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AMTIIACT

BXmX111KTAL STTOZBS OH THS OKOAMZHATZOM OF TBI OUSTATORY
SYSTIMS OF TBt CARP (CYFRIHPR CARPIO1.

Q.E. RAKHR

Th* enlAP«*d VACAl And «AAIAl 10bAA ot thA OAPP APA
AAAOOIAtAd *flth thA PPACAHAA OF IAPCA HUADAPA Of tAAtA
budA leoAtAd PAAPAOtIVAly. Within thA opophAPpnx.
on tho PAIAtAl opcnn. And on tho body aupFaoa,

in PAPttoulAP on tbo bAPbolo.
A 11toPAtuPA AUPVoy ooneludoA thot MhoAtsoni osclutinin
eonJucAtod to hopoopodloh popoxldoAO. 1l1la tho Moot
oFFlolont tPAOAP Fop InvootlcAtlns tho oontPAl polotlon-
AhlpA OF pplIMpy AFFopont noupono oupplylnc tho tAAtA
budO. 1t IA AhOWn thAt thlA tPAOAP la FIFty tlAOA aoPA
o™ l1olAnt Fop thlA puppoAA thon uneonlucAtod hopooPAdIAh
PAPOXIdAAA.
ContPAl toPAlnolA OF oFFoponto InnopvAtlns bopbol
PAOOPtOPA APA Ahown to bo AOAAtOtOPIOAlly OPSOnlIAAd In tho
~nolAl lobo And AodlIAl Funloulnp nuoXouA« ThoAo AtpuotupoA
My thopoFopo InooppoPAto a PoppoAontAtlon oF tho body
aupFaoa whloh undopllAA tho polo oF body aupFaoa poeoptopo
In tho looAllAAtlon oF nutplonto.
AFFoponto Aupplylnc PAlotAl ,tAAto budo ooupaa Into tho
*foaol lobo only tflthln tho doop oonoopy peot And tontlnAto
Auoh thAt A AonAOpy "mp" of tho polotAl aupFaoa Axloto In
lIotiinAA V And V1. ThA pAttApn oF dlotplbutlon oF thA
PPIMPy AFFAPAnt tAPMINAIA In thA VA«Al I0bAA PAAAAIDIAA
thA dIAtplbutlon OF tholp topalnolA In tho pointal opcon.

AUMtOAtOd thAt tho VACAI AOnAOPy MP clcht
INnOOPpOPAtO A PPOOIAA POPPAAONtAtIOh oF tho dIAtPlbutlon
OF tAAtA budA In thA POIAtAl APIthAlIUC.
ThA Mtop nAuponn InnAPvotlnc thA pAlAtol cuAoulAtuPA apa
100AtAd In thA dAAPAAt IAPAP OF thA VACAI 1obA And In thA
nuelAUA AMbIcuuA. ThA Mtop InnopvAtlon la topocPAphloolly
opCAnlIAAd In PAClIAtAP with thA AAnAOpy PApPAAAntntlon.
TnA PAppAAAntAtlonA OF thA Floop OF tho phApynx ond tho
opponine POAtPOMAdIAI polAtAl opcon apa Found In alcllap
looAtlono. ThlIA opconlAAtlon ppobobly poFlootA tho
IntocPAtod Activity oF both phApyncoAl aupFacaa In noptlnc
AdIbIA Fpo« InodlblA oonotltuontA oF Mtoplol tokon Into
tho MUth.
Tho AOPAPAtA PAppAAontAtlenn oF tho Intopnol nnd oxtopnol .
CUAtAtopy oyotAM 1A Axtondod to tho oontpol oonnootlonA
OF tho VACAl And FAOlal I0bOA AUCCOAtINC thAt tho
Funotlonol dlotlnotlon botwMn thow la MIntolnod within
PAPATIAL CUAtAtopy PAtbwAyo.



X hmvty d*elMP* th*t thls th*ala 1« my otm tfork. *xe«pt
Mh«p* th* oentPMV la apaelflealXy Indleatad. No othap
raclstpatlen tor aa axard of althar tha CNAA or any
Vnlvaraity oeeuprad durine tha parled O« thla raaaaroh

precraaM.

AdvMoad atudlaa undartakan wlth thla procraaM of raaaaroh

Ineludad attandanea of aaalnara and oonfaraneaa.

Ootobar 1987 0.K_Nakar.
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FIIMIBAL §HTROPNcCTiOii

Tha axparliMntal atudlaa Mhleh will b* daaevlbad
will b* ppaaantad In tha fora of Indapandant ohaptapa.
aaeh palatine to a oowponant of tha suatatopy ayatawa of
tha ooaaon Supopaan eapp, (Cypplnua eapolo. L.).

Kaeh ehaptap will hava Ita own Individual Intpo-
duotlon which will datall tha palavant data fpoai ppavloua
atudlaa and ppovlda an axplanatlon of tha daalcn and
apaolflo alma of tha atudlaa papoptad In that ohaptap.
Thapafopa. In opdap to avoid naadlaaa rapatltlon of tha
baekcpound to aaeh paptleulap atudy, thla Initial
Intpoduetlon will almply ppovlda an outllna of tha
topolosloal opcanlaatlon of tha suatatopy appapatua In

~lahaa and a daaeplptlon of tha spoaa opsanla—
atlon of tha madulla oblonsata In eypplnolda. Tha thamaa
whloh apa eommon to tha atudlaa daaoplbad will thapaby ba

davalopad.

Awi***1* paoalva suatatopy Infopmatlon fpom thalp
anvlponaant via taata buda. in alp-bpaathlns apaelaa,

Paoaptopa apa found within tha opophapynsaal oavity.
In aoma aquatle apaelaa, howavap. taata buda apa ppaaant
both within tha opophapynx and on tha aupfaoa of tha body.

Tha numbap and paslenal danalty of taata buda In



th« oreph*rynx oe talaeat flahM vari«« eonsidapably

epaelaa, but m ahoMii for «xuipia in th« oatflsh,
latitarMi natttn (At««a 1971). th* j*p m *«* «innoM.
fttwdgfMftgr» PTYt (Klyohara. YuMahlta and Kitoh 190C).
and gyppinMf 8WP 19 (Havplek 19*«). thay ara pradealnantly
found ooneantratad on tha palata, «ili arehas and «ili
rakara.

On tha aurfaoa of tha body, tanta buds ara oftan
alno loealiaad but thara la aera rasional varlation. in
m -\ apaelaa tanta buda ara feund ovar aueh of tha outar
akin b".c ara fraouantly found aora danaaly diatributad in
apaolfie looatlona auoh aa tha llpa. Thay ara alno found
In sraatar danaitiaa on aorpholocioal apaelallaatlona. In
tha allurold, Aaaiurua aalaa thay ara found aapaelally
eonoantratad on barbala loeatad around tha buoeal opanin«
(Harriok 1991t Ataaa 1971), and in aoaa «adoida auoh aa
tha ood, thay ara praaant in lar«a nuMbara on tha fina
(Harriok 19M).

In talacata, tanta buda ara Innarvatad by tha

(VI1), clonaopharyncaal (I1X) or vacuo (X) narva. Of

***e ePdolflo orlcin of tha innarvatlon appaara to
ba dapandant upon tha looation of tha tanta raoaptor. In
«anaral, tasta buda on tha outar aurfaoa of tha body, tha
lipa and tha antarior radono of tha aouth, ara innarvatad
by branohaa of tha faoial narva (Harriok 19«i). Tha
clonaopharyncaal narva auppliaa tanta buda of tha antarior

clll aroh and tha dd-vantral hyold racien (Harrioki in



*pp«ndIx to L«nd*ep« 19d7). Th« vacua auppllaa tha
pacalnlnc sili avehas. tha palatal paclon, tha postaplop
opal eavlty and tha oasophacus (Happlek 19C5).

Oalnc bahavtoupal apppoachas. tha cuatatepy natupa
of faolal napva bpanehaa Innapvatlnc tha akln was
succaatad by Rapplok (199«) and Papkap (1982) and — "y
phyalolocloal atudlaa hava alnoa suppoptad thaaa obaapv-
atlena. In an laolatad bapbal ppapapatlon. taata pasponsaa
hava baan paeopdad tram tha faelal napva Innapvatlon In
tha eatflah. FartiUurm aaotua. followlnc tha applic-
ation of vaploua aalto (Tatada 196«). Slallap ehamo-
aanaltlva unita hava baan paeopdad fpoa faoial napva
bpanehaa Innapvatinc tha akln ~upfaea In Cvopinua cappio
(Konlohl and Zottapcan 1961» Punakoohi. Kaifaklta and Mapul
1981).

Althouch thaaa atudlaa utlilaad vaploua aalta aa
tha cuotatopy atiMull, aoaa bahavloupal data Indleataa
that eaptaln acino acida ara potant cuatatopy atlaulanta.
Pop axaapla. In tha picflah, Qpthopplatia ehpvaoptapua.
*x t»iop atlculanta of faadlnc fpoc noPMI food axtpacta
apa aubataneaa of laaa than apppoxlaataly iCFIC colaculap
walcht. Cynthatlc alxtupao of a nucbap of amino acida and
tha acino acid daplvatlva batalna. hava baan fopculatad
whleh eould aoeount fop tha ppopapty of tha axtpacta
(Capp- Blucanthal and Nathapton 1977). Sicllaply, in tha
puffap. 21ISU captaln acino acida and batalna

hava baan ohown bahavloupally to ba tha cajop atlculatopy

IX



ooapoHMts of «xtraots of tha «hort-naekad olm . whleh la
a eonatltuant of tha puffar®"s dtat (Hldaka 1982). in
addltlon. tha mmmm study ahowad. alaetrephyslelecloaliy. a
lo*» thraahold vasponaa to thasa eoaponants In bpanehaa of
tha faelal napva Innarvatlnc tha lipa and antaplop pasion
of tha aouth of tha puffap. Studlaa of tha faolal taata
ayataa In Cypftnyt cappio (Napul, Bapada and Kaahapa

LgtlUirMt Punetatua (Davanpopt and Cappio 1982),
FltyFIPBftgr# (Klyohapa, Yaaaahlta and Bapada 1981),
and SMAMa. «BIrfintrl (napul. Bvana, Zlallnakl and Bapa
1983) havo also aho**n a hisi* aanaltlvity of tasta
paeaptops to a muibap of amino aolda.

In addltlon to tha faolal tasta systam, ehamo-
sanaltlva unita bava baan paeopdad In tha sloasophapynsaal
and vasus napvas of tha eapp (Konlshl and ZottaPMn 1961)
and BMngtBtyt (Kant»al and Cappio 1983). Asaln.

Mino acido hava baan sho*«n to ba potant stlmulants.

Tha ppasanea of danna aeeuaulatlons of tasta buds
In tha phapynx and tha postaplop pasion of tha mouth of
talaost flohas Is coppalatad *»Ith paptlculap hypaptpophy
of tha sustatopy poots of tha sloasophapynsaal and vasus
napvas. Also. tha eantpal napvous loeatlons In whloh thasa

tapmlnata apa auoh anlapsad, paspaetlvaly, Into
sloasophapynsaal and vasai lobas on tha madulla oblonsata.
% m1*11M davalopmant of tha poots of tha faelal napva
Innapvatlns oupfaca tasta buds Is ppaaant. and Is

assoclatad *»Ith tha ppasanea of an anlapsad faelal loba.

12



wh«r* th*s* voot« t*niin*t« (Rarplek 19R5).

In Bpltinh eypplnolda, thaaa faatupaa ara avldant
and tha davalopaant of tha dIffapant Madullary lebaa haa
baan aaaoelatad wlth oontraatlns faadlnc bahavloupa (Bvana
i daiaie) 1 axaapla. In cudcaon and barbai, tha dopaal
aapaot of tha aadulla oblonsata la doailnatad by tha
ppaaanea of a vary lapca faelal loba. Thaaa flah ara
bottoa-faadara and uaa thalr wall-davalopad barbala to
aaareh tha anvlronaant for food. Zn eontraat. eypplnolda
auoh aa soldflah and braaa hava auoh larsar vacai lobaa
FERNFHNE =K aiaa of tha faelal loba. Thaaa flah faad
pradoailnantly by auoklnc In tha aubatrata of thalr
anvlronaant froa whleh thay axtraet any foodatuffa and
ajaet whatavar raaalna. Ivana (1940 auccaatad that thla
proeaaa of alftinc. aortlnc and ratantlon or rajaotlon of
lablbad aatarlal waa aaaoolatad wlth aotlvity of tha

®&"an, a proalnant aaaa of tlaaua on tha poof of
tha Bouth.

Slaliarly, atudlaa of Zndlan eypplnolda (Bhlaaohar
1939) and Rorth Aaarlean eypplnolda (Bvana 1992) hava
aubdlvldad apaelaa Into "aouth taatara** and "aklIn/barbal
FSRAx @b 4ba baala of hlndbraln aorpholocy.

Thua, In eypplnolda, Ineraaaad davalopaant of tha
faelal cuatatory roota and thalr alta of eantral
taralnatlon. tha faelal loba. appaara to raflaet a faadlnc
pattarn oharaetaplaad by aetlva aaarehlnc of tha

anvlronaant ualnc taata raoaptora loeatad. In canapai, on

13



th« «urfae* of th* m Im 1. Znor«M*d d*v«iopMnt of th*
v*cdl poots *nd v*c*l loba« appaara to b* eoppalatad with
tha praaanea of danaa aoeuaulatlons of tasto buds In tha
mouth, and aspaelally wlth tha palatal orean whieh la
Involvad In axtraotlns nutrlant matarlal trtm tha varloua
objoeta takan Into tha aouth.

A alaliar funetional division of tha facial and
vaeal apatoBs has baon obsarvad« bahavlourallp. In a
allupold oatflah. 1&Fflyrwi natalla (Ataaa 1971). Ablatlon
of tha facial lobas of thla flsh paaultad In an Inablllty
to locallso a food aourca. Ablatlon of tha vocal lobas
ppsvantod, not tha locallaatlon but, tha ablllty of tha

Incaat food aftar It has baon takan Into tha

mouth. Zt has baon sucsastad that thls aay ba dua to an
Inablllty to dilscplmlnato batwaan palatabla and

unpalatabla matarlal (Fincar 1983).

CygriInm carolo raprasants an Intansadlata foro of
cyprinold spoclaa In taras of custatory davalopaant.
Dnllka aany of tha othar cyprlnolds. Nhlch poasass althar
a hlchly davalopad facial or vocal tasto systaa. in thls
flsh both tha aldllna facial loba and tha bllataral vasal
lobas ara wall-davalopad (Plc.Z.1). Zn vlaw of thils.
Cygrlnyt 9tinX9 i* an ldaal anlaal for Invastlcatlons of
both tha facial (or axtarnal) and tha vocal (or Intarnal)

custatory systaas.

14



Fleur* X.i

Thil* fleur* *hew* < oorenal **etlen *t th* I1*v*l of th*
rostral Mtfulla ebloneata. Th* pr***no* of th* bll*t*ral
lob*a (VL). bliat*r*1 elo*aopharyne*ai lob** Q1)
and th* eldlIn* faelal lob* (FL) ara indloatad.
saetlon haa baan atalnad aooordlne to th* Bodlaa
ellv*r lepr*enatlon a*thod (Clark 1978).
?F dorsal. Vi vantral.

Seal™ bari i mb.






Th* Internal custetory eyetMii

The oropheryneeel oevlty of Cvprlnue eerolo is
funetlonelly divided Into three sones es fer es the
feedIns Mohenlsa of this speeles is eoneerned. A bueeel
eevlty Is present in the forMerdeost position. Behind this
Is found the pherynceel reclon divided Into anterior end
posterior portions. The Halts of the anterior pharynx are
desorlbed by the rostral- and eaudalaost extents of the
P*1*t*1 or«an (also known as the pharynseal pad) (Flc.1.2)
and (Flc.1.3).

The first four oeratobranohlal and aplbranohlal
bones support the cilia and cHl rakers which fora the
lateral wall of the anterior pharynx and support the
«Feater part of the palatal o"rcan (Oircla 1952). The
PostaFlor division of the pharynx Is eharaoterlsad by the
aastleatory apparatus l.e. the pharynceal teeth and the
dorsal ohewlnc pad acalnst which the dentition operates.
I<*»*dlately behind these features lies the oesophaceal
openlnc.

The palatal orcan (or pharynceal pad), has been
described by a nuaber of coaparatlve anatomists. Accordlnc
to Cole (1944). Aristotle "saw the palatal orcan of the
carp, which he says Is so fleshy that It mlcht be mistaken
for a toncue. This Interestlnc sense orcan. lone recarded
as a toncue by fishermen was first described by Rondelet
In 1554. and acaln In 1667. presumably by Swammerdam."

Swammerdam Is reported to have written that 'that

17



FiISUV* X.2

Thla ahotM th* leeatlon of th* palatal orean (PO) en tha
roef of tha phaaynx in a sroaa dlasaetlon. Tha eill arohas
(@ ean ba aaan latarally and oaudally of tha palatal
orean. Tha dottad lina tndleataa tha ltaita of tha palatal
orean. Tha domai lip (OL) la to tha rieht.

Scala bari 1 ea.

Fleum X.3

Thla photoaloroeraph of a coronai aactlon throueh tha
cranlal melén, atalnad accordine to tha Bodlan olivar
mathod (Clark 1978) ahowo tha palatal orean (PO), on tha
roof of tha pharpnx. and tha hyold protrualon (HP) on tha
floor of tha pharynx.

ot elll amhaa. Di domai. Vi vontral.

essi cantra! narvoua ayataa.

Scala bari 2.5 aa.






whlah la eoMionlv nuiad tha tencua la not tha trua tencua,
alnoa It balenca te tha uppav palata and tha feed paaaaa
undapnaath It. Thia ae-eallad tencua oenalata ot a
Clandular aubatanea. la Mhlta. aeft and tucld, and whan
pplokad er Injurad In any way it axhlblta papld cevaaanta
ef an axtraerdlnarv eharaotar"” (Cela 19««). Tha tara
"palatal ercan" aaaaa te deriva frec tha daaoriptlen ef
tha atruetura by Valateur in 1861. alnoa whan it haa baan
eallad "Valateur®a tencua" er 'tha palatal ercan ef
Valateur™ (airela 1992).

Taata buda ara praaant threucheut tha erepharyncaal
cavlty but ara craatly eeneantratad In tha aplthallua ef
tha palatal ercan (Flc.l.«). in whloh thay «ara flrat
daaorlbad by Habar In 1827 (Haprlek 198«). At thla
aplthalial lavai. In addltlen te taata buda ara feund
nuMareua cuoeua calla.

In tha aubcuoeaal layara ara feund aatrloaa ef
oellacan and atrlatad muaola flbraa (Hatthaa 1963)
<M«e1*5). Altheuch. thaaa appaar te bava ne recularly-
ercanlaad arrancaaant In tha daapar aubauoeaal layara, at
tha ceat auparfloial lavala adjaeant te tha aplthallua tha
atrlatad flbraa aca canarally ercanlaad parallal te tha

aurfaca In toe planea erthecenal te aaoh ethar
In addltlen te thla "bad" ef auaela flbraa.

Individuai atrlatad flbraa ean ba ebaarvad travaralnc tha
aplthallua and aaaeolatad «*lth tha baaaa ef tanta buda

**Ithin tha aatrlx ef auaela flbraa ara abundant

2C \



Flsur* X.«

ArrancMant« ot o«Xi« Indlomtlv« of th* atruetur* ef

tMt* buda (T») ean ba aaan In a tranavaraa aaetlon

throudh tha palatal aplthallua. Many ef thaaa taata buda

ara found on alavatad papliiaa.
Bedlaa allvar aathed (Clark 1978).

Scala bari 20]ia

ricura Z.8

Thla photo«lero,raph of a tranavaraa aaetlon throu.h th«
aub-apithallal lavala of tha palatal orcan ahowa tha
mAtrix ot strifttttd suaeld WR#

BodIM sllvdp Mthod (Clark 1978).

Seal# bari 45|iaa



FICUV« Z.4

Flsup« Z.5

»e

"Vy
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risuM 1.6

Thl« Is = phote«levosr*ph ef * herlBontal meetlen threu«h
th* p*lat»l opcM Just baXow th« «plthAllal imymr.
Population« of atplato« Muaol« flbpaa (NP) at thls lavai
oan b« aaan to b« arpansad pouchly opthoponally to «aeh
othap.

Dapk flald 1llumination of unatalnad tlaau«.

Seala bapt H0)ui.

Plsup« X.7

Thla ahowa a tpanavapaa saetlon thpouph tha «plthallum and
aublaeant lavai of tha palatal oppan. StPlatad auaela
flbpaa (HP) ean ba. aaan tpavapalnc tha aplthallal bopdap
Into tha alavatad papilla.

Tha nuNbaps of musola flbpoa canapally eoppalata wlth tha
numbapa of taata buda (TB) Idantlflabia In aaeh papilla op
aooumulatlon of taata buda.

Bodlan allvop ataln (Clapk 1970).

Seal« bapi  20)n.






/=t e*lls Mid thid ercMlddtlon hM b*«n dMorlbad m
providinc thd pdiAtdl opcM *»lth Ml "ol«oat«tle akdldton™
(ldear 1913).

A* praviouaiy aantlenad. apaoulatlona on tha
eunetlon(s) of tha palatal orean bava aaphaalaad a rola In
alftlne and tortine, ratantlon or ralaetion of nutrlant
matarlal by virtua of ita apithallal tatto buda and
muaoular aubatratua.

In bohavloural anporlaanta ualne tha eeldflah. it
haa boon aueeaatod that tha palatal orean la activa in

dlaorlalnatlne batwaan osali plaeaa of aatarlal auoh aa
haart and plaatlelna. laeauaa tha locai protruoion of tha
aurfaoa of tha palatal orean, whlch can ba Inducad by
manual problne. la alto alloltad by naturai or alactrloal
atIMull. it Haa ooncludad that tha autoular raoponaa could
torva to adluat tha poaltlon of tha Ineaatad partlclaa on
tha aurfaca of tha orean or dlract thaai aealnat tha ellla
and rakara. avantually aadlatlne tha dlacrlalnatlon
batHoan adlbla and Inadlbla aatarlal (NcOlona 1977).

Ividanco froa axparlaanta Hhlch uaad an X-ray clna-
matoeraphlc tachnl«ua for vlauallalne tha «ovaaMnta of
ebjacta In tha oropharyncaal cavity of tha carp durine
faadlne haa aupportad thla vloh (Sibblne 19«2).

In vioH Of ita poaition on tha dorati aapact of tha

antarlor pharynx tha palatal orean raeulraa an oppoalne

aurfaoa HIth Hhlch to operata in tha movoMnt of matarlal.
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It* r*l«tlv«ly 1*rc* brine* It olo** to th* b*** of
tho *nt*rlor phnrync**! cavity and it* céncava chap*
cloaaly match** that of th* floor with a ahaiiow midlIn*
Nep****alon runnlne roatrooaudaiiy (Ple.x.3).

In a poaltlon oppoalt* th* anterior radon of th*
palatal orean, on tha floor of tha antarior pharyneaal

cavity, there 1* a aman atructur* which raaambla* th*

palatal oreanlaatlon. That 1*. it poa****** taat* bud* In

It* aplthaiiai aurfac* and a matrix of undarlylne «trlatad
muaol* fibra* (paraonal obaarvatlont Ple.l.Si rie.1.8). By
virtu* of thl* oreanlaatlon. it aaam* ilKaly that thl*
atructur* may ai*o be Involved In th* proo***** of
alftlne. aortlne and retention or releetlon durln* feedln*

In the carp.

The palatal orean 1* Innervated by branch** of th*
vaeu* nerve which project centrally to th* vaeal lobe*, a
mor* detailed deacrlptlon of th* atructur* of the** lobe*
will be elven in the appropriate aectlon (Chapter 3).
Briefly, It 1* a laminated atructure divided baalcaiiy
Into three soneat a auperflolal. aenaory con*, an Inter-
cediate fibre layer, and a deep motor reelon (Herrlch
19d5i Pie.1.9). Th* aenaory cone receive* the primary
afferent fibre* via two vaeal aenaory root*, a auperflolal
(or oapaular) root eeparatea from th* main root and
courae* over th* vaeal lob*, whllat the main root enter*

th* aenaory con* at a deep level. The motor reelon
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Fleur* 1.8

In = oeron*l eeetlen threuch th* hyeld protrusion. t**t*
bud* (TI) OMI b* ob**rv*d In th* *plth*llua *upport*d by
Mtrix of *tri*t*d auaol* flbr** (MF).

Bodlan allvor *t*In (Clark 1978).

Ot dorsal. Vt vantrsl.

Seal* bari 288 |ia.






Fleur* X.9

Thi* horiBont«! =eetlen throuch * v*c*i lob* «bot«<* th*
I*alii*r ers*iil**tlon of th* lob*. Th* aoGt *up*rflet*l
I*y*F of th* out*F **n*OFy son* (8) 1* th* e*p*ul*r root
of th* prla*rv *ff*r*nt Input (C).

Flbr* I*y*p* (P) Inoorpornt* th* d**p prlanry
*ff*r*nt* to th* v*8*1 lob* (D) *nd *ff*r*nt flbr** froa
th* out*p lay*r* of th* lob* (B).

Th* Inn*r aotor *on* (M eonatitut** aotor n*uron
p*pik*ry* and th* aotor root tvom th* v*s*l lob*.
Bodian *lIlv*r *t*In (Clark 1978).

Seal* bari 10COma






oeapri««« of l«rc* p*Pik*rya Mhleh, aeeopdlnc to Hoprlek
(19*9)< aipo tho Motor nourons vihleh Innorvato tho palatal
auaeulatura. Tha Intanaadlata lavar oonatltutaa tha
aaoondarp projaetion flbraa froa tha vacal lobaa.

Thara appaara to ba no raadlly aeeaaalbla data
racardIns tha auaeular atruotura on tha floor of tha
antarlor pharynx. Xndaad It haa not baan poaatbla to find
any rafaranea to tha tha bad of atrlatad auaela fibraa at
thla poaltion in Cyprinua oarpio. In faot. Ounthar (iSSa -
oitad in Barriok i9a«) atatad that * tha toncua ia oftan
antiraly abaant. and avan Mhan it axiata in ita Moat
diatinet atata it oonaiata aaraly of licaaoMtoua or
eallular aubatanea, and ia navar furniahad with muaelaa
oapabla of produeinc tha aovaManta of axtanaion or
ratraotion...'"). Thara ia howavar. rafaranoa to a tonsua
in tha Japanaaa Minnow. Paaudoy ¥ b u t
eoneantrationa of taata buda wara only daaeribad at tha
baaa of tha atruotura (Kiyohara at al 198t).

Taata buda hava baan daaoribad at thia location in
ailuroida (Landaera 19P7), but thara appaar to ba no
raporta of a aiMilarly-poaitionad pad of auaela fibraa. In
vlaw of ita poaition on tha floor of tha antarior pharynx,
and for tha purpoaa of raportinc tha axpariManta oarriad
out on thla atruotura (Chaptar 9), it will ba rafarrad to

aa tha "hyoid protruaion™.

Littla ia known about tha orsaniaatlon of tha



pvla*vy affapAnt ppojaotlona trom tha palatal orean and
tn# hyoid protrusion In oyprinolda. Tha atudlaa raportad
In Chaptara 3. 5 and 6 wara oarrlad out In ordar to

prévida Mora data racardinc thalr eantral ralatlonahlpa

and tha pattarn of taata bud Innarvatlon.

Tha axtarnal cuatatory ayataa

Tha taata buda on tha akin of a«xaa flahaa wara
flrat obaarvad by Laydlc In 1891 and wara furthar and aora
aoourataly daaorlbad by Sohulaa In 1863 (Harrlek 1988).

Tha outar aurfaoa of Cyprlnua earplo la canarally
atuddad with taata buda. Thla flah poaaaaaaa two bllataral
paira of aaall barbdla aaaoelatad with tha latoral llalta
of tha uppar lip. Slallar to tha lipa, thaaa barbdla ara
danaaly populatad with taata buda. In addition, larca
nuabara of tasto buds ara found on tha flanks.

A nuabar of branehaa of tha faolal narva Innarvata
taata buda looatad around tha aouth and ovar tha eranlal
rasion. In Aaalrua aalaa (Barrlok 1981) and Oadua
aorrhua (Harrlek 1988). as wall as Cyprlnua earplo
(Klyohara. Shlratanl and YaaMshlta 1989), tha aajor
branehos ara tha raaus aMndlbularla, raaus aaxlllarla and
r**us palatlnus. Tha flank taata buda ara Innarvatad by
tha raaua faolalls raeurrana which, as also found In the
soldflsh (Zottell and van Herns 1983). ooursas within tha

postarler lataral lina narva (Klyohara at al 1989).
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In *eeer<l*no* HIth th* olMsloal vl«m, th* pr«s*ne*
of d«nsa aeeuaulatlona on tha outar aurfaoa and aapaelally
en tha barbala la aaaoolatad wlth a Mall-davalopad faolal
loba Mhloh raeaivaa tha faolal narva Input. It aay.
howavar. ba an ovarcanarallaatlon to palata thla hypar-
trephy of tha faolal loba In oyprinolda aolaly to tha
barbala. It haa baan ahotm In oatoatoald flah that barbala
ara not naoaaaarlly raqulrad for tha anlarsaaant of faolal
lobaa and that In thaaa flah thara la a aorpholosloal
aaaoolatlon batwaan Ilp davalopaant and faolal loba alta
(Millar and Bvana 1969). Adalttadly. tha lipa of thaaa
auokara appaar craatly anlarcad and apaolallaad ooaparad
wlth Cyprlnua oarplo but It aay aarva aa an Indloatlon
that tha davalopwant of tha faolal loba In tha oarp la at
laaat partlally oorralatad wlth tha praaanoa of larca
numbara of taata buda on tha lipa.

Tha faolal loba of Cyprlnua oarplo. unllka tha
vacai lobaa, doaa not appaar to ba a laalnatad atruotura,
axoapt parhapa for tha praaanoa of a dlatlnot axtarnal
layar (Plc.X.11). Tha naurona of tha faolal loba hava baan
aubdlvldad Into larca, cadlua and aaall oalla (Yaacaahl
1973) on tha baala of aoma alca, and Into alx olaaalf-
loatlona In Caraaalua oaraaalua aMInly on tha baala of
aowa alca and dandrltlo arborlcatlon (Morlta, Murakaal and
Ito 1983). AooopdInc to Barrlok (1989), awall oalla at tha

oantra of tha faolal loba In (@prlnua oarplo ara arrancad
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FICUP* X.IfF

This photealarocraph of « eerenol mootlen throuch tho
foolol lobo (FL) ohoHO that, unllko tho vocol loboo. tha
atruotura la not laalnatad axoapt for a olaavly daflnabla
outop layar. Stainad fibraa ean ba aaan at tha vantral
axtant of tha loba (F). Thaaa ara probably ayalinatad
fibraa Mhleh oonatituta tha priaary affaranta to tha
faolal loba.

Bodian allvar ataln (Clark 1978).

Ot doraal. Vi vantral.

Beala bari 150jui.






in dafia* elustara or reaattaa. Xt haa baan apaoulatad that
avail ealla vaoalva tha pplvary aEfarant Input to tha
facial loba In thla apaolaa and ara Intplnalo to tha loba
(V***Mhl 1973). Xt vlcht ba arsuad that thla saina
auppopt fpov ratrosrada traoar atudlaa In tha bulihaad
ohtflah (Flnsap 1978) and oruolan oarp (Noplta at al 1983)
In Hhleh avail ealla pavaln unlaballad fellewlns
hopaapadlah paroxldaaa Injaetlena Into leoatlona within
tha brain which ara known to raeolva tha facial loba

affarant prolaetlona.

Studlaa of tha pplvary affarant projaotlon to tha
faolal lobaa In Xotalurua hava ahown that a suatatory
aovatotopy la praaant aoroaa tha lebaa (PInsar 1976). Xn
gygrlnyi carpio, alaetrophyalelosloal atudlaa of taata
raapenaaa In tha faelal loba hava aussaatad that a alvllar
aevatetopv axlata (Marul 1977). Alao, atudlaa of taetlla
raapenaaa In tha seldflah faelal leba hava aussaatad a
teposraphloal orsanlaatlon (Pataraen 1972). Tha
<APbiflvanta on tha axtarnal svatatery ayatav daaerlbad In
Chaptar A wara earrlad out In order to Invaatlsata thla
further ualns a aanaltlva nauroanatevleal tract traolns

taehnldua.

Central suatatery pathwaya.
Tha pattern of neuronal oennaetlena with tha

vaduila oblonsata appoara to ba bMl«*1ly alvllar aeroaa
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Mity t«l«ost spAol««. Hom«v*p, In Flsh poasasslns
eInboPAt* cuptntopy «yatwu. not only ara tha vacai and
faelal lobaa Mall-davalopad ralatlva to thalp atpuotupa In
aloposuatotla apaoias but, tha aaoondary prajaetiona
orlcinatinc fpoa thaaa pplmary palay altaa aca alao
palatlvaly hypartpophlad.
Hoat of tha palavant data haa baan pavla«*ad by
MArcap (1983)« Bptafly. an aaeandlnc aaoondavy cuatatery
tpaet arlalnc frea tha vacai and faolal lobaa eoupaaa
poatpally to tapalnata In tha pontina aupaplop aaoondapy
nuolaua. Thla nuolaua la anlapcad In "cuatatopy"
apaolaa (rie.1.11). In Zatalurua. aoaa aaoondary flbpaa
ppodaot to tha nuolaua lobobulbarla In tha Infaplop lobaa
1978). Thla lattap ppojaotlon. howavap. appaapa to
ba abaant In CM M 8ty8 oapaaalua (Hoplta. Ito and Maaal
Moplta at al 1983). A daaeandInc aaoondapy tpaet
towilnataa In paclona at poatpal lavala of tha aplnal
OOPd .
In addltlon to tha pplaMpy affapant Input, tha
vacai and faelal lobaa paealva affapanta fpoa eantpal
atpuetupaa. Tha aajop aoupeaa of thaaa Inputa aplaa In tha

Infaplop lobaa.

Tha axpaplMnta daaoplbad In Chaptap 7 tfapa
daalcnad to daoMnatpata tha eantpal eonnaotlona of tha
vacai and faelal lobaa In Cypplnua eapplo. Thaaa

aay than ba eoawapad MIth thoaa ol”™aapvad in othap
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Fleur* Z_il

This *how* e eerenal meotlen *t * pentin* I*v*l Indieatlne
th* pr***ne* ot th* I*rc* *up*rler meeondarv cu*t*tory
nuolau* on **oh aid* (SSOM) and th* oeoalaaur* (C)
eeuralnc b*tw**n th* nuel*l.

Bola*a allv*r at*In (Th* n*s*tlv* for thla print was
kindly I*nt to m by Dr.M.0.Koborta).

Dt doraal. Vi v*ntr*l.

Seal* b*rt 200ui.






mp*el*«( MpaelAlly In pplatien to dIffoponeoo botMoon tho
mpoeloo aa poparda tho dovolopaont of tho popiphopol

custatopy appapatua.

Mothodelocleal oonaidopatlena.

