' Tt ls interssting to noi'e'bhat onþ ?5ß of alL eel}s

ehobüed predç¿rJ-rianb deprer*slon during pre*-stJ-nru1us actlr¡tty (fntervals I and 2)

whlle ovsr 55ß, of 'bho eells ahowed depreøelon of ligiit'-evoked activ:i-ty (In-

tervale 3 and /+) " Theúe rusu-L.bs show a greator tendenc¡' fOr genlculate CçlIs
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Ccrnparison of raphe and tegmental- effects on geniculate activity

j¡ the eight analysís intervals of the triat histogram for all cells

Íl sample. Black bars, significant (p( 0.05) depression; vfhÍte barst

sfgnlfícant facilitation; hatched bars, no significant effects' cor*

relation coefficient ccmputed for each pair of anal-ysis lntervlas.

Qrdi¡rate expressed as a percentage of total sample of cells' fnùer-

vals I and 2, pre-stimulus spontaneous activity; j¡ltervals 3 and 4r

lieht on; intervals 5-Br light off'
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ùo become depressed by raphe stjmulation v¡hen photically driven and drrrlng

phoù1c-related afterd.ischarge tha:r duri-ng spontaneous actirrity i:r the absence

of a visuAl stfuìn:-l,ua,

ElectriceL etfurul-ation of tho tegmental area, on the oiher håndt shows

mlch less ePeclffcitY

Over 5UÃ of the celJ-s

for photfcally drlven discharge 1n ganiculate cells"

shotcec ¡¡ facllitatlon of pre*stj-m¡]us spontaneous

actluity with tegmental stfuuulation: 6S respond wÍth increased actlvlty

during Tnterval 3u correspondilg

though lnterrral &-, corleuponding

to the J¡ritial peak of the 0N respollae r B'l-

to tho second half of the light-on perlod

tuas chåracterized by any precloplnant effocts. Interv€ù 5u corresponding to

the i¡ritfal- peak of the Ül"F response, shotred facilitatlon i¡ ¡S% of the cellg

(6 u 'l o and S) showed e mjríburewliålo the remelnlng poat*sti¡rul-us Tntervals

of faci]ltatoryu depreseantu and no effectn"

Theae reeults lndicatø that tegmental otj¡nulation has a tendencY to

actlvlty and tÌ¡eexorb a general facllitatory action on the opontaneouo

j-nftfål poek of the 0}rl a¿ad O!'F resiponse of geniculate acthdty' At the

pa$e t{u¡e there s.pp€ars to be mjxed effCIcts on longer latency llght-evoked

and post-stlnnúus dfscharge'

show that during Pre*stirnu-lusThe Pear:son Correlation Coefflcients
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acti-vlty there ís conelderable ¡.:redictabíllty between the tv¡o stlrmrlatlon ef*

fecte (tntervat 1 and z)" By squarlng the eor*relatlon coefficfents (r2) *e

flnd that Ln Tntervel Ï and 2? nf, and 5ffi respectlvely of the varÍabttity

of one etj¡rul,atåon effect can be accounted for by speclfylng the value of the

ot,her* PredlctabSJl'Ly 1s conslderably reduced i¡r the remaJ:rijrg analysls jlF-

terys.ls reeiehl$g t,þre i-owest }evol fn Interval ó (r* u20e r2* '04)' Theee

reeult,s indfcate that there 1s a hf.gþ correlatlon between raphe end tegmental

effects on pre-sti¡nrlus spontaneous actlvlty trut low correlatl"on on photicalJ¿r

related (0N aååd OFII) actlvitY"

aga$_rutcel_sp_eçt¡-1.ç-i,Þ.U g{ T:rJ-tqd =,1.{{.gçSp -p¡L le.ß{t9ryt-q}-^gL¿" -!Þphe -Þl-j"ry'¡}+S}e-Tl:

slnce the previous analysis waa performed rvithout consideration of ana-

tøn1cal placement of stfuffirl-atJ¡g eloctrodes e I're felt it desÍrable to determlno

1f poeitton of the eti¡nilatfurg electrodes lnfluenced the proporLlon of cells

ronponcL:Lng prlmarily wíth faeilitatl-on or depresslon to raphe and tegmental

etfu¡ulatlon"

UsJng the result,s of the comparlsons previously mentl-onedo slt celJ.s

from a given s¡1j1nal- were comparerl to see l-f they rerponded Lo rapho and teg-

mental stfrnul-atlon slmj-lar]y in each s:ralysis lnterval' Follow1:rg thls the

I

results of histological, exavni¡atlon of electrode pathways were noted for that
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al-I colls
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Ênl-mal-n An oxamPl-e of t,heee eomparlrons "1.$ euffiïari"øed J-n Tabl-e lu

}u l-'tr can be neen tha{, in anj¡al l/n*ïi aì.i- four eel-LsRefarrSn6l to TabLe

salTqpl-ed reopondecl very elmfJ,arly to both kinqis of e{;lsmrle{,;J-otl' Å1"} ce}le

reaponded to rapho et,tmul-at,J.on 'i"n nnnþsia Tn{erva.} l" ç¡fth el¿g'liflennt

(p ( O"05) aceoler&tion of fJ-rlng" f'hree out of four eeJ-tm j:r thfs an-i-mal

l-n Tntervat 2 wtth no s'ignlficaÚ- ehn-nga in f-lrl$g' ileeponse of

predomfnantly depreesion *Jn the rema1nlng zuralysie Tntervals waa

fho reeponse to te6mental- stlnnrla'bion J:r these eel"ls was prfrno-rJ-þ

deprossanb or no effeet, wlth onJ.y fsw casos of faci-l-ltatlonu FLgure 9

shows the placement of the rapho and tegmental. electrodee ln thls animnl"

It can be soen thst 'bhe raphe eleetrode rvas d.1-rectly 1n thÈ dore8l raphe

nucJ-ous of the mf.lbrsin whlle the t,egprontal etectrodo was on the Lateral"

bopnrlary of the perfaquaductal gray rnattero Ïn other anlmals where the teg-

rnent,al e]-ectrode had boen placecl Ín or near ths perfaquedr-retal 6ray matter

tho responee to st,J¡mrlatlon w&s prfmarlly depressant or wl'Lhsrtt effect with

very fevr faclll-tatory respofls€sø

Referrj¡g back to Table le lt can be seen that, fn animaL lL22 there '${&8

a mfu*ure of facllítatory and clepreesant effeets of raphe stj'¡rulâtÍon fur a
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Histological sectíons frcm anlmal R-? showj¡tg

electrode tlp in dorsal- raphe nueLeus, (n) ana

on the edge of perÍaquaductal gray (B).
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Hístological seetions frcm animal R-22. Tip of

raphe electrode slightly lateral to midli¡re (A)'

Second electrode tip below superior collicrrlust

lateral to PAG and superÍor to central tegmental

field (B).
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Histological- sect,ions fron animal R-?L" Elec-

trode tips located i¡r dorsal raphe nucLeus (A),

and slightl-y ventral to superior colliculus (n)'
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'fhese reeul.ts JnclJ-eat,e tltat movement of {,he raphe e}eietrodo sli'p'$ùl-y

l"ateral from the ml.clllne Ínereages {:he tike}j-hood of exef.ta'î:o}ry re!ãponges

ln scqns analYals j-ntorva-ls cluring stfnruì.atlonn The pouS't'1cm of the legrnentaL

aro erllclted
eleetroda seems crucial in deter-nrÍ:rfn¡1 what ki¡cie of effesbs

ln genleuLate ceJ.ls durJng stínml-atÍryn ' PLaeements lfi end near tho eont'raJ-

snd lateral tegn*ni;a1

poaltlons Jn and noar

fleldresH]-.blnprtmarll-yfaclla'bat,oryresponse8wh|l"ø

tho periec¡uaduc'cal 6pay mat'ber produee depressand

responeeso Placements bet,ween these two areas usualþ reeuJ"t l^n a mlrbure

of effscts during sÈíRml-ation"

cffi"clty of StÍnrulaùton Effecte to VJ-suqt-*Celþl

Tn an effort to detemrlne åf stln-,ul-e{,1on of naphe and tegnrentaL areas

hact the same Seneral effect's on nor¡-visual cells e s¡e aanrpled a tat'aL of l8

cell-s frcrnr I cats which were not reøponslve to the Ylsual sti¡nuluso In eaeh

of 'Lheee I cats vtsual.ly responsive cells were sl-so enesuntered whieh ahosred

typÌ-cal responses To raphe ancl tegmexrtal' siiinutation"

Flgure 12 shorqs trso such celle" These cells were found J¡r two dlJferent

animals at a depLh of between i6 - 18 ¡nm' bel-o:"r i'he corLfcal- surfaee" Ïn

both casss there v¡ere no significant effects of raphe or t,egmental stimúatlon

on the level of maj¡lte''ir"¡ri discharge l-n these rlêü'forlso
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Effects of raphe (U) and tegmental (e) stim-

ulation on two cells non-responsíve to visual

stlmulus"



CËLL NC. R-5-3-3
CONTROL RAPFIE STffVI

cHtL NO" R-9-!-4

TEGMENTAL STIM.



Thl-s fí¡ding vras eharae{,eristj,c r:f all 18 no:r*ligh'L renponsive eel-l-rn ln

our sampleu
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lJe have shovm that l-ateral ¡-;enicu-l-ate cells respond to sLimulation of

the raphe nucleus v¡ith a clepression in spi-lce activil,y. Stimul-abion of various

locations lateral and superj-ola'l,eral to Lhe raphe nucleus resufb in a mix-

ture of excitatory ancl inhibitory responses of geniculate cel}s" Most cells

in our sample shov¡ecl ímmedia't,e recovery or return to prestimulation patterns

of firing fotlowing 'bhe ùe¡'mination of eÍbher raphe or tegmental stimul-ation.

'Ihe sti¡nulatj-on ef-[-ects observed appear to be specific to ce]l-s which

are light responsive since none of t,he cells that did not respond to light

sholved sbimulation effects. This finding confirms 1"iie notion thab specific

pabhv,rays in the brains'Lem selecti-vely modulate lateral gerúculate discharge

activity.