Many of tho oxpoplIMonts doaoplbod utllloo a
poeontly davolopod axonal tpaeop. whoatsop« acclutinln
eovalontly eonjucatod to hopsopadloh popoxldaso. Couplod
with a aonattlvo aothod fop tho dotootion of tho hopoo-

Popoxldaao eoaponont of tho oonjucato. tho uao of
this Mthod haa boon found to bo paptieulaply uaoful fop
tpoeinc offoponta and affoponta of aany nouponal pathwaya.
oapoolally in MOMala. Howovop, It dooa not aooa to havo
boon widoly uaod In atudloa oif lomop voptobpotoa. Alao. It
micht bo opcuod that a nuabop of tho Invoatlsatlona
popoptod hopo oould havo yloldod alallap data ualnc aopo
***hbllahod aothoda. Xn vlom of thoao faetopoi vaplouo
foatupoa of noupoanatoaleal tpaet tpaelns havo boon
poviowwod In Chaptop I with a vlaw to oxplalninc tho
patlonalo fop ualnc tho poptleular aothoda oawloyod in tho
atudloa of tho cuatatopy ayatoaa of Cvopinuo eapolo.

In addition, a nuabop of tho atudioa havo ppovidod
flAta on tho dynaaiea of uptako and axonal ipanapopt of
*rree*ee>* gcclutinln eonjucotod to hopoopadiah popoxidaao.
Conaoduontly, tho atudioa doaoplbod will includo aoao
qualitativo and quantitativa aaaoaaaont of tho advantaco

of Udine thla tpaoop fop paptloulap invoaticotlona of



lIoM«F v«pt«brAt*a.

-1



CHAPTU 1

XBASX tkacimg hethodolopy -

At thlA «tac«, pvlop te praaantatleii and dlaeuaalen
of tha tnvaatlcatlena oavpiad out en tha eypplneld cuat-
atonr ayataaa. It is apppopplata te pposant aa axaalnatlen
ef tha varloua apppoachaa te anatfapins tha quaatlona aakad
by tha axpaplaantal naupeanatoMlat.

Xn via«( ef tha multlfepaltv ef aohaaMa avallabla.
Ineludinc theaa that hava baan and thoaa that apa euppant-
Iv popuXap. tha ceaX ef thla axapelaa la te ppevlda a
mathodolecloaX fpa*awepk Mithin Mhleh tha taehnlquaa uaad
In tha aueeaadlnc axpaplaanta eaa ha aaan te hava davalep-
ad.

Aa tha cpaatap ppepeptlen ef tha tpaet tpaolns ppe-
eadupaa felXoMad duplnc thaaa Invaatlcatlena ef tha cuat-
atepy ppejaetlona hava utlllaad tha hlateeha«leal datae-
tlen ef tha anavaa hepaapadlah papexldaaa (ntP), thla
aopodltlen MIIl ba aalnly eeneapnad MIth tha avelutlen
and davalopaant ef thla taehnlqua and Ita vaplanta. Xn
addltlen, tha advantapas and llaatatlena of tha Mthoda
uaad ean ba eeapapad MIth tha uaa of. op eeaiblnatlen MIth.

peaalbla altapnatlva atpataclaa.

Xn opdap te ooappahand naupobleleploal ayataaM and
thalp atbelesleax alsnifleanea It la elaaply lapeptant te

undapatand thalp oppanlaatlen. Tha eenjunotlon ef thla
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knewX*««« wlth th* r*l«vMt physlelecla*! d»t* o*n prevld*
M IntIMtd vidw ef tixd epdvdtinc Mtplx Md Ita funetlon-
al unita.

rrcm an anatoMloal ataadpelnt. tha pionaarlns
invaatlcatera ef naupal atpuetupaa ««are dapandant upen tha
mnalyala ef nuelaar and fibra aerphelecp in neraal tiaaua.
That i1a. tiaaua Mhieh had net pravieualy baan. diraetly er
indiraetiy, axpariaantally aanipulatad. Obliqua infaraneaa
Mera peaaibla theuch. frea oeapariaena batwaan pathelec-
ieal apaeiaana and theaa frea nen-diaaaaad aeureaa. Per
axaapla. patianta with Parkinaen®"a diaaaaa «tara feund te
bava undarcena cali leaa in tha aubatantia nisra eoavarad
with unaffaetad individuala, and thua afferdinc a path-
findinc initiativa in tha aaareh far tha eantral narveua
malfunetien(a) raapenaibla fe thia aeter diaerdar (Bredal
1969).

Tha viaualiaatien ef naural atrueturaa waa aada
peaaibla bp tha davalepaant ef dyaa whieh variad in thair
affinity far variaua tiaaua oenatituanta.

Tha feundatiena ef aiereeeepie anateay had. hewavar
6aan laid prier te tha advant ef ataininc taehniquaa.
Axena and thair ahaatha had baan idantifiad by Raaak in
i636 and tha eutput naurena ef tha oaraballua wara aiail-
arly daaeribad by Purkinia, threuph tha ebaarvatien ef
unatainad aaetiena (Williaaa b Warwiek 1979).

kevarthalaaa. naureeytelepieal analyaia and tha

aaaeeiatad thaeriaa ef narveua ayataa atruetura aada a
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"auMitAl lAap* dua to tha avallablllty of plsaanta whleh
ppovldad anhanead vtaual eentpast of aalaotad cali eeapen-
ants.

Thasa aavly atalns Mara axtraotad fr«B tha fiera
and fauna, far inatanea. haawatexyXIln frea tha bark ef tha
traa Hiftmni "l fin "> _agnua and oaralna tram tha Inaaet
Paotrleprlua oaoti (Carlaten » Laaeh 1938). and thua
alloMad a MIndoN. albait froatad. te epan ente tha dataila
ef naural alereatruetura.

Tha flrat usa ef aueh a staln fer naureeptelesloal
purpeaa haa baan attrlbutad te Oarlaeh (1898 - In Drury a
Walllncten 1967) Mhe dlffarantlatad eall bedlaa and flbras
in a earaballar aaetlen. An lapertant advanea waa else
mada usine a naturai axtraet by Diatars in 1869 «de
distinduishad bat«aan tke fibra typas erisinatinc frea a
meter nauren eall body.

Staininc aatheds uain« thasa naturai pisaanta »xara
he«avar suparsadad dua te tha aanufaetura ef dyastuffa.
partieularly fer tha taxtila industry. and thair sub-
saeuant banafieial usa fer iaprevad hiatelecieal aathed.

Thasa aynthatie predueta »xara basad en tha anilina
éarivativa ef tha bansana rinc and tha iapaet ef thair
femulatlen ean ba saucad in tha eentinuad usa ef a nuabar
ef thesi. a.d. teluidina. thienin and orasyl fast vielat.
in reutina preeaduras fer CMS eytelecieal ebsarvatlen.

Tha usafulnass ef thasa partieular atains lia in

thair bindins affinlty fer Misal aubstaneai hanea tha
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c*n«rle t*ni, Nlaai ataliia. Altheush this Mtsrlsl mss
prssuMd to bs sn srtsfsst of fixation, tho lapllostlon of
s cvoundloss oxlstonoo was oonfutad by findInc It
obaarvablo In narva ealls but not othav tlasua, and Its
daeraasa or dlsappaaranoa (ehroMtolysls) In daaacad
ealls. Zt Is avldant now that tha sitas of "bIndInc” of
thaaa stains spa thosa whloh contain duantltlas of nuolole
aeld and tha eallulap pasién aost dansaly stalnad Is thus,
sanapally. tha eall body. Tha aathod Is oonsaouantly
Paptleulaply sultad to analysis of nuelaap spoups.

Tha usa of thasa stains. In oonlunetlon with othaps
Mhleh Idantlfy othap eall eosipenants sueh as naupoflbplls.
ppovidad fsptlla Mans fop aoeuaulatlns eytolosleal data
l.a. that eonespnins. In tha Min. stpuetupas "within” tha
eall. Bowavap. by thalp natura, thasa Mans affardad
Ilttla datall of tha sleroanatowy of tha tlssua l.a. tha
palatlonshlps "batwaan" ealls and thalp ppoeassas. it Is
not suppplsins In ratpospaet. tharafora. that tha
"patleulap thaory” of narvous opsanlsatlon pravallad.
whapaby tha ppooassas of aaeh eall wara anvilsacad as con-
tinuous with thosa of nalshbouplns ealls.

Tha davalopMnt of a diffarant elass of taehnlduas.
affaetlns Isprasnatlon of various tlssua fisaturas with
haavy M talllo daplvatlvas. anablad a MPa thopoush
daseplptlon of Intrinsle and axtplnsle associations |.a.
raspaotlvaly. batwaan naupons of a sroup. and batwaan

SPoups of naupons.



Qnllk* th* r«l*tlv«ly «tPAlchtferward stAlnlns of
tloouo eoapononto MIth ooleupod dvoa. thaaa Mtheds »allad
on ppaoipltatlen of a Mtalllo aaxt upon tha oalX op
oallulap oonstltuant. Tha opaaua dapoalt thus ppoduead
opaatad a visual oontpast batwaan tha lappacnatad call and
Its baokcpound. oonsaauantly alloMIns aloposoopleal
pupsult of tha naupal ppooassas.

Slnoa Calal (19d3) and BlalsehOMsky (19d2) (In
Falacpan 1928) Intpoduoad thalp allvap nltpata aathods fop
daaonstpatlns axons, a vaplaty of paduoad-sllvap lappss-
natlon ppooadupas wapa davalopad (and ara still bains
modlflad a.s. CPUS. Jaanaonod. Malap a Van dap Loos 198«)
to suit dIffapant ppapapatlons. Bowavsp. a aathod tfhloh Is
optlaal fop daaonstpatlns bpanohas of ppooassas aav hava
tha dlsadvantasa of not dapletlns othap faatupas. sueh as
lapsa axonal bundlaa. Additionally, paplphapal and oantpal
napvous tlssuas aay hava dlffapant susoaptlbllltlas to tha
saaa aathod.

Thus, a nuabap of vaplanta hava baan davalopad and*®
psaaln wldaly-daployad fop noraal tlaaua. notably tha
slvap-ppotalnata ppotoeol of Bodlan (1936). Tha aathods of
>««me0 (19*3) and Palaspan (1988) (aspaolally usaful fop
paplphapal napvas and andInss) wapa Intpoduoad baoausa of
tha tpanslant unavailability of "ppotapsol™ sllvap-
ppotalnata. A taehnldua davalopad by Napsland. Glaas 8
«@l<Oh (199«) has also baan axtanslvaly uaad.

« slsnlfloant addition to tha taehnloal apaoupy of
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th* n«ureM*to«lat wm »rovlidM by th* d*v«lepMnt of
Mthoda ualnc hMvy aatal lapracnatlon (allvar ov Mreury)

tlaau* Mhleh h*d pravleualy or eenooMaltontly booti
fixod MIth ohPOMto ond/er dlehroMto solto.

Tho offloooy ef tblo eoMblnotlen woo dloeevorod by
Oelct In 1873 but booaao unlvoroolly knoim threuch tho
Works of Rsaon y Cojol who oppllod It to aony proporotlons
of norvous tissuo.

Tho prollforotlon of vorlonts of tho boslo proood-
uro lod to tholr conorol eotocorlootlon ss tho "Oolcl
MOthods', but tholr unlfylnc footuro ond onoraoua odvont-
oco wos tho laprocnotion of only o SMI1 proportlon of tho
nxj***n~p*skod oloMnts. ThISt thoroforo« onoblod serutlny

dondritle oxpsnso of Individuo! nourons ond tho
eourso of tholr oxono. ohoroetorlstles whloh hod provlous-
1V boon lorcoly prooludod by oonfuslon wlthiln tho book-
cround. Tho Intorprototlon of Co3ol. thot tho laprocnotod
footuro wos tho norvo eoli In Ito ontlroty. covo eonsldor-
oblo wolcht to. ond lod to wldosprood oeooptoneo of# tho
"nouron doetrIno” of norvous systoai strueturo.

Tho Inltlol doeodos of thls eontury sow o profuslon
of studlos usine tho bonoflts of tho dolci aothods to
onolyso tho eonnoetlons of dlstlnet nouronol populotlons
ond tho aorpholoclos of tho eonstltuont eolio.

Tho offoetlvonoss of thoso portleulor strotoclos
eon. ocoln. bo bost odludcod by tholr eontlnuod uso In

«uontltotlvo ond «uolltotlvo nouroblolocy ond tho froauont
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ot Qelcl-d«Flv*d ebsdrvdtlend ualns Merd
Pdednt. mephidtlodtdd ppeoddupds.

Cenearn, se tmr, hM bMn dlpaatad *t th* naupon
itaalft thd vlaudllsdtlon ef tha eall body and tha
pouta(a) ef Ita aaaoolatad prooaaaaa. tha dandpltas and
axen. Anona, hewavap, and aapaelally thoaa Hhleh ppoiaet
te palatlvaly dlatant aonaa. ara fraquantly anahaathad by
myalln aithap alncly er in bundlaa.

Aa tha phvaiee-ehaaleal natura of ayalln la quita
<ilffarant fres that of tha preeaaa(aa) It anvalopa,
varleua aatheda and modlfleatlona «ara davalepad to
aalaotlvalv ataln thla Mtarlal In tlaaua aaetlena (a.c.
®™ldart 1s6A. Pal 18A6. Kultaehltaky lépdt In Drury A
WaXlIncten 1967). Thua tha oeuraa of myollnatad flbraa
eould ba felloMad by traeklnc tha atalnad anahaathaant
thpoush adlaoant aaetlona.

PolloNInd apaelfleally-atalnad atrueturaa throush
«8Jaeant aaotlena howavap. eould praaant ppoblaaM Mhan tha
traot of Intaraat marcad wlth or oouraad oloaaly to
anothar traot. dallar atalnlnc of tha ts0 traota eould
alvo rlaa te aueh eenfualon. Xn addltlen. a prelaetlen
Involvinc ralatlvaly faw naurona eould ba aaally leat
wlthIn tha aurroundinc naurepll. Claarly, it waa naeaaaary
to axpariMntally defina tha naurona undar Invaatlcatlen

diffarantlally frea ethara.
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mxpartMnt*! d*««n«r*tloii

CvuolAl «dvMOM h*d bMti Inltl*t*d In thla dlraet-
len fvoM thd u«* of "r«Mtlv«" ohancda in naurni tldsua
follewlnc d«MC*. Am mmrily mm 0S5d. Mdlldv hnd d«non-
etratad obaarvabl* ohansdd In th* dlatal portiona ef
tranaaatad narva fibraa and «Ma dlalntasvatien waa aub-
aaauantly lafarpad «o as Mallarlan or antaposrada dacan-
aratten (eewahar. Brodai < Walbars 196«). Thla
datarleratlon alae affaeta «ha ayaltn ahaa«h and «ha
obaaapva«lon «ha« dasanara«InB ayalln eeuld ba aalae«lvaly
I»Braknaxad wl«h eaale aeid aT«ar pra«raa«aan« Hi«h
ohroailua aal«a ««hliac nonaal ahaa«ha rawalnad undarkanad.
g*nm=xoex Jdrahl d Alsari 18S9 *»kh a «aohniqua for «raotna
at"allnaad ppeiao«lona freai a knoMn pein« of laalon
(Brodai 1969)e

In momm olreuM«aneaai a«rophy of «ha proxlaal par«
of «ha axon had alao baan obaarvad (von Nonake«« 188Bat In
Brodai 1969) and «hla ao-eallad **ra«rocrada’™ dOBanara«lon
eould alao ba vlauallaad ualnc «ha "Narehl M«hoda®” Mhleh
had avolvad.

»*var«halaaa, daapl«a plonaarlnc «ha uaa of
raao«lva ohancaa In «ha narva fibra for «rae«-«raelns
purpoaaa. «haaa «aohnlquaa for a«alnlns dlaln«aBra«la«
at™ In «haaha t*ara avan«ually auparoadad for aavaral
raaaona.

rira<ly. «ha «lalns ba«waan «laaua abla«lon and «ha

eonaaquan« daBanara«lon waa «rl«loal. varplnc ba«waan
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dIff«r«nt nauvon typaa and fvoa apaelaa to apaolaa.
Saeendly, aany flbraa ara poevly ayallnatad ev unayalln-
atad and. thus, tha affaetlvanaaa tor tpaelnc thalr
pathMaya la llaltad. Thirdly, aoM oonfualon oeuld arlaa
baeauaa of tha look of myallnatlon of axonal tanalnala and
tha poaalblllty, tharafora, of alslntoppratatlon of thalp

daatlnatlon.

Tha avantual oonaaouanoa of tha droMbaeka aaaoelat-
ad MIth Mthoda baaad on dapanaratlva nyalln was a ehanca
of fooua, attantlon balnc dlpoetad towards dapanaratlon of
tha axoplaaa Itsalf. Thla approach ovarosM aavaral of tha
obstaolas to aoeurata Intarpratatlon of laslon-Induoad
daaapa.

It was avldant that all affaetad flbras,
whathar haavlly ayallnatad or otharwlsa, oould ba traead
thla sohasM. Additionally, In thaory at laaat,
tdfalnal boutons eould ba praolaaly loeallsad dua to thalr
disIntapratlon.

Tha eapaolty for Idantlfylnc antaroprada axoplaaalo
dapanaratlon with allvar lapracnatlon was axpoundad,
firstly. In tha 193d"a (Boff 1932) and aubaaouantly
oapltallaad upon by othar Invaatlpatora (oiaas d Clark

Qlaas 1996) aaarohlnp for naans of axaalnlnd distant
naural oonnaotlons.

Thaaa taohnlpuas furthar astabllsbad an axparlaant-

al paradlsB, Inatltutad by tha Narohl natnoda, whloh has
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«h* prMtteal bMla ot » imrm» nimb«p ef mub*««u*nt
tPAat-tvAolnc MthedoledM. Thi« atandard pattarn oaa ba
pacapdad as Involvin« «lva aubaata o« ppeeaduvaat aurcarv.
aupvlval. aaeplfloa. «lIxatlen. and dataatien.

Folletfinc tha Inttlal axpaplaantal "aanlpuXatlon

*"*e a”aa undar lavaatlsatlon. a pavlod of aupvlval la
«fhapaby tha aMtabolio preocaaaaa of tha tlaaua
mmv ppoeaad auffielantly to optlalaa tha dataetlon of tha
oenaaauaneaa ef tha eparatlva atpatacv. Aftap aaeplflea ef
tha aalMl. apaeifle aaana ef tlaaua «Ixatlen ape paqulpad
aoeepdInc te tha paptleulap aublaet e« tha dataotlen
ppeeaaa .

Fep axaapla. In tha eaaa e« tha aathed ot aiaaa
(19*6) «ep dataetlnc dacanapatln« tapalnal beutena. tha
laalen. Induead by knl«a-eut. aaplpatlen or momm ethap
maana. waa «ellewad by a peat-epapatlva papled e«
aupvlval. Tha axtant ot tha tIM-papled naeaaaapy «ep
dacanapatlva MaohanlaM te ppecpaaa aneuch «ep aubaaquant
eptIMl dataetlen had te ba datapalnad a«plpleally. Thua,
a panca ot aupvlval tlMaa weuld ba aaaaaaad «ep pplaa
axpeaupa ot tha dacanapatlnc atpuotupaa. tha eptlxua baine
Neprrnok wpan tha apaelaa ot anlxal undap Invaatlcatlen.
tha dlatanea «pea tha laalen te tha tapalnal axenal
apbeplaatlena, and tha bedy taapapatupa. Tha eptlaa eeuld
thapafepa peaalbly vapy «pea aavapal daya te aavapal
waaka .

eaeplflea and «ixatlen uaually Invelvad vaaeulap

|
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p*r«ualen ef th* MMathAtia*« «nIMIl «*Ith laetonle
m<lin*. felletfM by th* flxatlv* «elutlen. Th« braln waa
th«n i*««ev*4 fro« th« eraaltni «ad «toMd In th« Fixatlv«
for ««varal M««k« prior te «aetieninp. Dataetien of tha
N*CE»*t**tinc tarxinala was than aeeeapliahad by «xpeainp
th« tiaaua aaotiona te tha ralavant «ilvar ixprasnatien
madia.

Tha Olak« Mthod. than, rapraaantad tha firat
«**«««ively-uaxd Mana fer viauvaliainc a partieular
proiaetien diffarantially frea tha aurreundinc nauropil
Dapanaratinc naurena eeuld ba traead te thair fiald of
projaotien and tha «ffarant eennaetiena froa tha laaionad
mena eeuld ba loeatad.

Thia partieular taehnipua. navarthalaaa, praaantad
a nupbar ef preblaaw for invaatipatera. It waa ineonaiat-
«nt, tha idantity of tha datarioratinp atruetura t«a
«mbipueua and, poat of ail, it waa a diffieult and
laborieua tank te diatinpuiah nenaal «laaMnta frea theaa
undarpeinp dapanaratien baeauaa both typa« wara iaprap-
natad, albait diffarantially.

A dafinita rapuiraaant waa a proeadura whieh
iaprapnatad dapanaratinp axona and «ndinpa alena apainat a
m0**« banavolantly eentraatad baekpreund.

n»« davalepMnt ef thia eapability (Pauta 19SP,
1957t Rauta P Oypax 1951.19941 Pauta P Ryan 1992)
Inltiatad what ean prebably ba baat daaeribad «a a naure-
«aatopleal ravelution du« te ita prevlaien ef a waalth ef

|
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Neee i It «Kpar IMiitAX d*ta abeut n«ur*X ppojaetleii* *nd
thd thdopidd of ddvaXepMDt and opCMlaatlon thla paXXabXa
and pappoduolbXa Infovaatlen praalpitatad.

Tha fundaaaataX eeneapta undapXyXns tha ''Nauta
Mtheds" Mara tNefeXdi X) axpXeltatlen ot tha prafapantiax
avaxXabXXlty to aaHonlaoaX aXXvap aaxta (arcprophlXla)
*PPNifbntXv Mda poaalbXa by tha dacanaratlva ppooaaa
1***" > «nd» 2) aupppaaaion ot tha noPMX fibra laprac-
natlon.

Tha Nauta eXaaa ot taahnlgua waa feund to ba
partlauXarXy affaotlva for mapplnc dacanaratlnc axona but.
diaadvantasaouaXy In aany oaaaa. not aapaelaxXXy aultabXa
for XooaXlaln« atalXarXv affaetad tanainaXa. Thla Xlalt-
atlon waa ovarooaa by tha avoXutlon of a «athod whleh waa
eapabXa of provldInc a «ora aubatantlaX iaprasnatlon of
tha antlra projaetion (FInk a HalMr X967) and whleh haa
poaalbXy baan tha aoat wldaXy-uaad of tha alXvar iaprac-
natlon aathoda avalXabXa for idantlfylnc dacanaratlnc
pathwaya.

NotwlthatandInc tha pravloua atataaant, varylnc
aueoaaa rataa tand to aeeoapany tha uaa of a partleuxar
mathodoXocy In dlffarant Xaboratorlaa wlth a raauXtant
Ineraaaa In tha nuabar of aodlfleatlona. Thla aaaaa to
bava baan nowhara truar than la tha eaaa of lapracnatlon
of dacanaratlva nauraX aXaaanta. a whoXa hoat of
"officiai" varlanta havinc avoxvad to ault dlffarant

praparatlona (a.c> Chaabara. Chunc-Yu c Chan-Nao 19961 da
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OIM>* 1969t WIITtMIM 19691 S«c*f 1976t Blerth-Sl«ons«n
19761 d* OIMS « ZncFMi 19721 O«aelln 6 gseubl 1975).

**e [*6lonli** or tronooetlon ot norvo flbroo la
Eonarally felloNod by daganaratlon and ultimata dlaappaar-
anea of tho Nhola distal portion of tha Injurad alaaants
Mharavar thay may projaot to. and this Wallarlan dacan-
aratlon ean ba axposad optimally usine supprasslva sllvar
Imprasnatlon mathods. Tha distribution of affarant
eonnaotlons from tha laslonad araa oan thus ba traead.

Tha Intarpratation of this data homavar oan ba
amblcuoua baeausa tha oparatlva tsehnlqua nay hava. by Its
vary natura, Indlsorlmlnataly affaetad not only tha
sffaranta. but also nauronal proosssas darlvad from soma
othar souroa simply passlns throush or olosa to tha
laslonad araa (Flc.i.i).

Tha possibility of falsaly positiva data eannot ba
ovarlookad and this difficulty, tha "flbra-of-passaca”
problam. arlsaa In many tract traelnc proeaduras dapandant
upon an Initial surcleal Intrusion Into tha radon undar
Invastlcatlon. This Issus mill ba ralsad acaln and Its
datalls thorouchly dlseussad balom in ralatlon to tha usa

of traear substaneas.
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PICUV* 1.1

Ihl1* dlacvM I1lluatrAtM th* possibility of dSM«Inc flbps
ppolsotlons othsp thsn thoss eonstltutlns ths systsa undsp
Invsstlcstlon.

PPojsatlon of Intsvost Is thst oplcln-
stinc St soures A. s Isslon of this poclon (elpolsd spos)
would Also Inoluds sffspsnts fpoa souross m snd C. Ths
Isslon Is thspsfops llksly to pssult In dscsnsrstlvs
profllss Slone ths poutss X. Y snd Z thus clvins s fslss

lappssslon of ths ppojsetlon flsld fpoa soupes A.



A meoend IntarpMttv* dirfleulty «ria«« out of
ratrosrad* aallular vaaetion l.a. in tha prexIMIl poptien
ef tha Inlupad fibra(a).-

Fo» aoaa tlaa aFtap tha obaapvatlon of tha antapo-
CPada paapenaa It Maa ballava« that no alallap patpocpada
ppooaaa eoeuppad. Svan aftap tha Inltlal daaenatpatlon of
a potpocpada poaponaa by cajal 1t waa auccaatad that tha
oplaln of tha axon eollatapal naapaat to tha laalon waa
tha llalt OF poaetlon (Qpant I»7t). Bowavap. aa alpaady
notad, a ehpoMtolytla ehanca In tha memo of daaacad oalla
had ppavleualy baan daaoplbad and It la noM aatabllahad
that thla aouta paaetlon la oftan folloMad by eowlata
atpophy OFf tha ppoxlaal aasMnt of tha naupon. Ranaon
(19d«> had obaapvad loaa of eolia In aplnal candia aftap
paplphapal napva tpanaaotlon. and alcliap patPOCPada
dacanopatlen haa baan dOMnatpatad In hypocloaaal cotop
naupono (Qpant A Aldakoclua 19«7).

On tha othap hand, daaaca to tha flbpa doaa not
alwaya paault In thla ohponle paaetlon. It cay. Inataad,
ha folloMod by cpadual paeovapy op no altapatlon Mhatao-
avap In tha ppoxlcal poptlon, avan thouch tha dlatal
aacMnt dacanapataa. Tha ldaa haa davalopad that tha
A saisaiiaad Onel *N*Ponaa of naupona to dacaca cay paflaet
tha dacpaa of dacaca Infiletad.

Fop axaapla, aa Individuai naupon aay Innapvata a
ssrtlauiap paciéon and eoiiatopallaa wldaly in that apaa of

ppolaetlon. A mmoll laalon la llkaly to Inlupo only a
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fraotlon ot th* proe««««. whppp.. «»p. »op« «Xtpn.lvp

ebX.tlon «ould dVMc™ ppocpdssivdiy i?p,>p ppopoptlon. ot
thd axon Mid Itd eollatdrai fldid. with th* InePdddInc
I11kdllhood of Injupln« th* naupon IrPdvdPdlibly (Fl«.1.2).

ZnddMl. It hdd bMn auscddtdd that tha Inepaaaa In
tha nuabap of aurvivin« ealxs foXXowln« ppocpaaalvaXy
roatrax Xaalena of tha doPaaX aplno-oapabaxXXap traot In
mMMXa la duo to tha contribution of araatap nuabara of
unInlurad eoXXatapaxXa (Liu 1999).

Additionally, anXapclnc tha axtant of a oortleaX
Xaalon oan au«Mnt tha amount and Intanalty of Patro,Pada
dacanaratlon In tha thaXaiMi-eoptloaX pathwaya (Von Monakow
18891 in Bapaaford 1966). Thua. it would aaaai plaualbla to
axpaet that a dacanapatlva aaXX body haa had tha craatar
Propoptlon of Ita oollatarala and/or Ita Min branch
aavarad. Thla achCM, howavar. doaa not axpXaln why aoaa
ratinai cancilon calla can aurvlva tranaactlon of tha
optic narva (Nadlaon. Moora a Sldaan 19AA).

Brlafly than, allvar lapracnatlon tachnlguaa ara of
craat valua for ldantlflcatlon of dacanaratlnc naural
alaaanta but tranalatlon of data oan ba prona to falaa

poaltlva and falaa nacatlva oonclualona.

Tha dacanaratlva prooaaa haa alao baan uaad for
invaatlcatlon of contrai oonnactlona of naurona Innarvat-
in« parlpharal atructuraa. Aa pravloualy axaapliflad. tha

ratrocrada aachanlaa oan ba utlllaad to aluoldata tha
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Fleur* 1.2

Thl« dlI*cr«B Illu.tr*t*. th* po..lbliitv of *bl*tinc

I*r«*r mmb*r* of *n «.on*, ooll.t.r.1. by Inor*._.l«, th*

els* of th* I**ion.
Th* em*11 A 1. IIMly to d*MC* 1**_ of th*
coli»t*r*1 fl*id of th* n*upon th*n pro«r*.*iv*ly I*rc*r

I**lon* B *nd c.

se



-ot«r n.u«,n .ouro«. but th. prti««v ..n.ory n.uron ol««.-

IV r*pp*s«nts e leee otp_iEhtfopwbPd ----- r— itnt

Ibrly lurehl studl«« th* notion thot eontroi

doconopotlon of «poim occurs subsoouont to trsnsootlon of

th. prlimry . ffronf. p.riph.r.1 br«,«<h. but this i.ft

op-n «h.th.r M Mond d.nn.r._.tlon siso tsk.. pise..
DsIn* * FInk-H.l«.P kodIfle.tlon. m Inltl_i
F.tro«rM. a.,.n.r.tlon hM b..n ob..rv.d in trhl,diin.i
CMcllon folloK.« hjrW_ii.riIM d.wn.r_tlon In th.
o.ntrdly-dir.ct.d root, thus Indle.tln* th.t tr«iscM.-
llonle downorstlon doss occur (Or«.t b Arvldsson 1975)

(Flc .1.3).
Oosplt. this success, us. Of suoh trwi.*M«iionlo

-trophy s. . n.uro«»._to«lc.l tool for _v._.iu.tln, prlisd®

dforont c.ntr.1 distribution does not s.«i to h.v. boon

widely fsvoured. This «y b. due to. nhet «p.«. .t First

ml«<ht. quit. broM species differences, the e»>unt of
tr«..,en«iionlc decener.tlv. debrl. belnc much cre.ter In
the ret th«, l« the cst. other feetures. however, such es

Postoperstlv. survlvd tiIMs. dev.iopi™t.i stSM «id

dist«,ce OF tr«,s.ctlon fro. ««,,1ion would dso be

expected to be laportent feetors.
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Plcuv* 1.3

Receptor;

Th* upp«v dlaiCPMi ahows th* Inltlal ratrocvad*

S D" 1V« vaaetlen folloMInc tpanaaetlen of th* dtatal
papt of « pplIMvy affopont nouren.

Tho lowor diacpoM ahoMo tha aubaaouant antopocpada op

dacanaratlon of tha pvoxIMl part of tha nauron.
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SUMMPIcIns. th« intreduotlon of tvoet-troolnc
Mthodo baaod on tho Mppin« of dosonopotlnc nourono
ppovidod * Mona for obaorvins tho projoetlon of Intorost
Indopondontly of tho nolphbourlnc tlasuo. Tholp uao hos
conopotod o cpoot dool of doto rosordinc nouronol oonnoot-
Ivity.

Bo*fovop. tho loaloninp proooduroa roqulrod do not
dlaerlalnoto botwoon tho apooiflo nourona bolnc Invoatlp-
otod and thoao poaainc throush tho dlaruptod alto.

In addition, tho oothodo rollod on otrophlo ehonsoa
In tho polovont pothMoya. Thoroforo, by tholr vary noturo.
***eee mothoda ppooludod aloultonooua Invoatlpotlon of tho

onoto*y of tho nourona ooaprlalnp tho prodoetlon.

Trooora

In oontroat to tho allvor loprocnotlon of doconor-
otln« oloMonta, Mhloh rolloa on Mpplnp "potholoclool™

nouronol pothMoya. tho Molorlty of ourrontly-

fovourod toohnlquoa. Involvinp Introduction of oxtronoouo
troeor aubatoneoa, toko odvontoco of tho nonaol
"phyalolocleol" funotlona of tho nourona that eonatltuto
tho pothtfoya.

Inltlotlvo for thla opproooh atoM froai tho
atudloa of Wolaa and eolloborotora who woro tho flrat to
obaorvo tho phanoaonon of oxoplorale wovoMont followlns
oxon Ilpotlon (Wolaa O Hlaeoo 19tA) and aubaoquontly

doaorlbod tho oetlvo noturo of tho undorlylns tronaport
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MohanlISM (Itelsa 197t).

Tha ebaraotavlatlo elaasifleatlen ef axonal
tranapoFt la aeooapltahad In taraa ot Ita diraetlen and
tha valeelty ef Ita eoavonanta. Aa racarda tha dlraetlen.
«evaaant "a*»ay'" freai tha eall body erlslnally felloMad tha
taralnolesy ef tha dacanaratlen atudlaa - "antaresrada™i
but tha altarnatlvaa.'opthecFada** and "aoaMtefucal” ara
fpaeuantly uaad. Slaliarly, -ratroaFada- haa baan Fatalnad
aa daaoFlptlva of «ovaaMnt "'tewaFda" tha paFlkaFyon but la
aoMatlaaa aubatltutad by '"aoaMtepatal™.

CeneaFninc tha Fata of novaaant. tpanapoFt In tha
OFthecFada dlFaetlen la sanaFally dlvldad Inte two bFoad
FREXRIQFAMNFXy,  T7aat and aloM. 1t haa baan auccaatad that
fUFthaF aubcFoupa of thaaa axlat ( QFafataln a FonaMn
19A«). but tha baale faatunaa. faat and alew OFthocFada.
and FatFOKFada tFanapoFt wlli aufflea foF axplanatlon of
tFaooF aovoManta.

Ilha eonoapt of applylnc axtFlnale aubatanoaa foF
tFaet tFaelnc **aa pFoaptad by axpoFlaanta on tha Fataa,
dlIFaotlon and ldantlty of axeplaaale aovaaMnt In optla
noFva flbFoa (TayloF a Walaa 1969). Tha uaa ef Fadloaetlva
PFotaln In thalF atudy aucaaatad a Fatlonaia foF tFaelna
flbFo PFOJaetlona wlth Fadlolaballad aalno adda.

FelloMIna IntOFnallaatlon of tha labaXlad ooavound Into
tha nauFon It wouXd uXtIMtaXy dlatFlbuta IntFaeaXXuXaFXy
and ba dataotabXa by autoFadlocFaphy. Tha dlatFlbutlen

MouXd thua ba aappad. ualn« tha natuFaX PFOoaaaaa of tha
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o«ll.
Th« n*uron 1l« * Mtftbelloally «etlva «ad funotlon-

diffdr*ntl«t*d unit. A ander proportion of Ito
protoin aynthosio tokoo plooo on riboooaoa in tho porl-
koryon Mith Ilttlo or nono oboorvod in oxonoi pProooaoos.
Applleotlon of o rodlolobollod oalno oold to o portlouior
rocion of tioouo Mould load to uptoko and Inoorporation
into protain by eall bodlas in that araa. With auffieiant
poot-iniaotion aurvlval. tha laballad protain would ba
datoetabla in tha varloua nauronal proeasaaa. Thla
approach tharafora rapraaanta a vary praetieal aaana to
traeins affarant prodaotions of tho injaotad nona.