One of tkie nrosb inl,eresùing finrìings in 1,his stucìy rJas thab bhe de¡rressive

effec'bs of raphe sti-mulat,j.on !úere nrost apparenl, r¡hen bhe cell t''ras being phclti*

caJ-ly driven or shorLly after the'bermj-na'bion of bire vj-sual sbimul-us corres-

ponciiryÌ to the OFIr dischaï'ge" fn conbrast, biie exciLatory effects of teg-

nien'tal- stimul-ation appe¿rrecl bo be niosl, pronti-nan1, durj.ng the pre-stimulus

spontaneous activity anci clur"ing i,he inj-tial peak of the 0lrl and OFF response to

photic stj¡nula'bion. The i-mplications of these findings regarding the possible

fo¡m of s¡'naptic corureci,ions lre'Ll.¡een l,he l-ater"al geni-culate and various brain-

stem pathl'Jaysr is of i-n.Lerest" :['L h'rs been strggested tirat 5-tiT, presumably

fronr raphe pathr,lays, may act to prevent the presyna¡:tic release of excibatory

transmitter from ùLie optic nerve (126) or prevenbin6 their access to receptor

sites 'i,hus reducing the geni-culirte response to li.¿¡h'i,. If this were truet

one l¡ould eiqrecL bhat actÍv¿:Ni,on ol.'::a¡rlre patlrvrays u¡oulci have a depressi-ve

effect on genicul-ate response to lighl, wj-t,hout signiflcanbly affecting the

ra.be of spontaneous activity in the absence of li¿1ht. One clifficul-ty wiÙh

'bhis ídea is the finding lhzrt, o¡rLic nerve fibers are themselves spontaneously
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active in the absence of J-ight ancl undoubtedly conLrj-bu1,e to some extenb 'bo

the spon'baneou.s discharge of laLeral- geniculate cells (8f , ff3). hieverthe-

Iesso nuflterous stuclies have shov¡n Lhat spontaneous cliscirarge can be substan-

tia}J-y altered in geni-cul-ate cef.ls by tesÍonin¿i or sl,inlul-ating various areas

of''Uhe brainstem, inciiceitin¿; lhat ai,.l-erast in pari; l,he rjpoTrtaneous dischar'¡:;e

i.n genicuJ-ate cells js influencecì b.y brai¡rstern P¿'l,hilays (t6, tro, Ê5r 130).

Thus, one mighl expect, according 1,o'l,he abovc Lheory, s'Linulation of 1,he raphe

nucleus lvoulci result in a substanLj-al deJ:ression ofl ¡rholicall.y relatecl activil"y

in the gerúculate (OtU and OFF) originabing fronr lhe opi,ic nerve with a less

prominent effect on the spontarieous cìischarge of these neurons" The extent

lo r"ihickr the s1:ont¿ìneous activiby o.f'a given ¡ieni-cr.r1-ate cr:l-l is influencr:d'by'

raphe stirnulation wou,l-il'l,hen be deterrnined by 1,he ext,ent, lo v¡hjch t,he opl,ic

input conl,ribuLed l,o lhe over¿rlI sponi,anrous l'atc of."fir':ing" Our data su¡iports

this noi;ion. Tf there v¡ere direcL synuptic connec:Li-on between l,he raphe

fibers and the geni-cula1,e cel--l.s i b js diflficul.L lo see how the depressiv'c ef-

fects of raphe stinrulat,i-on j-s m:i.njmal- cluring sponbaneous ¿rcti\rity but, malx-

imal when the genicu-l-ate is ch'iven try li¡1ht * Irresumabl.y a lime v¿Lren there is

an increase barage o:f.'excj-.b¿rtory inpul,, It l',lou,l-d lieenr nìore li-keJ.y in light

of these results tha'f as previously sug¿¡esterJ the influence of raphe fibers

on the lateral genici-rlat,e cell-s is broui¡hl, abr:ub by inf-l-uence on op|ic nerve

ter"nririals "

One alternative that musl, be consicli,r'erl j-s Lhe possibilil,y LhaL during

sLÍnlulation of bhe ral:he nucJ-eus bhere is a build up of released transmitfer

substarrce" If tlri:,; r,;ere'Lo occur one ririllht ex¡recb i,h¿it l,here would Lre greaLer

depression in consecul,ive analysis inte::vals in the genicul-ale cel-Is" llhe

observation thab bhe peah clepressl.orl occurs in inlerval si:i l¡ith subsecluenL

reduc'bion in intervals J ancì I is no'l r:onsistenL r,uii,h such a hypothesis.
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gne might argue ihaL if interva,l-s l- anrl 2 are compa.rerl r^¡ith j-nterval-s 7 and

I the acLiv5ty in'¿he labüer j,s mueh more cìe¡rressed than the fo::mer ancl.'i,here-

fore incU-cates 'bhat r.aphe clepression j-s clui-Le promi.nant chiring sponlaneous

actirrity af'ber the -1,-i¡lht, gor:s off" Conl;rary Lo l,his v-iew are several sturl.:i.es

r,¡hich shoL¡ that afLerrlj.scharge in genictll¡¡l,e cell"s is often cons;j-derably e:'"*

t,enriori in tj-me (32, Øe 90r |ó) sr: t,hrl, j.s probabl.y i"mproperi;o eonsi-cle:r

the actiuity in j-nterva-l-s '/ nar"rcì I as being a leturn of normal- spontaneous

acti.vity inrlependen{, of phol,i-c experience, 'Iiru.s, although the possíbíLi-by

of transmitter btúIdup cannot Ì¡e n.r-leci ou'L aL l,his 1,j-rne it. is consistent

vribh our data to suggest that t,h:ì-s i.s noL rcsponsib-Le for the apparent sel--

ecb:i.vity of raphe incJ,ucecl ciepression o,f photj.c relat.ecl activ-i'by"

An important quesl,j-on 'bo consider her:e j-s whe'ther the occasionalJ-y

observccl excil,atory effect,s of raphe st,j-nu.rlat,ion are clj-r'ec1; (i.u,, s;ynapLic)

or i.¡hether they occur as ¿t resrilt of currcnl, sprearì from Lhe electrode tjp

to surrouncling mi-cìbraj-n pal;hv,rays hav-inß an exci'bator)¡ j-nfluence on the gr:n-

i culate"

.As the resul'b of some i.onl,ophoretic s'l,uclies (21 , 22, 23' LO3) some

authors have sug¿3estecl that 5-ll1Ì may be excil,atory at some sJ,'rìapses ancl

inhibitory at othcrs. The possibi-liLy arises t,hat 5-HT-contaj-ning raphe

fibers infl.uence }ateral gcni-culate cell-s noi, only by v-irtue of presynapti-c

influence of optic nerve activity bub by a clj-rect posts;¡naptic connecti.ons

some of which ma)¡ be excibatory" The resuj-ts of bh:is erçeriment cannot

directly be a¡rpliec-ì. to this question; however, we obse:rved that if the

raphe electrode ci.eviated from the mj-ct1-j.nc it increasecì the probabil.ity of

exciùatory effecÌ;s" Tn addj-tion when excibatory effeel,s r+ere observed they

hrere correlated v¡íth bhe e;rcifatory effects of tegmental stimulatì-on (See

Tabte One). These findinr¡s support bhe no'bion that bhe excitatory effects
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sometimes observed rlilr':ì-ng raphe stimu-ì-abion rni¡3h.i, be due to curent spread

from the stimulatin¿1 electrocle'

In our study, sNirnula'l,ion of' bhe rnid.breii-n begmenNum had excii,atclry and

inhj-bi'tory ínf'Iuerlce on the discharge of lGltl celIs" The relati,ve preclom-

inance of 1,hese ef'fecLs seemed 1,o L"¡e re-Lated to bhe position of the elec-

trocle r¡ithin a Ìarge regíon of Lheì-ateral nlj-dbraj-n. These findjngs are

ccrnsis'bent witli olher sbudyin¿1s on the e.ffecLs of'reLj,cul¿ir formation stim-

ul¿rLiol on Ifllri cells (tó, i*C,, 130). llhe profile of tegrnent,al stimu-l-ation

effect on IGN cells is consiclerably dif,'ferenl, from the effecbs of raphe

sl,irnu-lation" Since l,here vlzrs greaber varia'bion j.n L,e¡¡mental- electrode

placernenls bh¿in raphe electror'le placentents i'b is difficirl-1, 1,o obbain a

uni.fl:ied pi-cLure of bhe efflecl,s of le¡;rnental- sùinrulaLion, on t,he IGi{. Ttris

j'act hov¡ever, was aclvilrrtagr:or-rs in thai. it, l;erv'ccl;rs a ¡-ioocl control i-s

assessing Lhe anaLornica.L specijiicit-y of raphe st,i.mulal,ion effeci,s. Over

5Si" of the cells; j-n our szirnple respondecl to l,egncnl,¿ll stirnul-a'bion wii;h a

gener.al facil,i'bation o1- bol,h spontaner:us anri ti¿1ht,-evolced acbiv-ity" l.'llec-

¡rode placernents in these ¡rnim¿rl-s wel'ii j-n the cent ral ancl later'al teg-

mental fielcl of the rosl,r'¿rÌ ntesenceplt¿i-l-orl'

ll'hese resu]-ts are mrrst, ea:;ily accourted fcr by proposing 1,hat teg-

meribal pathways irrt he rrresencel.ri:;rli-c rebj-cu-ì-¿ir follnai,iou have a direct

mocìulaling effecl, on }aLeral gcniculal,e cell-s u regu-LaÙin¡, Lheir general

excibabilit,y"

In consíderi-n¡¡ [,Lre functiorial s-Lgnificance o,[' l,he fj-r-rclings on raphe

s'bilnr¡-lation it is i-mportanl,'bo Lalte nr:be ol'some of the l¡orl< from other lab-

oratorj-es. Shearcl ancl A¿¡hajan:i-an forutd l,haL electlic¿rl stimul¿rtion of the

raphe causecl dishabitu¿rtj-on in rai,:r prerriously iiabi-tuated to an audi.tory

stirnufus (ff8)" Sarlanin and hi-s cr.¡*l,rorhers h¡-rve founcl ¿r reduc-bion of soma-
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'Losensor¡¡ evojred poi,enl;ials r¿i l,h si;-ì mir-l-¿rLjon of 1,Ìre ¡:anlie nrtcleus in rabs

(i-oe¡" Recent sburJjes on 1'he e-ffect's of Ï'apì1ç stimn-l-atj-on on sensatj-on of

pain have shov¡n that behar¡i-ora..l- ana-l.gesj-a in rats and ca-bs j"s obtaineci by

raphe stimulation (5, B/1, B9)" Thesr,'v¡o::ker:s have a.,l-so shovrn that raphe

stj.mulatíon reduces ae{,-i.rnï l,y in 1.amïn¿ 5 ce.l-ls bo noci.oeepti-ve sti-mrrli j.n

cats" Al.1 these stu¡:J.:i-es sug¡1es'b thai, the ra¡rhe pa1;Ìrr.retys pJ-ay some::o1e in

regr.r1.a1,j-ng the excj-l;abj-l--i-t-v of rrari-otrs seÌìsory reJ-ay nuclei to afferenl, j-n*

put from sênsot:¡¡ r'eceptorso Our resul-Ls j.nrì-ical,e a sj-milar rol-e in the uis-

ual modali-by, It sec:ms pJ-:rr,rsì-l:Ie bhab thc raÌrhe nucleuri is par1, o-f a neL,-

rvor¡ fu¡ctionin,q ¿Ls a scnsory ¡¡aLi.nq rneclran.i-sm anrl perhnps mediating such

phenomenon as habit,uat,ionT and att,en1.:i-on'
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Sqþ.ieç_ts,: A tot,a1 of 35 cats were usecl in this experiment.

fr,qceflqqg-: All surgical and preliminary experimental r;rocedures in this

experlment were identical to those previously descri-ìred"

.fpçtine Proceclure and Data Anal-vsis:

In t,his experintent we utilized two kinds of testing and daLa analysis"

We felt it desírable t,o samp.le as many cells in each PCPA and AMT trea¿ed sub-

Ject as possible and compare the resul-Ls in the sample to those obtained in

the previous experimenL" Consequently for all- cel-ls eïcefrt l;he last one siulì-.

p.led in each subject, the proceduro was j.dentical to that reported in the

prev'5"ous experimenl, " llith each ¿rnj.mal- afLer severa.f hours of testing an

arbi.brary decision was nnde that Lhe next cel.l sampJ-e would be Lhe last orre.

These cel-ls were firsL tested in a sjrnif.ar manrror as before; hovreveru afber

t,he t,esting sequence had been re¡:eated 50 times inster-,cl of going on to anotrher

cell. Lhe anÍmal was given an inJecl,ion of 5-lit'L' irr Lhe case of PCPA pretreal-

mÊnt or L-DOPA in the case of AMT pretreat,ment,, 'I'l.rent,y t,o fhirty mÍnutes afLer

t,he ÍnJection Lhe cel.l v¡as agaln re*lesLed wllh JO repet iLions of the testing

sequËnce' Usl-ng this proceclure it, uas possible to observe røhet,her t,he effecüs

of sLiurul.ation ln ùhe pretreat,ed anj.m¿rl were åttered after adninislratÍon of

Lhe precursûre Tt, has ìreen reportecl th¡,L l¡1Lhj,n a helf-hour after adrn-inist,ra*

tion of 5*llTP Ín PCP¡{ Lreated aninuls tha.t serotonj-n }eve}s i.n lhe hrain be-

gin to increaee (?4) " In t,he caÐe of catechol¿rmj-nes, a eorr[)Iex series of events

ûccumed after t,r'eatr¡ent of Â.þ11'treated anj-mal.s r.¡Íth L.-l)l)PA, dopamine levels in

tk¡e trrain inc¡'ease significantly durirr¿¡ Lhe fi¡'¡:f hour. v¿Íth nor¿drenaline }e-

vels renainin6 low; during the seconcl hour and afterh,ards the norad.renaLine

levels increase sÍgni.fi.canUly (33) 
"
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In Lhe experiments wit,h the precuraors, f-HT and L-DOPA, a slightly di.f-

ferent techni-que was em¡-,loyed in ana.lyzing the data. For each ceII in which

the precursors were Lested, there were fj-ve basic hisLogram comparisonso Be*

fore the ad¡ri-lnístraLion of Lhe precursor i.l-re effects of raphe and tegmenLal

sti¡nulaLion brere assessed by comparisons between trial histogrem A and B for

raphe effects and A and E for tegmental- effects as in Lhe previous experiment"

To det,ermine the eff'ect of the precursor on general cel-]ul-ar response in Lhe

abser¡ce of stimul-a.1,ion, t,ria1 hi stogram A before adminislration was compared

urith Lrial hiaLogram Á after Lhe administration ( s"" Figure 1). To test the

effects of slimulation afLer adrrrinisLralion, Lhe post-drug hisLogram A was

cornpared to the post,*drug histograms Il ¿-rnd lî (¡'jgure I) " As in all prevíous

work comp¿.risons were made by pa,iring analysis inLerv¿"Ìs in the respective

hisLograrns ¿rnd Lhe L-stalisLic vlas employed"

Drug Ad¡n-ini sbrat j on :

The Len animals used in Lhe PCPA experiments were treated with daily

doses of 300 lrrg/kg of p-chlorphenylalanine (Slgma) clissolved in a phosphale

buffer inJected subcutaneously for llrree days prior t,o the experiment" It

lr¿is been repor¿ed that this treatr¡rent regimen produces a 95'fl deploLion of

endogenous 5-HT in the brai.n (32)" J*Hydroxyt,ry¡rtophan (fOC mg/l(g) was in-

jected very slovrly inlravenousJ-y 20*30 rrinuùes prior to re-testÍng of ùhe cell'

The five animals used in bhe AMT er-periment were inJecled subcutaneously

wLLh 2?5 ng/kg of AlvlT dissolved in sa.line 10*12 hours prior to tesLing" It

has been shown that this treatrnenL sched.ule produces an B0i6 depletion of

catecholamines o

L-DOPA was given lO0 mg/ltg wit,h a sl-ow intravenous ínfusion prior Lo

retesLing the last ceff in each À.Ì'iT' LreaLed suL-,ject.

Ten ani¡aal-s were LesLed wiLh l-00 lnicrograms LSjJ, five were Lesled v¡iLh



FIGURE 1

Diagram indlcating method of assessing effects of

drug treatment on geniculate responses to raphe and

tegmental stimulaLion. Top row of histogrems sam-

pled prior to drug inJeeLion (pre-drug histograms);

bottom row sampled after inJectfon (post,-Crug histo-

grans). Arrows indicate which two histograms hrere

paired for a given comparisono A, control - no stim-

ulation; B, raphe i¡timulation¡ C, tegmental stimr-

lation.



PRE DRUG TEGMENTAL EFFECTS

RAPI4E EFFECTS

POST DRUG TEGMEruTAL EFFECTS
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J0 nricrograms LSD, fi,ve were tested rvith tOO micrograms BOL and ten were tested

with 2cc. of physiological saline" fn some of lhe ani.mals t,he effects of LSD

or iJOL were tested more than once on differeni: cells" r,trhen this oecumed the

second injection was ahtaye given at feasl three hours a.flter Lhe first, IL

has been shown that LSD rlisappear from the brain wit,hin the first L - Z hours

after administration (l*5) 
"
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Eff'ecLs of ilAPþg

A t oLal of /+¡J cells were studied in lO caLs treat'ed with Ptli'A " Figure

2 illustraLes tYPicaI

IaLe cell-s from three

iLory effect itr

in LhaL ce}l"

effecLs of raphe and begmenLal stimrrlaLion on genicu-

clifferent PCPA breated animals' Jn ceII P-l-3-I'

raphe stimulabion h¿rd a signifj-canL faciliLaLor¡" ef'f'ect ( p O.o5) in inter-

in any inLervals.

differences in anY

va}s}and4.Ther'ewÛrenosì.gnificanLcìepressanLeffecLs

Ince}lP4+.L_2,raphesLinrulat,ionproducednos.ignificant

analysis inLervals con¡rarecl t-o Lhe conLrol'" I n cell P-?-1-5, ra;rhe stimrrlaLlon

produces a slighl but insi¿lnificant f acilil¿rLion in inLerval's 2, 3 , ¡ nd 5 ' In

ceII P-Ì-J-I, ùegnent al sL j.mulat,ion had ¡ro significant effect's ercepl a flcj I-

inlerval 4r Lhe same effecL ohserved wiLh rapite stimulalion

IncellP-l+-L-z,Le¡lrnent¿r}st-imulaLionshowed.asi¡]nif.lcariL

facilit,atoryel'l'ectinintervallrasi.ArlificanLtìe¡-rre$santeffecLininLerval

3 (corresponding t.o Lire pealc oi'Lire 0N response (p .05) ¡rnd a slight buL non-

slgnificant de¡"rressanL efJ'ect. in i,nLervals 6, 7, an'l B. 1n cell ['*]-]-l' t]tere

hras â sliglrt, buL non-sigrrif Icant f¿rcilitatc;ry ef'I'ecL in inLerv¿]- 5 "

These results inciicaLe thaL in PCI'A*LreaLed cats geniculale resporìses Lo

raphe stimulaLion afe ver.y atypj-caÌ wherl r:Onf.¡iire<j t'o norrurl untre¿rLecl conLrols'

Slimu



FIGURE 2

Ilffects of PCPA pretreatment on laüeral genicu-

Iaùe responses to raphe (b) ana tegurental- (e)

stinulation in celle from three different an-

Lna1s" For a given ceII, hisLograms are read

frorn left t o right r
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Only 5 cells (f'l'uur 2 ¿irrin,als) ottL o1'Lhe eni.j¡'¡: i*Íì slrowerì'ìel;ressjorl Lo r':i¡ihe

sLímulationsintll¿rrLoLliatr'ep,or'LeclinLheprtlviOusp¿ìper"

þ1l'fecLs gl St.inirrlalion in i'È|À-1¡:gglgÈ-q-at'1 Aft'er 5-HT['Administ-raLion

In each of Lhe IO Pti'A-tre;.rted aninnls the l.rsL cel-l samrjl-e r'tas reLested

2O-3o nrinutes afLer the slow intravenous infusion of 5-lt'fP" 1n /+ of Lhese

aninals the cell was losL l]efore Lhe LesLj-ng ¡;rocedure vfas resumed' l":1 gure l

shows lhe effect of 5-llTP acìministraLion u¡ron celì'ular responses to r&phe and

Legmental sti¡nufaLion in one of the PCP,\ Lreatcd subject's" 'fhe top Llirere

histograrls represer¡i, the fjrst Lesi, serlue¡¡ss Ìiefore 5-l't IP was ¿rdmi¡"risLe|ed;

tlie botto¡n three histogranìs were sarrr 'Ie<ì 3o rrrirrules after 5-H'u' injecLion" 1t

shoulci be nolecj LhaL pl'ior to 5*ltl'P adnrirli.sLratit-¡n, Lhis cell resl''onded Lo rai¡he

stimulaLion with ai sligfrt l'¡rciIiL¿rLi)n in ,1I]l- ¿rn¿r.lysis intervals " iicsllortse to

tegnrent al sti.nrul..rLion, c,n Llte olhcr hanil , ìfl¿rs ¿l por',rerfuI cle¡lression of 'rcLiVit"y

in intervals J, /.¡, ancl ! corresponr,lin¡1 t o oill ¿,n|:ì 01"[ !'esponses ' 'lhis de¡rressiott

was sLatisticatly signí t'i canu ( p O.0OI) - iiclerring Lo the ìroLLon row of histo*

grams in h'lgure J , corlriì' rísc¡n of' 1-he corlt'r'ol ili sLotÌt'¿:ms l¡efore and alller Lhe

¿rdminisLraLion cif !-11'f1'revq..¿rle<l ar sì.i¡¡ht, huL non*siil:rificant' over¡¡Il cleirresr'io¡r

afr,e¡' 5*li'lP. St.irrrulaLiorr o1' Lhe rapÌìe riuc-ltjus aft er 5-Ìl'lP h¿id Lwo effecLs; a

significant (p "05) I'acili.tatj.orr of activity i' ¿¡II üni.ì-ysis inter-vals ex-

cepL int erval 5 (Ol.'l' r.es¡roris.-:) r.¡h,icÌl showccl ¿r si¡lnii'lcanL (p 0"01) ciepressant'



FIGURE 3

..Effects of 5-HTP adminisLration in

PCPA t,reated cat to raphe and teg-

mental stirm¡laülon in PCPA pretreated

subJects. Upper three histograns

taken before, bottorn three taken after

5-HTP.
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FIGURE 4

Histological section from anirnal descrihed in

Figure J. Electrode tips in dorsal raphe ruc-

leus (4a) and upper periaquaductal gray (4t).





ef f'ect. lì.esponse Lo 1,e¡rmental st,i nnrlaLi

-71'*

rn ¡ft,er 5-H'lP r/"aB characterized by

hci¡lht,eninq the d(.ìpressant' eflect's' ohservecl L'efore 5-l'lTP 'dminj sbrat j-on' Slnce

t,hnt profotlncJ clepressant' re:iponses could he
t.he clata from lhis celI indi6''r{'ed

elici terì ìrv stimul¡¡t'1nq t'he [,,:f,rnenl;a.1. elect,rocìr; .in t'hr: t'o1'al' nhsence of any

si mi lar dePressant,

nbout, t,he accuraeY

ellect,s of ra¡rite st'imrt'l:rLi on '

c,l oìJr elect,¡'orle Pl.acements '