Tha ocourranea of a faat and a alow rata of trana-
port allows obsarvatlon of diffarant faaturaa of tha
nauron. Tha aatariala transportad in tha fast phasa appaar
to ba pradoainantly partieulata (a.«, vaaiolas and
mitoohondria) and hava boon iaplieatad in synaptie
funotlon. This oosvonant has tharafora boon usad to »mp
tha affarant tonsinals and. baeausa of its rapid valoclty,

kllowad obsarvation of tha tarainala without naad for
praeisa avaluation of aurvival tina. Tha slow phasa.
howovar. has boon ralatad aainly to tubulin, aetln and
myosin Mhioh ara eonoarnad Mostly with axonal struetura
and funetlon. Laballinc thasa faaturas. than, proévidas for
dasmnstration of axonal and eollataral traiaetorias but.
bainc a lass rapid prooaas. raauiras a aora oaloulatad

approaoh to survival pariods.
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Th* *utor*dlocF«phlo*l M*na of d*t«otien of th*
I1*b«11*d atruetuF«« puta a nuabar of raatpainta en tha
taohnlaua. Tha dataetlon aathoil la aaeend-epdar. l.a. tha
ppIMTv avant la tha padleaetlva daeay of tha laballad
protaln In tha tlaaua and tha aaeondarv avant la tha
ppoduetlon of a allvap spaln In a photocraphle aaulalon
ovaplaylns tha tlaaua aaetlon. Zt la tharafora lapoptant
to uaa B-aalttlnc latopaa aa labaia baeauaa of thalp low
anarsp and oonaaouant cvaatop raaolutlon (l.a. laaa
dlatanea batwaan daoav and paaultant cvaln). Raaolutlon
Min alao elaarly dapand on tha thloknaaaaa of tha aaatlon
and tha aaulalon lapar. Trltlua ("™B) lo a lom anarsp
B-aalttap and la tha radlolabal aoat oowaonly uaad fop
taccine tpaet-tpaolnc acino acida.

A0 racapdo tha apaolfloltp of acino acida, lauclna
and lyalna Mara tha aarllar cholcaa dua to thalr craatar
naturai oocurranca In axoplaaclc protalna. HoMavar.
tritlatad pralina lo noM tha fragquant choloa dua to Ita
craatar Incorporatlon Into tha rapld phaaa of tranaport
and oubaaquant haavlar tarclnal laballlnc aftar ahort
aurvival tlcaai tritlatad lauclna haa baan found to labai
pradoclnantly tha aloM phaaa (Bandrickaon 19B2).

Pralina haa alao baan found to ba laaa prona to
non-apaclflc uptaka via tha elroulatlon or CCP than
lauclna. thua dacraaalnc tha lavai of confutine backeround
laballlnc In tha aculalon. Varloua anvlroncantal faotora

auoh aa coaclc and cacca radlatlon. and llcht and tharcal
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en*rsy. ar* «qually eapabl« of IneraMlnc thl« bMkcround

Also, dlv«ot Mduetlon of tho Mulaloti®s ollvor
holldo by ehoaocFophleol rooconto In tho «ootlons oon bo
onothoF oeuFoo of ololntoFPFototlon.

In tho oooo of o donoo projootion thooo bookcround
lovols uy bo low In ooworloon to tho conulno lobol.
Rowovop. ohould tho offoponto of Intopoot bo spopooly
dlotplbutod. oooupoto Intopppototlon eould bo oooppoalood.
Althouph oueh o dIffuoo pothwoy eon bo "oapllfiod" by
oxtondInp tho tlao of oxpooupo of tho ooulolon to tho

oootlon (tho numbop of ollvop cpolno fopwod lo
ppopoptlonol to onpooupo tIM). thlo oddltlonoliy enhonooo
tho oppoptunltloo fop boekcpound poootlono to oooup.

OpthocPodo oxoplooale tponopopt outopodlocpophle
tpoolns (OAAT) wos uood Inltlolly fop poplphopolly-ioeotod
noupono (o.s.Loaok. Joooph R Whltloek 1968) but woo ooon
found of ppootleol oppilootlon In oontpol otpuetupoo
(Cowon. Oottllob. RondPlekoon, Pploo 8 Woolooy 1972). xhlo
wopk (uolnc tPItlotod louolno). oppllod OAAT to noupol
eyotowo whooo dlotplbutlon woo woll ootobllohod ond
offlpMod tho pottopn of eonnootlono doaonotpotod by tho
oopllop toohnlouofl. Tho wothod hoo oubooouontly boooMo o
fundoaontol popt of tho noupoonotoaleol opaoupy.-

Thlo ppoeodupo hoo oonolotontly boon uood to onowop
tho «uootlon "Nhot opo tho offopont oonnootlono of tho
Inlootod poclon?"”. Rowovop. Ilwllelt In thlo lo tho
ooouaptlon thot tho lobollod tpoeop hoo boon tponopoptod
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entiMly aaMtefucAlly.

mvldane* tram mevarai aoureaa oentradlotlnc thla
It*a daaorlbad aubatantlal ratresrada tranapert ef
N—pralina (Kunala 19771 Kaparant. vaaaalkln, Ermakeva,
K*nicfaat a Keaarava 1983). Alao. uaa ot tha nauretoxlIn
kalnle aeld to daatroy oall bodlaa In tha araa undar
Invaatlcatlon prlor te ~H-ppollna dallvary (and tharafora
pravant erthocrada tranapert In tha affaranta frea that
araa) haa daaenatratad laballad traoar In eall bedlaa ot
knewn af£faranta te tha Injaetad atruetura (Lavar 8 Shark
1983). Zt aaaM that tha Invelvaaant ef ratresrada
tranapert In OAAT eannet ha dlaeeuntad.

Ssually. aa tov dasanaratlen atudlaa. trananaurenal
aetlena eannet ha undaraatlaatad In ARO data. A nuabar ef
exaaplaa ef thla tranaynaptle tranafar ef laballad aalne
aolda axlat (praauaably in tha fera ef laballad pretaln -
Ralnla S Oeldaan 1988). Qlebua. Lux 8 Sehubart 1968 flrat
daaerlbad tha paaaasa ef radlelabal frea narva te auaela
In tha eat, and In eantral naurena, trananaurenal tranafar
ef radleaetlvlity haa eftan baan uaad fer traet traelns In
tha viaual ayataa ef a varlaty ef aaaaala (Orafataln 197U
Grafataln 8 Laurane 1973« Wlaaal, Bubal 8 Laa 1978).

Zn altuatlena whara thla appreaeh la vlabla,
=«laQuata eentrel axparlaanta ara ef abaeluta naeaaalty. Aa
In tha daiMnatratien ef aparaa prejaetlena, larsa
Injaetlena ef hlsh eeneantratlena and lens aurvilval tlaaa

«anarally rasulrad fer trananaurenal laballlns. Thaaa
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fMtur«« Aise pr*a«nt e niuib«F of oppovtunltloo for fois*
AoooMPMIod with tho dollvopy of rolotlvoly
lore# «uontltloo of trooor la tha potantlally lare# volino
ot tlaaua to whleh that traear way ba aada avallabla for
uptaka and tranaport. Slallarly tha hlchar tha eoneantrat-
lon of tha traear, tha craatar tha llkallhoed of
Inoraaalnc tha alaa of tha Inlaetlon alta dua to tha pro-
portionally craatar dlffualen fereaa praaant.
Thaaa faetora tharafera naad eonoldaratlen In
tha adalnlatratlon of traocar aolaly to tha
baine aappad. Tha mora axtanalva tha alta of
*ba craatar tha ehanoaa of uptaka by naurona
outalda tha aeopa of tha atudy and alao by tha olroulatlon
and CSF. "Hon-apaelflo” uptaka free thaaa lattar
®R**@R'"*""** «««ld wall laad to arronaeua ldantlfleatlen of
atrueturaa within tha vaaoular and vantrleular walla.
N Faatura of OAAT whleh haa proved of craat
advantaca to nauroanatetUata la Ita apparent relative
froai tha "fibre of paaaaca" problaw. In view of
tha pauelty of rlboaoaMa In axonal proeaaaaa. It would not
ba aurprlalnc to find that Intaet or dacacad axona do not
Ineorperata axtarnally applied labelled acino aeld Into
protein and oonfuaa tha tranalatlon of AKQ data (Cowan at
al 1972).
In oontraat to dacanaratlnc neural alacanta, tha
dataetlen of whleh la dependant upon atrophie "ehancaa™ In

*re e*yw«t«yaa, llcht and alaetron cleroaeepleal ldantlf-
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leatlon of outerodlocrophleolly-lobollod offoponta allows
obsopvatlon of tho noraal aoppholocp of tha faatupos.
Also, tha offoponts rssisin laballaO fop a polatlvaly lone
poplod aftop tpaeop injaetlon so aupvlval tIM doss not
poqulpo tha aawlpleal asaassaant upon whleh axpoplsMnts

dataetlnc dacanopatlon ara so dapandant.
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ROF«P*<IlISh P«POXIdMtt

Th« u«« ot e tp*eap taohnlqu* In th* fora of auto-
padlocFaphio dataetlen of axenally-tpanapertad laballad
mataplal olaaply poppaaantad a aathodelocloal pavolutlon
fop naupoanatoay. ita eeneaptlon oraatad an tntallaetual
and ppaotloal apup fo» ''tpaear taehnolesv'.

Daaplta Ita Innovatlvanaaa howavap, two ppaotloal
dpaMbaoka aooeapany Ita utlilaatlon. Pplaaplly. ita
uaafulnaaa la canapally oonflnad only to ldantlfloatlen of
offoponta fpoa Ita alta of appiioatlon. Ivan thla haa baan
ouastlonad wlth tha oonaaquanoa that data aay ba oonfuaad
by tha ppaaanoa of affopont laballlnc. Saoondly. tha
mathod of tpaoop dataotlon Involvaa vaploua "aanlpulatlva"”

and a palatlvaly lonc axposupa paplod.

Tha davalopaant of a aathod baaad on tha anayaa.
hopsopadlah popoxldaaa (RRP) avoldad thaaa ppaotloal
mannekltlaa« Additlonally« it allowa dlpaot obaopvatlon
of tha tpaoop la altu pathop than of an "avant** poaultlnc
fpoa Ita ppaaanoa. aa In tha ARO apppoaoh.

Tha oplclnal uaa of HKP In tpaot tpaolnc waa to
aupplaaant OAAT and dacanapatlon data by Idantlfylnc tha
affapanta to tha alta of Inlaotlon (pavlawad by Wlnap
1977). Tha davalopMnt of tha taohnlqua haa baan
ohponlolad alaoMhapa (Maaulaa 1982) but. bplafly. it
doplvaa fpoai axpaplIMnta on tha atablllty of tha ooaplax
opaatad batwaan IIP. Ita aubatpata and an Indax of thla

Pdadtlon (Stpaua 196A|] Opahaa 1 Kapnovsky 1966). Tha
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rasultins ev»liabillty ef < oo«p*rbtlv«ly r*pld proe*durd
fop histoohMiieAl ddtaotlen ot BRP and tha aubaaduant
obaarvation ot ratpocrada tranaport ef tha anayM in
aplnai «otor naupona (Krlatanaaon * Olaaen 1971) astab-
Ilahad tha viablllty ot HKP aa a naupoanateaileal traoap.
Latap iBppevaaanta In aanaltlvity ot tha dataotlen
ppooadupa and aaana ot faollitatlns uptaka hava ravaalad
an opthocpada eoaponant ot Intpa-axonal BRP tpanapopt and
tha aathod haa eenaaquantly avolvad to anabla diffap-
antlatlon ot both affapanta and affapanta ot a paptleulap
atpuotupa.

Tha HRP taehnlqua thapafopa eoablnaa axpadlant
faatupaa of Ita ppadaeaaaopa MIth advantacaa ef Ita ownt
1. Both. tha aoupoaa of affapanta to. and tha ppojaetlona
tram tha paclon of Intapaat ean ba da«onatpatad ualns a
alncla ppooadupa. 2. Tpaoap dataotlen lo a flpat-opdop
ppooaaa and tha hlatoehaaieal ppooadupa ltoalf ppovldaa
paaulta palatlvaly papldly and oonalatantly. 3. Tha tpaoap
appaapa to hava llttla op no laMdiata toxlo affaota on
tha naupona and tha nopaal MOppholOBy la thua auatalnad
and obaapvabla (Blahop B KInc 1982).

Tha Mjopity of tha axpaplaantal atudlaa papoptad
hapa hava utlllaad thaaa advantacaa of tha HKP cathod. Tha
datalla of tha vaploua faatupaa wlll thapafopa ba dlaouaa-
ad In datali baclnnlnc with aapaota of tha dataotlen

ppooaaa.
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HlstoehMilo*! d«t«otlen of HRP

Th« d*t«etlon of tronspoptod HRP N «itu 1«
AoeoBpllohod bv visudllalnc tho pooetlon botoon tho onsvao
s> it* «ubdtroto (popoxldo). Thla la Mdo poaalbla by tho
avatlobtllty of a varlaty of ooapounda (ehpoaacana) Mhloh
ioaot MIth tho onayM-aubatroto e«aplox ppoolpitotinc o
ooloupod pooetlon ppoduet ot tho aito of onxyBo ootivity.

A nuabop of opppopploto ohpoaosona hovo boon
oppllod to thla puppoao but tho boale pooetlona opo
alollop fop oli tho ppoeodupoa (Moauloa 1978).

HRP ¢ H,0J - [HRP.HgOj]
[HRP.HjOJ]1 ~ (CHR)H2 - HRP & 2H20 « CHR*

of tho ehPoai4(ona whleh hovo booti uaod opo
~ePlvotlvoa of bonaldlno. ond tho ponco uaod pofloota
ottaawta to Inepooao tho aonaltlvlty of tho hlatoehoalool
poootlon. Moxlaua aonaltlvlty la elooply noooaaopy In
opdop to optlalao tho doaonatpotlon of nouponol eonnoot-
lona.

Tho oplslnol hlatoahMlool aothod uaod Moa boaod on
dlaolnobonaldlno totpohydpoehlopldo (DAB) oa tho ohpoaocon
(Opohoa 0 Kopnovaky 1966). A nuabop of toehnlquoa.
Involvinc DAB but aodlfylnc oddltlonol popoaotopa of tho
Ineubotlon ppoeodupo aueh oa tho notupo of tho buffop, tho
FYWSABEHN I th* atoblllaotlon of tho pooetlon ppoduet.
aubaoquontly ovolvod (Lovoll B Lovoll 197Ai Adoaa 19771
Stpolt B Roubl 19771 Molacpon B Olaaon 1978).
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Oth*F d*Fiv*tlv«« «uoh M b«nEldlii* dlhydroehlerld*
(DcOlaea « B*Im £ 1977i Masulmi 1976). o-dlanlsldIn*
(D«OlHe« 1977) »nd o-tolldIn* (Soaosvl, Redcaon d talth
1979) h*vd aiEo bMn Intvodue*d. In «ddltion. non-b«nsld-
In* d«FlvdtlvM sueh m P-ph*nyl«n«dlaaln* and
pyroeataohel (Hankar. Yataa. Mata a Rustlonl 1977) hava
baan uaad.

HoMavar, in oeaparlsena of hlatoehaaleal aathoda
for HRP dataetlon (Masulan = Rosana 1979i Merpoll. Oraan-
bapcar d PfaYY 19811 Olsson. Apvldson. BavtaM, Patapsson
d Tancvav 1983) tha canapal oensansus has baan that tha
most sansltlva ppoeadupa Is that uslnc tatpaaathyl bans-
Idlna (TMB). anothap bansldina daplvatlvs (Masulaa 1978i
Hsrdy d Balaap 1977« Masulaa. Ba«apty. Barbas. Carson.
Ootfsp. Knapp. Moas d Hufson 198«).

Tha Intpoduetlon of thls aathod. as wali as
ppovldinc a aora sansltlva substltuta for pravlous
ehroaacans. providas a safar altarnatlva. Tha oareinocanie

oT bansldlna and savaral of its darivativas
a hasard In thalr usa. Tha praparatlon of totra-
aathyl bansldlna and its apparant laek of earolnocanlolty
(Bolland. Saundars. Rosa d Nalpola 197*1 Oarnar. Nalpola d
*975) thus providas a sultabla substltuta.
In «uantltatlva studlas. usa of tha TMB ehroaacan
was obsarvad to ba suparlor to othar aathoda as Judcad by
eounts of tha nuabars of parlkaxva saquastarlnc

ratroBradaly-transportad BRP (Masulaa d Rosana 1979«

72



Morr«ll. *t al 19BI1 Olaaon at al 1983). Additionally.
"dualltatlva aaaaaaaant ravaalad battar dataotion of
orthoBFadaly-tranapoptad HRP ualnc TMB than tha othap
ppoeadupaa. whleh In aoaa oaaaa, notably Miploylns tha DAB
mathod. fallad to daaonatpata affapant ppojaotlona. Tha
laok of aanaltlvity (ualnc DAB ppoeadupaa) fop tha quant-
itlaa of HRP Mhleh «apa opthocpadaly-tpanapoptad ppobably
aooounta fop tha Initial olalM that tha tpaoap twa not
alcnlifloantly tpanapoptad In that dlpaetion and thapafopa
eonflnad to a pola aa a patpocpada tpaoap.

Tha affaotlvanaaa of HRP aa a naupoanatoaioal
tpaoap ean thua ba aaan to dapand lapsaly on tha ohpoaacan
aaployad in tha hlatoehaaieal paaotlon, TMB balnc tha aoat
favoupabla. Tha affloaoy of TMB itaalf. hot«ovap. la
aubdaet to tha influanoa of a nuaibap of vapiablaa at
aueeaaalva atasaa In tha dataetion ppoeadupa. Optlaua
Bataetlon pallaa not only on tha ehpoaasan but alao on tha
eoneantpatlon of paacanta In tha anxynatlo Ineubatlon and
vaploua papfualon-flxatlon papaaatapa.

SInea tha Intpoduetion of TMB. tha paclaan of tha
aathod haa undapcona manipulation of a numbap of thaaa
faatupaa In opdap to obtain maxIMl viauallaatlon of tha
tpaeap location «hllat MInlmlalnc aptlfactual dapoaita.

Pplop to hlatoehamloal dataetion of tha tpanapoptad
tpaoap In tha tiaaua. a fipat paquipamant la vaaeulap
papfualon «lth a phyalelocleal aallna aolutlon. Thla ppo-

eadupa paaovaa apythpoeytaa fpo« tha elpeulatlon and la
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baokus* thalp andecanoua paroxldaaa aatlvity”
Mould othapMiaa oonfuaa op obseup.a- tha axpaplmantal—a'at'a"]
Ppavloua adalnlatpatlon of aodiu«®_hapapln (op addltlon"t6""
tha papfuaata) la fpaquantly uaad. tlo %ﬁ itai;:a thi(jl\—. . .
»emoval and paduea tha poaaib-lilt-"f olf. 'élog,_lﬁc-.’é t

Tha natupa and eoneantpation of"tha flxatlva
aubaaguantly papfuaad thpouch tha tiaaua h*~baan found in
a nuabap of ocoaaaa to ba an iapeptant”"~dE~r«Iniant of tha
ehPOMcanio aanaitivity. Savapal papolrta®ai ¥Ka""iflfaota of
aldahyda fixation upon HKP dataotien”.dusétfaCij"hat iX
papafoPMldahyda (In eoabination Mi™taM*ciutlipaldahyda)
ppaaapvaa anavM aetivlty and italauiaMuafiis™aetion
ppoduot whapaaa cpaatap eoneantpa“tioAMMf M pafoPMIdahyda
lIdaaana tha poaaibllltlaa of dataetion™H™onaa a Laavitt
197*1 Kia a Stplok 1976i Malaspan a Olaaon 1978).

In a eoawapiaon of fixation vaplablaa (Roaana a
Maaulaa 1978). it haa baan found that axtandad axpoaupa to
flxatlva (12 houpa) abollahaa HRP notivity In -«"y
nauponal populatlona. Alao. axeaaa. unbound flxatlva maa
obaapvad to Inhibit tha hlatoehaaloal paaotlon ltaalf. Zn
eontpaat, It haa alao baan papoptad that fixation paploda
of up to *7 houpn hava no datplaantal affaeta on dataetlon
of patpocpadaly-tpanapoptad BRP (Hoppall at al 1981).
HoMavap. thla mopK aada no aantlon of tha poaalbla
eonaaquanoaa of axtandad axpoaupa to flxatlva on tha
dataetlon of KRP tpanapoptad aoMtofucally.

In canapai, a aolutlon of IX papafoPMldahyda-1. 9X

7*



slutar*ld*hyd* in <.iM phosphnt* buffpp *t pH 7.* op 2,5%
slutnrnldphyd« In th* buffdp im uva«d for fixation. A
podtpopfuaion iMoraion in fpoah flxativa fop two to foup
houpa la fpaquantly addad.

Aa fpoaan aaetlona apa canapally paqulpad.
~emmeifalon in 2d-3PX auepoaa aolution fop opyoppotaetlon
ppaoadaa aaotioninc on a fpoaainc Biepotoaa. it haa baan

that axtandInc thia paplod to aavapai daya haa
no dalataploua oonoaquaneoa fop tha aanaitlvity of tha
hiatoohaBieal paaotlon and My in faet ppovlda lappovad
moppholocleal datail (Maaulaa 19>2). Aftap euttinc. tha
aaotlona ara pinaad in phoaphata buffap at pH 7.4. Thay
**e atopad at thia ataca fop aavapal daya ppiop to tha
paaotlon baoauaa tha tlaaua-bound anayaa aotivity la

atabla at a nautpal pR valla.

Coppaet Banacaaant of tha paraaatapa of tha
aaotlona* anayaatio ineubation la elaaply opuelal to tha
coal of obtainlnc optlBua dataetlon. Vapiatlona in incub-
ation tlaa and paacant ooncantpatlon paault in aicnificant
diffapancoa in tha axtant to Mhloh tha anxyaa ean ba
FSSRADR > Ja addition, thaaa daviationa ean paault in

dacpaaa of ineonvanlant aptlfaetual dapoaita.

Thd aaaantlal faetopa paquipinc oontpol ineludai

a. Buffap idantlty and pB valla.
Savapal oonatanta of tha paaction aquation vapy

wp***Nly wlth aeld-baaa balanea affaetlnc tha dacraa of
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pp«olplt*tlon ot ehPOMac*n. Fop TMB < pB v»lu* of «bov*
9-B d«pp«s««a eenaltlvity Mh«p«M pH2.9 op b*low »ffbets
th* tissu* Int*BPIty. Ae*tst* buff*p *t pH3>3 Is ususlly
eaploysd (Mssulsa 1982).

b. Aleohol eono*ntr*tleni

A numb*p of ehPOMsons (InoludInB TMB) sr* viptusl-
ly Inselubl®* In squsous MdIl* *nd th*y sp* th*p*fop*
dIssolvAd In sleohols. Betf*v*p. In th* oss* of TMB, th*
ultlHst* ppoduot ot th* hlstoohMiiesl p**atlen Is
s*nsltlv* to sleohol pp*s*no* *nd so * bslsne* b*ttf**n th*
twin p*dulp*Mnts of solubllislnc th* ehpo«*c*n whllst
svoldInc d*pp*sslon of th* ov*p*li s*nsltivity is
psdulpsd. Thus, **eh 19*s. of TMB is initislly dissolvsd
in 7.9*1. of *th*nol (Mosuls* 1978). This ***ts th*
solubility p*Quips*snt *nd th* oone*ntp*tion of othsnol is
eonsid*p*bly p*due*d Mh*n th* solution is *dd*d to th*
p**etion **diu*.

a. T*ap*p*tup* of th* p**etlon sMdlua.

Xn * si*il*p **nn*p to othop *nsy**s, BRP «otivity
is t*ap*p*tup* sonsitiv*. R**etion *t pooa t**p*p*tup*
(19-23*C) hss b**n found to b* eonsistontly sueeossful.

d. Ineubstlon poplod.

Dupstion of Ineubstion poquipos s eoapposils*
b*tw**n mexiaislnc BRP dotoetion *nd *101*1*10« *ptlf*et
in th* bsekcpound. P*Plods of p**etlon whleh *p* too shopt
posult in d*pp*s**d sonsltlvity *v*n if *dlust**nts In th*

t**p*p*tup*. snd th* eono*ntp*tlons of substpst* snd
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ehroMcan «r* m*d* to eoapMsata for th* brl«f «xpoaur*.
Ixt*nd«d Inoubbtlon pbpieds. on th* othap hand. bava baan
daaMnatpatad te inoraaaa tha spuplous artlfaetual

dapealta. A twanty-atnuta paaetton tlaa haa ppevad to ba a

aultabla balanea bat«(aan tha tMo naada (Nasula« 1978).

a. Subatpata eoneantratien.

Althouch tha praaanoa of tha aubatrata. HjOj. la
elaarly naeaaaary fop tha dataetlon ef tha anavaa RKP. tha
ppaelaa ooneantvatlon raoulrad fop optimi« vlauallaatlon
appaara to vapy amonsat tha nuaapoua ppaparatlona to Mhloh
tha mathod haa baan appllad. Asain. tha balanoins aet of
dataetlon varaua aptlfaot muat ba eonaldapad and tha
appropriata ooneantratlen aaaaa"aad from trial axparlaanta.

f. Stabillaation of tha raaetlon preduot.

Xf tha produet of tha raaetlon batwaan anayma.
aubatata and ohromacan la not atablltaad it rapldlv
dlaappaara frea tha aaotlona. Tha praolaa oauaaa ara
unolaar but tha addltion of aodlua nltropruaalda (nltro-
farrleyanlda Ma2Pa(CN),NO) te tha inoubatien aadiua
pravanta thla tranaianea (Straua 1968). Tha aaaa ooap-
bbmlaa batwaan Inaufflolant and axeaaa alao appliaa to tha
eonoantratlon of thla raacant In tha atabllialnc aelutlon.
Nenapaelfle praelpltatlon of raaetlon preduot oan ba
daoraaaad by raduetlon ef tha nltrepruaaida ooneantratlen
but thla may alao dapraaa ovarall aanaltivity (Maaulaa
at al 1989). Caraful adduatmant towarda tha optimum

eonoantratlon la.thua a«ually Impertant at thla ataca in
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th« d*t«etlen pfooms. a solution eontslninc !'mmm«. sodlua
nltpoppuasido In 92.5m1. distiliod HMO and 5«1. t.2M
aootato buffop at pB3.3 (op aultlplaa thapaof) baa baeoM
a atandapd eoablnatlon (Naaula« 197S).

Pplop to thla ineubatlon-atablllaatlon paaetlon tha
aaetlona apa axpoaad to a ppaaoak In an aqulvalant Mdlua
but axeludlns tha aubstpata. Althoush tha naocaaaity of
thla ppooadupo doaa not aaaa to hava baan aaplpleally
avaluatad It doas appaap to ba Intultlvaly aound, allowlnc
®ux*Plata Inflltpatlon of tha tlaaua by tha paacanta In

advanea of anaymatle Incubation.

Raocantly. vaplants of tha atablllalnc aadlua hava
baan Intpoduoad fop dlffapant paaaona. Dua to tha ppasanoa
e nltpoao (BO) cpoup, sodium nltpoppusalda Ineludas a

toxle potantlal and in labopatoplas whapa tha BKP mathod
la oftan amployad tha hasapda apa aalf-avldant. Potassium
fappleyanldax K3Pa(CB)gt has baan shown to ba a aultabla
atablllaln« acant. its usa avoids tha dancap
of nltpoppusslda whilst patalnlns tha ability to stabilisa
tha paaetlon at low eonoantpatlon with low lavais of baok-
CPound aptlfaet (Albaps. Klooatap d van dap Want 19SA).
Anothap modification has boon succastad fop
whan tha BRP mathod Is combinad with
iwwnohlstoohamloal ppoeadupas paqulpad to visualisa
spaelfle naupotpansmlttap locations. This davalopmant has

baan nacassapy bacausa tha vaplous papamataps fop optimum
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d*t*etton of HRP In tho «ootlono nr* not conor*lly
eoapotlblo with thooo roqulpoO for MInton*noo of m x Ibub
IH*unopo*etlvlty. Tho Mothod Introdueod for mtablllainc
tho TUB roMtlon produot In thi* doubl*-I»bollins
toohnlqu* Involvo* a furthop Inoubatlon with th* Bubstrat*
In ooBblnatlon with OAB ehPOMsan and a haavy aatal
solution (oobalt) fop Intanslfleatlon (Rya. Sapap d Walnap
19s*)= Thla ppodueas a TMB paaotlon ppoduet which Is not
only stabl* whan axposad to alcohols fop lone paplods but
also In aquaous solutions at nautpal pH valua. Tha
sansltlvity la also ooapapabla to tha standapd TMB
ppocadupa. Dua to tha stability In alcohols, this aathod
may also baooaa poutlnaly usad to ppavant loss of paaetlon
ppoduot duplnc tha dahydpatlon nacassapy fop lone taps
ppasapvatlon of standard TMB-paaotad saotlons.

It Is quits avldant than, that a craat daal of
affopt has baan davotad to waxIMIslnc tho sansltlvity of
tha hlstochoaloal ppooaduras for tha dataotlon of
tpanspoptad HRP. Tha SMthodolocy has procaadad throuch a
nuBbap of davalopBontal stacas and It would saaa llkaly
that captain of tha varlablas will ba continually aubjaot

to "flna-tunlnB".

As oonoarns tha actual obsapvatlon of tha TMB-HRP
paaotlon product at tha llcht MIcposooplcal laval. various
optical syatMM hava baan utlllsad to optlalsa Its

contrast with tha adiaoant unlaballad tlasua.
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A quMtltAtlv* ooapArlsen of brichtfiolO vovoua
dArkflold 1lluMliiAtlen dooa not oom to bo ovolloblo and
tbo conopol laproaolon la that tho vaploua Invoatlsatora
diffop In thalp ppofoponooa. Homovop, tha dapkcpound
eontpaat apppoaoh doaa appaar. at laaat aubdaotlvalp. to
offap aupaplop datoetlon of tha aaallap aeotmulatlona of
~NAotion ppoduot cpanulaa. In eonaaouanoa, thla la oftan
aaployad to pavaal opthospadaly-tpanapoptad BKP. Tha uaa
of polaplaatlon alopoaeopy la spowinc baeauaa It haa baan
found to ba avan aopa afflolant at pavaallnc tapalnal
ppodaotlona «han TMB haa baan aaployad aa tha ohPoaMcan.
Thla apppoaoh la not aultabla fop dataotlon of DAB
paaotlon ppoduot hot«avap. aa thla doaa not potata tha
plana of polaplaad licht (Baaa A Sohnaldop 1981).

Altapnatlvaly, bplchtflald eontpaat la aaaontlal to
obaapva laballad naupona In palatlon to tha eytoapohltaet-
onloa of thalp eountapatalnad baekspound. In addition, and
aapaolally In tha oaaa of patpocpadaly-laballad paplkapya,
bplchtflald Illualnatlon aakaa avallabla aopa of tha
moppholocloal datalla.

Tha vaploua fopaa of oontpaat thua hava thalp
Individual advantacaa and dlaadvantacaa. and tha oholoa
bat»*aan tha altapnatlvaa la covapnad by tha faatupaa of

Intapaat.
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Tr*e*p d*liv*py *nd Injdotlon alt«

A dlaouaalon ef thaaa aubjaeta In eonjunetlon la
palavant baocauaa thap# la a dlpaet eauaal palatlonahlp
batttaan nathoda ef dallvapy ef tha tpaeap and tha axtant
ef tha paaultant Inlaetlen alta. Tha oenelualena fpe« an
expaplaant aapleylnc tpaoap aathedelesy apa Inaxtpleablv
Ilnkad te tha veXiuaa ef tlaaua axpeaad te tha tpaeap
eeapeund. If tha alta ef dallvapy invelvaa an apaa ep
apaaa net Inoludad Mithin tha ceala ef tha Invaatlcatlen.
tha axpaplaantal paaulta aay Ineeppepata 'oentaalnatad**
d*ta. Pep thla paaaen, aueh b»pa la paqulpad te eentaln
tha tpaeap Mithin tha IMljilta ef tha atpuetupa balns
atudlad.

A datallad and lueld aeeeunt ef tha faotepa Mhloh
Influanea tha alaa ef an HRP Inlaotlen alta haa baan
ppevldad by Maaulaa (1982). HeMavap. a aiuBaapy ef aeaa
alsnifleant pelnta MIIl ba palavant In tha eentaxt ef tha

felleMIns dlaouaalen.

Plpatly. abaeluta dlaoplalnatlen ef tha veluaM ef
M*phua fpea Mhloh uptaka and aaaeolatad tpanapept ef
appllad HRP ppeeaada la net atpalshtfepMapd. Phyaloal and
ehaaleal ppeeaaaaa aubaaquant te Injaetlen uaually
ppaoluda a daflnltlva avaluatlen.

PelleMInc hlateehaaleal ppeeaaalnc, tha eplslnal

alta ef adalnlatpatlen ef tha axecaneua HRP la canapally
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eba«Fv*d to h*v* mi Intana*ly-1*b*l11*d eantral ion* i«h«pa
mopphelosloal f*«tup«a ar« Indlatlncutshabl*. On th*
PbPlphbpy of this. Md oxtondInc tor vovplns podll. la a

raaotlva poclen Mbapo naupal faatupoa mpo vlalbla but
nonathalaaa ohapaetoplaad by a spalny dapoaitlen of
poaetlon ppoduet.

Obaapvatlona of tha axtant of tha Injaetlon alta
hava pavaalad dlatinot dlffapaneaa follotfinc ayatoMtlo
vaplationa of aupvlval tl»ao (Badpoan = Moapath 1977«
Vanasaa.Hollandap ft Dlatal 1976« Pahpbaoh. Hoppall. ft
Ffaff 1984). Tha alaa paaehaa a mawlwiw Initially and than
daopaaaao with tlaa (poaalbly dlaappaarlnc altocathap In
axpaplIMnta paqulplnc lons auirvlval paploda). laavins tha
diffuaa paaotlon ppoduot auppoundlns tha danaa eopa. Soaa
ftiffaranoaa axlat batwaan tha atudlaa as fap aa tha
ppaelsa tlalns of thaaa avanta la ooneapnad but tha
sanapal pattapn la oonalatant. Tha m x Imub sppaad saaaa to
oooup pplop to tha flpst 6-12 houpa, followad by a papld
eontpaotlon to a padlua of possibly ona thlpd o, ona
duaptap of saxIftiMa aftap 2ft houps.

Tha actual voluaa of tlaaua Initially axpoaad to
tha tpaoap la thus ppobably sipaatap than that olpeua-
aoplbad by tba apaa of donsa paaotlon ppoduet. Tha
diffuaaly paaotlva suppound aay pappasant a eoablnatlon of
tha paal axtant of axpoaupa plus looally-tpanspoptad
tpaeop.

Hotfovap, aosM confusion oxlats aa to tha Halts of
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th* «ffAetlv*, or funotion*!. transport son* MitMn th*
oba«pv*bl* Injpotlon alt*. Bob# atudlaa suuaat that It
eoprasponda appvoxIMtaly to tha pacien of Intansa
paaotivltv (Jenaa a Laavltt 197ti Vanasaa at al 1978t
Masulaa 1982). Othaps hoMavar bava ppopoaad that tpanspopt
ean oeoup fpoa both tha innap paslon and tha outap diffusa
sita (Hadpaan a MeGpath 19771 Ahlsan 1981). Uptaka fpoa
tha outap tona la not unllkaly baeauaa andoeytoala of tha
mnmymm has baan daaonstpatad as papldly aa 15 alnutaa
aftap applloatlon (Tupnap a Happla 1978), l.a. at a tlaa
Mhan tha axpandins Injaetlon alta aay ba attalnlns Ita
Mxlaua alta (Fahpbaeh at al 1988). To add to tha
Intapppatlva diffieultiaa, axonal tapalnala, dandpltaa and
paplkapya aay diffap In thalp ablllty to Inooppopata HRP
(BpoadMal d Bplshtaan 1977).