þ'e l¡ere ¡,:rrt i.et:larlY curiotts

FifÌtrrr: /+ ghorvs t,he plaeemenl

of hoth raphe ancì Legmental elect'rodes" The r¡ plre el-eet rorle was accuraLely

t,he t,eqmenl,a,L el ec t,rode had ì'een
pl acecl in the dorsal raphe nucleus r^¡hile

grossly misali¡]ned and terminatecl in tho clorsal aspect' of ¡rç¡jaquadrrcLal gray

( l'¡rt;) rrqar Lhe rnidl.ine "

!-1gure

sLi.mul'rlion

5 sho'nrs result,s frc'rm one of t'he fjve cel-Is resPondinq to raPhe

estins t,o note that t'egntental st'imrrlaLion a.ì'so had a slieht, dePressant effect

on t,he cel l . A f t el' aclnj ni st'r¿ t'i on of c' llTi' t'her conl'roI hist.oqram revea led a

fhe 0,001 leve]. Stjm_
m¿rrkc'cl faci Ii tati orl of al,J ¡ct,i v j t..y sipnjf j e¡nt' "eyoncl

ul.at.iorl

chi,rge.

of the rs pì-re aft.er 5-llTP caused a furt,her cle¡rre:ssi on of "u11¡l¡¡ 
clis-

wit,h residual r-'lei-¡ressi on in a l'C['Â-t reatecl animal ' 1L i's inter-

Of ¡lart,icular Ínt,eresL was Ltre ol.servat,ion t,hat, afler 
'_HTP, 

teqmenLal

:¡ t,irnuJat ion resul.te'd in a cons;icìerahl.e facilit'¡rt'ion of acLivit,Y in all analYsis

i nl,erv¡r Is lo tlìe ext'ent' th¡rt i t ::omplet el.y ohrlit.erat't:rl lhe photiÇ responses "

l,)¡r.i.¡¡. i"i-O¡:l t,h:i s cel,l sf¡Ovis Lhat' even thou¡rh ra plre :r r.ttÌ teqmenta l- stimttlotri6¡ lroLh



FIGURE 5

Effect of 5-HTP in PCPI treated cat adnlnistraLion

on lateral geniculate response to raphe (b) ana

tegmental (e) stinuLation. CeII showed depressive

response to raphe stimulation prior to 5-HTP. Af-

ter 5-HTP adrLinistration depression h¡as lntensified.

Top three histograns taken before, bottom three af-

ter 5-HTP.
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ìacl a cleri¡'eslsarrt' efl'ec1' Ì'c'f'crrc

ñ.t
- l(-

i rr,lr:r: l.i on, !-l{'1'ì' '"''as el l'ect ive i n heiqhteninq

tÌle tierlrr:ssion on'1'.y lvit'Ìl ra¡'lrcr st,inrt.l :¡L'ion"

T¡,h]...' 1 sttnrnra-r j zcs the r.:sll ] t,s of ar:]rn j rr j 
"|,,¡.rt,i 

(ln of 5-t11.I' iq t,ire I)C})^-

Lre¡tecl r:aLs frotn whJch t'he six cells r^¡ere s;¡ntÌ''lerl" F'or e¡ch eell fhe effect's

ofrn¡rheanclLe¡.ment,a]'st,i.n,u-l¡t,ronwerer'ecorrlocl}ìefOreanrlafLertheadmj.ni-

st,¡.¡t,ronof5_1.11,i.,.Âna'lyzirrrl,ilor]¡lt,¡weconrl¡rr.r]r:¡chsLjmu.l-4I,,.ìoneffeeLon

t,trc: ceIì." inLerva-[ hy int-ervrrl o wì I'h t,he a pro¡r¡ i a t'e con'l'rol hi st'o¡lr¡Ìn Â + If

a si¡ini I'i cant' 'b-rðtio resttìt'ecì' t'hr'r ap¡'ropri Irt;e elf ect' r'ras recorcled as a de-

pressicrn (-)

no-el'f'ect. (o)

at each cell

or a faciljt,aLion (n); if a non-siqni f'ìcant' t,-r¡t,io was founcì, a

w;ìs reccl'derì for that' nivL-rl .ini'erval "
Tl¡i s a.l-.Lov¡ed us t'o looì<

anc]iLsr.es¡onset.ora¡it.rean.rt,eqIIont.:r.l.st,ilnri].nt,ion,inl,erva1..hy

i nt,erv¡rl he lore and ¡ ller lhe ad¡rirr'ìst'r¡t'ion of 5-l11'Pu irj Rrlre ó sunm¡irjzes

t he e f'f'ect.s of 5-ll'l'i' on râphe st'imrrl ¡tion in [)c[,A-treat.ed cat,s. The Lop set,

,nrì t',h rlepressi on af t'er !-l-lTP acl-
of 

'lltau"t- 
evl i rìsses lrorn' ntany cells respondec)

ni ni sl.ra Lion

'i.nt,o ìrl ocl<s

The analrrsi" 'ìnt,erva1s, represent'ed on 1'he X-¡-xis were pooled

Lo Lhr.. perl ocì clur'ì n6 whi ch t'he Oì'l :rnd 01"1" response usrr::11y occur sho"¡ed more

of Lwo. 1t, c¡n he seerl Lhat' ìnt'erva'l-s ) , lr, J , anc) (t , corres Pond i n¡i

responses n f t'er !-l11'P t'han in t,erva ls 1., 2, 7, and Q ' The

u¡i t,h

nunler oti:i .lePress¡nL

hottoil' seL of cllrves in i;i,ri¡re /: jnrìica+"e t,he nuntr'er oI cel-ls resPonding
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F]GURE ó

Effects of 5-HTP administrat,lon in PCPA treated cats on geniculate

responses to raphe stisulation. Top graph indicates the number of

cells ehowi-ng depressant (significant, p< O.O5) responses to raphe

stimulaLion after adminfstretion of 5-HTP. Dark lines indicates a

change from either facilitation or no effect before 5-HTP to depres-

sant response after. Dotted line shows number of responses which were

depressant before and after 5-HTP.

tsotton graph shows facilitatory responses to raphe stimulation afler

5-HTP. Dark line indicates number of responses which were facilitatory

before as well as after 5-HTP while dotted line indicates number of

responoes whlch were depressant before 5-HTP but facilitatory after,

Data for this figure vras taken from Table l.
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d1

facilitation after 5-HTP during raphe stlnruÌat-ion' This fiSiure lndlcaLes that

adruirnisLrat'lon of 5-H'IP in PCf'A-trealed caLs had two maln effecLs on the gen-

iculaLe respons€ t,o raphe stlntu}at1on" I¡'1rst, there ì¡J&9 a general faci}iLatory

effect that was rnos! pronrinanl cluring sponla.neous act,lviLy and in Lhe very raLe

intervalsafterLerl.Ín¿.Lionoft,hevj-eualstinlulus.ThlsfaciliLatoryeffect

was much lesa prominant in inLerva-ì-s 3¡ 4, 5, and 6 whích correspond Lo the 0N

and0}.F,responsesto}ightoTheseconcleffect,of5-tll.Padministrablonwasto

promoLedepressanLresponsespr.lnrarllyr.estricLedtolnterva}s3,4,5,and6

corrËsponcitng to photÍca}}y drlven actlvlt,y " Tire depr.essant, ef fect,s of 5-HTP

werealmclstnon*eNistentinint,ervals}and2corr€sponclingt,opre.sLinrulus

spontaneous acLivit,y;rnd 1'nt,er.vals ? ancì 8 corres¡:on<.llng Lo t,he ]atter after

dlscharge perlod folÌowin¡E Lorminatlon of the vlsual gLlmulus"

!-1¡.iure?gunurlarizest.kreeffeictsof!-H,I.Padniinist,raLionongenlculaterEs*

ponsestotegmenÙa}sti.nru"Lalion'Îheto1'rsetofcurvesinclicatethenu¡nberol'

cel}s showing a rì'epressanb resporrse afbet'5-H,l.Po 
,Îhe tiot,tom seL represents the

rrur¡¡ber of cerrs responcli.g wlLh f.acir,it ari o¡-r after- 5*rt'tp o 'rhe an'lysi s rnler-

vals }iave been poolecl int'o blocks of Nwo as lrl ii'jßure ó'

IieferrirrgtoLhetopset,ofcurvesj.niligur"e?wefinc]thaLveryfew

analysls irLervals shov¡ed a significant depressant resporrse after 5-H1'P" The

boLLom set of ctlrvas show LhaL Lhe maJor effecb of 5*HTir on geniculaLe response



FIGURE 7

Effecls of 5-HTP on geniculate responses to tegment,al stÍmulabÍon. Top

graph shows the n¡rmber of cells showing depressant responses to te6çrnen-

LaI slirmlatlon after 5-HTP. Dark line indlcates number of responses

which were either f¿.cilitaùory or had no effect, l¡efore 5-HTP but changed

to depressanL responses after. Dotùed line indicates number of cells

showing depressant responses to te6¡ment,al stinmlation hefore and after

5-HTP.

Bottom graphe indicates numoer of cells shovring faeflitatory responses

to tegmental sLinn-rlation after 5-HTP. Dark line indicates facilitatory
responses before and afùer 5-HTP. Dot,ted line indica,t,es rlepressant res-

ponse before buL faciÌitatory responses after 5-HTp.

Data for thts figure was t,aken ftom Table l.
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Lo tegmenlal slimulab j'on was f aci'li i¿rtion "

ntostofLheirrLerval'lls}towrrigfa,cilit,al.ionafl.erS*l.l,li]a-Lsoshowecìf;rcilit¿lt,lon

ileforeS*HTPu,f}reJ'rlsul-l;s3Ltilìnì¿Ìrjzccliniì'.ìÍliI,cJrevr;l.lì.ii¡al,t,LreI)rifn$,r:'lefl'ecL

of5-H,lPaciminislrnt,iclninl)CPA-t,rc¡at,edcaLsonthefÌeniculatoresponsstol,o¡4*

nenLarstimuJationvrasroheigrrtenf'acilitai,i.on"'llrefaciliLat'oryeffecNs

scemed'Lobegeneralizeclovel.allanalysjslntervalsslrowÍn5',litt,teofany

speciflc'ty for sponlaneous v3" Iíght, evoitt:c] act,ivit,y, These r]¡ta inrìi-cate

thet, 5-ilTl' aclrninist'r"rtion in PCPA-t'realed ca't,g result s in an apparenL res-

toration of .e;rresse. plroti.cally driven ciischarge in t,he lateral geniculate

cìuringraphest,lmulationaccomF)aniedhyntrn-s;ecifi'cfacj']-it,at.ionoftìiscirarge

p:rrticularly prominent cìurj ng tegmental sLinrulal j on'

fll]fects of ANfr Prqt-{eat'mc.l 9Q G*eriqg'1¡Isi-lþgp'sr"es-J'9 Iil'þe alg-fg$gs!-Êf

Þ.Limul a1-igg

Fivecal.swerepret,realedwil,ìra-tpha.nneLLryl*tyroslnelnttt)1o*t2hourg

priortoexperimentat,jon"!.romt,hesefivoanjmafsaì,oLalor?"|cr:,l.lswere

t,esLedfort,heirresponselotegmen.l'a'ì'¡ncìraphesLimulat'ion'

!'igure I shows cells lrorn t'vio cìif f erenl' anlmals "
In Lhe LoP t'hree hist'o-

gramsitcanbeseenthaLslimula|ionolt,heraphenrrc}eusinanÍrna}À-3re.

sullsinLhet,ypicalclepressionofplrolicacl-i.¡it,ycharacLer-isLicofLhecells

observedinrtntreat'ecìaninralsbuLveryat'ypicaIofP0PA-treat'edanimals'This

/is incìj caLed bY Lhe solid curvee



FIGUfIE 8

Effect of AMI preLreatment on latere-l geniculate

responsés to raphe and tegmental sLimulation in

two different cell-s. Control histograms (a),

raphe hlstograms (U) and tegmental hist,ograma (e)

for each cell are read from left to right.
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depression vras

.\.1_ ¡tí

not observeci cluring sporil-¡lllr;'r)lls crct'ivil'y" ln Lhe same ce-Ll sl,i.m-

ulalion of t he tr:grnenì,unt al'.so resulteci 'i n a cle ir.I- e 5iìi on oi t'he phot'ic responses

alt,hough not quite ari slron¡ as uit,lr l,he raphe. SponLaneous acl'ivil¡¡ vras rroi:

signif icant,ì.Y

ulation of lhe

response, with

differ"enL" 1n Lile hoi,Ì,om lhree tri-sLogr"irrn"-r i.n ¿lninal A*llo sLi'm*

<:f lhe OIrl.r response, St iumlat'ioll of t'he t'e¡lmenlurn

c':ìused a significanl (p z 0"05) f'aci ii l''¡i'ion o{' s poì'ìt; arreous act j.v j ly ( ì nt, er-

both ON ¿ind Ot''F responser, (p ( 0"O5)"
vals I and 2) anrl i,r s: ignilicarlt' de¡rres;s;i nn olì

I.' i ¡1ure

s I i mulaLion

9 illus t,rat es a cornpar:.sorì of Ì¿rl,er¿rl genicula'Le responses to raphe

¡:,ercentage of cel.[ s in elach Í'roup respotrd i.nq i.n each analysi s int'erv¿il v'it'h

fac j-litat.i on (wì'rit-,e bar) , clepress ion (L'lack bar) )r no ef fect (hatc¡,"d ìrars) "

,.he t¡,picaI profile of'sr:IecLive cÌe¡rressanl elf'ecls ofì raphe si;imllal'ion 'Ls

observed in ÂMT-lrealed anintals buL rlot, l'CÌ'A-t-reated animals' In t'he Al4T

animals the depression is m¿rximal in intervais 3rtur 5, and 6 corresponding

io Lhe 0N and ÛI'l;' respo¡rses of lateral- genicu'Late cells t'c light"

Figure IO corlpares 'Lhe effect s oi t.r,:Élmenl¿rl st imulalion on laLeral gen-

lculate discharge i n I,Cf',A- and Aþi'i-t.i'eai;ecI ani m¿r]s ' i;'aciIilaLorY resPOnses in

rapÌre result ed

no clepression

in a s;i51nj.flj.c;rnt r1e¡rressi.on (pa 0.05) of t'he 0l'l

in Lhe tl^ro grou¡rri of prel'rea1-tl<Ì caLs " 'fhe bar graPhs dePict the

AMI animals are less frequenLly ohservei fhan j.n l'CPA-Lreat,ed animal s r¿¡hi lo



F]GUITE 9

Comparison of AMT and PCPA treatmenL effecLs on

lateral gentculate response to ra¡,ho stlmulation.

Top graphe shovrs pereenLage of cells in AMI treat-

ed animals responding wlth a significenL depressant

(ulaet bars) facilitaùory (urhite hars) or no signif-

icant effect, (hatched ¡ars) Lo stirmlation of raphe

nucleus in each analysis interval.

BoLtom graph shows the same for PCPA treated animals.
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FIGUITE 10

Comparison of Alft ancl PCPA Lreatment effects on

lateral genlculate responses to Legmental stlm-

uIation.". Top graph shows percentage of cells ln

AÞfI treaLed aninals respondÍng to t,egmental stlm-

ulation with depresjon (Ulack bars), facilitation

(whtt,e bars) or no signlflcant effect (hathced

bars) in each analysis Ínterval.

Bottom graph shows samo for PCPA treated anlmals.
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depressant resPonses are nlol'e

F1iqure :i-.1

-9?--

freqr-renù '

9 ¿Lnd L0 lndicate lhat PretreaLmenL with AMT has
The resulLs from figurc

IlttIe effect on genicu}aLe responses to raplre ancì t,egnrenLal sLimulaLion excepL

for a reduction ín facililat,ory responseû, 'IÌris rny he conLrasLed with the

pcpA_treaLed subJects where facillt,atory responses åre frequentry observed and

depressant resPonses are far€o

EffecLe of L:l)Qf i! AdlpiIlì"e!qaLi'oJl''?n ¿\l"l't-T{9¿!t'pcl {nirra}e-:

One cell ln each of tire ! l'M'i'-treated anim¿rls was tested for iLs r€sponse

Lo stlmulaLic¡tr af't'er acllnirr'i'sl'r¿rLion of I-DÙf'À ln a sin¡ilar manner previously

describedinl,ile!ÛPÀ;rntl5-tl'tFexperilttetrt's"'l'hereLesf,ingprocedurobegan30

núnuLe¡s after Lhe infusiotl of L-DO|'A" In lwo ol our subjects t'he cell was

Ios¡L before retesNing coul-d begin' 0on":c:..¡uenLì'y t'he effects of L*DOPA in AMT-

Lreateci anÍrials w'rs orrly ¿rssessed irl lhree cefls "

i.llust,r¿iLeg lhre effecLs of' L*DOl'A arlurinistrabion on lateral

ge*icuraLe responses 1,o rephe irrd t-egr'crrL¿r.L s[-irrrrrationn 'rior 
to ¿rc'ninisbrat'ic

oI' L-D¡pAe st,1nrulaLion cif' Lhe raphe result'ecj in a sigrrificanl clepresslon (pI0'(

of t,|re ol,l res¡ronse a.n,-l si.r1^ific;.rnt ¡"ecì.ucLiorr of ;ict,ivity in inLervars ? and 8"

,legrnenLal sbiutul;rLion causecì a sim'LI¿rr reducbion oi'Lhe 0N response accornpanlerl

k"ry a sig'Í.1liua.L (p <. 0,01) f¿rci-lifå,Lic¡n oi' t'¡e opl" resl>otr''e (interv¿rl 5) "



F1GURE 11

Effeeù of L-DOPA adm:inlstration ín AÌff treated an-

imal on lateral genl.culate response to raphe and

tegrnental stímul-ation" Control hisLo,qram (a),

raphe histograms (u) and tegmental histograms (e)

are read from left to right. Upper Lhree taken

before, bottom three taken after I-DOPA admini-

stration.
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lifLer arlrrrinist r'¿rLion of' I-IIOF'{, the paLt"ertr of' r'csp()ndi-ng in the cel-l ch;lnged

dr"asLical.ly" In lhe c,JflLrol hisLogram s¡>onLaneous aclivity was manke"lly 1n-

cr.eased (p( O"OOL) lv¡i-l-e the phoLic respor-ìse¡¡ u/ene rrurrkecÌly reduced' 1'o the ex-

|enLt,haLÍswasb:rre}yii¡lp;irenLLhaLt,hecellwasrespotrsiveLo}igh:"Both

raphe ancl teglnenLílI sLirnitlalÍon caused art increase in clischa'rge Lhrou'lhoul all

analysis inl,er.vals such tliat, ¡rholic pat, l-'erns v¡ere ob'l-1te¡:aLed' Thls efflecl

was observed. ln t-'e obhe't,wo cells v¡iLh L*uol''A alt'l-iou'¡¡ir in one' the phoLic

responges W€f c l¡roI.tl Al)parunL "

HesulLs r'ro¡n thi s lirni-Led séIInf jle su,ilrlerì L LhaI L-UOPA administ'ered in AJ'll]-

treal,eci c¿ÀLs rilark"clìy i'ac-i, l-it,aLes uniÙ.ictìvity irl }¿it'er'¡rI ¡lenicuIa';e cells"

l{e wt¡re unabl-e Lc¡ +sccrt'¡-ri'n whet'he¡' the reclrrctr,r¡n in Ltre phoLic colnponent re-

presenl,ed a se,l.ecLi'¿e clc¡rression by L'-DUl'i\ or whelher iL was merely ol-rl'i'Leratecì

by t,he height enecl l.eve-l of d j scharge r'Ìij'ch occurcr¿cl even in Lhe ah:ience of ll¡¡ht'.

EffecLs of L!D qg rì,a:ie]-Ll"ft¡r!-!,!LX*al*C:'rU-çilþ!g-qt!9';

À surprisi¡¡,-i l'ínr1 in¡1 1n thj.s si,u,l.y þ/,j,:ì th¿rL jnbravenous LsD dlcl rroL have

a gener"al rlePi'essanL acLion

oLhers, ( 20,J{¡óCI,91, ï/

on Lhe LaLe¡'¿r1 ¡'É]nicul;ìt'e cel-l-s as reporLed by

1rl,¡Lea¡l , IIto:ìt cel I s lespcnclecl wiLh hei¿¡hLened \

activily, usuÊrlL¡r [hrou¿;houL a]-L aneilysis iirLerv¿r1.s " I"igure l-2 sfic¡v;s Lhe ef-

t'ecLofLJijorirt.'lrtt¿rLclis.;hlLt'gÈ¡l;,r-LLernsirrLhe::'l.5cl'iceofefecLric¿r}stimrrl¡rii'ot



F]GUHE 12

Effect of LsD on laterar genlcurate acùivity rn ùhree

ceIls frcm different anl.mals. Non-stim:]ation trials;
a, before ISD; Â, after LSD. For a given cell the pre_

drug and post-drug hj.stosrams are read from top t,o boL_

Lomo
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1.n cel-.i-:l front Ll¡-r"e'¡ rl i i'['srr:nl' ani nti' l.r¡ u 'l'h¡: 1-,r¡p rLlvr of A*hÍsLogr¡ÌmÍì were t'aken

b¿.¡lore i-nJecLlon of iflD¡ vrhìle Lhe boLlotn t'frree r';ere l'akerl affer" Tire:ir'': hi'st":-

ancì very signifÍcant ly itr olhers (ti-26) "
In anjmal it*36 the increase ln phobic

activlty Ís almost, t,lireel-'okl. since t,liis was ¿rn un$xpect'eci flnriin¡1' we dld

rletailed comparlsons of' L3D, BOL' and saline efl'ects on Lhe level of spr':n-

t aneous and lirht *evoketl acl-i vlty in t'he ¿rbserlce of any electrical stimulaLion

(comparing pre- ancl post-drug trial hist,o,!rr¡nr,r tl) " 1'o clo 1'ì'ris we pooled t'he