DafInltlva avaluatlon of tha affaetlva alta of
Inlaotlon la thua dlaputabla aapaelally MIth lanathy
aupvlval tlaaa. Xn opdap to avold ovapaatlaatlon of
affapant op affapant oonnaotlona It la lapoptant to nota
that, aftap hlatoohMtloal ppoeaaalns, tha tpua alta of
tpaeop adalnlatpatlon aay not ooppaspond to tha iMtadlata-
ly daaonatpabla paaetlon ppoduet. If any ovapaatlmatlona
apa to ba aada, thay ahould ba dlpaetad towapda tha axtant
of tha paslon axpoaad to tha tpaoap.

Tha aansltlvity of tha hlstoohaaloal ppooaaainc
Itaalf la alao opuolal to tha datapalnatlon of tha affaot-

Iva Injaetlon alta. Aa alpaady ahown In tha dlaeuaalon of
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trM«r dctaotion, th* d«cr«* of vlaudllaatlon of trana-
portad HRP variaa with dlffarant faatupaa of tha proeaaa-
Inc. Bvaluatlon of tba aona of uptaka la aqually
influanoad by tha aaaa paqulraaanta fop optimal dataotlon.
Tha uaa of laaa aanaltlva mathoda would probably raault In
an undaraatlmatlon of tha apraad of tha traoap at tha alta
of adalnlatpatlon.

In addition, aqulvalant optical eondltlona ara
naadad fop mlopoaooploal obaapvatlon of tha raaetlon
ppoduot at tha Inlaetlon alta aa ara naoaaaary for optimum

dlaopImlnatlon of tha raaotlon product of tranaportad RRP.

Conoarnlns tha varloua maana of application, a
Croat daal of attantlon haa baan dlraetad towarda thla
laaua bacauaa tho actual mathod of dallvary datarmlnaa tha
primary dlatrlbutlon of tha traocor. Thla Initial aproad la
Influancad by tha conoantratlon of tho tracor and tha
alactpoatatlo and hydroatatlo forcaa on Ita molaoulaa
(Moaulam 1982). Additionally. In tha oaaa of praaaura
Injootlona, tha voluma and rata of ajaotlon will affaot
tha ImiMdlata dlatrlbutlon. Tha craatar tha voluma and tha
faatar It la Injactad. tha wldar tho apraad of tracar In
tha tlaaua.

A varlaty of ayataaM hava baan davalopad for tha
"Inlaotlon” of tracar aubatancaa, ooma almplo and othara
of a mora alaborata daalcn.

Tha oonatralnta placad on tha daalcn of auoh a
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myst*M

1. Stablllty of tha Injaetlon apparatus.

Thla la partleularly palavant to ppooaduras Involv-
Inp Injaetion into oantral napvous altas. Kara, avan
mlIcht Bovaaant duplnc applloatlon aay paault tn alsdlpao-
tlon of tha tpsoar and siso causa tlssua dasMca thus
affaetlvaly tncpaaslns tha daslpad sisa of tha Inlaetlon
sita op avan laballlns tha tfronc sita.

On tha othap hand, tha systaa naada to Inoopporata
manouvpsblllty In opdop that It aay ba aeeupstaly
poaltlonadi stapaotaetically op othapwlsa. In a nuabap of
altas. Thasa paqulpasants can ba aat by aountlnc tha

Inlaetlon davlea In a plcld alopoBanlpulatop.

2. Aooupata eontpol of Injaetad voluaa.

Zt Is elaaply daslpabla not only to aaploy a systaa
«*hloh ppovldas a aaans fop datapalnlnc tha voluaa of
tpaoap adalnlstapod but also allows pallabla duplloation
of that voluaa.

In tha slaplast oasa. ooaasapolally-avallabla, low-
voluaa. oallbpatad alcposyplnsas can ba usad to thasa
anda. Howavap. tha outslda dlaaatap of tha naadla Is lapsa
and, in aany Instaneas, duplns panatpatlon of tha apaa of
Invastlsatlon la thapafopa llkaly to causa daaasa of
flbpas. An addad dlsadvantasaoua faatupa of thalp usa la

tha tandanoy fop tha tpacap to laak baok up tha naadla and
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thua «xpo** a lar«* voluma of tlaaua In Irpalavant araaa.

Tha uaa of aueh davleaa la oonaaQuantXy llaltad ulnly to
Inlaotlon of HKP Into aupapflolal CHS aitaa and paripharal
atruetupaa.

Pop daapap CHS poclona, ayataau nava baan fabplo-
atad ualnc aiepoplpattaa baoauaa of thalp aMlilop tlp
Memetapa. Thaaa aay ba attaohad to a ealibpatad aoupoa
dlpaotlp (Plah a Rhoadaa 1981) op Indlpaetly (Shlpiay
1982) P Maaupoaant of ajaetad voluaa oan ba aada by
vlawlnc tha HRP aanlaoua thpoush a dlaaaetlnB alcpoaoopa
flttad wlth a aaaaupInB patlola (Sapap 1983). Altapnatlva-
ly, voluaa oan ba datapailnad MIthout obaapvins tha fluid
by ualns a atapplns alopodplva to dappoaa tha plunsap.
8alatlns tha known aovaaMnt of tha pluncap to tha Intapnal
8la«xatap of tha alcpoplpatta allowa a oaleulabla quantlty
to ba ajaetad (Mayapa a Snow 1981).

Tha aaln aoupoa of ppoblaa aaaoolatad wlth tha uaa
of thaaa aopta of plpatta-baaad davloaa la bloekaca. Thla
oan ba ovapooaa. navapthalaaa. by bpaakln« tha tlp to alvo

e wldap dlaaMtap thpouch whloh dallvapy la unobatpuotad.

3« Ppaelaa oontpoi of Indaetlon pata.

Soaa of tha davloaa alpaady daaoplbad hava tha
oapaolty to allow alow ajaotlon of mp into tha tlaaua.
Tha uaa of a alopodrlva In paptleulap ppovldaa palatlvaly
fina control ovar tha rata of dappaaalon of tha pluncap.

Othap aaaaabllaa ualnc pnauaMtloally- op
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hydraulio*lly-s«n«F*t«d pFdaaur* hava baan davalepad which
Siva Quantlflabia eontpol ovap Infualon pataa (a.s>
MaCaaan. MoKanna S On© 1977; Aaapal a Pplea 1983;

Taaaaakl. Matanaba S Nolyo 198«).

Tha laaua of tip blookasa la avan aopa palavant In
thaaa ayataaa aa It would produca a tpanalant, but
alsnilflcant, plaa In ppaaaupa which whan palaaaad aay
eauaa adactlon of a particularly larsa voluaa of RRP.
RIsoroua preparation Includlns filtration or oantrlfus-
atlon of tha tracer are thua required whan aaploylns thla
approach.

So. In sanerai, althoush these latter aystaaa
appear to be superior aachanleal davlcaa. efficient
control can be aocoapllahad uslns tha "alorodrlva Method".
With sufficient care and patience, reproducible nanolltra
voluMes of HRP May be Injected at a rate which avoids
reflux alons the channel created by tha advanclns Mlcro-

syrinse.

lonophoresls

The deposition of SMall volumss of BMP Into altea
situated deep In the CMS la frequently acooMpllahed by
utlilslns the lonic charse of the IUtP Molecule In solution
(Orayblel S Davor 197«). The paasase of current throush a
MIcroplpette contalnlns BPP In a salt solution resulta In
the delivery of the ensyMe to the reslon surroundlns the

tip of the MIcroplpette. The quantity of HRP deposited In
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this MAnnsr Is dapsndsnt upon ths euppont isvsi and tha
tlaa fop which It Is applladi a spaelflo euppant valua
dallvaps ispsap quantltlas of HRP with Inepaasln« paplods
of tIMa. An advantaca of this aathod Is that vapy saall
voluaas of tha tpaeap oan ba dallvapad and eonsaquantly,
Inlaetlon sltas ean ba paptloulaply punetata.

In addition, althouch tha localisation of a
paptlculap atpuctupa within tha CHS oan ba falply
acoupataly aoooapllshad by stapaotaotlo Mans, alaotpo-
physloloclcal localisation Is aopa ppaolsa. Thus, tha
pasponsa of tha paclon undap Invastlsatlon ean ba
monltopad by paoopdInc thpouch an mp-flliad Mlopoplpatta
and whan tha pasponsa has baan optlmlaad tha lonophopatle
euppant Is appllad, in this way tha llkallhood of
aeoupataly dallvaplns tha tpaeap Is cpaatly Incpaaaad.

Tha lonophopatle adsilnlstpatlon of tpaeap also
allows tha usa of sMllap tip dlaaataps than aaohanleal
davleas uslns Blepoplpattas. In eonjunetlon with a nappow
shank this apppoaeh alnljBlsas any »aehanleal daaaca to tha
stpuotupa undap Invastlcatlon. Consaquantly, it also
daepaasas tha Ilkallhood of dlspuptlns axons aapaly pass-
ins thpoush op elosa to that stpuotupa,

Ivldanea sussasts that axoplasale Ineoppopatlon of
HkP papaly oeeups via Intaet axonal aupfaeas (Lavall S
Lavall 197*). In eontpaat, HKP is paadlly takan up and
tpanspoptad by tha axposad axoplask of damacad axons

(=**Ike*e" e Olsson 1979), Thus, It Is quits avldant that
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tr*e*r d«llv«nr pvoa*duv«s Nhloh also lapart tlaaua daaaca
may laad to data eontaalnatad with "fibpaa-of-paaaaca**
labal.

This flbra-of-paaaaca ppoblaa la elaavly a evltleal
Ib*ua to ba eenfrentad fop aeeurata datanalnatlen of
nauponal oonnaotlvlty. Thapafopa. fop tha puppoaas of
tpaelnc tha eonnaetlona of atpuetupaa lylnc daap within
tha CMS. tha dallvapy of HKP thpouch flna-tlppad alopo-

appaapa to ppovlda tha optlaua aaana fop alnlals-
Inc tha ppoblaai. Althoush aaohanloal davleaa aoulppad with
mlopoplpattaa apa uaad, tha baat apppoaoh. In tapws of
aeeupaoy of dallvapy and ninlwal daaaca. Is ona utlllslns
*"*A"PbPhyslolocloal looallsatlon of tha palavant stpuot-
upa with subsaouant lonophopatlo BRP dallvapy.

Ona of tha malop advantacas of tha lonophopatle
apppoaoh la tha facility to ninlwlsa tlssua dlspuptlon by
tha usa OF a vapy sMIl tip dlasMtap. It would thapafopa
ba eountapppoduetlva to nacata this advantaca by uslnc
hlch ouppant valuas fop HRP dallvapy as thay wlcht ppoduoa
tlssua daaasa. Cuppants of SfiA op balow ara sanapally usad
fop axtpaoallulap lonophopasla.

Tha Min ppoblaai asaoelatad with this Mthod of
dallvapy is blookaca at tha tip of tha wlopoplpatta.
Bowavap. this oan ba ppavantad by avoldinc tha usa of hlsh
eoneantpatlon HKP solutions and applylnc tha ouppant In
pulsas pathap than eontlnuously. Altapnatlvaly. mlopo-

P~AB****h with lapsap tip dlaMtaps ean ba aavloyad but
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*e*le |*tt*r optlen e*n Inep*M* th* ohMOM of
"flbrps-ef-pMsac*".

Th*p* PM etitpp MM P by Mhleh BRP o«n b* ppplipd.
A* b ppptb It epn b« pdalnlatbppd te puperfiolpl site*,
for «xMple, on thé end of an Inaeet pIn (e.c. Plncep
1978). In thlp eemlaoclld atete it ean alae ba appllad te
tha eut and of a tpanaaotad fibra bundla (a.p. Kata b
etartan 1983). BKP pallata or *ohlpa** bava alae baan
oraatad for alallar purpoaaa by allowinc tha aa«iaelld
traear to dry to a aelld aaaa and than fracaantlinc It tnto
tha raqulrad ahapaa and alaaa (a.*. OrlffIn. Watklns b
Nayar 1979).

Tha advantacaa of thla fera of tha traear. aa
oppoaad to aquaoua aolutlena of mp. for auparfletal or
eut-narva applleatlona ara twofold. Piratly, tha
"eetPbPlbontal' alta la axpoaad to tha va avallabla
eeneantratlon of tha ansyaa and aaeendly. tha aurroundinc
aurfaoa of tha braln or nalchbourlnc atrueturaa ara not
bathad MIth traoar-ladan fluid.

Maxlaua eeneantratlon of WP at tha Injaetlon alta
“eA blbo ba obtalnad by Inlaetlns tha traear la Ita
eryatalllna fora (Wallar b Salth 1981). Acaln, thla aay
*<wm N adequata for laballlnc atrueturaa naar tha aurfaea
of, or eutalda, tha CNS. but axpalllnc eryatalllna HRP
dlraetly late daap altea doaa net allow eentrel ovar
voluaa or dallvary rata and la llkaly to dlarupt tha

tlaaua In tha area of Inlaetlen.
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A dlaxdvMt«c* of oppiyinc solid ppoporotiono of
WP to nopvoua tlsouo My bo tho ppoooneo of oaaotto
fopooa tandInc to dohydpoto tho tlssuo auppoundinc tho
alto of oppllootlon. Zn thoso olrouastanoos, tho Intocvity

***e oaupona undor Invostlpotlon My bo ouoatlonoblo.

Tpooop uptoko by nouvona

dollvovy, tho offlelont Inooppopotlon of BKP
Into tho physloloclool transport MohonlSM of tho ooll la
oruelol for Its ovontual dotoetlon. Tho ultIMto
offleloney of tho Mthod rolloa on Intomollalnp os oueh
troeor os posslblo Into tho nourona undor Invostlsotlon In
ordor to optlalso Ita hlatoohooleol dotoetlon. That la.
e tho ooll tokos up. tho Moro llkaly It la that
aufflelont «uontltlos will bo tronsportod.

Tho dollvory of ntp into tho oxtrooollulor spoeo
rosults In uptoko by tho parlkoryo or axonal tonalnals
@xttor dke eyvallablo avldoneo auccosts that this Ineorp-
Fossk® Into tho eoll la dopondont upon Fluid phaao (bulk)
ondooytosls (Trelanotfskl. Oenatas * Oenatas 1981). Thus.
It la a passlvo uptako proeocas Hhloh la a eonsoquonoo of
tho oncelnc ondeeytotle aetlvlty at tho plosm oMbrano.
Tho UtP traocor la Ineorporatod sloultanceusiy with ethor
oxtraocol lular eonatltuonts and no apoolfle biIndInc with
Mobrano altos la Invelvod (Hosulaa 1982). Tho volum oOF
traoor takon up by oolla thoroforo appoars to roly on tha

®P ondooytotlo aetlvity ooceurrinc.
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*x pvope**« that tha aaount of andeeytotlo
aotlvlty takinc plaoa at tha MMbraaa supfaocaa of naurons
la poaitlvoly oorrolatod with tha lavai of nouronal
aotlvlty (Hauaav a Roaaa 1973). Hotfovop. In aany axpopla-

altuatlona. alovatlon of tho laval of aettvity in
opOop to faollltata tha Inooppopatlon of tpaoop la not
ppaotleabla.

Xnataad. In axpoplaanta Mhopo It haa boon naolVoti
advantacooua to aptlflolally ausaant tho noPMI uptako
Mohanlaa. a ""moloeulap"™ apppoaoh haa baon followad. Thua.
tha adalnlatpatlon of poly-L-opnlthlna (Xtaya. NIlIllaM a

1973). dIMthylaulphOKldo (Kaafop 197S) op lyao-
loolthln (fpank. Rappla d Kannody 1969) In ooablnatlon
with mp haa boon ahown to onhanoo tho hlatoahaad.eal
dotoetlon of tho tponapoptod tpaeop. Thla ppoauMbly
poaulta fpo« tho faollltatlon of uptako of BkP whopoby
*p*n**p guantltloa of tho tpaoop apo Inooppopatod Into tho
polovant noupona.

Tho ppoelao aoana by which thla onhanood uptaka la
aeooapllahod la unoloap. but tha natupo of tho ooapounda
and tho oonoontpatlona In whleh thoy opo appllod apo
11koly to dlapupt tho Intocplty of tho eoli — -rintt. Tho
tpooop would oonaoQuontly havo dlpoot aococcaal to tha
Intoplop of tho ooll.

koaopdlna tho uao of thoao addltlvoa, a oautlonapy
nota doaopvoa oontlon. Plpatly. if tholp faollltatlon of

tpaoop uptako la Indood dapondant upon dlapuptlon of tho
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e«ll murfM*_. th* nevMl funatlenlnc of th* a*ll alcht b*
exp«et*d to b* eeapvoalbbd. A* buah. th* p«aulta darlvM
bueh « prapavAtlen oeuld b* Mppiy «rtafAetuAl

produetb of tho aothed.

Sooondly. tho diopuptlon of Mabponoa ««lthin tho
poplon of odalnlatpotlon lo unllkoly to bo oonflnod to
thoaa of povlkovyo op tonalnalo. AxoloaMl aupfoooa — r
N &% T+ prono to doMco. Ao provloualy notod, ovldoneo
auccoata thot andooytotlo uptoko of BMP dooa not oooup ot
tho aupfooo of Intoet oxono (LoVoil A LoVoll 197A).
Thopofopo. In on oxpopIMnt In whloh BMP la uaod wlthout
FAASANVNELH oaaiualns no aochonlool daaMCo duo to tho
Injootlon ppooodupo). lobolllnc of flbpoa-of-poaaoco by
Ineoppopotlon Into tholp oxopléaa oon conopolly bo
dlaoountod. Xf oddltlvoa mopo Inoludod hotfovop. thla
oaauavtlon alcht bo Involld.

*ho Altoraotlvo offoet of thoao oddltlvoa
moy bo aololy to oucaont tho nopaol ondooytotlo ppoooaa.
Xf thla MOPO tho eoao hOMovop, noupona on tho poplphopy of
tho doXlvopy altOi Mhleh Mould othoPMlao Ineoppopoto
Inaufflelont tpooop fop aubaoquont dotoetlon, any bo
Involvod. Xn thla eoao tho ootuol InXootlon alto MouXd bo
oxtondod.

Tho oddltlon of thoao oddltlvoa to tho tpoeop
aolutlon aoy thopofopo ppovldo «uoatlonoblo odvonto«oa fop

Appllootlona. Tho aoat plcopoua opppooeh to tho atudy

of oontpol nopvoua oonnootlona Mould aooa to Involvo tho
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u*« of BRP alon*.

Application® In th® poplphop®! nopvou® ®ystc*

®ddItlve® for tp®elnc oenn®etlon® of
p®plph®p®iiy- ooupsinc n®pvR« ®nd th®lp bponoh®®, hoMEvVep.
n®«d not n®o®Ra®rliy b® poatrlictod by th® mea® ilaltat-
lIon®. Nevepth®Ie®o. de®Ilvepy of HRP piu® additivo into
mtpuotupo® Innopvatod by thoa® nopvo® rosult® In 11ttl®
Ne**@**n1* Jabol In th® oontrai projootlon® of th® pplaary
=onaory affoponta.

Th® nopv® bundloa ap® fpoquontly aaonabl® to
aupcloal oxpoaup®. Aa aueh. tpanaactlon of th® bundl® and
applleatlon of tpaeap to th® out ®nd la poaalbl®.

Fop th® puppoa® of tpaeinc aotop noupon aoupcoa,
th® applleatlon of HRP aion® to th® out ®nd and Ita
aubaacuant potpocpad® tpanapopt to aocM la afflelant. in
th® oaa® of pplIMpy aanaopy affoponta hoMovap. th®
axpaplaantal altuatlon la not aa atpalchtfopwapd. BRP
adalnlatopod to th® tpanaaotad n®pv® at alta® dlatal to
th® cancllon la tpanapoptad In th® patpocpad® dlpoetlon
«<*R**plcly fop dataetlon of th® pplaapy affapant
F*Flha*va. Pupthap, antapocpad®, tpanapopt In th® ppoxlaai

ot th® naupon. hOMovap. paaulta In Inoonalatant
diffua® laballln« of th® oantpal tappinola. Thla — ttt to
b® du® to aoduaatpatlon of th® tpaeap by th® paplkapya. in
thaa® eaaaa, a aaeond axpaplaantal Intpualon. at th®

cancllon. la oftan poqulpod In opdap to dallnaat® vop®



olaarly tb* o*ntr*1 MIAtlenabtpa («.c. Plncap 197a).

Th* appltoatlon of RRP alonc wtth en* op aop* of
th* afePMMntlen*« «addltlvaa* ta th* out napv* e*n
elpeuw™mt thla »««ulPMMnt. Thia axtpa afriolanoy ppaaua-
ably paaulta fveai tha Intavnallaatlon of «paatop «uant-
Itlaa OfF mp. Tha praaanea of aéra of tha traoap in tha
ralavant nauvona would laprova tha llkallhood of
dataotabla tpanaport In tha oantpally-dlraetad aasaanta of
tha affapanta.

Thua, a "ona-atap” apppoaoh to tpanasancllonlo
tpaet-tpaelns »»lth HRP la poaalbla and la paptloularly
aultad to altuatlona whara tha napva la vaadlly dlaaaotad

froa tha auppoundinc tlaaua.

A fupthap alcnlfleant advanea fop HRP aathodolosy.
ualnc tha nortMl phyalolocloal ppooaaaaa of tha eall, haa
paaultad fpoa tha eonlusatlon of tha traoap wlth vaploua
plant laetlna.

A nuabap of thaaa laetlna oeeuv and thalr
ehapaotaplatlo of pplamy lapertanea la tha ablllty to
bInd apaolfleally to paptloulap aaeoharlda sroupa on tha
oall aupfaea (Bhapon 1977). Pupthap. enea beund thap hava
baan aho«n te ba Inooppopatad Into tha spanulap
andoplaaalc patloulua of tha oall. Thua, tha naehanla« of
thla Intapnallaatlen haa baan attplbutad to "adaopptlva
andoeytoala* l.a. paoaptop-aadlatad andeoytoala (Oenataa.

Kla, Stlabap B * Tmaa 1977).
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Th* F*aocnitten oti
*. th* Inoerporhtlen of *xtv*o*llul*rly-*ppii*d I*atln*
Inte e*Xlul*p opc*n*l11**,

b. th* d*v*iep«*nt of « hlchly aonaitlv* dotoetlon
ppooodup* fop HR», «nd

o. th* *v*ii*blllty of * ppoeodur* for oonjupatinc HRP to
lootIn* (In p*ptleul*p Mh**tc*na «Mlutlnln - woa). h**
I*d to th* *ppXle*tlon of th* HQA-RRP eonlucat* to tpoet-
tpoolnc quoatlon*.

Inv**tl«*tlon« eoapavinc th* hl*toohMBlo*X d*t*et-
lon of HRP to th*t of WOA-HRP h*v* «hoMn th* eonjucot* to
b* Mueh »op* supoplop. Zndleotlon* *p* th*t NOA-HRP 1*
forty tlao* *op* offtelont than th* unoonlucotad ansya*
fop tpoolnc p*tPoRP*d* eonnaotion* (Sonata*, Hoppap,
Mlautanl A Oon*t*« 1979). Pop antapocpod* tp*ot-tp*olnc
puppo***. th* eonducat* h*« baan ahown to b* b*ti«**n
thirty and fifty tiaaa mop* affioiant (Trodanowaki at *X
19Si ).

Th* praeia* aaohanlaM raauXtln« in thla aupapiop-
Ity of th* oondusat* ap* unoXaar but ara praauaabXy du* to
th* IntarnaXlaation of craatar quantltiaa of tha
eonducat*. Howav*p, Mhathap thla diffarane* paauXta fpoa a
m0P* rapid ineoppopation into tha eaxXX op. d”~nc othara, a
aXowar diffualon rat* astay fpoai th* indaetion alt*,
raaalna undatarainad.

Th* Xaetin-HRP oondusat* haa aXao baan ahown to

hav* an anhanoad affioianoy whan utiXiaad fop traolnc

96



tp*nss*ncllonlo pvej«etlens. Znjaetlen« ot I'M WQA-HRP
Into MuaelM auppllpd by bpanehpp ot th* polptlo n«pv*
oonplptmtly p«ault*<) In dan«« X*b«iilnc of th«lp
tPMPSMcllenle depsAl hora prajoetlenp. Zn oentPMt.
thoso eennootlono mofo Inoenoiatontly lobollod fellewlnc
dollvopy ef «ax BXP alono or wlth tho oddltlon ot 2X
dlaothyloulphoxldo (DMSO). Ivon tho oppllootlon oP tho
BMP-DN80 eoablnotlon to tho tronoootod oelotlo norvo
Pollod to Mteh tho Intonsltv ot lobol follotflnc WOA-HIP
Injoetiono (Bpuohopt A Mosuloa 198d).

Tho odvontocoo pravldod by tho uso oP tho eonjucoto
opo ovidont. Plpotly, it lo tokon up ond tponspoptod
oPPlolontly by Intoet noupono. Thlo ovoldo tho nooooolty
ot oupsleol Intpuoion Into tho otpuotupo oP Intopoot.
Sooondly. its oxtpo oonolttvlity ollowo tho uoo OP 1omop
ooneontpotlono oP tho tpooop. Thlo lo not only lwoptont
Ppoa tho ooonoate point ot vlow but pooulta In lowop
dIPPuoion Popooo OMoy trom tho alto oP dollvopy. Thua. tho
radon OP tpooop uptoko eon bo alnlalood. Plnolly, tho

Inloetlon altoa ovolloblo eon holp to ovold tho
unwontod lobollInc oP ppojoetlona Ppoa odlooont atpuet-

urao.

Siuaaopy
Tho puppoao hora hoa boon to dooMnatpoto ho*t tho
me¢="0da uaod in tho aubaoouont oxpoplaonta hovo

ovolvod ond to hlchilcht tho odvontocoa oP ualnc thoao
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Mtheds In tr*ot-trnelnc «xpnriMnt«.

Thn dnvnleiNMnt ef Mthedn nllowln« dMonatratlon
of apaelfle n«upon*l pnthMdv« dIff*p«nti«xiy fpoa adjdodnt
flbp* bundlds hM Mdblad fnlpiy ddflnitlva eenoluslona to

«dd« PdcnpdInc eennaetlvity.

Tha usa of a tpaoar substanoa par sa has aarkad
advantacaa ovap tha aatheda basad on «yalln op axoplasalo
dacanapstlen. By utlltsinc tha physlelocleal tpansport
maehanlsM of tha naupon Itsalf, tha postopapatlva
supvlval tlaa paaulpad folXowlnc tpaoap dallvapy lo
canapally auah ohoptap than that naadad usine tha dacanap-

atlon Mthod In opdap to daaonatpata nauponal oonnaetlons.

Tpaoap dallvapy into CHS sltas ean ba aeooapllshad
In sueh a way ss to alnlalsa tha poaslblllty of tlssuo
daMca and thapafopa avold laballlns of flbpaa of pasoaca.
Tha vapy natupa of tha laslonlns ppooadupas paqulpad to
Nem®'"**Nata dacanapatlon aetually optlalsas tha Ilkallhood
of tpaelns flbpas-of-passaca<

Tha applleatlon of BMP in paptloulap ppovldas a
nuabap of dlstlnet advantacaa. not tha laast of Mhloh la
Its eonolstant axonal tpsnspopt In both tha opthocpada and
patpospada dlpaetlons. Thus It anablaa tha dataetlon of
both tha affapant and affapant oonnaotlons of tha stpuot-

»»1thIn tha paclon of dallvapy. Ppasantly. thls la not

oonslstantly avallabla usine othap tpaoap eoapoundo op

dacanapatlon aathods.



Th» d*t«etlon of truisportAd BRP !m m mor» rallabl«
Mid etr*Icht-fovw*rd preodduv* thui p*dulr«d tor ethdp
Mthed« *nd, Mtth th* optlatw Pdv«Mt«PS, is v«py
menaitlvd.

Thd eoablnatlen of thoao footuroa of tho BRP aothod
wlth pooont iHPPOvoMnts, tfhloh provida for aoro offlelont
nouponoi uptako of tho onayao, olloMO tho eonoiotont
Nem®" xRN 0oe tronsconsllonlo tronoport. Thus, tho
control prodootiono of nourono innorvotinc porlphorol
otrueturoo oon bo roodily Invootlsotod.

In vioM of oli thooo ohoroetorlotloo, tho HRP
mothodo oon bo ooon to oupply on oxporiaontol tool «hleh
mov bo oppllod to virtuolly oli quootlono rolotinc to

nouronol oonnoottvity.
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CHAPTU 2

MgCIPPfd £0B nuryglOB can hutocmiwical dktkctiom Qi bbE

1Aoh ind*pand«nt eh*pt«p dMIlInc with th* oennaet-
10tl* At VAPleUP 1AVdIS of thO SUOtAtOPP IAMNIAOUA will
FrereN] dIfFAPAnt AUPSIOAl PPOOAdUPAA PAdUIPAd fOP thA
AOeUPATA dAINIIVAPV Of thA tPAOAP In AAOh OAAA.

Tho dAtoetlon of tponapoptod HHP op WOA-HRP In oAoh
OASA. hOWAVOP, MAS OAPPIOd OUt USiInC 0SOOntiAlly tho SAM
toohnlquAs fop tho vaplous stA«os of popfuslon. fIxAtlon.
soetionlnc And hlstoahMIOAl poAotion.

In OPdOP to Avoid AXOOSSiVA PAPotltion of tho
»e»eme«ePo of thoao ppooodupos,® thoy Mill bo doAlt MIth In

hopA. Zn thosA InstAnoAS mAapa a VAPIAtlon of tho
bAsle plAn MAS Intpoduosd. tho dIffoPAnoos Mill bo hlch-

lishtAd in thA PAiAvsnt passacas.

PollOMInc tPAOAP dAIlvApy And thA aubsAquont poplod
of POSt-OPAPAtIVA SUPVIVAI PAqulPAd fop Its Axonsl tpsns-
popt, thA snlIMIls MAPA sivon a topalnAl dosA of Anoos-
*e*e*A( . This MAS AeooapllshAd by plsolns thaa in a 1<2PPP
solution of Athyl a-saino bonsostA (aothanA isulphonte sold

© Slpas) in MAtAP. AS soon as tho opapoul ap pasplp-
Atopy aovAaonta eoASodi intPAOAPdIAl wasoul ap pAPfuslon
*eee PAPAopaod to AxpAl ApythPooytAS fpoa tho olPoulAtlon
And than fop tha fixation of tha tissua. To Aoooaplish

[
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thl» MI initial ineislen alone tha vantral aidlina waa
mada and tha two sldaa of tha body wall wara tlad baek.
This proeadura waa aldad by tha pplop oonatpuotion of a
aultabla "flah blook"™ flttad with aatal taeka (Flc.2.1).
Cotton waa thraadad thpouch puneturaa in tha auaoulap body
wall and loopad around tha taoka. Zneraaainc tha tanaion
raaultad in tha two aidaa of tha body wall bain« aaaad
apart, thua axpoains tha vlaoara. Tha viaeara wara than
cantly aanipulatad aaida to allow elaar aeocaaa to tha
ohaabara of tha haart.
Aftar earafully raaovlnc tha parioardlal aaabrana,
a Soa. lancth of ootton waa paaaad undar tha vantral aorta
vlawln* throuch an Olyapua Storaoaloroaoopo. A
lan«th of eotton waa than paaaad undar tha
iunetlon batwaan tha bulbua artarioaua and tha vantrlola.
Thia waa than tlad tishtly ao aa to iaolata tha two
ehaabara froa aaoh othar and pravant vanoua blood froa
raturnlnc to tha artarial ayataa.
* emell Inelalon waa aada in tha wall of tha bulbua
and a eannula (Portaxi outaida diaaatar P.TSmi)
waa oarafully Inaartad into tha bulbua and thanoa aavaral
ailliaatraa into tha aorta. Tha ootton at thia point waa
than tiad tlchtly thua raatralnins tha eannula in poaltlon
(Fis.2.2).
Aftar punoturins tha wall of tha vantriela, ao aa
AllI®» tha raturnins vanoua blood to aaeapa. an initial

parfuaata of Younc"a Praahwatar Talaoat Salina (YPWTS -



risuv* 2.1

Thl« dlAcraa aheiM th* oenstruotlen of th* flsh blook fer
p«rfu*lon. Th* «eedan bloak wm obWbd te «eoewkedete the
mhbpe ef the eitIMl end heles «tere drillled threuch It fer
flulde te dreln SVear.

On eoeesiens when the bleok Mea uaed tov Inltlel surcery
(Chepter t). eneeethetle selutlen eeuld be delivered vie m

tube Inaerted In the Meuth ef the enlael.



Fleur* 2.1

1«3






Fleur* 2.2

blood flow
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Appendix 1) *t A*C MM Intpeduepd froa a 25«1- mypin««
(ReekAt) AttAOhAd to thA oAnnulA. This aallha oontAlInAd a
IX eenoAntPAtlen of tho AntieoACUIANnt AOdlua hopATIn
(1VAHA).

PopfuAlon Mith thlA Aolutlon mm eentlnuAd until
11ttlA 0» no blood mm obsorvod In tho fluid AooAplns fro«
tho vontPlelA. This mm CAnoPAlly ooaplot« Aftor porfunion
Mith A5-9d «1. of thA hopArinioAd oAlin«. A uAoful cuido
to thA oonditlon of th« porfuoion mm providod by tho
ohAncinc colour of th« clll lamallm . XnitiAlly. boforo
porfuAion. th«v Moro a blood-flllod rod. Thin crAduAlly

ohAnsod to eroAay-Mhit« folloMin* rowovAl of th« blood.

TIosSuAA %*«r« th«n Fixed by porfuoien of th« Anl««l
Mith 2X slutATAldAhydo in phoophAt« buffer At pH 7.1 «nd
A*C (Appendix 2). They Moro oonoidArAd to b« AdAOUAtoly
fixAd by this solution Mhsn tho oArdiso oentrAotions h«d
osMAd And th« oeleur of tho sill isaslIM h«d ah«ns«d
fro« or«A«y-Mhit« to yolloM.

Th« brAin end « 3e«. Isnsth of tho spInAl oord M«r«
OATOfully dissoetod fr««. Any rosiduAl tissu« «dhsrinB to
tho surfAOA of th« br«In mm contly roaovAd Mith d««p
tissu« pApor. Th« spinAl eord mm thon tr«hsAetAd At a
dIstAnoA of 3-A m«. OAudAl to th« ««dullA obloncAtA «nd

rotAinod in toloost sAlin«.

Th« brAin mm thon ««b«dd«d in order to fMilit«t«
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==otlenlnc on = fvMBInc aloreteM. Th* «abcddIn« Mdli»
Mould dlse pvovtdd th* out meetlon« *»Ith MtApn«! «uppept
durine thd pubaddudnt preoddplnc »nd MIniiU.«* th* ehMOda
portlon* of eeetlona b«oo«inc ddtaehdd. Thd

et daiaiel el rdtdindd ppIndl oord wm «lao Mib«dd*d «djMdnt
to th* bPdIn In suah n Mnnnr m to ldnntlfy th* ald* of
edeh ddetlen whleh wdo Ipalidtdrdl to thée alte of trdodp
Inidotion.