Lwo spontaneou:j ;rct'iviLy analysis irlt ci"vi¡ls (I an'l 2) anrl comPared t'he mean

nunber of sPikes o:curr'inri in those ì n ber v¿rls hr:fore anrl after drug arlrnlnistraLion;

we poolecl Lhe rerrnining six anal'ysis inl,r:rval.s corre5pon''lInq lo 1'lqht' e-

grams show t,lrat !O u¡4/lc¡1 c'r

:lbly. SPonLaneous ;rc't'i'vitY

rùO ug/Ìc¡r do:¡r::;

r'ras f¿¡ ci I lLaLed

Lhen

voked

bhe pooled sample bo-îore and after tr{ra1;ri¿¡nt "

dex of general exciLabili-t'y during sponLaneous

withouL regarrì Lo particular t'ern¡loraI paLLerns

irìcl'ea:;e phoLic ârcl,i.vit'y corrslder*

in some cells onl.v sli gh[f:/ (R-4h)

In this waY þIe obtal.necl a¡¡ in-

ancl photi.cully driven actlvity

of tlischarge" Figure ll sum*

anrl aflerdischarge activity ancl agair colnp'lred mean number of sPfkes in

marizes our findings '

SPontaneous

nnJoriLY of t he

and lighl-evoked

cells with 50 and

hei6lhtened signlficanl'lY in the

of LrjD" A factlitaLion of sPon-

"cLivit'J'teru

100 ug tioses



F]GURE ].3

Comparison of LSD (two doses) BOL and sa.l.ine on mean rate of
firl.ng in leteral ge'icurate cells cluring opontaneous and photic
actívity ln the absence of el-ecLrÍca1 stim,letÍon" Number of
cells (expressed as a pereenrage) showing signífieant depression

after drug treatment, indic¡,ted wit,h btack bars; slgnificant
facilitation, white bars; no slenlficent effect, hatched ba.rs.

ïnterval.s I and 2 pooled for spontaneous activity, inLervals

3, l+, 51 61 7r and I pooled for photic activity.
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laneous arclivilY irl t'ìr ¡r

- I[)-t -

rr:tluct,ion i n phot'i c act' j vi t'y r'ras most commonl'y ob-

'legmenLal st,irmrlat'ion h¿lcì ¡¡ rìe¡rress¡lnL elfect' on Lhe initiai

served i.n cells t'est'elci wjlh "l.OO u¡q/kq ttOt'" '['h15 rn():i t fli'eiluten'b l'i.ndi n11 ult']t

s¡']-ine }./a3 a laclc ol'a,ny si¡;nÍf]icant, ch:in¡i,1; irt:;ptln1-alì{lous or ¡.rhot-1.c act,i.viLy"

EU-9SLå*oJI,lD-çìLç9nl.c-\rj'ate-J!9r*pgrl'-5-9il-La-:liulltl:-Lrl-d-JRg$9r!ê1jþ¿da1ri'r-qt-

In50ug/kg,arrdlOotrg/rg'do:ie..¡,LJD¡,eilr-tceclt,}r+::ell'ect,j-venessofrir¡lhe

st..imul,ation in produc'ing clepressic¡rl of plrot'icall'y r'l'rjvr:n act''i vi t'y in ¡leniculate

c+:lls.Figurel/*iì,Iust,r¿rLestheelt.t:cL:;{'..ittrlrljrlTout,oflt)ce1-l.sltjth5o

|rf\/kg,oflSD"Thet,opt,hre,,ehisLor'rantSs;l,i(¡wt,Lrere:-rpo¡13gi-,e|oreulhel¡ott,om

i,hree af Ler r L:iD acinrini sL r¡.r"t'ion "

Before L5D,

tJriven act iviLY"

peak on the ()Ì{

ra¡:hesLilnulat'ionh¿¡tl'Lkie:tisua.ì''ìepre:rsanleffect'onphobically

re$ponse ¿l.nd

Afler admini-sLraIi.on of

a s;l.jrlht f¡rcjìit'at'ory el'fect' on

L5l-to raphs 51.'i¡nrtì-ai'ion was less

s¡rr:nLaneous act,ivit'Y'

effe¡ctive in de-

findo howeveru tltaL
pressing phot ically clriven di s,ch;Lr¡1e " L t- uas ínlerestlng to

tegrnen'aì- srimulaLion:;howed increasecl ei1ìicacy i'n tlepres;ing photic activity"

Uponhistologicalexaminat,ionof.elect,rocìepl-acr:ntenLsinthlsanlm;¡Ii-Lwas

foundLhaLthe,,Le.qmenlal,,elecLrocer'¡a'slc¡cal,ecloni,hel,eteraluorrndar.yoi

t he PAG, perhaps accounLi'ng for it's rìepress"lut' el'f ecls "

Thisfj'rrcìingsug¡iestst,haNt,herer]ucer]elf.eclivenessofelect,ricalgLim-



F]GURE 14

Effect of ISD (10 ug/i(g) on lateral geniculate

response to raphe and tegmental stlntulation"

Top three histograms (", b, e)taken before,

bott,om three (4, B, E) taken after LSD"
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uL.¡rl,i.on in cieprenr:i,rrri phot,ie acLivit'¡z under IIiD:irl

ancl noL surrounding regions"

specífi.c Lo Lhe ra¡rhe area

p¿lrbial or conrpleLe reversal clf ra.phe jnduced de¡rresstion of phot,ic act,iviLy

out of 20 cells l-ested r,¡.ilh IOO ttg,/k& of LSD' I¡lgure 1J
rva.s observed in 16

shows t'hat before i,llD ínJecl,lon, Lhis ccll. res¡:onctecl i,o raphe st lrmr.l"at ion v¡Ít h

ej.gnificant, clepression of fll¡e 0N and OFF responses, vthiLo tegrnental sLi¡nr¿latlon

ir¡duced a slighL nc:celerat,ir¡n of sponteneous act'ivi't'"y accompanSert hy a sligÌrt'

reclucLion ln t,Ìre init,ial peak of lhe otrl |Ûsponse" Aft,en LSD, spontaneous &nd

photic dÍscharge blere marked l"y enhanced " fÌ;rplre st,imu.l'alion had no eff ect on

the oN response whil-e stilt clepressing tt¡e Ol"F response" similar effects wero

observed with t,egmental st,intulat'ion" Flisfologi-cal- exarni.nat,ion of lhis animal

found the tips of t,he el.ect,rodes t,o be in Lhe dors¿ll raphe nuc Lous ancl in t'hs

medial PAG near the dorsal raphe B'r€&o

v¡as located in the laleral mtdbralntegrnenLal el"ect'rode

are8,, f aci litaLorY ef f r:c Ls of st,i.¡mrlation on laLeral genic-

a parLuctrl.arlY in-ulat,e cells. Figure tó illust'raLes Lhis effecL" This was

Lerest,ing experimeni, since histological e:'aminat'ion revealed t,hat Lhe elecLrodo

lntended for the dors&I raphe nucIeL¡s was misali¡lnecì ancl ended up almost Lwo

mm. lateral to the núciline. The Negmen|al electrodeu on t'he other hand' was

In caLs where Lhe

LSD increased the



Effect of LbD (1C0

ponses to raphe and

histograms (a, b, e)

E) ¿aken after ISD.

FTGURE 15

vg/kù on lateral eeniculate res-

tegmental sLimulatfon. Top three

taken before, bottom three (4, B,
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F1GURE }6

Effecù of ISD on geniculate response to raphe and Leg-

menLal stimulation in aninal where electrode missed raphe

nucleus' 'Iop three hj-stoÂram" (", b, e) taken before, bot-

tom three (4, B, E) taken after lsD'
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placed Jusl cen|r.r.I lo t,ho :;uperlor coihcrr-!..'lg nÐar the c,¡¡¡rt,ra} t,egrnent,a)- âf€€, "

Pr,.ior Lo lÁjD i.rr.1 ection, sllnntl-at,Ir¡n |hrouglr t,lte misa-i.iÉlr¡i:j{1. 
|ir¿ìp}ìe|'el0ct,rodw

carrse¡cl a f*etlit'at':1":n of :trlont'an8ouÍ scLi'viì;y r"rht'h no signLficant effect' ein Lire

phot,lc ccrmpononL * ,ltlgnen'a]. stirnulat,j-orr carrged a markecl f aciliLatlon of ac-

t,ivi'y throughou' alt analysls fnLcr,vn,l-su ritil''t.ernt,1rr¡1 t,he phoL'C f€3pOì1ß€e

AflrerlsDstimu}aLionofbollrloci-resull,erlirls'firognflacjlltat'ionofsrpf'}ce

act,lvlly in aIÌ arralysls lnt'err¡als fo lhe exLent, thaL einy pholf c-rel'a"b*¡d dIs*

charger+$'sundeLect,alrl¿l.Inot,lrerenlilu]:Lgv¡ilgret,hetegmentalelectrod0wa$

praced J.n rateral regions, 1^5D ca'secl a el.rni-L.ar incrtl¿lse rn sTtmrlaLforr 
'neruc^.

ing ' iaelIItaLl'on of genlcrrlabe activiNyu a'l'ílrou¡ih tn some c&Sas phot'ica}'Ly

drlven activlLl' was etlll qr-rlLe apparent' i.n t'he hist'ogram ps¿ordso

Ftgurol?tllust,ratesNheeffectofBOLonlater¡llgenlculaboreoponeeg

to etímulatlon' Prior t'o rJOL :LrrJection' raphe stirnrrle"T'iori resulLed in a

dimlnutlonoilhephoLlcreeponse;LegrnenNalsLimulat'loncauseciagenerallzerì

facilltatron of ac.jvity r., uìt a.al.ysls inLervals'" After 1O0 ug^rg of d'I'

genera}act,lr,it,yinclucìing.Lhepirot,i.cresponseld¿lssigniflcenLlylncreased

(p0'05)"].nconLrast,t.otìreflncllngtvlt,hLSI)u.Lhedepr.essgttt,propert'ies

ofraphost,imu}at,ion}JSrest,lIIpronounced"Teglre;nt,a}sLl.nrulal;Io¡rcauged&

slgnificanLlncr.easeínact,ivlLy(p0.05)inallanai¡¡sislnt,ervalsafLerBOL

i:o the ex*i'enb tìrat ON and 0FI'response€J were ot-¡11tera'î'ed" In thls respect' L5Ð



FIGURE ]-7

Effect of BOL (fOO ug/ t<g) on laLer;,I genieulate response to raphe

and Legrnental stimulation" Top three histogramu (a, u, e) taken

before, botLom three (4, B, E) taken after lSD.
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and BOL werÊ elrú}ar;

rll

t,hey d1I'fered, howevero in that BOL dld not anto¡inlze

Lhe depressent efl-ects of raptre sLimuJa"c:Lon"

Flgure ]g shows Lho lack of any slgnlficant chan¿ie ln Lhe genlcurale re-

sponsetoranheandLegrnentalsLllrrulatlorrinasal.l'ne-treat,edsubJect"Thfs

cell responclecl ag usu¿rl 1,o rapkre st,inulatlon rglth a rlepresslon of photic ac-

ti.vltybothbeforeancÌafLer'Nheadninlstra'LionofsallneoTherewerenoce].Ie

ln t,he gallne s¿¡irìprê that slgnificanl,ly changecl thelr response Lo stlnulatlon

after ln.lectlon '



FIGURE 18

Shows lack of effect of saline inJections on lateral genicu-

Iate response to raphe and tegmental stirmlation. Upper three

hietograme (., b, e) taken before, botton three (¡,, g, g)

taken after galineo
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The rnost significant finding in this series of experj-ments was that

depression of photj-c activity in geniculate cells during raphe stirrulation,

charaeberistic of control anirnals, 'hras essentially absent in PCPA treated

subjects but not AlfI treated subjects" This finding supports the notj-on

that this depression is dependent on functional pools of seroùonin, thought

to be released synaptically from cells of the raphe nueleus, Geniculate

cells in PCPA treated cats respond to raphe stirrulation w-ith a generalized

facilitation or no effect at all. Cells responding to raphe sti¡nrrlation

with facilitation usually also responded to tegnental stimulation with

facilitation although this u¡as not always the ease' In one ceII (fig. 17)

raphe stimulation resulted in a generalized facilitation of discharge in

all analysis intervals while there was powerful depression induced by teg-

mental stir¡ulation' Histological exarnination revealed that the rrtegmentalrt

electrode was really in the upper peri-aquaductal gray (pAç) of the nidbrain,

In most cells responding with depression to tegnental stimulation in non-

treated animals the electrode was found to be in the viclniùy of the PAG

also. These observations suggest that there may be other inhibitory path-

ways from the brainstem to the IGN. Since depressive responses to teg-

nental stimulation in PCPA treated cats occuned ín the absence of sinilar

responses to raphe st,ímulation it would appear that these other inhibitory

pathways do not require funetional- pools of serotonin to exert their effect.