* emell Pdtrl diah waa pldood on d oeld pldtd dnd
fllled te hdlf of ita dapth with 2M cdldtin (BOB) in
Phoaphdtd buffar dt pB 7.* and 35*t (Appondix 3). Thd
Idncth of ratainad apinal cord waa hold in a pair of
elMBpa and auapandad vartieally in tha aolution on thoaa
eeeaaiena whan tha brain waa to ba aubaaduantly aaetienad
in tha heriaental plana (Fib.2.3A).

Aa tha «alatin aolution waa aelidifyinc. but whilat
ita aurfaoa raaainad atioky. tha brain waa poaitionad on
it. it waa oriantad ae that tha auapandad opinai oord
me**e''* m*e ««ilaocant to tha aldo of tha brain ipailataral -
to tha paripharal traoar injaetion. Tha patri diah waa
than filiad with tha calatin aolution to eoawlataly
anvalop tha brain.

Fellewinc a auffieiant pariod (approx. IB Min.) to
allow tha calatin bloek aurreundins tha brain to aolidifp,
tha aacaant of opinai oord waa out at tha aurfaoa of tha
blook and tha patri diah waa tranafarrMl to a rafricarator

et A*C for a furthar 15 «inutaa.
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Fleur* 2.3

ROSTRAL

CAUDAL

ROSTRAL

CAUDAL

ROSTRAL

CAUDAL

This v<«w from abov* ttM «mbaddad brain
Indicataa tha poattioning of tha aptnal cord

aagmant (hatchad) prior to aubaaquant
horizontal aactioning.

Thia vlaw from abova tha ambaddad brain
Indicataa tha poaltloning of tha apinal cord
aagmant' (hatchad) prior to aubaaquant
tranavaraa aactioning.

Thla viaw from abova tha ambaddad brain
indicataa tha poaltloning of tha apinal cord

aagmant (hatchad) prior to aubaaquant aagittal
‘aactioning.
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Zn Inst«ne«a Mh«p* eeetlenlns mm to b* undartakan

in tha tranavaraa ep aacittal planaa tha poaltlenlns ot
tha aplnal eopd t@a naeaaaaplly dlffapant.

Zn tha foPMP eaaa. tha aapaant ef eerd «*aa plaead
adjaoant te tha bpaln Ipallatapal to tha alta of traear
dallvapy and aZens tha aa»a axla (Fis<2.3B). Zn tha eaaa
of aacittal aaetioninCt tha cord waa poaitionad duat
poatral and hopiaontally pappandleular te tha brain. Alao.
it axtandad on tha ipallatapal aida enly aa far aa tha

midiina (Fis.2*3C)>.

Aftap tha papied ef pafpicapatlon. tha aolidiflad
calatin eentainins tha bpain waa cantly ppiaad eut of tha
patpl dlah and papad to foPM a paetanculap bloek of
auitabla dlaanaiona fop aaotioninc» Thia bloek waa than
iMBapaad in fpaah flxatlva (25 aa.) in a aopaw-tep bottla
whleh waa attaehad to a potatine piata (Taab Rotatop. A
pPM) and paplaead in tha pafplcapatop fop batwaan 2 and A
houpa.

Thia paptieulap ppoeadupa waa found naeaaaapy
baeauaa in aavapal aapliap axpaplIManta "un-finad” calatin
had ppovad fpacila dupinc aaetion handlInc and meuntinc
aubaaquant to hiatoehaMieal paaetlen. Tha axtpa peat-
papfuaien tpaatnant with fixativa waa thapafopa eappiad
out on tha aabaddad bpain in opdap te "atabillaa" tha
calatin auppopt fop tha aaetiona.

Fellowinc thia tpaataant, tha bloek waa plaead in

11C



3M pho«ph*t*-buff*p«d suorop* polutlen *t pH 7>* fop
eryeppotpetlvp puppoaps* It was patupnad to tha potatlns
Plata in tha pafplcapatop and malntalnad thua until tha
bloek had aubaapcad. Pop ppacMtlo paaaona, thla poplod
sanapally axtandad ovapnlsht but avan lancthiap tIMo
(a.s* 3 daya) had no dalatoploua affaeta on tha aanalt-

Ivity of tha aubaaquant hlatoohaaleal paaetlon.

Polop to aaetionlnc of tha salatin-aabaddad bpaln
tha bloek Maa poaltlonad on tha bpaaa atasa of tha alidlns
miepotoaa aoceopdins to tha paqulpad euttlns plana. Opound
aolld COq Maa than spadually plaead apound it to eool it
to a auitabla twapapatupa fop aaetionins* Tha optiaua
taawapatupa fop aaetionins Mas not dafinitiva. If tha
bloek Maa too oold. aaetions tandad to fpaotupa. and if it
Maa not oold anoush tha aaetions vapiad in thieknaaa. Tha
skill to eonaistantly ppoduea undaaasad saotions of

eonatant thieknass Mas bopna out of axpapianea.

Saetions of tha bpain Mopa eut at <= op 6Gajui- into
phoaphata buffap at pH 7*t and Tha saetiona eould ba
stopad at this stasa fop up to 7 daya Mithout affaetins
tha intanaity of tha HRP paaetion ppoduet.-

Coneapnins tha stopasa and handlins of tha
aaetiona. a sisnifieant advanea Maa mada by tha eonatpuet-
ion, in Mthaepylata, of a Plata (‘'saetion Plata')

eonoistins of a fixad appay of fopty aisht eylindpieal



"bath«" MIth polyMtbF M*h bMM to eentbln th* eeotiens
(ris.2.*A).

Th* bdvMitMl« of this eenstruotien mss thst ssoh
tissus ssetlon nssd net be handled Indlvliduslly st sseh
stscs subssdusnt to ssetlonlnc. The srvsv eould simply be
tpsnsfsppsd fposi one tpsy of pssssnt to snothsp or from
one saulvslsntly-spsosd mstrix of rssdsnt-eontslinins It
ml. bssksFs CbssksF piste') to enother (Pls.2.tB).

Addltlensl edvsntsces of this oonstruotlen Mere
theti 1) the duration of esoh stece of the prooedure mss
eenslstent for every seotlon. 2) isrte numbers of sections
oould be rapidly prooessed, 3) the serial order of the
seetlons Mas maintained, and «) In trial experiments,
different eeneentratlens and Volumes of reasents oould be

applied to Individual baths.

SumsMTIsInc the states of preparation prior to the
hilstoohemloal dateotlon of tissue-bound BRP or WOA-HPP,
the overall prooedure Mast
1. Saerlflee by anaesthetle overdose.

2. Ventral mldllne Inelslon and exposure of the heart.
3. Isolation of venous return from arterial system.

A. Cannulatlon.

9. Perfusion MIth heparlnlsed teleost saline.

A. Perfusion with buffered-tlutaraldehyde fixative.

7. Brain and spinal oord removal.

B. Gelatin ambeddInt and orientation of oord setment.
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riBur* 2.4

K

Section Plate

This consists of an array of 48 baths Into which the sections were
sequentially placed.

B.

Beaker plate

This consists of an array of 48 beakers matching the spacing of the
section plate baths.

This darkened box accommodated the section and beaker plates.
A similarly darkened lid provided a light-proof environment for the
subsequent reaction. Matching holes In the components of the
apparatus allowed their rigid attachnoent to a horizontal rotator.
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9> Post-Mib*<Sdinc Fin«« in flxatlv«.
l«. SuoFO«« «olutlon Fin««.

11. S«etlenlnc Into pho«ph«t« buff«F *t pH 7.1

Pflof to hl«toeh«ale«l pFoe«««Ins. th« tl««u«
««otlon« «toF«d In th« ««etlen plot« *«f« Inltl«lly «lv«n
fouF ««p«F*t« w*«h«« In dl«tlll«d w«t«F «t Foea t««p-
«F«tuF«. with « s«ntl« Mnual «citation of th« ««otlon
pl«t«. E«eh w««h l««t«d «bout 15 ««eond«. Thl« w«a
n«e««««Fy to fmmv« any clutaFaldahyda Focalnlnc In tha
tl««u« aa HRP «how« a vulnoFablllty to unbound aldahyd««
(Maaulaa, HacaFty. BaFbaa. C«F«on. Qow«f . Knapp. Mo«« and
Mufaon 198«).

Th« aubaaquant atac«« of tha pFooaduF« followad tha
PFOtoeol of Maaulac and Nufaon (1989)i
1. A PFO-Foaotlon ao«K.

2. Inaywatle Incubation.
3. A waah In aoatata buffoF to toFalnata tha Faaetlon by
FaaovInc unFaaotad Faacanta.

Tha FlF«t of tha««. tha pF«-F«aatlon «oak. Involvad
tha pFap«F«tlon of two ««paFata «olutlon«. A and B.
Solution A oonalatad of 277.9 m!. dlatlllad wat«F. 3BB as.
aodlua nltFopFuaalda and 19 al. of an aeatata buff«F at pH
3.3. Tha buff«F oontalnad a 1t5 F«tlo of 1.BM aodlua
aoatata to dlatlllad wat«F and than aufflelant 1.BM BCl to
bFIns tha pH pFaelaaly to tha F«qulF«d valua. Solution B
oontalnad 19 as. tatFoaathyl bansldlna (TMB - Slsaa)
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dl««olv«d In 7«9 MI. dbaolut* athMiol.

Aa pvavloualy notad (Chaptap 1), tha praaanea of
aodluM nltpoppuaaida la poQulPod to atablliaa tha avantual
paaetion ppoduot of tha BRP MIth tha ehPOMcan. TUB.

Solution A «faa than addad to aolutlon B at pooai
taapapatupa. In a ppopoptlon of AtS.IBS. to tha baakapa of
tha "baakap plata* Juat pplop to tha tnaaptlon of tha
"aaotlon plata*. Zt waa lapoptant to avoid addins tha
aolutiona too aaply in opdap to ppavant ppaaatupa
oxidation of tha ohpoaasan. TtD. Squally aaaantial fop tha
aaaa paaaon. aai eontainapa had baan thopoushly olaanad by
aoakins in a daeontaaiinant (Oaeon 9S) and bollad in

diatillad Matap.

Tha *baakap-plata* and tha inaaptad *aaotion-plata*
**gpa than plaoad in a puppoaa-built box and attaohad to a
hopicontal potatop in a fuMa oupboapd (Fis.S.AC). Thia
ppa-paaotion aoak waa oappiad out in dapknaaa to patapd
tha apontanaoua oxidation of tha TMB (tha axtapiop of tha
box had baan palntad blaok) and allowad to ppoeaad fop 2F

mlnutaa.

Tha eonoantpation of tha aubatpata. hydposan pap-
oxida. paquipad fop tha naxt phaaa. tha anayaatie
paaetion, waa dapandant upon eonaidapation of both tha
viaualiaation of tha tpanapoptad RRP and tha baokspound

aptafaotual danaity. Tha optlaua waa elaaply tha MaxiMUM
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tru* I*b«l MIth alnlJiiua <Pt«f*ct.

Fellewlnc ««vcral of th* Inlti*| «xpavIMiite, *
melution of 0.85 m!. of 6X HjOj msv in 120 m!. distilled
Motor ot rooa toaporoturo moo found to fulfil this
roqulrsosnt.

Prior to tho oddltlen of this substroto solution to
tho boths, tho "moetlon-plots” mos toopororllv roaovsd.
This MOS ossontlol to ovoid ony dlroet eentoot of tho
tissue ssetlens MIth tho substroto solution. Also, It
ensured eouol tlaes of exposure of the seetlons durlnc the
Ineubotlen period. iMsedlotsly 0.5 m!. of the H202
solution hod been odded to eooh both, the "seetlon-plote”
MOS replooed.

The Ineubotlon proeeeded for 20 minutes or o
shorter period If the tissue seetlens oppeored to beeome

excessively dork due to ortefootuol deposits.

On eempletlon of the ensymotlo reoetlen. the
meotlon-plote mos removed from the boths ond tronsferred
to o troy oontolnlnp ehllled (8*C) oeetote buffer.

This buffer mos os dsserlbed obove but further
diluted to 1119 t bufferldistilled Moter. After Another
three Moshes In this buffer, the seetlon-plote mos ploeed
In o buffer-filled troy on o oold plote ond molntolnsd ot

8n.

The sections Mere mounted on to slides eooted MIth
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e ««latin «ubbln« «««nt (Appandlx *). Alt«rn»t« ««etlon«
w«r« eountapstainad MIth «.«5X op««yl f««t violat. Zt waa
emm-ntlAl te »eunt th« ««etlon« Ffslrly r«pldly b«e«u««
«xXpo«ur« te th« «e«t«t« buff«p fep period« «r«*t«r then A
hour« hM been reported te depr««« the Intenelty of the
HRP reeetlon product (Heeule« et «1 19S5*)>

Onoe Mounted, the «lid«« were pleeed In e fuse
oupbeerd end elr-dried for et laeet 2 hour«, elthouch

lensthler drylns time« were frequently ueed.

The dehydretion of the «eetlene wee a potentiel
eeuee for lee« of the reeetlon product but e neeeeeery
pheee for preeervetlon of lone ten« eteblllty. Therefore,
the ««otlone ttere lveereed only briefly (1«-19 eeo.)
durinc eeoh «te«« of eleehelle dehydretion. The ««quenee
wee 1) IffX ethenol. 2) IffkX ethenel 3) 1«M ethenol dried
on elllee cel. After two elJiller period« of IM««r«lon In
CUPS« («efety «elvent - BOB) to "oleer™ the ««otlone. they

were eoverellpped ueln« DPX (BOB) aeuntent.

The ««etlon« ware exaalned end photocrephad under
1l«ht- or derk-fleld IlluMlnetlen throuch e Zel«« Btenderd
Mleroeoope. Durinc the period« between exaMlnetlene the
elldae were etored In e llcht-frea envlronaent aelntelned

et A*e.
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SuMMVIBInc th* stBCM ef th* pree*dur* fop hlste-

ehMileal d*t*etlen ef trMispeptad BRPi

1. Peup e<pdVBt* w*ah«« (15 e=0. «»eh) in dIstillnd w*t*r.

2. Pp*p«»etlon sodk In ohroMCdn nnd ptAbll1IMP fer 29
mlnut««.

3. InsvMtlo Ineubntien MIth HjOj tor 29 alnutM (or
leem).

1. Foup Mpnrnto WMhoo In neotnto buffor «t pB3.3

5. Short tora «toroso in tho neotnto buffor.

6. Sootiono aountod MithIn 9 houro or looo.

7. Air-dryins for 2 houro ot iooot.

t. Ropid dohydrotion ond eloorins.

9. Covoroiipplns.

iS. Vlow.

-
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CHAPTU 3

cmTKAL KBLATIQIISHIPS fiZ IU FAUTAL 2B9AH IWHIBYATIQB

ZNTKODNCTZON

Th« InnarvAtlon of th* auseular p*l1*tal opcan of
tho oarp haa baan aaaeeiatad with tha hlchly davalopad
bilataral vacai lebaa on tha dovsolataral aadulla
obloncata (Hoppiek 19*5)e Alao, tha involvaaant of thaaa
hIndbpain atpuotupaa In tha faadlns paflaxaa of tha
latalupua apaelaa of eatflah haa baan laplloatad bp laslon
atHdlas (Ataaa 1971).

Tha Intapnal atpuetupo of tha vasal lobaa la
laalnap In natupo and haa baan elaaaieallp daaoplbad aa
eonalatlns of thpaa bmlop anato«loal aubdlvlaiona. Thaaa
apai an outap 'aanaopp' dlvtalon. an tntapwadlata "fibpa
layap* and a daap "'Motop* divlaion (Bapplok 1995).

Thaaa dlvlatona hava baan fupthap elaaalflad In a
Qolsl and alaotpon doponoopa atudy. Thua. tha outap
pasion oonalata of a aupapflelal sllal layap and a daapap
aona tfhleh paealvaa tha pplIMpy affapant tapmlnal
apboplaatlona. Tha flbpa layap Inoludaa pplaapy affapant
flbpaa eoupalns Into tha loba and tha aaoandlnc and
daaeandIns aaoondapy cuatatopy flbpaa. Tha Innapaoat aona
eonalata of awtop naupon aoM and thalp axona. Thla

dlvlalon oontlnuaa thpoush to tha apandyaal aupfaoa (Zto
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1971).

Mof* v«o*ntly, th* atruetup* of th* v*c*l lob* hM
b««n eiv«n aer* d*t*l11*d analysi« in NIssl «talnad tlsdu*.
Zn th* seldflsh (Car— Jlud auratud) and Cruolan earp
(Sstmljia flecigiJjii). aehdMd hava baan ferthooalns
Mharaby tha laalnaa bava baan olaadlflad fro« auparflelal
throuch to tha daapaat lavala (Fincar 1981t Morlta. Ito
and Maaal 1989). Tha laminar atruotura of tha vacai loba
In cvorinua appaara to ba vary aidlar to that
daaorlbad for tha Cruoian oarp (Morlta, Muraka«! and Zto
1983). Tha laminar elaaalfloatlon daflnad for tha Cruelan
earp will tharafera alao ba adoptad hara for tha Common
earp. Tha vacai loba haa baan aubdlvldad by Merita at al
(19881 1983) into 16 layara, numbarad from auparfielal to
daap. Pleura 3.1 aummarlaaa thalr laminar tarmlnolecy and

tha oytolecleal daaorlptlen of tha Individual lamlnaa.

Tha malor varlatlona in vacai loba atruetura
obaarvad amencat tha oyprlnold apaelaa appaar to ba a
oonaacuanea of dlffaranoaa, batwaan apaolaa. In tha
ralatlva alaaa and trajaetorlaa of tha primary aanaory
Inputa to the loba.

Zn coldflah. tha main aanaory Input oouraaa
Initially Into tha daap layara of tha aanaery aona and
than turna outwarda to projaot radially Into tha «ora
auparflelal layara. A amali, auparflolal root, known aa

tha oapaular root, oouraaa Into tha leba aereaa tha
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eurfao* (H«rrlok 19*5> FlIns*» 19Bl). Xn th* luapsuek«r,
Cvei«Dtu«. th* akln eenaery *ff«r«nt reet panatrataa th*
v*c*l leb« «t th* oapaulkP lavai and arboplaaa In tha

aupapfleial layara of tha loba (Barrlok 1999)e

In tha Cruolan oarp. tha aaln aanaory root antara
at tha daapaat lavai of tha aanaory dlvlaion and
taralnataa at alailar lavala as obaarvad In tha soldflah.
Tha anali, oapaular root dlvarcaa fron tha naln root
vantrally of tha vacai loba and aproada tancantlally ovar
tha Mhola aurfaea of tha loba. Tha oonatltuant flbraa turn
innarda and tamlnata MIthin tkKa aaaa lavala aa tha daap
root (Korlta at al 1989).

Xn oontraat. in tha Coanaon oarp (Cvprlnua oarplo).
tha oapaular root haa baan daaorlbad aa rapraaantlnc tha
najor input to tha vacai loba. Tha aanaory affaranta
Mithin thia auparfieial layar turn radially inwarda and
ara raportad to raaify ttithin tha aana raciéon aa tha
anallar. daap root (Harriok i995).

Meat of thaaa raporta hava baan baaad on ataininc
of nomai tiaaua. Althouch a traet tracine nathod haa baan
utiliaad in tha Cruoian oarp to idantify tha aMdullary
eonnaetiona of tha vacai affaranta aa a «fhola (Morita at
al 1989). tha praeiaa eantral proiaetiona of naurona

innarvatinc tha palatal raeaptera alona ara not knotm.
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Th* purpes* of this prooont study of Cyprlnus
aspplo wss to ldontlfy tho poclon(s) of ths vscsl lobs In
which tho ppIMvy offoronts which Innopvoto tho polotol
opson pocoptops opboplso. Tho uso of both HRP ond Its
conlusoto with WQA wos oxpootod to ollow tho Ildontlf-
Icotlon of thoso offoponts spoclflcolly whilst loovins
thoso Inputs fpoa oxtpo-polotol soupcos unlobollod. Also,
tho Individual offlooolos of thoso two tpooops fop
tponsconcllonlc tponspopt In tho pplaopy sonsopy offoponts

of fish could bo coswopod.

Tho Motop division of tho vocol lobo Is not
chopoctoplsod by tho som obvious ismlnop opponcowont os
tho sonsopy loyop. Tho aotop poot of tho vocus nopvo Is
popoptod to oplslnoto fpow lopco colls within this doop
Isyop (Hopplck 19«5). This poot olso oppoops to oplclnoto
fpoB tho Mdlolly-sltuotod nuclous oablcuus (Bopplok
19P9). but this stpuctupo Is not sonopolly Includod In o
clossliflcotlon of tho vocol lobo.

Tho Ilkollhood thot tho motor Isyop output ppovldos
tho Innopvotlon of tho Intplnslo ausculotupo of tho polot-
ol opcon hos boon sucsostod by Bopplck to bo "oxtPOMly
ppoboblo” . Howovop. Tfollowlnc coawloto phlsetowy of tho
vocus nopvo In Cpuclon oopp. no potpocpodo doconopotlon
wos obsopvod In ony aotop nuolol (Noplto ot ol 19SB), This
mothod thouch. os doscplbod ppovlously. hos boon shown to

bo oopplolous.
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mxp«FIMnta Involvinc Ablation of tho vacal loboa
of latalurua ahoM dlaruption of tho aMolloMInc poflax
(AtMO 1971). Movoptholoaa, wrttothor tho loalona involvod
tho eocawloto aotop layar la unelaar. Tha dlaturbanea of
tha noraal faadlnc raaponaa eould tharafora hava boon duo
aolaly to an Intarruptlon of tha prlaary affaront Input
fpoa opopharynsaal raoaptora.

Tha praaant atudy was tharafora earrlad out In
opdar to ldantlfy tha aourea of tha aotor nauron Innar-

vatlon to tha palatal auaeulatura.

Finally, tha apparant Involvoant of tha palatal
opsan In aaparatlns palatabla fpoa unpalatabla aataplal
takan Into tha awuth (SIbblnc 19t2) aucsaata tha praaanea
of a rapid aanaopy-aotor Intasratlva aaohanlaa. Tha
Manipulation of tha Motarlal May alao Indloata a aaparata
affarant-affarant palatlonahlp In tha brain for aaeh
palatal aurfaea eoordlnata.

Thua. thla atudy waa alao daalcnad to aaaaaa tha
Mannar In whloh tha palatal orean of tha Coaaaon earp la

aappad onto tha oantral narvoua ayatwa.
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MATmXALS AND MSTHODS

In thin mePinn ef «xpnpIMntn, th* onntpnl
oonnnetions of th« nnupons «upplyinB th« pnInt*! cpcmic OF
IN OAPP MNP« MSNsnNd usinc HRP M th* tp*e*p. Zn
Addition, th* eem* f**tup** w*p* Inv**tlc*t*d In 23 o*pp

naploylns th* oonjus*t*. WQA-HRP.

Th* *nIMI* w*p* InltlAIXy *n***th*tl**d In *
molution of othyl m-emlno b*nBO*t* (1iSNNN In w*t*p) untll
th* op*poul*p nnyMMnt* e****d. Th*y w*p* th*n I*M*dI*t*ly
p*aov*d fpo” th* *n***th*tla «olution. «**Ish*d *nd
m*««up*d fop lonsth fpo* th* «nout to th* b*«* of th*
e*ud*l fin.

Zn thoa* olPou*at*no** wh*p* th* obd*ot of *tudy
M*s th* *nt*plop p*I*t*l p*clon, th* *nl**l« w*p* Inv*pt*d
end th* *outh WM h*Ild op*n. Znj*etlon« of th* tp*o*p tp*
th*n nad* Into th* *nt*plop «on* of th* p*I*t*l opc*n
thpouch th* aouth.

Znj*etlon« of tp*o*p Into th* po«t*plop *nd I*t*p*I
son*« w*p* *eeo*pll«h*d thPouch th* clll «peh*« of
Invoptod *nl**X«. Thl« «ppposoh p*oulP*d oxtpoa* o*utlon
«0 M to «vold dl«puptlon of th* sIXX FIX«*nt«. Any
d***s* to th*«* o*u«*d *xe*««lv* bXood Xo««.

Th* eone*ntp*tlon of th* HRP (Bo*hPInc*P Typ* ZZ)
Inj*et*d Into th* e*pp p*X*t*X tl««u* w*« 3NX In YFWTS *nd
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HM d*llver*d vi* * Baallten 9 L. myrinc* fitted with *
3* ceuc* needle. Voluaee renced fro« 9 pL to *2.9 pL,
those (renter then 9 pl>. beln( «ultlple Inieotlons into
the (enerel peletel resion under inveetisetion.

The edventese of deliverins these reletively lerse
voluaes of HRP into the pslstel or(en mss thet the peletel
innervetion wee exposed to exoess of treoer. This mss
neeessery in order to ooabet the diffioulties essooieted
with the trensport of HKP to the eentrel terminéis of
priaery sensory efferents.

However, e aeior disedventeee wee eseooieted with
this epproeoh. The use of suoh reletively lerse volumes of
treeer prevented e deteiled enelysis of eny toposrephieel
representetion due to the ineviteble extensive spreed of
the treeer within the peletel tissue.

The development of the tFfOA-HRP eonjusete overoeme
these problems end enebled the use of smell voliuses of
diseretely-pleeed treeer.

Znjeetions of IX tfQA-HRP (Sisme L9SS8). in teleost
seline or S.9X HeCl. were mede usins e 9 pL. Hemilton
syrinse equipped with e 33 seuse needle or one of IP pL.
oepeeity with e 31 seuse needle. No individuel injeetion
of IX NQA-BHP sreeter then 2 pL. volume wee.ettempted es
this eould heve led to exoessive leekese of the treeer
elons the needle treek. In those eeses where the totel
volume delivered wee sreeter then 2 pL.. the treeer wes

injeeted into multiple sites within the resion of the
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palAtAl opcMi b*Inc atudl*«.

Th* tpaoar waa dallvarad, whapavar peaalbla, to tha
layara of palatal tlaaua iMaadlataly baie*« tha aurfaea
aplthalluB. Tha praaanea ef tha ayrinsa naadla waa uaually
obaarvabla in tha auparflolal tlaaua and loeal atralllns of
tha aurfaea at tha tlp of tha naadla Indleatad tha alta of
dallvary. On aavaral eeoaaiona hot«avar. thla appreaeh *wo
th*«artad and traear waa tharafera Inlaotad Into daapar
raslona ef tha palatal tlaaua.

Aftar ail Injaetlona tha ayrinsa naadla waa aaln-
talnad In poaltlon for aavaral alnutaa prior to
ratraetlon. Thla alao alnlalaad tha laakasa of tha traear
alons tha Injaetlon traoK.

Poatoparatlvaly, tha animala *«ara ravlvad and kapt
In aquarla at batwaan 1 7 and 21°C for varloua parloda ef
aurvlval prier to aaerlfloa.

Tablaa 1 and 2 Hat tha axparlmantal paramatara,

ineludIns aurvlval tlmaa. for aaeh sroup of animala.
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Tabi* 1 (B«P Injaettena).

AnIMI Nalcht Lansth Traear Voluaa Survl>
nimbar (sa) (02) ann (dayi
CP91 7f 13 3SX BRP 5 3
CP«2 82 18.3 - 39 3
CP93 86 18.5 v 25 2
CP«t 86 18.5 9 39 2
CP99 95 15.5 ® 82.5 3
CP96 8f 18.3 o 39 3
CP97 93 15 ® 25 3
CP98 83 18.2 o 25 3
CP99 95 15.3 » 25 1
CPIfF 93 18 * 15 8
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Tabl* 2 (WOA-HRP Inj*etlens).

AnlIMI

nu«b«F

PL«1
PL22
PL«3
PLCA
PL«3
PLP6
PLP7
PLT8
PLP9
PLIP
PLII
PL12

MAICht
(«m)

116
9«
198
188
9«
96
79
89
81
96
89
88

Lp*ncth

(ea)

19
16.6
19.9
19.6

19
19.1
13.8
16.3
16.1

19
16.1

16.9

Tp*o™p

I1X WQA-BRP

13«

ft

9f

99

99

99

99

99

99

99

99

fl

99

9

99

99

99

99

99

Volumm

D

9

6.9

8.2

3.9

7.29

9.9
6.8

Survival

(days)

16
17
38
32
98
91

N N © 0o W oW

hours
hours
hours
hours
hours

hours



Tabla 2 (oentlnuad)

AnIMI «telCht Lansth Traoar VolUM
nuabap  (cw) (ea) an
PL13 88 13.8 X% WQA-mmp 8.5
PLIS 128 16.S i ft 8
PL16 117 17.5 n ft 3.5
PL18 126 15. S ft t 3
PL19 189 15.5 ft ft 3
PL2P 98 18 v f 3
PL27 181 15.5 n f 2
PL29 ]| 17 n ff 8.7
PL39 127 16 ff 2
PL31 156 17 L 2
PL32 158 17 n ff 2
PL37 93 12.3 n f 3.5
PL3S 7* 11.9 © ot 8
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3.5
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Th* merl*a of «xp«vtMnta Involvins d*llv«nr of IX
WOA-HRP (Toblo 2) InoXudod o sub-croup Mhleh wss dosicnsd
to ssssss tbs setusl sprosd of trseor In tho pslstsl
tlssuo (PLC7-PL12). Zt MSS ssssntisX to oXsrlfy this Issus
so thst dsflnltlvs eoneXuslons eouXd bo Mdo eoneornlns
sny toposrsphlosX roXstlonshlp botMoon tho psXotoX
Innorvotlon ond its projootion to tho vocoX Xobos.

In opdor to osko this sssossMont, tho psXstsX
opssns of thoso onlIMXs Moro dlssoetod out oftor
sooplfloo. Thoy wopo thon subjootod to tho ss»s proooduro
for hlstoehoalosX dotootion of tho HXP ooaponont os
outXinod osrXlor for CMS sootlons. but woro rosetod whoXo.
Thoy Moro thon viowod throusb on OXyapus storooaierosoopo

tho oxtont of tho rooetlon product woo outXlnod on o
pXon droMins of tho poXotoX orcon.

This soao sub-croup mos oxso usod for o briof
onoXysls of tho docroo of MaA-mP tronsport oftor vorious
short survivoX poriods.

As eon bo soon fre« TobXo 2. throo short post-
oporotivo survivoX tiaos woro eoaporodt ono poriod of
X6-X7 hours (PLC7 A PLdS), ono of 3d-32 hours (PL0O9 A
PLiC), ond onothor of 9A-31 hours (PLii A PLX2). Tho six
oniaoXs InvoXvod woro civon injoetlons of ooaporobXo

voXuaos.

Por tho purposo of ossossinc ony topocrophicoX
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v«I»tlenshlp b*twMn th* p*1*t*l opcmi *nd th* v*c*I1
lob««. «niIMBl« PLIS. PLIS. PL16. PLIS. PL19. PL2P. PL27.
PL29. PLSP. PL31 «nd PL32 w«r« ooap«p«d «s p«c«rd« th«
dlatplbutlon of r««otlen ppoduet In th« v*c«l lob«« «nd
th« «otu*l p*l«t*l «on«« Inj«et«d wlth VFQA-HKP. Th«
«xp«riMnt*l d«t*ll« of th««« «nIMIl« «p« «hown In T«bl«
3.
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PL13
PL19
PLI6
PLI8
PL19
PL2P
PL27
PL29
PL39
PL3I

PL32

Sita ef tpaear

dallvarv

Antarlop
Midlatapal
Midiataral

Antarior
Midlataral

Peataplop

Postaplep
Paplatapal

MidlIna
Paplatapal

NIdlIn*

VOIlUM of

tpaeap (pL)

«

3.9

N W W W

1.7

SUPVIN

(davi

3.9
3.9
3.9

Froa thla tabi* it «an b* aaan that traeap M*a

dallvarad to aaoh paslen of th* Ipallataral palatal opcan

on at laaat tko eoeasions.



Control oxporlMnto

Thro* MilMla «foro uaod for control oxporiMnta.

Tabi* «

AnIMI Molsht traoar aurvival
niuibar  (m) (daya)
cl ICA 16 N/A N/A
cz 98 1A.8 A 2

Cc3 1C6 15-5 oC 1

(M/At not applloablo).

AnIMI Cl waa traatad aa for all othar anlIMla.
without tha prior Inlaetlon of BRP or NOA-HItP. In ordar to
dataet any altaa of andosanoua paroxldaaa activity In tha
CMS. Thla waa nacoaaary In ordar to avoid oonfualon with
canulnaly-tranaportad tracer.

AnIMla C2 and C3 ware clvan tracer Injactlona aa
ahown In Table 3. The tracer In both caaea waa delivered
Into the bulbua arterloaua of anaeathetlaed anIMla after
MkInc a aMll ventral MIdlIne Inclalon. RaaU.lton 5 pL.
and ICC |iL. ayrlnsea were uaed for Injectlona Into C2 and

C3 reapectlvely. Both were equipped with 33 cause needles
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Mhloh «l1lotMd tr*e*r d*llv*ry Into th* bulbus
MtbrlobUb but bveldbd blood lo«« throuch th* puneturad
Wall. Th* body m*11 Inelslon mm *utup*d *nd m**1*d MIth
d*nt*l OMMiit. Th*** Inj*otlon* Inte th* elreul*tlen vi*
th* buxXbu* *vt*rlo*u* **w*d to eontrel Ter th* *eoid*nt*l
1**k*c* of tr*A*p into th* blood *y*t*« durine d*liv*ry
into th* p*I*t*l ore*n.

Aft*p mnerlfle* th* oontrol «niMI* w*r* aubi*et to
th* m*m* proe*dur** *e th* *xp*ria*nt*l *niIMI*.

Control *xp*ria*nt* w*r* *1*o providod by th*
studi** usine HRP *nd WOA-HRP to invostlest* th* o*ntr*I
oonn*etlons ot n*urons supplylne th* b*rb*ls. Zn *
r*oiproe*l a*nn*r. th* tr*e*r *xp*rle*nts p*rfora*d on th*
p*I*t*1 ore*n Inn*rv*tion *Iso "s*rv*d *s eontrols for th*

inv*stie*tions of th* b*rb*l inn*rv*tion.



RESULTS

BRP atudl*«

Th* «xp™pIMiits using BRP to dwaonstrst* ths
esntrsl prolsetlena ef th* palatal organ Innarvatlen
raaultad In varying dagraas of dataetabla labal.

Ratrogradaly-laballad aoM t«ara eonalatantly
obaarvadi bllatarally. In tha aotor nauron layara of tha
vagal lobas. Tha bllataral axtant of tha HRP raaotlon
product hoMavar. Mas not naeassarlly Indicativa of
bllataral Innarvatlon of tha palatal ausola fibras. Tha
dallvary of larga voluaaa of HRP was llkaly to axpoaa
axtanslva raglona of tha palatal organ to tha tracar and
aay have dIffuaad across tha aldllna Into oontralataral
tlssua.

As will ba avldant froa tha rasults of tha
axparlaants utilising HRP conlugatad to WQA. this Indaad
appaars to hava baan tha casa.

In addition to tha bllataral prasanca of laballad
sou In tha daap layara of tha vagal loba, tha laballad
calls wars obsarvad along.alaost tha antlra.antarior-

postarlor axis of tha daap layara (Pig.3.2).

On two occasions, calls In tha facial aotor nucleus

wara ratrogradaly-laballad, and In ona animal, aotor
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n*UFona In th« oarvle*! raciéon of tha aplnal oord «ara
obsarvad. Aa far as tha faelal aoter nuelaus waa
eonearnad. tha obsarvatlon of laballad oalls in thls
racion Infarrad that tha traear had spraad from tha
palatal orean inte tha naichbourinc haad auseulatura. HRP
studiaa of tha Innarvatlon of tha haad museulatura hava
found laballad oalls in tha facial actor nuolal (Luitan
1976).

Xt was likaly. on tha baols of this data, that tha
larca injaotiona of HRP had lad to unliaitad spraad of tha
traear throuchout tha ausoulatura of tha palatal orean
(and furthar). Tha altari.ativa axplanatlon was that tha
actor Innarvatlon of tha strifstad ausela fibras in tha
various raciona of tha palatal orean was not topocraph-
ieally orcanlsad in tha vacal lobas.

Tha rasults of tha studiaa usinc tIGA-BKP wlll ba

saan to hava validatad tha fonsar viaw.

In addition to ratrocradalp-laballad oalls, in soma
axpariaants raaetion produet typioal of orthocradaly-
transportad HRP was obsarvad bilatarally in tha vacal
lobas. Por tha saaa raasons as pravlously statad. this
obsarvatlon of bilateral laballinc dld not naoassarily
indieata a bilateral innarvatlon of palatal raeaptors.

In oontrast to tha actor nauron aoa”whieh wara
oonsistantly laballad. tha orthocrada raaetion produet was

not prasant in all aniaals. Also, whan dataetabla, It was
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(en«r*llv of let* d«n*lty.

This f«*tup* highlishtad th* diffloultl««
«meoeldtad with th* tPM*«dnslionle tPMidpopt of th*
tp*e«r. One* *ndeeyto**d *t th* t*neln*1*i BRP 1* r**dlly
tP*n*popt*d to th* e*ll body. *a *vld*no*d by eon*l*t*nt
1*b*11lns of aotop n*uron *om in th* v*c*l lob**.
How*v*p, In opd*p to tp*e* th* o*ntr*l ppoJ*etlon* of
ppla*ry aonsopy *ff*p*nts fpoM th* palatal opsan to th*
v*c*l lobaa. it wa* naoaaaapy fop th* tpaoap to b*
subaaauantly tpanspoptad In th* opthocpad* dlpaetlon fpo*
thalp canslionte eall bodia* to thalp tapalnala In th*
CMS.

Aa ppavloualy diaeuaaad (Chaptap 1). HRP haa baan
aaan to b* Inaffletant in thla paapaot In «any oaaaa.
bains aaquaatapad by th* eall bodlaa of th* blpelap
aanaopy affapanta. Captalnly. thla fIndIns haa baan
eonflpaad by th* axpaplaant* papoptad hap* on th* palatal
Innapvatlon.

Th* opthospada paaetlon ppoduet, whan dataetabl*.
waa obaapvad In two aanaopy poota at dlffapant lavala In
th* vasal lobaa. On* bundl*. whleh appaapad to b* th*
thlekap of th* two flbp* poota, tpavapaad th* «oat
aupapflelal layap (FIs-3.3). Th* aaeond was auoh «op*
spaps* and panatpatad th* daapap laalnaa (Fls.3>0*
B*t«w<e**n than* two tpaeta oould b* obsopvad th* faint
aeeuaulatlons of labal typleal of opthospad* tpanapopt to

n*pv* t*p«lnal* (Fls.3.*)*
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Flsur* 3.3

HorlBontal meetlen thvouch * v«cal leb* *he*«Inc r**otlon
PFOduet typteel of epthecr*d*ly-tp*n*popt*d mp in th*
o*p*ul*F fibr* I*v*r (CP) ef th* v*c*l lob*. R*slon* of
d*n** bl*ok I*b*l (A) p*pp***nt *pt*f*etu*l I1*b*l.

80*1* b*P  78Mi.

Plcup* 3.t

moplBont*! **otlen ahowlnc opthocr*d*” p**otlen ppoduet *t
vopleu* I*v*I* in « v*c*l lob*.

Al Fibp* ppofil** a* eb**pv*d in Pis.3.3 (CP).

Bt t*rmin*l I*b*1 (7).

Ct fibr* ppofil** ef d**p **n*orv *ff*v*nt* (DP).

Se*1* b*ri 100M*.






Mop™* MiAlysls of th«s* *ff*F«nt Inputs te
the vMtel lebe were not posclble due te the peuelty of
dota obtalned fpoa thls apppoaeh.

Bowevert the subsequent evelleblllty of the MOA-BItP
eenjucete, end lIte epplleebillty te the "pelete-ve«el”
eyatea, ellowed e eloaep aoputiny of the innopvetlon of

the pelete! orcen.
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WOA-HIIP atudiaa.

Pollowinc Injaetlona ef WQA-HRP Into tha palatal
opsan and aubaaquant hiatoehaaloal ppeeaaalnc Per tha HRP
ooaponant of tha oonjucata. paaetlon ppoduet Indloatlva of
both opthospadaly- and patrospadaly-tranaportad tpaoap «*aa
eonalatantly obaapvad in tha Ipallataral vasai loba.

Tha diatinetlon batwaan tha dlffarant dlpaetlona of
tpaoar tranapopt la aldad by tha dlatlnet Borpholosloal
natura of tha aeouaulationa of tha paaetlon produet. Thua.
a fina, partioulata "duat" appaaranea raaulta froa tha
praaanea of tha traoar Mithin’taminala proiaetad to that
sona and rapraaanta aoaatofusally-diraotad aovMMnt
(Pis.3.5). Tha danaity of tha raaotion produet elaarly
raflaeta tha taralnal danaity of tha proiaetion Mhieh haa
takan up tha eonjusata. Siailarly, tha diatributlon and
arransMMnt of tha taminala tfithin tha tiaaua la
daaeribad by tha pattarn of raaotion produet.

SoMtepatal ly-tranapoptad traoar la quita avidant
fpom tha aeouaulation of raaotion produet sranulaa in eoli

bodiaa and thair ppooaaaaa (Pis>3.6).

Tha lavala ef baeksround artafaot produead in thaaa
axpariaanta Mara uaually vary lot*. Thia «*aa poaaibly dua
to tha abaanea ef intarfaranea Mith tha atruetural
intasrity of tha elreulation. Tha dalivary ef traoar into

|
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Fleur* 3.5

Thla photealerecraph show* th* *pp*ar*no* of r**otlen
produet Mtkleh 1* typle*l ef erthecr*a*ly—tr*n*port*<I
(ThI* *x*apX* 1* * hlsh pew*p photmtlarecraph of
In th* mup*pflol*X x*MIn** of th* v*c*x xeb* - m**
b*Xow) .
Se*X* bari SOjw.

Fleur* 3.6

*ho*f* th* *pp**r*no* of r**etlon produot In porlkary*
(F) foXXoMIne r*troer*d* treneport of wga-BRP. (Thl*
*x*apX* 1* of Motor nouron* In th* d**p X**an** of th*
v*e*X Xob* - m** b*Xow).

Se*X* b*ri 80fim.






IntAot struotuF«* el«*riv In 1lttl« tlssu*
dlapuptlen. In eontPMt. dlaaaetinc out tha rolovant navva
bpanohaa oan eauaa aueh tlaaua daaMsa.

Tha danalty of tha raaetion produet folloMins
WOA-~P Indactlona *»&a found to ha auoh craatar than that
obaarvad in tha axparlaanta utllialns uneonjusatad HRP.

Kaaetion product waa canarally obaarvad aolalv In
tha vacal loba ipallataral to tha palatal alta of
adalniatration. Tha only axaatplaa of raaetion product in
tha eontralataral loba aroaa followins injaetiona into tha
midlina rasion of tha palatal orsan. Howavar. in thaaa
particular axparlMnta it could not ba poaitivaly aaaartad
that tha traear *ea orisinally eonfinad to ona half of tha

palatal orsan or tha othar.

Spraad of traear in tha palatal orsan

Tha aix axparisants earriad out (PLS7-P1«12) in
ordar to sausa tha axtant of tha palatal tiaaua axpoaad to
NQA-BItP raaultad in olaarly dafinad araaa of raaetion
product. Zniaetiona had baan earriad out throush tha sill
arehaa with tha soal of ayata*atieally axpoains all
Xpailataral rasiona to tha traear. Fisura 3.7 ahowa tha
braadth of apraad of tha traoar in tha palatal orsan
folloMins injaetion of voUwaa batMoan 5.5]ii< «'<* 7_25m1.
Thaaa volujMa «*ara approxisataly doubla tha asounta
uaually dalivarad in tha raawinins axparisanta.

It ean ba aaan that in fiva out of thaaa aix eaaaa.






Fleur* 3.7

ANTERIOR

midlin*

PL 09

PLI1

POSTERIOR

1S«

PL 08

PL 12

LEFT



th* tp*e«r MM oenfInM to tho ipsllotorol holf of tho
orean. Zn thasa anlaala. tranaportad MQA-HItP m m
found aolaly In tha oorroapondInc ipallataraX vacal loba.
Ivan In tha axaapla of PL*8 Mhara tha initial Inlaetlon
raaultad In traear dallvary to a raatrletad oontpalataral
rasion In addition to lIpallataral tlaaua, no labal n
obaarvad In tha eontralataral vasal loba. HoMovar. tha
Ipallataral loba ltsalf Mas only llshtly laballad In this
axparlBont. This sussaata that tha paraaatara for optlaua
datoetlon of tha HKP ooaponant of tha traoar Mara not aat

In tha eaaa of PLS8.

Survival tlaa

PolloMINS traoar Inlaetiona. aniMla Mara alloMad
to ourviva for various parloda ransIns fro* 16 houra to 7
days.

Tha axparlaanta earrlad out to Msass Inlaotlon
aproad (PLS7-PL12) Mara also Msassad for vasal loba labal
follOMIns short survival tlaas. ThrM parloda Mara
eoaparad MIthin this sarlaa of axparlaantsi 16-17 houra.
38-32 hours. md 98-51 hours. Tha aaounta Inlootad Mara of
eoaparabla voluaas.

Variations of lansth and Mslsht Mora,. MIth tha
axoaptlon of ona anlaal. MIthin 15 srsM and 8.9 oa.

raapaotlvaly.

Survival parlods of 16 to 17 hours rasultad In
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v*tvesp*d«ly-1*b«ll*d ealls in th* Ipnilntnrnl v m *X leb*.
No pooetien ppoduot Indlontlvo of opthocpodoly tponspoptod
MQA-HRP MM obnopvod at thopo tIMP.

Tho potpoNPado labal m m ebaapvad to ba danaap
aftap 3d to 32 houps, tha aoppholocx of tha soaa balnc
mueh olaapop In thaaa OMas. In addition, opthospadaly-
laballad aonaa mopo eXaaply ppaaant.

Tha Xoncast supvlvaX tiaa in this soplas, 5d to 91
houps. PssuXtad in tha danaast paaotlon ppoduot. Rasions
eontainins both patpocpadaxy- and opthocpadaXy-tpanspoptad
WQA-BRP Mopa diatlnetXy XabaxXXad. This oupvivaX tlaa Mao
thapafopa oonaidapad to ba tha ohoptaot papiod naeassapy
fop dataotion of tha oantpaX oonnaetlons of tha palatal
innapvation.

Xn ppaetiea. a papiod of thPM to six days fpoa
Iniaetlon to saopifiea canapally pasultad in intansaly-

-laballad affapant and affapant eonnaetions. Coapapad Mith
aniaalo Mhioh supvlvad fop 9d-5i houps. tha paaetlon
ppoduot mm canapally dansap. This oooupad in aplta of tha
dalivapy of auoh saallap voluaas of tho tpaoap in aost
oasaa.

Ho daopOMS in tha intansity of tha paaotion
ppoduot mao dataotad aftap tha loncast papiods of supvival
(7 days). Thapafopa. no data on tha tiaa ooupsa of tha

avantual dissolution of tha tpaoap mm availabla.

192



Opthecrad* I1*b«l

Th* d*n**at «eouaulatlena of tho fino partleuloto
"duat". eharaotaplatlo of orthocradoly-tranapoptad
MOA-HUP. tforo obaopvad at tMO diatlnet lavala In tha
Ipailataral vacai loba. Tha aopa aupapflelal of tha two
waa dataetad In tha outar aanaory naupopll. Aa racarda tha
aaeond pacion. paaotlon ppoduot Maa diatplbutad at a auoh
daapap lavai, adjaeant to. and within, tha aotop aona.

Plbpa ppofllaa wapa papaly obaapvad with tha uaa of
waA-BKP. Thla oontpaatad with tho paaulta followlns HRP
dallvapy.

Sanaopy layap labal
Tha paaetlon ppoduet waa not eonflnad to a alncla
laalna of tha aanaopy dlvlalon of tha vasal loba.
AeoopdIns to tha laalnap tapmlnolosy adoptad fop tha
Cpuelan oapp (Moplta at al 1983). tho poaetlon ppoduot waa
found ppadomlnantly aopoaa laalnaa V and VI with a auoh
lana danaa ppaaonea In lamina VIZI (Pis*3.8).

Aopoaa thaaa lamlnaa. tha paaetlon ppoduot waa not
unlfopmly dlatplbutad but wan obaapvad to vapy In optleal
danalty. A hoplsontal (FIs*3-8) and eoponal aaetlon
(F1s.3.9) thpouch thaaa layapo ahowad a paculap vaplatlon
In tha donalty.
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Fleur* 3<B

Herlsont*! eeetlen of th* v*s*l lob* Ip*l1*t*r*1 to th*
Inl*otlen sit* ahowlnc erthecrad* rooetlen product In th*
eup*rfloi*l **n*ory laaln**. Th* I*b*l 1* found In laaln**
V, VZ *nd. 1*** donaoly. In laaln* VZZZ. Zn addition, aonoi
of labol ean b* aaan to ba sanarally aaparatad by radon*
with vary 1lttl* raaetlon produet within thaa.

Ft pial surfaoa.

At artafaetual Ilabal.

Seal* bari 100)L™.

Fleur* 3.9

Coronal saetlon throueh th* vaeal loba Ipaliatarai to th*
Injaetlon sita ahowlne orthoerad* raaetlon produet In th*
euparflolal **n*ory laalna*. Th* labal ean b* a**n to b*
danaaly aeeuaulatad In lamina* V and VZ. Tha labal In
1-AMIna VZZZ 1* aueh laaa dafia* In thla aaetlon than that
ahown In Fleur* 3.8.

Pi pial aurfaea.

Ai artafaetual labal.

Seal* bari 100pa..






Thla vavlatlen eonaiatad of banda of danaa vaaetlon
preduoti pappandleular to tha aurfaea ef tha vacai loba,
altapnatinc wlth unlaballad op lishtly laballad intar-
vanlns raciona. Tha Midth of tha banda of labai Mara
15-30]ia. Tha dlatanea batwaan thaaa banda «*aa obaarvad to
vary froa approxiaataly 9%ub. to an uppar llalt of 2fd|ui.

A tancantlal aaotlon throuch tha laballad
auparflolal racién ahowad a nora eoaplata plotura of tha
arrancaaant of raaetion produot at that lavai (Fic.S.I1dA
and ric.3>10B). Tha traoar ean ba aaan to bava baan
diatributad to fona a ratioular arrancaaant. Tha priaary
aanaory affaranta Innarvatlnc tha ipailataral half of tha
palatal orean tharafora appaar to tanainata aa a nat««ork
aeroaa tha ipailataral vacai loba.

Tha ovaran via*« of tha diatribution of tha
taralnala in tha auparflolal laainaa lo thua ona of a
canarally racular. ratioular or "honayooaib** arrancaaant
orlantad orthoconally to tha aurfaea. Thla ercanlaatlon
eartalnly appaara te axtand throuch laalnaa V and VX, and
poaalbly ineludaa lamina Vili, althouch tha labai la not
olaarly daflnabla In banda at thla lavai. Tha raaotlon
produot In lamina Vili may In faot rapraoant pra-tarmlnal
axonal labal.

On a numbar of ooeaaiona orthocrada labai wao aaan
throuchout tha daapar lavala of tha aanaory dlvlolon In a
radiai orlantatlon (rie.3-11). Fibra morpholoclaa tham-

aalvaa Mara not apparant praaumably baeauaa of tha laek of
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MId*«pp«*d lab«l in th* «xopIMaio oep* of th* «xena. Tha
Mohanlaa of uptaka of MGA-BItP aicht ba axpaotad to laad
to tha traeap balns confinad to Intpa-axonal orsanallaa
pathap than tha axoplaaa. Howavar. tha prasanea of
raaetlon produet oplantad In thla Mnnar auccaatad that It
Maa eontalnad wlthln tha axona of affaranta oontplbutlns
tha daap root.

Altarnatlvaly. thla labal alsht hava baan dua to
uptaka of tha tpaoap by aaeondary naurona wlthln tha vasal
loba folloMIns tpananauronal tranapopt fpos tha prlsary
affaxzant andInsa. Thla phanoaanon haa baan obaarvad
utlllalns WQA-aitP In aosa BaaaBallan ayataaa (Ztaya and Van
Boaaan 1982). HoMavar. had thla trana-aynaptle tranafar of
tpaoap ooouppadi tha oall bodlaa of tha aaoondapy naupona
alsht alao hava baan axpaotad to axhlblt labal. Laballad
aoaM In tha aanaopy dlvlalon of tha vasal loba wapa not
obaapvad.

Raaotlon ppoduot oplantad In a flbpa-llka sannap
waa not dataotad In tha oapaulap poot. Tha pplaapy
affapant flbpaa fpos tha palatal opsan thapafopa appaap to
ooupoa Into tha vasal loba aolaly at tha daap laval bafopa
paalfylns In tha aupapflolal laslnaa of tha sansopy

division.
Motop layap labal
In oontpaat to tha opthospada paaotlon ppoduot

obaapvad In tha aupapflolal layapa, no pasulap vaplatlon
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In dnnnlty N*a apparant at tha daapap lavala.

Tha labai In thla paslen waa aho«ni to ba dlatplb-
utad In eloaa aaaoelatlon MIth tha paplkarpa MIthin tha
motop mena (FI*.3.11 and Flc.3.12). Tha Intapppatatlen of
tha ppaaanoa of opthecpada paaetlon produet In thla radon
la aablpuoua. Tha altarnatlva Intarpratatlona m11l ba

eonaldarad furthar In tha Dlaeuaalon.

Ratrocrada labai

Tha only ratrocrada labai obaarvad In tha Ipal-

vacai loba waa oonflnad to tha parlkarya In tha
daapaat lavala of tha vacai loba and In tha aadulla
obloncata.

Thraa apparantly dlatlnot croupa of thaaa
eoli bodlaa wara laballad. Tha dlvlalon of tha aoaa
Into thraa croupa waa baaad on dlffaranocaa batwaan thaa aa
racarda thalr dlatrlbutlon In tha vacai loba/hlndbraln
nauropll, thalr alca, and thalr dandrltle oharaotarlatlea.

Tha larcaat croup waa altuatad In tha momt
auparflelal racién of tha aotor dlvlalon l.a. ladna Xzv,
adlaoant to tha danaaat aoouaulatlon of daap lavai
orthocrada raaotlon produet. Tha parlkarya In thla croup
tfara batwaan acuai. and 35M«. In dlaaMtar. Thav all
appaarad to poaaaaa a alncla prlmary dendrita dlraetad

radlally tewarda. and praauaably raalfylnc wlthln, tha
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ricuv* 3.12

Co>en*1 meotlen mhowlnc 1*b*ll«d «om (8). dMdriItM (D)
*nd «jcon* (AxX) In th* Meter layar ef tha vasal leba
Ipsllataral te tha alta ef Inlaetlen. Tha praaanoa ef

erthesrada labal (0) In tha aera dersal laballad racien la

aablcueua. it aay rapraaant effarant Input te thla laval er

danaaly-fiiiad dandrltaa.

Scala bari 100pa.






mor* euparflolal l«y*r« (Plb .3«13A *nd Plc.3>11)*

A meeend cpoup mm obs«rv*d dd*p«r than th* flrat
CX>oup. Thaa* parlKarv* «**p« loeatad In th* nuelaua
eabicuus (vantpal Motor nuoloua of tho vasus - Barrlek
19P5tl19B6) Mbioh. althouch withln tha vacai Motor eoMplax.
la outalda tha canarally aeoaptad boundary of tha vacai
lobo. Thls croup of laballad eolia waa found to ooeupy a
laaa axtanalva ranca In tanw of ita roatro-eaudal I1IMIta
(PIC>3>13B). Thay Mora. In canaral. larcar oalla than
thoaa In tha Motor layar of tha vacai lobo wlth dloMatara
of batwaan 3*pM. and SByM. Many of thaaa calla appaarad to
dlaplay tmo larca dandrltaa Mhleh «ara looaaly oriantad
radlally to«arda tha outar aurfaea. Ho««avar. ona dandrilta
tfould axtand allchtly roatrally «hllat tha othar «aa
dlraetad In a eaudal dlraetlon. Thia bahavlour «aa aora
avidant in tha aaoondary branohaa.

Laballad parlkarya «ara alao obaarvad In a Madlal
alta adlaeant to tha fourth vantriela (PIc*3*13C).
althouch vary fa« oalla «ara laballad at thia loeatlon.
Tha dloMatara of thaaa laballad parlkarya varlad froa
2CyM. to tC]JiM. and t«o Maln dandrltaa eould oftan ba
obaarvad. In aoMa of thaaa oalla. tha dandrltaa «ara
eutatratehad alene tha roatro-eaudal axla but oriantad
to««arda aora auparflelal raclona. Othara. ho««avar.
appaarad to ba axtandInc eaudo-Madlally. Tha alta at ««hleh
thaaa dandrltaa ultlaataly roMIflad eould not ba loeatad.

Tha Innarvatlon of tha palatal Muaoulatura
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th*r«fep« «PP«»« to optcinoto fpoa thpoo seupoo« In tho
enpp hindbpnIn. Tho pootpo-eoudol ond vontpo-dopool oxtont
of thooo «otop noupon cpoupo boooooo InepoMInclv I1luttod

in poXotlon to thoip dopth In tho hindbpoln noupopll.

RolotInc tho Moot Mdlol olto of lobollod eolio
(F1C.3.13C) to tho noaonolotupo fop oodullopy nuolol hos
boon ppobloMotle. Tho Min poooon fop thio diffioulty io
that *rhon thooo eolio opo lobollod folloMinc inioetiono of
tpooop into tho polotol opcon. thoy oppoop to foPM o
oopopoblo cpoup of noupono. Thoy opo oloo Mppholocieolly
diffopont fpoa tho odioeont lobollod eolio in tho nuelouo
aabisuuo. Thuo, it oooood poooonoblo to pocopd tho«
initially oo fopoiinc a dioepoto nueloop population.
Bowovop. aftop oxtanoivo obaopvationo of tho
tpoeop-labollod Mtopial and noPMI Miaol Mtopial. in
oondunetion with polovant litopotupo. it hao not boon
poooiblo to aaepibo a dioopota idontifieation to thia eoll
MOO .

Tho eolio do not appoop to bo papt of tha opinai
motop eolum ao thoy apo oboopvod in a pooition antopiop
to tho poatpal liait of thio eoluan. Aloo, .followins an
apppaiaal of tho litopatupo poptaininc to a nuabop of
opoeioa, tho eolia do net oooa to bo eeapononta of tho
aodul lopy potieulop fopaatien.

Fellewinc tho eall spoup in Nioal-otainad

ooetiono, it 10 poaaiblo to ooo that, at ito eaudalaoot



ext*nt it baeoMS elo««ly Msoel*t«d wlth th* mov*
1*t*F*1ly-pl*e*d. nuolcus Miblsuus. Xnt«r«stincly, *t thla
lavai in tha aadulla of Cypginua eagplo. it haa ppavioualy
baan auccaatad tbat tha aetop nuelaua ef tha vacua
oonaiata of papveeallulap and Maneoallular eoaponanta,
tha aacncoallular eoaponant baine at a aadial poaitien
oerraapondinc to tha loeation of tha aoat aadially aitad
laballad calla in tha ppaaant atudiaa (Baceavi 19t3 -
eitad in Kuhlanbaek 1978)= Two aaparata populationa of
calla bava thapafopa baan ppavioualy idantifiad at thia
lavai. Howavap, Mhan laballad folloMinc tpacap injactiona
into tha palatal opcan. thaaa two CPoupa cannot ba
daacpibad aa axhibitinc a paptioulaply olaap aapapation
into papvo- and aacnocallulap dlviaiona. Zn fact, an
attaawt to daacpiba tha laballad calla capaly in tapaa of
alma Mould ppobably paault in a daacpiption whlch xaa. in
canapai, tha pavapaa of that daaoplbad by Bacoapi .

Daapita thia appapant oontpadlotion ho«*avap, tha
oonvantlon of Bacoapi will ba follotfad and tha coat aadial
laballad cpoup of calla will ba pacapdad aa papt of tha
vacai aotop coaplax. Xn viaw of ita cloaa aaaoclation Mlth
tha nuelaua aaibicuua at ita poatpal liait,- fop tha
puppoaaa ef diacuaalon. tha aoat aadial aita Mill ba
pafappad to aa tha aadial nuelaua aabicuua and tha aopa
aupapficial CPoup ef aabicuua calla aa tha latapal nuelaua
aabicuua. Xt ia paaliaad. howavap. that thia ia net eeap-

lataly aatiafaetopy and paquipaa fupthap invaaticatien.
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TopocPAPhy

rolloMInc Injaetlena of WOA-HRP Into tho ontoplop
poclen of tho polotol opcon (PL13. PL18). oupopfleloX ond
doop opthospodo pooetlon ppoduet. ond potpospodoly-
lobollod ootop noupon oocao. mopo obsopvod in ontoplop
poclona of tho Ipollotopoi vocol lobo (ris.3*18A). Aloo.
tho pootpoeoudol oxtont of pooetlon ppoduet within tho
polovont loainoo of tho ontopiop vocol lobo eoppoopondod
ot oil lovolo, thuo fopalnc o ootohinc "eolunn” of lobol
oeposo tho noupopll.

This is so olthouch. by viptuo of tho vocol lobo
ohopo. tho ontipo pootpo-eoudol oxtonts of ooeh loaUnoo do
not Mteh in obsoluto top«s. It is o podlol oonsruoneo of
lobol ot ooeh lovol thot is oppopont.

Xn3oetions of tho tpoeop into tho aidlotopol
oosMont of tho oPcon (PL13t PLi6 ond PL19) posultod in
opthocpodo ond potpocpodo poootion ppoduet within tho
intoPBOdioto potion of tho vocol lobo (FIc>3-iAB). Acoin,
tho lobollod isainoo eoppospondod in oxtont ocoposs tho
noupopl .

OpthocPodo ond potPOCPodo lobol wopo obsopvod in
tho eoudol sono of tho vocol lobo (Pic>3«18C) followinc
in4ootions into tho pootopiop cuodpont of tho polotol
opcon (PL8C ond PL27)* As obsopvod followinc indoetions

|
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Flsuv« 3.1*

merIBontAl eeétions threu«h th* Mdull* shoMInc th*
loe*tlen of Isb«ii*d slt«a In th* lIpsllst*r«l vac*i lob*
fellowlnc Inlaetlons of NOA-mP Intoi

At «ntsplop pnlAtsl opsan.

mi aldwap batwAMi antaplor and poataplop palatal Illalta.
Ct peataplep palatal opcan.

Tha aupapPlelal opthocpada paaetlon ppoduet (0) la-not
paptloulaply elaap at this Mcnlfleatlen. Its loeatlen la
thapafopa Indleatad bp appowa.

Rt poatpal. Ct eaudal.

FLi Faelal loba

Seala bapsi 2S0|wa.

t\x






d*sorlb«tf. r««etlen ppeduet «m eenflnad to
eoulvalont pootpoeoudol llalta within tho lobollod
iMInM.

Zn on— py. Indootions of tho troeor into tho
polotol opcon posultod in eoltuuio of lobol oopooo tho
vocol lobo noupopll. thooo bonds bolns found oopo eoudolly
os tho tpoeop wos dollvopod to oopo postoplop polotoX

sitos.

As pocopds tho topocpophieol polotionship botwoon
tho polotol opcon ond tho ipsilotopol vopol lobo in tho
Mdio-lotopol plono, ooapopison of tho posults followlnc
inioetions into tho oidlino polotol oppon with thoso
followins fop-lotopol inioetions indiootod diffopont sitos
of pooetion ppoduot.

Tpooop dolivopod into tho oldlIno opoos (PL3* ond
PL32) posultod in bilotopol opthoppodo lobol in tho oost
vontpol popion of tho supopfieiol lopops of tho vopol
lobos (Pip.3.1SA). Additionolly, opthoppodo lobol in tho
doop lopops ond potpoppodolp-lobollod ootop noupon som
wopo obsopvod bilotopollp but in thoso oosos tho pooetlon
ppoduet wos loss donsolp distpibutod thon thot followlnp
mopo lotopollp-dipoetod inioetions. As ppoviouslp notod.
tho obsopvotlon of bilotopollp-lobollod sitos did not
noeossopilp infop o bllotopol innopvotlon of thoso polotol
sonosi it sooM aopo likolp to pofloet tho sppood of

tpoeop ooposs tho polotol «idlino.
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Znjaetlen* inte th* far lataral palatal ersan (PL29
and PL31) produead orthocrada labai In tha auparflotal
laalnaa of tha »ora domai araaa of tha ipailataral vacai
loba (PIc<3>15P)* Althoush tha dlatlnetlon batwaan domai
and vantml aonaa «*aa laaa olaar in tha daapar ladnaa. a
eoaparlson batwaan tha melena laballad at thaaa lavala
folloMIns aldllna and far lataral injaetlona of traoar
Indleatad that labai in tha fonaar eaaa was found mov
vantrally than in tha lattar eaaa. -

Briafly thamfom, aa eonoarna tha aadio-lataral
plana of tha palatal orean, maetion produot waa found
mom doraally Mithln tha atruetum of tha vacai lobaa aa
tha aita of traoar dalivary waa diaplaead aom latarally

of tha aidllna.

Contml atudiaa

All oontrol axpariaanta daaMnatratad a total laok
of traear-mlatad labai in tha vacai lobaa. Aniaal Ci
axhibltad no maotlon product eharaotarlatio of althar
erthocradaly- or mtmcradaly-tranaportad traoar in tha
CMS. Tha only oaaaa of andocanoua pamxidaaa aetivity
obaarvad warn thoaa dua te arythmoytie pmaanea in
oambral blood vaaaala.

Zn anijoala C2 and C3. in whloh traoar had baan
indaetad into tha bulbua artarieaua. ne orthocrada or

V
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Flsuv* 3.15

Coronal oootlono throuch tho vacai lobo lIpsllataral to tha
alta of Injaotlon.

Al Traear Oallvary oloaa to tha palatal aldllaa raaultad
In suparflolal orthocrada labal (0) and daap ratrocrada
labai (KM) vantrally In tha vasai loba.

Bi Traear dallvary Into far lataral palatal altan raaultad
In auparflolal orthocrada labal (0) and daap ratrocrada
labal (MB) In aera domai poaltlena wlthln thalr mapaotiva
lavala of tha vacai loba.

Di dorsal. Vi ventral.

Beala barai 800]ia.






F*tFocr*d* I*b*1 WM d*t*ot«4l In th* CHS. lvan «lta«
addaeant to bleod vassala op tha vantpieular supfaoa Mapa
davold of tpaeap-palatad aetlvity. Thasa paaulta Mapa In
acpaaaant MIth othap atudlas ef loMap vaptabpataa Mhapa an
lapaPBaablllty to axocanoua papoxldaaa has baan obsapvad
(BodanhalMP « BplshtMn 1968. Ciani. Dal Qpsnda. Fpaneaa-
ehinl. Caniato and Minali! 1983)= Thay apa. hoMavap. in
oontpast to tha pasults of soma Invastlcatlons usine HRP
In eypplnoid flahas. Mhloh hava shOMn non-spaelflo uptaka
of tha tpaoap by naupons In tha ppaoptle pacion (Paypieh-
oux. Maldnap. Kapapant and Mioall 19771 Ppyap and Malap
1981). Navapthalass. thapa Mapa no papopts of non-spaolfle
laballlns in Mdullapp paslons in thasa atudlas and. as
Min ba avldant In a latap ohaptap. injaetlons of tha
tpaeaps Into tha bapbals dld not pasult In paaotlon
ppoduot Mithln any of tha paslons laballad folloMInc
tpaesp dallvspv Into tha palatal opsan. Thus. all laballad
sonas obsapvad folloMIns Inlaetlon of tpsoap into tha
Phlatal opsan Mapa tha pasult of tha tpanspopt of that

tpseap fpoM tha sita of Iniaotion.
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DXSCaSSXON

Th* studi** r*povt*d h*F* h*v* 1llu»In*t*d * nu«b*F
of OKtesrohltdotenlo *nd orc*nls*tlen*l f**tup*s of th*
oyprinoid v*«*1 lob*.

Follotflns ind*etlons of tfQA-BKP Into th* p*I1*t*I
ors*n. t*t*iin*l br*noh*s of ppla*py *ff*r*nt noupons
Inn*rv*tins p*I*t*l p*e*ptors h*v* b**n shown to rvslfy
Mithin th* out*p **nsory iMiin** of th* ipsildt*p*l v*c*l
lob*. Hom*v*p, th* pp*ois* eouPB* of th* *ff*r*nt sxons
*nt*pinc th* lob* h*s not b**n dofinitivoly d«*onstp*t*d.
Xndiestions fpoa th* studi** utilisinc WOA-HKP *p* th*t
thss* sxons *nt*r th* v*c*l lob* solsly Mithin th* d**p
ssnsopy root.

aoMovor folloMins dolivory of I*rs* voluaos of
uneoniuc*t*d mp into th* p*I*t*l orc*n, fully-I1*b*11*d
fibpss M*r* d*sranstp*t*d in both th* e*psul*r *nd d**p
ssnsopy roots. N*v*rth*l*ss, in vioM of th* injsetsd
voluass of this tr*e*r *nd th* siaultsnsous d*sMnstr*tion
of I*b*l in e*ntr*l norvous rocions proviously shoMn to
inn*rv*t* *xtr*-p*I1*t*l struoturos (Luiton 1976). it eould
b* Bussostod thst th* 1*b*11*d e*psul*r root *ff*r*nts
orisinst* sIMilsrly froa othor *xtr*-p*1*t*l soureos.

Pro« * sust*tory stsndpoint, tsst* buds *r* found
in othor rocions of th* oroph*ryns**l oovity in fish.
Thus. th* possibility oxists th*t th* eopsulsr root isbol

obsorvod in th* *xp*ri«*nts usine lors* voluaos of HMP asy
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p*fl*et MCOAsalv« apr*«d of tho tpoeor to oxtro-polotol
eltoo And poppoaont affapants fpoai thaaa aeupeaa.

Thasa Intapppatatlona sain suppopt fpoM paeant
Btudlaa of tha coldflah. In thla spaeiao, ppiMpy affapant
flbpas fpoa tha palatal opsan antapad tha vasal loba
antlpaly within tha daap aanaopy poot. Napvas Innapvatlns
tha sill apohaa howavap wapa found to eoupaa in both tha
daap and aupapfielal aanaopy poota of tha vasal loba
(Moplta and Finsap 1983)= In tha ouppant atudiaa.
thapafopa, tha isplieatlon la that tha lapsa Iniaetlona of
HRP My hava allowad tha appaad of tpaoap to naupon
tapalnala within axtpa-palatal opal atpuetupaa.