This may also account for the finding that 5 cells in two PCPA animals

showed depressive responses to raphe sti¡nrlation. If there are inhibitory

pathways close to the dorsal raphe nucleus perhaps in the PAG it is pos-

sible that current spread frori the tip of the raphe electrode niigtt account
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for t'hese results. A possible alternative explanaLion is that there tr1¿y

be enough residual serotonin left in these PCPA treated. cats to occasionally

exert effects. If currenl spread is an imporbant factor in our experiments

it night account for the frequently observed facilitory responses to raphe

stinulation, particularly in PCPA treated subjeets. t/,Je have shown that when

the tegrnental electrode is actually situated in or near the central and 1at-

eral tegmental fie1d, geniculate cells respond to stimulation primarily v,{th

facil-itation. If current were to spread fron the rnidline outward during raphe

stimulation one nright expect activatíon of some proportion of these fac-

ilitory responses to raphe stimulation are prominant in PCPA treated subjects

but Less frequently observed in normal controls, First it is coneeivable

that all cells in the LGN are not equally influenced by excitatory and in-
hibitory input. Numerous investigations (12, 57, 59, Lzl+) indicated that

there are functional subpopulations of lateraÌ geniculate eellsn One might

expect that depending on the cell type, exeitatory or inhibitory influences

from the brainstem may predon-inate over the other" Second. and perhaps more

important', is that in unireated animals exciLatory effects produeed by cur-

rent spread from the raphe elecLrode are opposed by the depressive effects

resulting from stimulating the raphe fibers themselves. In the PCPA treated

animal the seroLonin dependent depressive effects would be absent and the

excitatory effects due to current spread are left rel-atively unopposed..

Since in this experiment current sLrength'¡as noL manipulated as an experi-

nental variable it is impossÍble to determine v¡hether current spread was

an important factor in the nixed effects of eleetrical stimulation; however,

in future erperiments this should be an easy hypothesis to test"

In an effort to see of the lack of depressive responses to raphe stirn-

ulation in PCPA cats could be reversed by resLoring functional pools of
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serotonin we tesLed a linited number of cells after adninistration of J-F{Tp,

the irunediate metabolic precursor of serotonin.

ln sonne of our animals it was not possible to hold the celì- Iong enough

to complete the test so v.'e are necessarily restricted by a sma}I sample.

Nevertheless some definite trenrls emerged. from these e.:lperiments. First,
more cells shovred inhitritory responses to raphe stimulation after ad.ndnis-

tration of 5-HTP. 0f paramount interest is the observation Lhat most of

these cells did not show inhibitory responses lrefore 5-HTP. Secon,J, there

were a number of facilitory responses to both raphe and tegmental stinulation
after 5-HTP. It should be enphasized. that those cells showing a change from

faeilitation or no effect before 5-HTP to depression after, ditl so primarily
during photic activity. In other word.s, in those cases where 5-i.lTp restored.

depressive responses to raphe stimuLation, the d.epression occurred in the

analysis intervals which show maximal depression in normal untreated ani-
mals. In the previous experimenL we showed that raphe induced. depression

showed considerable specificity for photie activlty in genicula.Le cel1s

as opposed to spontaneous actívity. If these effects are dependent upon re-
leased serotonin one woul-d expect that when serolonin is rest,ored in the

PCPA treated animal the same profile of depressive effects r,¡ould be oìrserved..

Our data, although obtained from a rat,her snaIl sanple lend support to this
idea"

The facilitory responses to raphe stimulaLion after 5-HTP might be

explai-ned in one of two wayso It could be argued that some subpopulation

of raphe fibers exert an excitatory effeet on geniculate cells which is
dependent on serotonin rel-ease. Alternatively it rnight be hypothesized that

large doses of 5-HTP have a non-speclfic excitatory effect. This seeïns more

J-ikely on three counts. First, the facilitory responses we¡e more numerous
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to tegmental stimulation than to raphe sti¡m-rlation; second, some of our

eell-s shor¡¡ed a consi-derabl-e increase in discharge rate in the non-stimulated

conlrol- trials (see Fig" 1ß); third, if serotonin had a prorninant excite,tory

effect on geniculate ce1ls one might expect to see a larger proportion of

facilitory responses to raphe stimulation in the non-treated conLrol- anirn-al,

It is interesting to noLe that injection of the precursor DOPA in AIvII treated

aninals resulted in an enormous non-specific elevaLion of activity in both

control and stinulation trials in the three animals tested" It is possible

that bolh 5-HTP and DOPA have some non-specific aclions when adr¡rinistered

in large doses. Since both are converted to their appropriate arnine by a

non-specific decarboxylase enzJrme it ís possible that they are taken up and

released synaptically at inappropriate sites. Snyder (fZf) has presented

some biochenical evidence for this. Our daLa indieate that the specific

depressive effects of raphe stimulation, are resto:'ed in PCPA treated sub-

jects by J-HTP only which also aets to promote an increased general e:rci-t-

ability of geniculate cells, a property shared by and nore predorninant with

DOPA. A bett,er und.erstanding of the overall effects of J-tiT could have been

provided by aoditional experj-nents where it was adrninistereC alone in the

absence of PCPA.

In surnnarlt wê have shown that the specific depressive effeets of raphe

stinmlation in geniculate cells can be clocked by pretrea.ting our anirnals

with PCPA, a serotonin depletor, but not AMT, a eatecholprnine depletor. The

finding that these depressive effects ean be restored in PCPA treated aninrals

with subsequent 5-HTP arlmi nist,ration rn'ith the same profile as they occur in
controls gives considerable support to the hypothesis that the effects are

mediated by the release of serotonin when the raphe nucleus is stimulated.,
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Effects of LSD and tsOI,

One of the most intriguing findings in this d,udy was that general activity
in lateral genicuì-ate cells is increased after LSD in JO ug/kg and lOC ug/kg

doses. This finding is conlradictory to a number of other studies (ZC, 36,

42t 6Ot 97 t L26). Evarts and Bishop found substantial depression of genicu-

late potentials evoked by optic nerve stimulation (20, 42). In their experi-

ments they used barbiturate anesthesia while in our experiments an unanesthet-

ized preparation was used. Horn anC McKay (AO, lf) found that small doses

of LSD (e5-fOC ug) excited. some cells and depressed others in urethan anes-

thetized animals. As the dose was increased depression became nore prorni-rrâlrt.

I'fouriz-Garcia studied Lhe effects of tSD on genicul-ate cells in an unanethetized.

preparation and found four eel-ls to exhibit ¿n inerease in mean dÍscharge rate

and three others Lo show mixed responses (94) " No totally depressive responses

were seen. Thus it seems that anesLhesia is a crucial variable instudying I,SD

effects at the lateral geniculate, possibLe sensitizing the geniculate to

depressive effects. Several studies on LSÐ effects on sensory evoked potentials

have bearing on this question. Those studies conducted usi-ng an anesthetic

f.ound LSD to cause depression of evoked potential '¿¡aveform (20, 42); in un-

anesthetized subjects LSD causes an enhancement of wavefor¡ns (?0, ?5).

Several iontophoretic studies have found LSD depression of lateral genicu-

Iate activity (3ó, g?, )26); however, since depression has been found at

practiealry a.11 areas tested including the olfactory burb, cortex, hippo-

earnpus and brainstem (3, 18, 23r Z4r 1O3), the physiological significance

of t,hese findings must be questioned. It has been suggested for instance

that iontophorectically applied LSD has a loca.I anesthetic action on neurons

(Zt, ZZ). Aghajanian clemonstrated that intravenous as v",e11 as ionlophoreti-

cally applied LSD have depressive a.ctions on cells in the raphe nucleus of
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the rat (3, l*, lr3r 55); however, these experiments were carried on under

chloral hydrate anesthesia. The possi-ble contributions of this anesthetic

to the depressive effects observed must not be overlooked. The possible

interact,ions between ISD and varj-ous anesthetic agents must be studied in

nore detail, hou¡ever evoked poLential studies in unanesthetized anin¿ls and

our resul-ts suggest that the physiological actions cf LSD might be studied

more clearly in conscious preparations.

In our previous ezperimenls we h¡ve shor^¡n that electrical stinrul-at,ion

of the raphe nucleus causes a depression of leteral geniculate activi¿y.

This depression is måxinal when the ceLl is being photically driven and

minimal or absent when the celI is spontaneously firing. These effects of

raphe stimul-ation are not observed in cats treated r¿¡ith PCPA but can be

restored with subsequent administration of 5-l{TP, suggesting serotonin re-

lease to be a mediating factor. On the basis of these experirnents we hy-

pothesized lhat if LSD was a serotoni-n s¡mergist the effects of raphe stirn-

ulat,ion would be intensjfied after treatment; whereas if LSD as a sero-

tonin antagonist, the effects of raphe stimule.tion on geniculate cel-ls woul-d

be diminished. our data support the latter hypoLhesis. Doses of 50 ug/kg

or 100 u\/kg resul-ted in a much díminished depressive response to raphe stim-

ul-ation. In addition the photic response in eontrol hist,ogra¡ns in genicu-

Iate cell-s after LSD rvas usually substantially larger.- an effect one would

expect if LSD blocked the action of 5-HT in l-imiting the input to qenieu-

late cells from the optic nerve. These data support the notion Lhat tSÐ

interacts in this part of the visual system es a serotonin antagonist"

BOL, a potent peripheral- serotonin antagonist did not share these effects.

This idea gains support from other investigation in a study oy Kawai

and Tanrmamoto (69). It was shown that stinulation of ùhe optie nerve evoked
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field potentials in the superior colliculus incubated in vitro. AddiLion

of 5-HT to the incubating medium caused a reduction j-n these notentials,

an effect blocked by LSD but not BOL. Stimrl-ation of the rar¡he nucl-eus

depresses the discharge evoked in lemina ! cells to nocioceptive stimulat,ion

in the ca.t (8¡o).