Zn addition, thapa in a sanapal aspaaMnt batwaan
tha soldflah atudiaa and tha ouppant atudiaa oonoapnins
tha laailnaa paealvins palatal affapant andinsa. Zn tha
soldfiah, palatal affapanta wapa obaapvad to tapsinata
lapsaly in laalna VZ. Tha ppaaant axpaplMnta on tha
ooaMon eapp hava ahown palatal affapant andinsa in laainaa
V and VZ. and poaalbly alao in laaiina VZZZ. althoush tha
labal at thia laval My ba ppa-tapaiinal.

Tha diatplbutlon of thaaa laballad tapalnala in tha
outap aanaopy laainaa followins WGA-miP iniaotiona haa
baan ahown to ba non-unifopa. Thay ara found in a
patieulap appansaaant in thaaa laainaa.

A nuabap of atudiaa hava indloatad a aiallap
opsaniaation of ehaaloally-idantifiabla ayatoM at vapioua

lavala within tha aanaoiw divlalon of tha vasal loba.
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Ink«ph*1In-11k* iMunoMkotlvity hM b«*n oba*rv*d In a
ratloulM* arrancMMnt In luiln* 111 ef th* celdflah. Xt la
alao ppaaant In a laaa danna fera In daapa» aanaery
laatnaa apparantly oplantad parpandloular to tha laalnap
RFF>P tha loba, and In tha aetop layara. Thia
ankaphalin-1lka laaiunopaaattvity naataa to oplclnata fpoa a
eantral aouroa baoauaa aaetlenlnc tha vacua narva dld not
appaap to dlalnlah tha paaotlvity (Plnsap 1981).

Aeatylohollnaataraaa haa alao baan daiiOnatpatad at
vartoua lavala In tha coldfiah vasai lobaa (Contaatablla
19751 ldear 1983t Fincar 1988). Zn tha aanaory layara, It
la praaant In a nuabar of laalnaa but la danaaat In
laalnaa trttloh ara knot«n to raealva tha daap prlaary
affarant Input, in thaaa laalnaa, tha aoatylehollnaataraaa

oxhlblta a alallar "aaahtMrk” arrancaaant to that
alraady daaerlbad (ldear 1983).

Subatanoa P-l1lka Icniunoraaotlvlty la praaant In a
ratleular faahlon at tha lavai of tha eapaular fibra layar
In coldflah. PolloHIns vacotoay, both thla aotlvlty and
that aaerlbad to aeatylohollnaataraaa ara allMlnatad. It
aaaaa tharafora that. at laaat In coldflah. tha daap
affarant Input aay utlllaa a naurotranaalttar ayataai Mhleh

aaaoolatad HIth aeatylohollnaataraaa, Mharaaa tha
auparflolal. eapaular Input utlllnaa a ayataa baaad on
aubntanea-P (Fincar 1988).
In addltlen, tha ratleular arransaoMnt of tha daap,

and auparflolal prlaary affarant tanalnala, and a
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elailMPly opCMIsad e«ntr*l prej*etlen to th*
vasal lobaa, alsht auscaat that thia la tha baaio
opcanlaattenal ppinolpla In tha aupapfletal layara ef tha
vasal loba. Tha oloaa aaaoolatlen of tha oantral and
parlphapal affarant taniinala poaalbly raflaeta tha
praaanea of a aachanlaa fop amdulatlns tha pplIMvy
affarant Input to tha vasal loba.

Tha ratleular arransaaant obaarvad la not unllka
tha arpansaaant of taniinala of lataral sanloulata palay
calla 1» tha vlaual eoptax of Maaala obaapvad followins
tpananauponal tranapopt of traoap Injaetad Into tha ayo.
(Handrlekaon 198S). Thla typa of opsanlaatlon of aanaory
ayatoM aay thapafopa ba aopa Mldaappaad than pravloualy
thousht. HoMavar tha palatal ppojaotion In flah haa not
baan aubjaet to tha aaaa dasraa of phyalolosloal analyala
aa tha vlaual ppolaetlona of aaaMla and tha funetlonal
oonaaquanoaa of thla appansaaant of tanalnala In tha vasal

loba ara tharafora unelaar.

In addltlon to tha auparflelally-ppodaotlns
affaranta. raaetlon ppoduet oharaotarlatlo of opthosradaly
tpanapoptad WOA-BKP haa baan daaonatpatad wlthln tha aotop
dlvlalon of tha Ipallataral vasal loba.

Wtathap thla paflaota tha ppaaanoa of an affarant
Input fpoa tha palatal opsan to tha aotop naupon aoaa at
thla laval ep opthospada tpanapopt of tpaoap wlthln tha

dandPltaa of tha aotop naupona la unolaap. Thapa apa at
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1*Mt two oltornotlvM for translation of tha data.
Firstly, 1t could ba Intarprattad that tha prasanea of
such raaotlen product Indlcataa tanalnal arborisation of
prlaary sensory affarants In tha radon of tha Motor
nauron parlkarya. Howavar, no flbra-llka orientations of
tha label ware observed coursinc Into tha radon. Navar-
thalass, a lack of flbra-1lka aorpholosy was also
charaotarlstlc of tha prlaary afferent Input to tha
superficial sensory layers. Laballlnc with unconjucatad
RItP. howavar. which resulted in visible fibre profiles In
tha vacal lobe followlnc palatal Injactlons (Flc.3.5 and
PIC.3.6). also failed to reveal tha prasanea of afferent
fibres In this radon.

Tha density of reaction product observed dcht
suKcast that any prlsMry affarant raalfleatlon Into tha
radon would not ba particularly SMII. This Input dcht
arise as a portion of tha deep sensory root or as a
separata affarant bundle ooursins Into tha vacal lobe.
Howavar, observations of silver stained sections revealed
no such Input and In pravloua studies of noraal tissue,
neither axonal arborisation froa tha deep sans6n® root,
nor an additional fibre pathway have bean reported.

A second option for Interpretation of tha data
Involves tha Motor neurons thasMalvas. Tha close
association of tha reaction product to tha labelled swtor
nauron sesw, dsht ba due to orthocrada transport of

WOA-HKP In tha larca dendrites of these neurons. Dendritic
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I1*b«l ««euld b* «xpbotbd followlns r«troBP*d« tPMsport of
WOA-BRP to tho Motor nouron ooll body. ZndMd. this would
roproaont a alMllar Intraeallular transport phanoMonon to
that raouirad for tha daaonstratlon of tha eantral
projaotiona of tha primary aansory affarants fro« tha
palatal orean. Tha Ineraasa in danslty of tha daap
orthocrada labal aaan with ineraaalnc survival tina
(PLd7-PLI2), oould tharafora ba Intarprattad as althar a
sradual aeounulatlon of orthocradaly-transportad traear In
tha tarmlnals of a daap affarant Input to this radon, or
an aeeuMulatlon of traear In tha dandrltas whleh Is
ooeurrins ovar a roushly sldlar tIM parlod. Zt oould, of
eoursa, raflaet tha prasanea of both ooeurrlnc
sIMultanaously.

Tha obsarvatlons of tha orthocrada raaetlon product
within tha motor layara In a coronal section of tha vacal
loba (Pis.3.12) would saam to sussast that tha second
option l.a. that tha label la dendritic In natura. Is more
dafanslbla than tha first. Zn support of this, a similar
study In tha soldflsh which has recently bean published
shows no primary affarant Input to tha motor layers
(Merita and PIncar 1939).

Tha meter Innervation of tha Intrinsic musculature
of tha palatal orean has bean shewn In these studies to
arise from three croups of neurons In tha hindbrain. Many
parlkarya ware labelled In tha true motor layer of tha

vacal lobe. At a deeper level In tha neuropil of tha
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MdulI*_ *noth«r croup of eolie woo lobollod *t < loeotlon
poforrod to os tho lotorol nuelous aablcuuo. Thoso eolio
«foro lorcop ond tholr dondritle opberlsotlen oppoorod to
bo widop but otlll sonorolly dlroetod rodlollp towordo tho
moro ouporfleiol loyoro. Tho third croup, eonolotlnc of
tho fowoot nuaboro of eolio moo loeotod in o aodlol rocion
of tho nuelouo oablcuus. Tho dondrltoo of thooo eolio
oooaod to hovo tho crootoot oxponoo of orborisotlon of oil
throo croups but tholr pelorlty did not oppoor to bo
eonolotont.

Tho aojorlty of tho polotol auseuloturo Innorvotod
by thooo Motor nourono lo orconlood In tmo plonoo of
otrlotod muoelo fibrils loosoly orlontod porpondleulorly
to ooeh other. Tho "body'" of tho orcon eonoloto of o
motrix of fot eolio oaboddod within tho fibril network ond
fermine on "olooototle okoloton™ (Bdeor 1983)«

Toetllo otlaulotlen of tho polotol ourfoeo resulto
In o protrusion of tho opldoraol loyoro within thot rocion
oven In tho loolotod polotol orcon (Colo 19*8i Meaiono
19771 Bdeor 19831 poroonol oboorvotlon). Tho funetlon of
this roopenoo In tho bohovinc onlaol aoy bo to expose o
crootor ourfoeo orso of tho orcon to o portleulor objoet
In tho orophoryncool eovlty durine foodlnc. Thus, tho
motorini would bo modo ovolloblo to o lorcor roeoptlvo
orso.

Zt oooM pooolblo thot tho moehonloa undorlylnc tho

protrusion of tho polotol ourfoeo would Involve
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eontraotlon of otrlatod Buselo fibrils In ths planas
orthoconal to aaeh othar with tha rasultant distortion of
tha fatty tlssua In that radon. Tha auaela fibrils at
auparflelal lavals In tha palatal orsan hava baan obaarvad
to ba orsanlsad othoconally to aaeh othar (aaa Initial
Introduction).

As pravloualy notad, tha protrusion ean ba alloltad
In tha Isolatad orean. This way raflaet a laok of eantral
control of tha raaponaa durlns faadlnc. Altarnatlvaly.
this 1Q. vitro phanoaanon way not ba alsnlfleant In
ralatlon to tha raaponsa In tha Intact, bahavlns anlaal.
Zf tha lattar hypothaala was trua and In vlaw of tha
contraction of muséla fibrils In two dlfforant planas
apparantly raaulrad to produca tha protrusion of
Buparflelal tlasua. tha praaeanea of two populations of
motor naurona undarlylns tha maehanlsM MIsht ba axpaotad.

Followlns tha laballlns of two such distinct croups
of nourona In proximity, ona within tha motor division of
tha vacal loba and anothar Immadlataly aubjaoantly. It
mlsht ba tamptlnc to hypothaalaa thaoa two croups as
candidato populations. Howavar, thara la no avldanoa to
support this eontantlon. Also, eonsldarlnc tha columnar
manner In which tha palatal orean Is raprasantad In tha
vasal loba (saa balow) and tha apparant aconlst
ralatlonshlp rsQulrad of tha two planas of musculatura,
thara la no raason to suppoaa that tha candidato
populations would ba saparatad within tha loba.

\
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Additlen*lly, in ord*r te aenlpulete eny Mterlel
«FithIn thée pherynceel eevlty, Mevee of oontreetlona of the
p*I»t*1 muaeuletupe In eonjunotlon wlth the oppoalns
phnrynceel floop, Mould b* llkely.

Te ppoduoe auoh *n intecpnted mequenae of mupole
eentpoetlens wlthiln thé palntel ercen It MIsht be expeeted
thnt thé >otop neurone respenslble Mould fona en
IntiBately-releted "moter mep” of thé orcen end not
eonaiat of aeperete neuronei eaaeebllea.

Altemettvely. If thé reaponae of thée ieeleted
peletel orcen to e point atleulua la relevent to the In
vivo oondltion. thla lapllea thet the leaedlete protrualon
reaponae la Intrinalo to thé orcen end MItheut extrlnalo
oontrol by noter neurone In thé CHS. Zt nlcht be
poatuleted therefere thet thé Inltlel protrualon la e
loeal reaponae te e atlmilua eaaoeleted wlth thée entry of
aoM «eterlel Into the pherynceel eevity. A lercer aurfeoe
la thereby axpoaed to thée cuatetory quelltlea of the
atleulua. A "mep” of oloaely eaaoeleted Motor neurone May
then be reaponalble for Monlpuletinc the Meterlel ea
prevloualy deaorlbed.

Strleted Muaele flbrlla ere net only preaent In the
peletel orcen et the denael levela deaorlbed. Fine flbrlla
ere eleo preaent Invadine thé epidemia, end ettelnlnc e
eleae eaaeeletlon wlth thé beae of teate buda (ldear 1913t
alce aee Inltlal Zntreduetlon). Thelr role la unelear but
thelr pealtlen and orlentatlen leeaely perpendloular to

\
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th* p*1*t*l supfAe* alcht succpat th*t th«ip funetlen ll«a
in tha patpaetien of taata buda from tha supfaoa
apithalltua. Thla aicht ba axpaetad In tha ppaaanea of a
noxious stlaulua.

Nhathap this Is thaip tpua pola op not. tha
oplantatlon of thasa fina flbplls opthoconal to tha plana
of oontpaotlon of tha daapap auseulatupa lapllas an
antaconlst palatlonshlp batwaan thaait eontpaetlon of tha
flbplls tpavapslns tha apidapals Mould ba axpaetad to hava
an apposita affaet to tha oonsaguaneas of eontpaetlon In
tha daapap layaps.

Claaply, tha data avallabla fpoa tha ppasant
axpaplaants eannot daflna tha paptloulap laballad swtop
naupons Innapvatinc spaolfle ausela flbpas In tha palatal
opsan. HoMavap. It Is elaap that tha smtop naupons
laballad follOMIns palatal adalnlstpatlon of MQA-HKP apa
not all sapvinc tha sasM funetlonal pola. Tha vapylns
dandpltle apboplsatlons m*y ba an additional paflaetlon of
thasa dIffapaneas. Xt Mould ba axpaotad that tha oalls of
tha latapal nuolaus aabicuus. Mhleh appaap to hava a aopa
axpanslva dandpltle tpaa oplantad toMapds tha supapflelal
paslons of tha vacai loba than that of thaip nalshboups In
tha vasal loba ppopap. Mould hava tha eapaelty to aeeapt
Inputs fpoM a aopa axtanslva soupea. Zndaad, In vlaM of
tha eolunnap opsanlsatlon of tha vasal loba. It Is
ppobabla that thasa daapap naupons apa intaspatlns

aetlvity Mhleh oplclnatas fpoa lapsap apaas of tha palatal
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euvf*e« th*n th* aor* eupavflolal aetor naupona.

Tha nuolaua aabicuus has praviously baan laplleatad
as havinc a poXa in tha swallewinc a«t In hlchap vaptab-
bvataa (a.s. Jaan 19St)> Tha data pathapad in tha ppasant
axpaplaants do not oontpadlot a slallap funotlen tote thosa
ealls MIthiln tha nuolaua Mhleh ppojaet to tha palatal
oppan.

In oontpaat to tha fina oontpol of tha palatal
muaeulatupa papulpad fop tha aanlpulatlon of Mtaplal ovap
ita supfaea, tha eontpol paquipad as a funotion of ita
involvaaant in swalloMinp is likaly to ba eoapsap. Aa a
oomponant of this aotivity, axpanaion and palaxation of
fap Bopa axtansiva papions of tha oppan aipht ba axpaetad.

Tha laballad oalls of tha nuolaua aaibipuua t*apa
found to ba. in panapal, lappap than thosa in tha motote
loyote of tha vapal loba. Ona of tha paaaons tote tha
ooouppanea of lappa as oppoaad to saall osila mp ba a
ppaatap auppoptiva paquipaaant in taPM of tha physiolopy
of tha osila. Thia oould ba dua to tha poasaasion a lappap
dandpitio tpaa and/op a aopa widasppaad affapant
ppoiaotion. Poth of thaaa Bipht ba ohapaotapistios of a
Botop naupon pool pasponsibla fop pposs aMVMsnta of tha
palatal oppan. Znputa fPOB bops axtansiva palatal soupoaa
to tha palavant Botop naupons. and aquallp axtansiva
axonal apbopisatiena fpoa thaaa naupona te tha Busoulatupa

Bipht ba axpaotad. Thus. a palativaly sBall nuBbap of



o»lIm aould b* Mspenalbl« fov th* oontpol of th*
oo«par*tlv«lv cpoaa aovaMiita p*«ulp«d ef th* palatal
opsan MIthln Ita pela aa a part ef tba awalleMIns
aaquanea. Zn addltien. cpeaa laalena ef tha vacai lebaa
bava baan rapertad te dlarupt awallewlns in letaiupua

eatflab (At«aa 1971).

A nuiabar ef tba funotlenal bypetbaaaa peaad abeva
ara olaarly apaeulativa and ppevlda a baala for aera
quaatiena rasardlns tha palate-vacal ayataa than anaMara.
Thla la a paflaetlen ef tha pauolty ef atudlaa en thla
paptleulap ayataa.

Bewavap. IlIppaapaotlva ef ppaelaa funotlenal pelea,
tha ppaaant anatealeal atudlaa bava daaenatpatad that tha
palatal epsan la pappaaantad tepespaphloally wlthin tha
vacai lebaa.

Tha aanaepy and aetep Innapvatlena wlthin tha
antaplep paclena ef tha palatal epcan apa pappaaantad In
tha antaplep vacai leba. Inopaaalncly capa eaudal senaa ef
tha epcan apa aappad ente Inopaaalncly eaudal aenaa ef tha
vacai leba. Thua tha antaplep-peataplep axla ef tha
palatal epcan lo pappaaantad alene a alcllap axla In tha
vacai leba.

Tha Mdle-latapal axla ef tha palatal epcan la
ahewn te ba aappad alene a vantpedepaal ppejaotlen ef tha
vacai leba. Haupena Innapvatinc Mdlal palatal altaa

eennaet wlthin vantpal paclena ef tha leba whllat tha
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o*ntr*l eenn«atlons of thos* supplvinc Iptpppl ppcions
found In th* dopasi vacai leba. (Pie.3.16).

Tha erosa ercanlsatlon of tha vacai lobo ean
tharafora ba thoucht of as "palatotoplo”. Thls has
PPavlouslp baan succaatad usine alaetpophyslolocioal
ppoeadupas (MoOlona 1977).

Tha Inlaotlen of traoap Inte dlsopata fraetlona of
tha palatal opcan has alse ravaalad that tha partloulap
laballad palatal raciéon lo raprasantad ooncvuantly
thpouchout tha layara of tha lIpsllataral vacai loba.
Consldarinc tha findInc that tha palatal orean Is also
raprasantad topocraphloally aeroso tha vacai lobas, tha
eorraspondanoa of laballad raciona thpouchout tha dapth of
tha vacai loba Indloatas a radiai ercanlsatlon of tha loba
for palatal oonnaetlons. Thus aaoh palatal coordinata Is
raprasantad wlthln a "eeluan" erlantad orthoconally to tha
vacai loba surfaea.

As racardo tha funetlon of tha systaa. tha
suparlaposltlon of tha sansory and aoter raprasantatlon
maay axplaln tha rasponsa of tha orean to tha prasanea of
matarlal on ita surfaea. Eaeh '"sansory loeua™ oould hava
oonnaetlons to a eorraspondlncly dlserata aotor nauron
pool. Tha ooourranea of a stlaulus In a partleular palatal
loeatlon «tould tharafora ba axpaetad to rasult In an
odually loeallsad rasponsa of tha palatal cuaoulatura.

Thls Maohanlaai cay undarlla tha apparant pela of
tha palatal orean In tha slftlnc of matarlal takan Into

|
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ricuv* 3*16

Thl« dlacvM 8u*erleee th* "pAlAtetople* MIptlenahlp
battfMn th* palatal orean and tha lIpailataral vacai leba.
VLi vasai loba. FLi faelal lobo. FOi palatal orean.
Only tha aadulla oblonsata and roatral opinai cord lo

Ineludad In tha dlaeraa.
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CHAPTIM «

gMTKAL g«gJICTIQH8 2£ IS 1 IABBU. limMVATioii

ZNTRODOCTZOI 1

Th* comBon e*rp (Cypglnu* capplq) POS****** tMo
bl1*t*p*1 pAlv* of mMZ1l b*pb*I*. Th* *eouaul««lon* of
t*at* bud* on th* fl*nk*. *nd **p*el*l1Zv en th*** b*pb*la,
th* *nt*rlop Mouth *nd th* Zip* p**uZt In th* *nl*rc*»*nt
ot th* vi*e*p*l *ff*p*nt root* of th* f~ol*l n*pv* In th*
oyprilnold* and o*tfl*h (Raprlek 19*9).

ot th* dIff*p*nt br*neh** of th* f*el*l n“ov*,
thp** In p*ptloul*p h*v* b**n oon*ld*p*d to p*pp***nt th*
m*in f*ol*l t**t* p*thw*y*. Thl* I* b*e*u** th*** poot*
er* b*l11*v*d to supply th* d*n***t population* of taat*
bud*( on th* barbai* and th* llp*. Th*** thr** root* arai
1. Raau* «axlllarl* 2. Raau* MndlbulArl* 3. Raau*
palatinu*.

A *eh*M of barbai noaanolatur* b***d on th*
pattarn of Innarvatlen would b* diffloult to initiat* du*
to an «pparant ov*rl*p batMaan branoha*. Alao. *e no
funetional **p*r*tion of th* t™o barbai* appaar* to axiat.
a ayataa of noaanelatura b***d on thl* «apaot i* net
***ibl* althar.

Thua th* *MI11 doraal barbai i* rafarrad to har*

*a th* nasal barbai Mhilst th* lare* barbai protrudinc
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frea th* upp«r llp 1« r«f«pp*d to m th* Mxtllary barbai.

Aaaoalatad wlth tha stronp davalopaant of tha
branchas ef tha facial narva Innarvatlnc tasta buda on tha
axtarnal body surfaca la an aqually alsniflcant anlarsa-
mant of tha oantral narvous radon raoalvinc tha affarant
tamlnala of tha syataa. In tha oarp. thla anlarsad
rasion, tha facial loba, is found on tha dorsal aadulla
obloncata. It ia soBotiaas rafarrad to aa a "tiibarculm
iMpar", havins fusad wlth ita aquivalant contralataral
naishbour (Ariana Kappars, Bubar and Croaby 1936).

A nuBbar of anatoBloal atudiss of tha facial narva
hava baan praviously raportad, not only in carp but alao
in othar apaclas which posaasa hishly davalopad "axtarnal"
sustatory syataas.

Tha aarly studlas on tha suatatory ayataas of
oyprinolds and ailuroida by Barrick (i9*9) wara basad on
tha nomai anatoay uslns pradoalnantly tha dolsi rnthods.
Alno, 1In a coaparativa study, Barnard (1936) uaad Misai
and silvar mthoda to analysa tha oantral narvoua rasions
dlractly aasoolatad with tha facial narva. Mora racantly,
modarn tract traoins taohnlquaa hava baan mployad to
invastisata tha priMry projaotiona of tha facial systaa
in a nuabar of spaolaa.

Tha Fink-BalMar silvar Bathod haa baan uaad to
traca cantral fibra oonnaotions of tha facial narva in tha
oarp, Gyprinua carpio (Luitan 1979) and tha oruoian oarp,

Caraaaiua oaraaaiua (Morita, Zto and Maaal 196s). Thasa

199



-tudl*a Mpp«d d*c*n*F*tlnc fibraa followlnc FhIBotoay of
tho foolol noFvo €Xeao to tho broln.

Howovof. by loolonlnc tho noFvo ot this point, it
MOO not pooolblo to dofinltlvoly oooooo tho oontFlbutlon
of indlvliduol bFonehoo to tho FopFooontotion of tho foeiol
tooto syotooi in tho bFoin.

Uoinc both dosonoFotion ond HRP toehnlduoo, tho
oontFol pFoJoetlono of nouFono oupplylnc tho b"oFbolo hovo
boon otudiod In lotoluFuo nobuloouo (PInsoF 1976). Thlo
Involvod o tMo-otop oppFooeh to tho Invootlcotlon of tho
Folovont foolol noFvo bFonohoo.

riFotly, tho concllonle FopFooontotlon of oooh
bFoneh moo otudiod by opplylnc mp to tho out dlotol ond
of oooh bFoneh ot tho lovol of tho boFbol, of Injoetlns
tho HUP dlFoetly Into tho boFboX ond foxXXoMInc tho
FotFOSFOdo tFonopoFt Of tho tFoooF to tho contXlonlo
POFlkoFyo. SooondXy, tho eontFoX eonnootlono mofo
oxoalnod foXXoMIns dlooFoto Xoolono of tho concXlon ond
tho oubooquont ontoFocFodo doconoFotlon In tho pFoxImoX
poFtlon of tho pFIMFy offoFont nouFono.

Oolnc thlo oppFooeh, bFonehoo of tho foeloX noFvo
InnoFvotinc IndlvliduoX boFboXo mofo found to toFolnoto In
dlotlnet Foclono of tho IpolXotOFoX foeloX Xobo. Thuo o

SUOtotoFy ooBototopy mnoo 0ObooFvod to oxlot In lotoiuFuo.

Suoh o toposFophleoX OFconlootlon of tho foeloX
Xobo of tho eoFp hoo boon FopoFtod uoinc oXoetFOphyoloX-
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ocioal pree*dur*« (fUrul 1977). Thla study Mppad
Pdsponaaa in th* faolnl lob* to ehMita«! *nd Mohanlodl
mtlaulbtlen of various psclons of ths oxtornsi surfses of
ths snIMIl. This. hoMovsr. only silo*fsd tho dstsnslnstien
of eontpsl nopvous poprosontstion st s poiativoiy cross
Isvoi. Xt also providad no information oonearninc tha
anatomleal basis of tha topography dataotad aiaetro-

physlolosleally.

In tha studlas raportad hara tha quastlon addrassad
was whathar tha soswtotopy is anatomleaily dataetabla in
tha oarp facial systam foilowlns administration of traoar
to tha saparata barbais.

To aeoompllsh this a two-stap approach was
thaoraticaliy avoidabia dua to tha availability of tha
hishly afficiant transcansilonio traoar, waA-HRP, and tha
sansitlva ohromasan. TMB. Thair usa also anablad tha
application of small tracer volumes to mlnimlsa or prevent
unaccaptabla spread into naishbourlns tissues.

In addition, tha barbais bains isolated structures
should naturally hinder this diffusion of tracer away from
tha site of delivery. Thus, they also offer tha opportun-
ity for a direct comparison of tha efficacy of BKP and
WQA-HRF in transsanslionic traoar studies of intact
structures.

Since tha completion of these studies a report has

bean published in which tha central proiactions of
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Individuai bFmtehdd ef th* f«el*l n«w* ef Cvorlnua angolo

hnv* b««n tpaobd (Klyohnp*. Shlrntnnl nnd YuMbhltn 1985).

Thnt atudy npplldd mtP to th* out «nd of th* distai

poptlen of aaoh bpaneh and showad that thav wapa topo-

KPaphloally poppasantad In tha Ipsllataral faelal lobo.

addltlon. It was shoMn that th* palatina bpanoh of tha
faelal napva la puraly "faolal" Mhllst tha ethaps

Invastlcatad ara 'tplcaailnofsolai™.
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MATUtZALS AIID MITaODS.

Th* Inv*atlc*tlens ef th* eantral projaetiona of
tha naupona aupplylns tha barbala Involvad 21 earp. OF
thaaa, 15 anlaala had traear dallvarad to ona barbai only.

Zn * othar aalaala. aaparata Injaetlena of waA-BRP
and mtp Mara aada inte a dlffarant barbai of aaoh aldo
(aaa Tabla 5)> Thla approaoh Maa takan In an ai“taapt to
eoapara dlraotly tha tranasansllonlo affloaoy of aaeh
traear Mithln tha Individuai anlaala.

Zn addltlon. tMo earp had aqual voluaaa of IX
WQA-KRP dallvarad Into a dlffarant barbai on aaeh aldo
(Tabla 5)> Aaaualnc aqulvalant tranasancllonle tranaport
afflelaney In tha eaaa of tha dlffarant naurona aupplylns
tha barbala, tha purpoaa Maa to obaarva tha oantral
prolaotlona froa aaeh Mithln tha aaaa anIMl. Zn thla May
It ahould ba poaalbla to obaarva dlraotly any topocraph-

leal orcanlaatlon In tha ayatMi.

Tha flah Mora Inltlally anaaathatlaad In athyl
m-aalno banaoata aolutlon (1iSddd In Matar) untll raaplr-
atory BovaManta Mara no loncar vlalbla. HaaauroBanta of
Molcht and lancth (anout to tha baaa of tha eaudal fin)
Mara takan. Thay Mara than looaaly Mrappad In daap tlaaua,
Plaoad on tha flah box. and artlflelally raaplrad by
elreulatinc Matar eontalnlns anaaathatle at a alallar

eoneantratlon to that daaerlbad abova.
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Th* pvoe«duv« fep tp*e«p d«llv«py mm th* for
eaoh barbcl, «ithouch th* d«llv«ry hm ««alar in tha oaaa
ef tha, lapcap, MaxlIXavtr barbai.

A placa of eotton waa loosaly tlad areund tha
barbai undar Invaatlcatlen. Tha tip of that barbai Mac
craapad MIth a palr of fereaps and tha surfaoa waa flraly
punoturad wlth a brekan aloroplpatta aa oleaa to tha
axtraalty aa praetloally peaalbla. Tha naadla t33 «ausa)
of a tracar-flllad 5 pL. Haallton ayrinca waa than Inaart-
ad Into tha punetura and cradually advanead Into tha oora
of tha barbai. Zt waa than alowly ratraetad ao that tha
tip of tha naadla waa eloaa to tha axtraalty of tha
barbai. Tha eotton loop Inltlally poaltlonad around tha
barbai waa than tlad tlchtly around tha alta of antry of
tha naadla thua raatralnlnc It in altu. Tha ayrlnsa waa
claapad In poaltlon to pravant aceldantal raaoval of tha
naadla.

Tha traoar waa dallvarad alowly ao aa to pravant
apraad out of tha barbai. Tha eonoantratlona uaad wara IX
WQA-HRP In YPtrrs or 9dX BRP In YPWTS.

On eoaplatlon of dallvary, tha naadla waa alowly
raaovad whllat tylnc tha eotton avan Mora tlahtly ao aa to
pravant laakaca of tha traoar frea tha punetura.

Animala wara than ravlvad and iMIntalnad In aduarla
at taaparaturaa rancln« froa 18-23”~ for a varlaty of
aurvlval tlaaa. Tabla S ahowo tha axparlaantal faaturaa

for all anIMla In thla aarlaa of axparlaanta. Suboaeuant
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to SAerlflo*. pFee*dup«a >np* m dMOPIbad In Chaptap 2.

SuBMPlalns tha datails of tpaeop dallvapy into a
bapbaii
1. Anaaathatle.
2. Aptlfielal paaplpatlon.
3. Cotton loop apound tha polavant bapbal.
A. Punotupo of bapbal wall with miopopipatta.
5. Znaaption of aypinsa naadla.
6. Raatpain naadla in poaition by tyinc ootton loop.
7. Opadual tpaoap dalivapy.

8. Raaoval of naadla whilat tyinc loop fupthap.
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Tabi* S

AniMI

number

CP17
CPI8
CP19

CP28

CcP21

CP22

CP23

Cp2*

CP25

CP26

CP28

(*m)

157
185
177

296
136

187

112

115

188

1*7

Melcht Lensth Tvemr

(om)

18.5 IX WOA-HRP

17 n ft
18 tf n
1«_5 n ft

21,5 v o«
6.5  f o
o
1<.*  IX WGA-BRP
58X HRP
1%.5  I1X »NIA-HRP
58X HKP
1<.*  IX WQA-HRP
58X HKP
1«.3  IX NGA-HKP
58X HKP
16.5 1X MQA-HKP

tf ft
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VeluM
i) (HinMAD)

3.5

2.5
2.5

«

*.5

N N W w W w

(MxMxillery)

= T =z = £ = T = =

T

= - =Z2 = v = =2

B*rb«l

Survit

(Savi

o 0 0 o0
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T«bl* 5 (eontlnubd).

AnIMI Itolsht L«nsth Tvaear VOIUM Barbal Survival
nimb«F («m) (0a) M) (BtnMBI)  (day«)
(HiMXTTIBFY)

BL«I 128 15.9  IX MGA--HRP 3 M fd hour«
BLB2 33 o f ft 2 M ftS hour«
BLB3 121 6.t ft 2 H 63 hour«
BLB« sft it ft ft ft M 62 hour«
BLB5 162 18 ft ft 3.5 M 78 hour«
BLB6 17ft  18.8 ft ft 2.5 M 71 hour«
BLB9 IBft 15.5 ft ft 3.5 M 6
BLIB 1B3 16 M ft 3.7 M 6
BLII 115 15.8 ft ft 2.5 H 6
BL12 122 16.2 ft ft 2.5 H 6
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RB8DLT8

FelloMIns hlatoohMiloal dataotlon of 18 MOA-HRP,
raaetlon produot indloatlva of opthocpodo tponopopt wm
oboopvod In Ipallotoral rodena of tho eontrol norveua
ayato«. No lobai Moa ebaorvod In eontrolotorol altoa.

Zn tho oxpoFIBonta oopleylnc o poat-Inloetlon
ourvlvol poplod of loaa thon 71 heura. Inodogu®oto quont-
Itloa of tho troeop hod boon tronaportod to ollow
dotootlon. doaplto tho uao of o aonaltlvo ohpoaMson. Thua.
O mInIBim porlod of 3 doya aurvlvol woa noeoaaory folloM-
Inc tpoeor Injootlen ond« In ppootloo. aurvivol tlaoo of
botMoon 6 ond 8 doya woro found to roault In tho aoot

Intonao lobolllns.

Only In two oxporloontol animéla (CP18 ond CF23)
woa roootlon produot obaorvod In eoli bodloa of brolnatom
motor neurona, ond In thoao inatoneoa tho rotrocrodo label
woa of vory low donalty.

1*bollIns of eoli bodloa aubaoquont to rotrocrodo
tronaport of tho trooar tonda to bo moro officiant thon
lobolllnc of tarminolo followlns tronaconsllonle trona-
port. Zn vlow of thla ond tho fIndine thot aomo woro
Nt>ollod, vory llshtly, In only two eoooa, tho rotrocrodo
label ebaorvod woa eenoldorod ortofoetuol.

Tho orthocrodo lobol woa found In two creao orooa,

tho foelol loba ond tho funicular rocien of tho opinai
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eerd, *nd Mill bd eonslddvdd ddpdrdtdly.

Fdeidl loba labal

Opthocrada raaetlon ppoduot was oonflnad to
diffapant raciona of tha Ipsllataral half of tha facial
loba followlnc Injactlons of traear Into tha MxIllary or
nasal barbal.

Xnlaetlon of IX WQA-HItP Into tha Mx111Sry barbal
oonslstantly rasultad In raaetlon produot dlstrlbutad
within a eaudolataral quadrant of tha Ipsllataral facial
loba (PIs>**1)> This labal was not prasant throuchout tha
eomplata dapth of tha loba but oonflnad to tha Intansad-
Idtd lavals. Thasa lavals ara Indlcatad In Pleura 4.2. a
transvarsa saetlon throush tha laballad sona.

Pleuras 4.3 and 4.4 show two sarlas of adlaeant
horlBontal saetlons throush tha facial loba (CP18 and
BLII) outllnlns tha araa and voluaa of tha facial loba
whara raactlon produot was obsarvad followlns traear
Inlaetlon Into tha Ipsllataral maxillary barbal. Tha
Indloatad sonas can ba saan to ba of aqulvalant sisa and
position In both of thasa axamplas. Thay ara Indicativa of
tha labal obtalnad In tha facial loba followlnc all

Inlaetlons of 11X WOA-HRP Into tha maxillary barbal.
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ricur* t.i.

meriBont«! meetlen thveiMth th* «bolbi leb* felloMIns
tnjBotlon ef waA-mp tnto = MxlIXavp barb«l. OrthesvBd*
MBOtlen produet (0) ean b* «mii in th* ObudelbtbPBi
PbClon ef the lobe.