This effect was bl-ocked by LsD and PCPA. It shoul-d be noted that these

observations occured in cats irnmobilized with f1a;qedil. This is partícu-
J'arJ-y j.nteresting since it nimics the results of our eïperinents on the vis-
ual systern. In both cases raphe stinul-ation with very similar stinul-ation
parameters depressed a stintulus specific discharge in a sensory cell in
normal anima.l-s but not aninars pretreated vü.ith pcpA or given rsD.

Evj-dence from some iontophoret,ic studies support the ncLion that LSD

acts as a serotonin antagonist in the CNS. Roberts found the iontophoreti-
cally applied LSD blocked about hal-f of the neurons responding to !-HT vrith

an excitatory effect; however, this prooerty was shared hy a numher of sub-

stanees which are not psychoactive (103). Boakes and his co-Ì4'orkers (2Ir zzn

23) have found that LSD applied iontophoretically antagonizes brainstem

neurons responding to 5-HT with excltation. BoL showed very l-it,tle anlag-

onism of these neurons. These workers have also shown however, that LSD

mimics the effect of 5-HT in ceLls responding t,o this amine vrith depression,

giving rise to speculation that LSD can act as agonist or antagonist of
serotonin depending on the partleular synapse involved..

A number of other studies have impì_icated LSD as a mimetic of 5_HT

ra.ther than an antagonist. Sama¡¡in et al- (108) have found that raphe stirn¡-
latlon depresses somatosensory evoked potentials in the urethane anesthet-

ized rats and LSD potentiated this depression, It is worth questioning whether

the opposite resulfs might have been observed in the absence of anesthesia.

Sheard and Aghajanian found that stinulation of the raphe nucleus causes rats
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to dishabitutate to an audítory sti¡nul-us (llS). Sensory hishabituation is a

frequent behavioral effect of LSD (lt, 72¡. Aghajanian has interpreted these

results as indicative of a serotonin synergistic roLe of ISD. To support

his hypothesis he cites results of other experiments in his laboratory (3, ln,

l+3, 55) showing that I,SD and. 5-HT depress raphe neurons when adrninistered

iontophoretically. He suggests that although LSD inhibits raphe firing, it
acts like serotonin at 5-HT receptor sites and may be involved in a feed-

back system to reduce raphe firing. If LSD exerted its effects by mim:icing

5-HT at posts¡maptic receptor sites r,¡hile at the same time depressing the

firing of raphe neurons one would s--:peet to see a decreased Lurnover of 5-HT

'r¡ith LSD. A number of biochernicaL studies have demonstrated. a rise in 5-HT

levels accompanied by a fall in 5-HIAA, the prinary metabolite of J-HT; thus

conforming this notion. These biochemical findings ho'.,,'ever could also

sup¡:ort a 5-HT antagonist interpretation of ISD. Chase et aI (3t) frave shortrr

LSD to partially block stimul-ation induced release of serotonin in hrain

sl-ices" If Ï,SD rn¡ere to do this in vivo it would red.uce the effectiveness

of serotonin at postsynaptic sites, reduce its turnover and increase its
endogenous l-evels. The possibility that LSD is a serotonin agonist or an-

tagonist at different synapses ,nrithin the CNS cannot be el-ininated. Further

research is necessary to provide definitive ansþIers; however, our experiments

indicate that it may act as an antagonist in t,he visual system.

An inportant finding in our experiments 'vrras that in addition to the

antagonism of geniculate responses to raphe stimul-ation, in many cells LSD

caused a facilitat,ion of background discharge particularly during sponlaneous

activity (see Fig. 28). LSD seemed t,o have complex effects on ¡reniculate

Tesponses to stimrlation of loci in the lateral midbrain teqmentaL ei.ea. In

some cases the response was grossly fa.cilitated and other cases it v¡as rnildly

depressed. ',tie demonstraled in the previous experiment that the geniculate
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responses to tegmental- stimulation vras highly dependent on the locaLion of

the el-eetrode.

Further, no effort was macie to elucidate the identity of transmitter

substances nediating these effects" Consequently, rt is difficult to es-

t,al¡lish v"'hat mechanisms nright be responsible for LSD effects on spontaneous

discharge and response to Legmental stimul¡tion in geniculate cells. Typieal

faeilitory responses Lo tegmental stirnulation v\rere observed in PCPA treated

animals, consequently it is unlikely that l-HT plays an important role. It

is interesting to note that inJections of DOPA in AiufT treated animals had

a profound facil-itatlon of background diseharge sirrilar to that observed in

some cases r+ith LSD. This coupled r¡'ith Lhe observa,tion that ùhere are

catecholanrine nerve Lerr¡-inals in ùhe lateral geniculate (6, 49), suggest

that catecholamines may be involved in regulating LGN excitabílity and per-

hapsLSD interferes r¡ith these transmiller subst,ances causing changes in

background discharge which we observed in the form of LSD induced bursting"

LSD has been demonstrated to exert action of catecholamine receptors ín the

peripheral nervous system (9¡) an¿ causes a faIl in noradrenafine levels

in the brain (,1,5). Although studies J-inking LSD with catecholarn-ines are

Iess numerous than those linkins it with serotonin it is not unreasonable

to propose that LSD exerts its central effects by virtue of a unique pat-

tern of inLeraction v¡ith a number of synaptic transmitter systems. Further

research into this proposition may reveal- a more cl-ear understanding of the

mechanism that LSD causes considerable changes in lateral- geni-culate discharge.

Our resufts on the action of LSD on the lateral geniculate a¡d its

relevance to the sensory effects of this substance are unkor.'¡r. The lateral

geniculate appears to be involved in rudimentary coding of visual inform-

ation (6L, 62, ó3) transnitting output to cells of Lhe striate cortex where
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specific patterns of excitation and inhibition fron the LGN ce1ls define t,he

characteristics of receptive fiel-ds of cortical ceIls. These cells in

turn appear to be involved in the synthesis of a mental map of the visual

environment since it has been demonstrated that changes in shape and move-

ment of visual stimuli profoundly influence the firing of these cells. The

appropriate quest'ion to ask here is hot¡ altered discharge in the lat,eral-

geniculate nucleus may or may not'influence cortica.l. cells to misread the

coded visual message as iL amives from this relay nueleus. It seems that

drug induced changes of mean rate of firing or changes in general excitabil-

iLy would not, distort vision, since changes in general level- if discharge

are often seen in repeated samples of normal eells, ehanges of arousal and

atLention and fluctuations in stimul-us j-nLensity (80, 8!). Clearly, these

kinds of events do not produce rrhallueinationsrr or misreadin.q of the visual

environment. Inslead, there may be considerable utility in studying ehanges

in temporal patf,erns of discharge during both light evoked a.nd spontaneous

periods. Si-nce recepLive field properties of cortical neurons depend on

appropriate profiles of excitatory and inhibitory in,out frorn the LG¡l it

seems likely lhat change in temporal patLenrs of discharge r+ould convey dif-

ferenl information to the eortex. Unfortunately, a close inspection of

changes in patterns cannoL be attained in experiments where summed, aver-

aged, or toùaL arnount of responses are the primary form of data colLected.

More sophlsticated analysis of time int,ervals between spi-kes according to

specific input wouLd be more informative.

If the geniculate is considered in terms of a rels.y nucleus receiving

input not only from specific afferent channels (optic nerve) but also vari-

ous brainsLern pathhrays presumably serving various modulating, regulating and

gating functions, then it seems conceivabl-e that a substa,nce e>:ertin,g dif-
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ferential effeeLs on afferent ehannels as well as regulating channels, might

induce abnormal- patterns of temporal discharge in LGN neurons that is suf-

ficienL to distort the message received at the cortical level-. lJe have

found that LSD antagonizes the raphe system which seems to be involved

primariÌy 1n re63rlating actual afferent input frorn the optic nerve to

the geniculaten We have also found LSD t,o modify discharge patterns during

sponLaneous activity. hihether the interaction of these tr,¡o effects i-s res-

ponsible for its welL known sensory effects cannot be determined from these

experinents; however, it should make for some intriguing resea.rch efforts

in the future.
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We have attenpted to deternine whether tSD effects on the lateral
geniculate are in part brought about by virtue of its actions on serotonin

containing pathways originating from the brainstem and synapsing r,¡ithin

the geniculateo

In the first set of experiments we studied the effects of electrical
stimulation of the mesencephalic raphe nucleus, thought to be the prirnary

source of serotonin fibers in the brain, on lateral geniculate discharge.

In an effort to assess the degree of anatonj-ca1 specificity of stirnr-rlation

effects we also studied the effects of electrically st,imulating various

loci in and around the lateral- tegmental area of the mesencephalon.

In the second set of experiments we enployed the use of the substances

p-chlorphenylalanine (PCPA) and alpha-rnethyl-p-tyrosine (Amf), the action of
r¡hich is to deplete endogenous stores of serotonin and catecholamines res-
pectively, by inhiblting their synthesis. By pretreating our experimental

subjects with these agents we tested t,he hypothesis that the effects of stim-
ulation of the raphe nucleus on lateral geniculate cells was dependent upon

functional levels of endogenous serotonin. In an attempt t,o determine if the

effects of stimulation in PCPA and AMI treated subJects could be reversed by

restoring functional l-evels of serotonin and catecholamines we injected some

subJects w'ith 5-hydrox¡rfryptaphan, the innediate precursor of serotonin, and

L-DOPA, the innediate precursor of catecholamines.

Next we administered LSD in two different doses and studied its effects
on the lateral geniculaùe responses to electrical stimulation of the raphe

nucleus and surrounding nidbrain structures in an effort to see whether the

stimulation effects h¡ere selectively antagonized or mirnicked by this psycho-

tominetic agentn To deter¡dne if the effects observed. under LsD were unique
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to its psycho-active properties we also t,ested animals injected with 2-.brom-

lysergic acid (BOL) a potent serotonln antagonist in peripheral_ preparations

but devoid of psychic effects.

These experiments led to the following observat,ions:

1) Stirmrlation of the raphe nucleus causes a depression of cellular firing

in lateral geniculate ce11s,

Ð This raphe ind.uced depression is maximum when the geniculate cells are

photically driven and mininnal when the ceII is spontaneously firing.

Cells which are not responsive to light are not affected by raphe

stimulation.

3) Sti¡rmlabion of various areas of the midbrain lateral to the raphe

nucleus in the diffuse reticular area yield a mixture of facilitory

and depressive effects which are not specific for photically driven

geniculate activity.

4) Depression of photic activi-ty during st,imrlation of the raphe nucfeus

does not occur in PCPA treated animals but is restored by subsequent

injections of 5-HTP. Pretreating subjects with Aivl'I does not prevenL

the speeific depression of photic activity during raphe sti¡nulation.

5) General level of responsiveness in geniculate cells after LSD is in-

creased rather than depressed in unanesthetized animals.

6) i"SD but not BOL sel-ectively antagonizes the depressive effects of raphe

stimulation.

7) LSD exerted a general facilitory action on geniculate activity during

spontaneous discharge which r.¡as often cha,racterized oy inler¡rittent

high frequency bursting.
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