The poutea ef tbe pplIMpy effe»ent Inpute te the feeleX
xebe fr»e« eeeh elde (bvix) ente» fpe« the »eetreX eepeet
ef the Xebe.

*l reetvex. 0 eeudex. M MieXine.

moele bert  00|ui.

Plsuve «.2.

Treaevepee eeetlen thveuch the feeieX Xebe sheMInc the
Intevaediete deree-ventpeX XeveX ef the XebeX (0) dew>n-
etpeted in Picure t.i.

Di dereex. Vi ventral. M MidXIne.

mdele beri 100101.

dos






risuM t.s.

TbM* dvaMlnc« ahew tb* Xato«ll*d »eelana (ahodad nvana) In
< sarlaa of hovlaentnl aoatlona «hMuch thn Mdull*
oblonsatn ot cné mttmr Inlnotlen of IX WHA-ntr Into tno
l«ft MxIXlarv bnrbox.

Oppa» X«ft la th* Moat de»aoX aoetlon «lIspXaplnc XoboX
wnixat botto« plcht la tho «oat vontrnX XoboXXod oootlon.
PLi faolox lobo. VLI vosox lobo.

Kt roatpox. Ct ooudaX.
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Aa a raault of injaotiena ot IX WOA-BRF Into tha
naaal barbai, raaatlon preduet Maa diatrlbutad wlthin a
madlal portton ef tha Ipailataral faelal leba (rie.A.5).
Asaln, laballad taralnala wara net feund threucheut all
lavala but eenflnad te an Intaraedlata peaitlen (Pie.A.6).

Tha twe aarlaa ef dlaeraea praaantad In Pleuraa A.7
and A.8 ahew tha dlatrlbutlen ef labai ebaarvad In two
AAAaala (CP17 and BL12) felletflne unllatarai®Inlaetlen ef
IX HQA-RRP Inte tha naaal barbai.

Aa ean ba aaan, tha aena ef raaetlen preduot tended
teMarda a reatreaadlal peaitlen. In oentraat te tha eaude-
I"hAaral raelen laballad felleMlne dallvary ef tha traoar
Inte tha maxlllarp barbai. It waa eeneludad tharafera that
tha naurena aupplylne tha aaparata barbala prelaet te

aaparata raelena ef tha faelal leba.

Ceneamlne tha traot In Hhleh tha prleary affarant
flbraa frea tha barbala eeuraa, raaetlen preduet «aa enlp
eeeaalenally ebaarvad. Xn thaaa fa« Inataneaa «bara It «aa
praaant (felle««lne dallvary ef IX waA-RRP) thla raaetlen

preduet «aa vary dlffuaaly diatrlbutad.

Tha praelaa ralatlenahlpa ef tha laballad
tanalnala te tha Intrlnale ealla ef tha faelal leba «ara
net aaanabla te analyala at tha ll«ht alereaeeple laval.
Be diffarantlal afflnlty fer any ef tha varleua eall typaa

«ara apparent at thla laval.

ai8



ricuM *.5.

morBoat*! Matlen throusb th* fMlaX loto* fellowliic m
IniMtieii Inte « nneni bnrbel. Ovthesvede reeetlen preduot
(0> een be eeen In thé reetreeeeinl veden ef the Zebe.
The eeuvee ef thé pvlaevy effevent Inpute (nVZzZ) te the
feelel Zebe la vlalbZe the veatveZ eapeet ef the Zebe.

mi veatrez. Ci eewdeZ. Ni dazine.

eeeZe bevi mooini.

Flcuve 1.6.

Tvenavevae seetlen tbveush the feeleZ Zebe ahedn« the
IntevM«lete depth ef the ZebeZ (0) ahewn In ricuve t.s
fezzewlnc Injeetlen ef ix NOA-mp inte e neaeZ bevbez.

Di devaeZ. Vi veatveZ. Ni ddZlne.

>eeZe bevi fooiia.
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HoM«v«r. orthe«r*d«ly-tF*naport«d I1*b*Il «o m -

ob*«Fv«d In thb rova of dafia* aeouaulatlona In tha
apppopplata papion pathar than aeattapad unlfopalp Mithln
that papion (Flp.t.9). Thla auppaatad that tha affapant
taPMInalB In thasa Inataneaa aay ba oppanlaad In dlaopata
®®eRFulap** Faahlon wlthln tha topoppaphloally apppop~
Plata papio6n of tha facial loba.

Tha two axpaplaants papfopaad ualnp IX NGA-hrp to
labal tha ppolaotlona of tha aapapata bapbala
In tha aaM anlaala (CF22 and CF28) ppovldad no axtpa data
eoneapnlnp affapant dlatplbutlon In tha facial loba.

In tha oaaa of anlaal CF22, tha tapianal ppolaotlon

naaal bapbal Innapvatlon alona waa obaapvad. Tha
paaaona fop tha laok of tpanapopt followlnp Inlaetlon of
tha tpaoap into tha eontpalatapal MxI11lapp bapbal napa
unclaapt tpaocap dallvapy Into tha aaxlllapy bapbal waa. in
ppaotloa, laas ppoblaaatlo than tha naaal bapbal dua to
tha ppaatap alta and dlaMtap of tha foPMP.

In tha oaaa of animal CF28, nalthap ppolaetlon Maa
obaapvad. Aasumlnp auoeaasful tpaoap dallvapy into tha
Individual bapbala. tha lanpthy poat-Injaetlon aupvlval
paplod (17 daya) allomad In thla paptloulap axpaplmant —»y
h*va baan axcaaalva. Tha tpanapoptad tpaoap appaapa to
hava undappona dappadatlon wlthln tha axonal andlnpa (c.f.

Dpop and DlOlambapai>dlno 1973).

219









FunioulAT I*b«l

Zn addition to that obaarvad In tha faolaZ loba,
Inlaetlona of IX NOA-BRP Into tha barbéla raaultod In
orthocrada labal In tha Ipallataral aadlal funicular
nuelaus.

Oallvary of tha traear Into tha naxlllary barbal
produead dansa raaetlon product In tha aadlal portion of
thla radon (Pis-*ele)e In contrast alaotlon Into tha
nasal barbal raaultad In a snail laballad sons within tha
lataral axtant of tha nuolaua (Pls-*-1D-

So. aa obaarvad In tho facial loba prolaotlona of
naurons Innarvatlng tha barbéla, tha connactlona of tha
nadlal funicular nuclaus also axhlbltad a toposraphlcal
orsanlsatlon. tho naxlllary barbal bains rapraaantad In
tha nadlal rasion and tha nasal barbal In tha lataral

rasion.

Conparlaon of trocara

Throushout this sarlas of axparlnants. Inlactlona
Into tha naxlllary barbal produoad raaotlon product within
alnllar Units of tha oaudolataral quadrant of tha facial
loba (conpara CP18 and SLID. Zn addition, tha Individual
Inlaotlona of IX NaA-mP Into tha nasal barbal rasultad In
sInllar axtants of tha rostronadlal rasién bains laballad.
Zt was concludad, tharafora. that tha aproad of trocar In

tha Individual barbals was squally llnltod conflmlns tha
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ricuM A.10.

merlaental Motion thvousn tho roslen of tho nootml
opino! oopd ond ooudol Mdullo. Opthoppodo poootlon
ppoduot (o) lo violblo In tho aodlol po«len of tho Mdlol
funloulop nuolouo felloMIns inlootlen of IX waA-BKP into
tho Ipoilotopol moxIllopp impPhol.

Ri pootpol. CI ooudol.

Soolo hopi 200h .

Pldupo A .11.

Boploontol oootlon thpouxh tho poplon of tho pootpol
opInol oopd ond ooudol andullo. Opthoxpodo poootlon
ppoduot (O) foliowlnx inlootlon of ix WOA-HRP into tho
~P*Alotopol noool bopbol oon bo oMn in o aopo lotopol
pooltlon thon thot ohown In Pldupo A.10.

Ri pootpol. CI ooudol.

Roolo bopi  200pa.
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ffloianey «ad eenaistdney ef th* Injdotlen proeadur*.
Thla WM « naoddaMy proviae for tha aaplrleal
ooBVMlaon ef the tpanacancllenle tpanapert ef ntp and
**SA-BKP In the faolal nerve pathwaya under Inveatlcatlen.
With reapeet te thla eeaparlaen, the sreater efflenoy ef

the eenjusate wm eenfiriMd.

The reaetien preduet wm aufflolently eptloally
danne fer lisht alereaeepy in enly ene ef the feur
experleenta (CP2i) utlllalns uneeniusated HRP. Cewparlaen
of the reaultant label in the eaudelateral Quadrant ef the
faeial lebe fellewins thia inieetien ef 5M BRP inte the
Mxillary barbai with that fellewins delivery ef IX
WQA-HRP (BLiIS) <Pisa.B.i2 S A.13) nhewa the differenoe in
intanaity ef reaetien preduet. The veluae ef traeer
delivared in aaeh eaae wm eeaparable but the reaetien
preduet ef the tranaperted eenjusate wm aueh dannar thM
that ef tranaperted HKP.

Ne reaetien preduet wm ebaerved in the ipailateral
faeial lebe fellewins inieetien ef 5BX HRP inte a nMal
barbai (CF2S end CP2A). Thla eentrMta with ita eenalatent
deteetien fellewins delivery ef iX NOA-HRP.

Xn view ef the ebaerved tranapert ef beth traeera
in the neurena aupplyins the Mxillary barbai. wmd

Maueins ne dlffereneea betwMn the barbala in the phyale-
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PICUM *_1S.

morlBont*! eeotlen throuch th* «Miai Xob* altowlB«
orthesrad* vaaetion produot (o) In tha laft eaudelataral
radian dollatflns an Injaatlen of 5M ntP Into tha laft
maxillary barbai.

Rt roatral. Ci oaudal.

Seala bari 500ini.

ridura h_13.

Herlnontal aaotlon throudh tba facial laba ahawlns
orthodrada raaotlon product (0) In tha rldht caudolataral
radian falloMInd an inlaatlon af IX NOA-mp into tha rldht
maxillary barbai. Rata tba praaanca af araatar auantltlas
of raactlan product la tbla caaa ccaparad with that ahewn
In Pldura h.ip.

Ri raatral. Ci caudal.

ecala bari  SO0Qimi.






lecieal Meh*nl«M undarlytnc uptak*. it aust b* pr««ua*d

that InaufflelMt BKP wm traaspeptad fpoa th* hmai
FAAKAN dilow Itd ddtdetlen* This oeeuppdd dMpitd
ddllvdpy of d fifty-fold spootop oonoontpotlon of tpooop.-

ko idbol WM obsorvod In tho funloulnp poplon
followlnc Indoetiona of unoonjucntod HRP into tho bopbolo.
Thlo woo tho eooo ovon In tho solo oxpoplaont whleh

pooultod In poootlon ppoduot In tho foolol labo.
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0ZSCUSSION

Thl« study on tho eontrol ppojootlons of nourona
Innopvatlnc tho bopbols has eonflnaod tho odvontoco of
FIKNVNINISK oXRFRFN *e e tponaconsllonle tpoeor subatoneo in
tho flah nopvous ayatoa.

Tho data alao allow soaM Quantlflablo oatlaato of
tho advantaco of tho loetln oonjucato. Tho Inioetion of
oqual voluMa of BItP and WOA-HRP into tho naaal bapbol

to dotoetablo poaetlon ppoduet in tho eaao of
tho lattop only,

Aa tho oonoontpotlon of tho unoonjusatod HRP was
fifty tlaoa spoatop than that of tho WQA-mp. it appoapa
that tho oonducato auot bo at loaot fifty tlaoa aopo
offielont. Thla eocaipapoo favoupably with a fopty-fold
flcupo popoptod ppovloualy fop a aaaaallan systoa
(Tpodanowakl, Oonataa and Oonataa 19fti).

Nhothop this addod potonoy was duo to onhaneod
“Ptako by tho nouponal ppooosaoa poalfylnc In tho
supopflolal layopa of tho bopbols op to bopo VvIcopoua
Intpo-axonal tponopopt BoohanloBa oannot bo aaeoptalnod

thoao oxpoplBonta. Rowovop, ppovlouo studios
addpossinc thla laauo havo Indleatod tho ppoaonoo of an
aetlvo ondoeytoala of tho eonjucato. iIn oontpast to a
conopal plnoeytotle uptako of unoonjucatod axtpaeollulap
« P (soo Chaptop 1). Tho opuolal dlffoponeo botwoon tho
offleaelos of tho two tpoeops appoops, thopofopo. to llo

|
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in thAlr diff*r«nti*l Int*rn*lis«tlon by naurona.

Conearnlnc th* «natoaleal data provldad by th* us«
of MOA-HKP In th* faeldl systMi of th* enpp. this pp«a*nt
study 1« not dlpootly eoapavoblo with tho elMsienl
etudloa ot Ropplek (19*5) and Barnard (1936) on tha oyto-
arehltaetural ersanlaatlon of tha facial loba.

Thasa datalla ara not raadlly raeovarablO® fro« a
traear study, whllat aspaets of toposraphloal raprasant-
atlon ara not dafInltlvaly praaantad In atudlaa uslinc
nonaal aatarlal.

Ona faatura daserlbad by Harriek (19*9) whleh aay
ba applloabla to this study nss tha apparant prasanoa of
"rosattaa" of saall naurons In tha eantra of tha oyprinold
faolal loba. This anatoaleal arrancaaant may eolnolda with
tha Kloaarular-1lka orsanlsatlon of andlncs ooaatlaao
visuallsad In this study of affarants to tha facial loba.
If this Is tha oasa. It claarly succasts that tha primary
affarant naurons supplylnc tha barbal tasta buds may
projact onto thasa small parlkarya. This would ba In
acraamant with a pravlous spaoulatlon that faolal narva
tamlnals synapsa with tha small calls of tha faolal loba

(Yaasashl 1973).

As rasards othar axparlmantal anatosUoal atudlas on
tha projaotlon of tha faolal narva and its branohas to tho
oantral narvous systam. tha prasant raport diffars from

|
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th* pMvleua Malva«« on « nuabav of pelnta. *t l««at «a
far aa tha faelal loba eonnaotlona ara oonparnad.

Ualns a dacMaratlon taehnlqua. unllataval aaetlon-
Inc of tha faolal nawa elea« to tha bpaln haa ahown
apsvvophllle dabrla thvoushout tha lIpailatapal half of tha
faolal lobo (Lultan 1979). Xn «dditton. a aMll aamunt of
tapailnal dacanavatlon M«a obaarvad In tha eontralataral
half of tha lobo «a tfall «a In tha cloaaophapvncaal lobo
Md Ita bordar wlth tha vacai lobo.

Sicllarlv. dacanaratinc naural «loBanta Mara
obaarvad in both tha Ipallataral Md eontralataral faolal
lobo followlnc unllataral faelal narva aaetlon In tha
CruelM earp (Merita, Ito Md Mm «! 1989)e

Tha traear atudv rapertad bara oontrMta MIth thaaa
raaulta In thraa ttavai
1. Labai MM not found throuchout tha Ipallataral portlon
of tha faelal lobo, but mm eenflnad to Ilaltad raclona.
2. No label MM obaarvad In tha eontralataral half of tha
faelal lobo.

3. Noth tha cloaaopharyncaal Md vacai lobaa Mara davold

of trMaportad traear.

Savaral axplIMotlona of thaaa dlffaraneaa ara
poaalbla. riratly, tha oeeurranea of dacanaratlon In all
raclona of tha Ipallataral faelal loba felloMInc faelal
narva rhlaotoaor adjaeant to tha braln la net aurprilalnc.
The uaa of thla approaeh Mould aovar all tha brMohaa of

|
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th« n«w* pvoxIMl to thaip cansllonle oall bodlas.

Thua tha Major, if not antlra, priMary affarant
input to tha faoial loba Mould ba intarruptad Mith tha
eonaaquant antarosrada dasanaration of fibraa projaotins
to any and all raciona of tha loba. Claarly. no dataila of
toposraphie aaparation of innarvation pattarna within tha
faoial loba ara dafinitivaly availabla uains thia
approach.

In eontraat, tha currant atudy traoaa tha oonnaot-
iona of branohaa within tha narva innarvatinc individual
barbala, tharafora allowins toposraphio analyaaa to ba

aada.

Saoondly, tha oocurranoa of daBonaration in tha
oontralataral half of tha loba, iIn contraat to tha praaant
findinsa, could ba axplainad aa a conaaquanoa of tha tract
traoins Method uaad.

In aanaory ayatOMa auch aa tha viaual and olfactory
MOdalitlaa, aaaalva daaffarantatlon on a acala aqulvalant
to tha ooMplata aavarins of tha faoial narva, haa
pravioualy baan ahown to induoa trana-aynaptio antarosrada
atrophy of aaoondary connactiona (Cowan 197di Carlaan, da
OIMoa and RaiMar 1982).

It could ba aussaatad tharafora that thia prooaaa
May undarlia tha obaarvation of dacanaratins naurona in
tha oontralataral faoial loba.

Navarthalaaa, it May bo Mora paraiMonioua to view
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this obB«w*tion *e du* to tho loalonlnc of » bpuioh of
tho foelol norvo whleh doos in foot projoot, prlaorlly. to
tho eontpolotopol oldo. TMo bponeh. howovop. would ovid-
ontly not bo Involvod in tho Innopvotlon of tho bopbolo oo
It woo not oboopvod in tho euppont atudloo.

Coapopotlvo ouppopt fop thin vliow eommm tvom on
invostlsotlon of bopbol nopvo ppoioetlono In ollupold
flahoo (FIncop 1976). Thla atudy olao found no ovidoneo
fop a oontpolotopol ppoioetion fpoo tho bopbol offoponta.
Thla la Mdo Bopo alsnlflcont by tho foot thot o docon-
opotlon toohnlquo woo utlllaod to tpoeo tho oontpol
eonnootlona fpoa sonsllon ooll bodloa oaocoelotod with o
poptleulop bopbol.

Hotfovop. It ahould bo aontlonod thot allupolda ond
oypplnoldo opo not dlpootly eoaipopoblo. In oypplnolda. tho
foolol lobo la o BldlIno fuood atpuetupo whopooa In tho
ollupold elPouBotonoo tho foelol ayotoai la poppoaontod. In

mSony ooaoa. In bllotopol un-fuaod loboa.

Tho doatpuotlon of bponohoa unpolotod to bopbol
Innopvotlon Incuppod by phlaotoay of tho foelol nopvo eon
olao oxploln tho thlpd diffoponeo hlchllchtod.

Tho oboopvotlon of foelol nopvo offopont Inputa to
tho Ipallotopol cloaaophopyncool ond ontoplop vocol lobo
In noPMI Botoplol (Hopplek 19*9) laplloa thot tho
otpophio oloBonta aoon In thoao altoa oftop foelol nopvo

aoetlon Boy not bo duo to tpona-aynoptle dosonopotlon.
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Th* pv««*ne* of th*a* ppoj«otlons weuld Inf*r th»t
«0OM bp*neh op br*noha« of th* faolal oyatoa unpolatod to
barbai innorvatlon, as daflnad bp tha praaant atudp, aav
ba raflaetlva of thalr rola MIthin tha funetiono
eo-opdInatad by tha slosaopharyncaal and vacai lobaa.

In thia raapaet, it la laportant to nota that
faelal narva eoaponanta alao supply taata buda in tha
antarlop part of tha aouth. Thla pattarn of Innal”~atlen
aay wall ovarlap wlth that of tha sloaaopharyncaua and
vacua narvaa.

In vlaw of tha known rola of thaaa lattar lobaa in
pharyncaal awohanlaaa, an aaaoolation wlth a part of tha
faolal ayatac aupplylnc tha buooal raclon would not ba

wholly unaxpaetad.

Aa racarda tha praaanoa of a cuatatory aoaMtetopy
wlthiln tha faolal lobo of tha oarp. tha praaant atudy
Indleataa a dlatlnet aaparatlon of tha tanalnal prodaetlon
aonaa aaaoelatad wlth tha naaal and Maxlllary barbala.

Tha prlaary affarant naurona aupplylnc tha auxlllary
barbai bava baan ahown to tanalnato In a eaudolataral
raclon of tha faolal lobo at an Intamadlata dapth wharaaa
tha prlaary affaranta Innarvatlnc tha naaal barbai prejaet
to a Bora roatroiMdlal loeatlon In tha loba. Flcura A._l*
provldaa a auaaMry dlacraa of thla orcanlaatlon.

Suoh a BoaMtotopy haa alao baan obaarvad ualnc

alaotrophyalolocloal prooaduraa In both tha oarp (Marul
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Flcur* A.i«.

Thl. IliuvatMt*. th* «aMtctopte opc*nls«tlon of

thd ppojMttona ot th* barbai Inaarvatlon In tha faeial

leba. Tba Mxliiary barbai la rapraaantad la tha

oaudoiataral radon whllat tha naaal barbai la rapraaant-
roatral and aadlal looatlen.

FLi faeial leba. VLI vacai leba.



Fleur* 4.1t
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1977) «ld «nethar eyprlnoid. th* coldfish (Patapson 1972).
althoush tha lattar atudy waa eenoarnad with taotlla
rasponsas only.

Tha aaln ooneluslon froa tha alaetrophyalolosleal
rasults of Harul aussaata that tha axla of aoaatotopy la
aueh that tha antarlor-poatarlor body axla la rapraaantad
In tha vantral-doraal loba axla. Thla eontraata with tha
Koldfiah In whloh tha antarlor-poatarlor body axla la
rapraaantad In tha antarlor-poatarlor loba axla.

Tha raaulta of tha eurrant traear atudy do not
allow a datanalnatlon of tha axla of aoaatotopy.

Zn ordar to ba abla to prévida an anatoaleal baala. datalla
of tha pattarn of prolaetlon to tha facial loba froa
anothar branch of tha facial narva. prafarably tha
racurrant branch Innervatine flank taata buda. ara nacaaa-
ary. In thla way a third "rafaranca point” would ba
provided whereby tha axla of cuatatory aocauitotopy could ba
mora accurately plotted.

Zt la clear fro« thla traear atudy. however, that
tha raciona of tha carp facial lobe In which tha prlaary
affaranta fro« tha Individual barbala dlatrlbuta are
proportionately craatar In volu«a relative to tha area of
tha body aurfaea whloh they rapraaant. A al«llar expanded
facial lobe rapraaantatlon of barbala haa bean reported In
e»«toalcal (Fincar 1976) and alaetrophyalolocleal atudlaa
(Marul and Caprlo 1962) of Ictalurua.

Tha barbala provide an Incraaaad aurfaea area with
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Mhloh to saMpl« th* «nvlromMiit*! substPAt* fer nutPlant
MtbPlal «nd thdpcfop* h«v« * «lcnlflIOMit pel« in
looAlialnc aueh Mt«pl*l. Alao. th« bapbala poaaaaa
CP««t«p d«naltl«a ef t*ata buda than. fep «xaawl«, th«
flanka. Th«lp dlappopoptlenat« pappaaantatlon In th«
f«ol«l leb«(a) th«p«fop« ppobebly p«fl«eta thla Inep««««d
danalty of p«e«ptopa.
Th« pp«ala« llaita of th« b*pb«l p«pp«««nt*tlon

M«p« net «valiabl« fpoa th« «l«otpophyaiolesle*l atudy of
th« o«pp. Th« «natealoAl «vld«ne« ahoM« e dlatlnot
««papatlon of thoip poppoaontatlena In th« Ipall«t«p«l

of th« f«el«l lob«. Th« p«l*tlv«ly i«ps« d«CP«« ef
a«p*p*tlen obaopvod in th« eupp«nt atudi«a MIcht b«
thouBht auppplalnc In vl«m ef th« olea« ppexlalty of th«
tMo b*pb«la. Re*fwwp, «a th« b«Pb«la 11« «lth«p ald« ef
th« I*t«p«i «xt«nta of th« upp«p Ilp «nd «a th« lipa ara
«lao danaaly pepulatad wlth t«at« buda It alsht b«
«xpaetad th*t thla p«slen Hould «lao b« diappopoptlonataly

pappaaantad In th« f*el*1 lob«.

Th« p«aulta pp«a«nt«d h«p« «p« In s«n«p*l aspnaMnt
with a paeantly publlahad papopt of the oantpal
ppodaetlena ef Individual bponohaa of the faelal nopva in
Cygrinvn o*ppiqg (Klyohap«, «hlpatanl and YaMahlt* 1983).

Thaaa authop« «ppllad HRP to th« out dlatal and of
Individual bpanehaa and obaapvad a topocp«phle«l
pappaaantatlen fop ««eh bpaneh within th« Ip«llI*t«p*I
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lob*. Zn Addition, ualns an *1*otrophy*lolocla*l
*pppo*eh, th*y d*t*niln*d th* p*plph*p*l distribution of
th*** braneh**. Th* r*o*ptlv* fl*1d* for **eh m*lor broneh
Innorvatinc th* b*rb*l r*clon ov*rl*pp*d eon*ld*r*bly.
Thu*, fro« tholr d*t* It do** not *pp**r po**Ibl* to
***Isn p*rtloul*r f*el*l n*rv* br*noh** to Individual
b*rb*1*. Zt 1* not po**lbl*. tharafor*. to dlraotly
ooapara th* topocraphleal «ap provldad fro« that study
with th* «ap obtalnad uslnc th* approach utlllsad In th*
Invastlcatlon* raportad har*. Howavar. It ean b* statad
that th* two studlas do not appaar to oonfllet with aaeh
othar.
Co«parlnc th* charts of laballad raslons obtalnad

fro« th* two dIffarant approach**i

1. Th* facial loba labal obtalnad aftar traoar Inlaotlon
Into th* «axillary barbal oolnoldas with facial lob* label
followlnc cut narva application of HRP to only th* ra«us
«axillaris and th* ra«us palatlnua. Zt s**«s. tharafor*.
that of th* branch** Invastlsatad. only thas* two supply
th* «axillary barbal.

2. Th* ra«us «andlbularls suppllas nalthar th* «axillary
nor th* nasal barbal.

3. Th* nasal barbal racalvas no slcnlflcant supply fro«

any of tha facial narv* branch** Invastlsatad.

Zn addition to th* so«atoteple distribution of

barbal affarants within th* Ipsllataral facial lob*, th*
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PM«*nt atudiAs bava ahown that tha inputa te tha aadlaX
funleulav nuelaua ara topocraphieally orsanlaad. Tha
Innarvation of tha larcar. Mxlllary branoh Ineludaa a
ooawonant Mhleh prodaeta te a aadlal raclen wlthin tha
nuelaua wharaaa tha naaal barbai raeaivaa a oeapenant
Mhleh taralnataa In a lataral pertlen ef tha nuelaua.
Tha prelaetlena te thla earvleal aplnal tena hava
PPdvleualy baan daaerlbad ualns a dasanarat”™n proeadura
(Lultan 197S). but fer raaaena alraady daaerlbad, ne

ddtalla ef tepesraphy Mara axtraetad frea that atudy.

Tha funetlenal alcnlfleanea ef thla prejaetlen te
tha BMdlal funleular nuelaua la unelaar. BeMavar, In
addition te taata buda, tha barbai aplthallua alao
eontalna fraa narva andlnca (Harrlek 19*5) and It haa baan
canarally ballavad that tha taata buda raealva Input
aolaly froa tha faelal narva Mhllat tha fraa narva andlnca
ara of trlcaalnal orlcln.

Tha funleular nuelal hava pravloualy baan auccaatad
te ba a eorralatlon eantra fer taetlla atlaulatlen
eonvayad by trlcaalnal ooawonanta froa aoawtle aoureaa
(Harrlek 1997). Thua, It aay ba tha eaaa that tha
prelaetlon te tha funleular raclen la a trlcaalnal
eoaponant of tha barbai Innarvation and eonvaya taetlla
Inforaatlon froa tha fraa narva andlnca. Taetlla raaponaaa
hava baan raeerdad In tha faelal loba felloNInc aaehanleal

etlaulatlen ef tha lipa and ethar raciona of tha body
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mUFf*ea In eyprinelda (Pntnraon 1972i Marul and Funakoahl

19791 Funnkeahl, Knwakltn and Marul 1981) and In lataiupua
(Marul and Cappio 1982). but thapa appaap to ba no papopta
of aiallap Invaatlsatlona of tha aadlal funloulap nuelaua.

Altapnatlvaly, tha ppolaetlon fpoa tha bapbala to
tha Mdlal Tfunloulap nuolaua mmy pappaaant tha naupal
aubatpata of an additional ehwaoaanaopy ayataa.

Zn addition to tha cuatatopy Modallty> In whleh
taata buda poaaaaa paoaptop ealla Innapvatad by faelal,
mloaaophapynsaal op vasal nopvaa, thapa axiata alao tha
eocaaon ohaaiieal aanaa. Thla "modallty" la oftan thousht to
bo aMdlatad via fpaa napva andinsa (Papkap 1922) and la
innapvatad by canapai aoaatle affapant (a.s. aplnal op
tPIsMInal napvaa) napvaa (Sllvap and Finsap 198«).

In tha aoa pobln, Ppionotua oapoitnua. tha eoaaon
ehaaieal aanaa haa baan aaauaad to ba paptleulaply wall
davalopad. Zn thla apaolaa, tha fipot thpaa fin paya of
tha paotopal fin ara aapapatad fpoai tha paat of tha fin
and apa uaad fop axploplns tha anvlPonaMntal aubatpata.
Tha alcnlfleant faatupaa hava baan that taata buda ara
abaant but thaaa fin paya poaaaaa a ehaaoaanaltlva
eapaolty. Alao, tha Innapvation of tha fpaa fin paya
daplvaa antipaly fpoa aplnal napvaa (Finsap 1982).

Aa to lIta function, tha ooaaMn ohaaleal aanaa waa
oplclnally vlawad aa havlns a nooloaptlva pola (Papkap
1922), allowlns tha anlsal to paapond to hapaful
aubatanoaa. Sowavap, alaetpophyaiolosloal atudlaa of tha
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mpIn*l n«pv* Inn«rv*tlen of tho fro* fin voy« In Pglanotun
hnvo nhoMn ronponnon to polntlvoly low eoneontrntlona of
ealno oeldp whloh ni>0 not nvoraivo and hnvo nine boon
shewn to bn custntopy ntinuli (Sllvnp nnd Flnsnr 198*). On
the bnnls of thin nvldnnon thopofopn. It would nppnnp that
thn ooMnon ehaalenl nnnna ennnot bn cnnnpnlly theucht of
an havlns a noeleaptlvn function. Thapo appnapn to bn.
hownvnp, nonn dlsputn as to thn lIdentity of thn pnenptop
pnsponslbln fop thn ehnaosnnnltlvlty of thn fpnn fin pays
In Prlonetun and It nay thnpnfopn bn thn conn that this
ehnnosnnaltlvlty cannot bn ancplbnd to thn conaon chnalcal
nnnsn. In fact. It has bnnn nucsnstnd that npapsnly
distplbutnd chnaopncaptop calls nay undsplln this snnsn
pathnp than fpnn nnpvn nndincs (Lana and Whltnsp 1982).

It Sanaa thnpnfopn that, not only Is thn function of thn
bapbnl ppolnotlon to thn andlal funlculsp nuclnus unelnap.
but In addition. If It dens pnppsannt thn pplaspy affnpnnt
ppolnctlen of thn coaaran chnsUoal snnsn. It nay not

oplclnatn fpoa fpnn nnpvn nndInss.

In addition to tha succastlon that thn nndlal
funloulap nuclnus pncnlvns tactlln Infopaatlon oplclnatlns
fpoa fpnn nnpvn nndinca. thnpn Is nvldnncn. as ppnvlously
stated, fop a tactlln Input to thn facial lobe. Thn
Identity of thn pncnptop pnnpenslbln fop this tactlin
Infopisatlon Is net definitively known. Rewnvnp. It has

bnnn suunatnd fpoa nlnctpophysloloclcal studies In thn
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puffap fl«h, Pu«u p*pd>il«. that cuatatopy and taotlla
aotlvity apa tpannmlttad to tha facial leba by tha facial
and tpisaainal napva paapactivaly (Kiyohapa. Hidaka and
Taaupa 1975). A aiailap altuation aicht axiat in tha capp
(Mapui and Funakoahi 1979). It My ba tha caaa thapafcpa
(akin to tha auccaation fcp tha ppojaction of tha bapbal
innapvation to tha Mdial funiculap nuclaua). that tha
fpaa napva andinca in tha bapbal apithaliua apa tha
pacaptopa fop taotila atiauli and that thay ppojact to tha
facial lobe in a aoMtotopic Mnnap which aippopa that
fpoai tha taata pacaptopa. Tha tactila and suatatopy
pappaaantationa in tha facial loba hava ppavioualy baan
obaapvad tc ba coincidant (Napui 1977).

Zn eontpaat. alactpophyaiolocical atudiaa in
lotaiupua ccnvincinsly indicata that pacaptopa innapvatad
by tha facial napva can ba both ohaaw- and Mchano-
aanaitiva (Davanpopt and Cappio 1982). Zn thia oaaa, if
tha olaaaleal via*« that taata buda apa auppliad by tha
facial napva and fpaa napva andinsa opipinata fpoa
tpicMInal OP apinal napvaa ia coppact, taata buda My
hava a taetila pola in addition to a suatatopy function.
Paphapa accaaaopy calla within tha taata bud coaplax
(Rauttap 1978) aicht hava a MChanoaanaopy capacity.

On tha othap hand# an altapnatlva vlaw alpht ba that fpaa
napva andinsa ppovida tha tactila infoPMtion and apa
foPMd fpcn bpanchaa of facial napvaa innapvatins

naishboupins taata buda. Captainly. in aithap of thaaa
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OMM, th* SOMFOtOPIO OPSMISAtlen of th* f*ol*X lob*
would b« bxpbotbd to Ineorpepbt* ev*pl*pplnc sustbtery *nd

tbetil* p*pp«b«nt»tlona.

Mueh of tho litoPAtur* la oentpadietorv or
Ineonelualva posapdInc barbai raoaptora and aaaaw to ataa
froai a laek of data eonoarnlns tha fraa narva andlnpa. Zn
opdar to bacin elarlfylnc aoaa of tha laauaa dlaeuaaad
abova. 1t la laportant to doeuaant tha raeaptor typaa
whloh ara rapraaantad In tha faelal loba and Mdlal
funicular nuelaua. For axaapla. do tha fraa narva andlnsa
prolaet to tha aadlal funicular nuelaua? Alao. do fraa
narva andlnca and tha taata bud Innarvatlon both projaet
to tha faelal loba or la tha faelal loba rapraaantatlon
darlvad aolaly froa tha taata bud aupply?

WIth racard to thaaa quaatlona It Mould ba
Intaraatlns to dallvar WQA-HRP Into thaaa atrueturaa and
traea thalr parlpharal ralatlonahlpa. a Mthod Mhleh haa
provad aueeaaaful for naurona projaetlns to tha vacai

lobaa froa palatal raeaptora (Chaptar 6).

Zn aunailary. froa a taehnleal vlawpolnt. tha raaulta
raportad bara bava eonflrmad eonelualona froM tha pravloua
ehaptar that tha WOA-BRP oonducata la aora afflelant than
uneoniusatad RKP for tracine axonal prolaetlona In tha

talaoat narvoua ayataai. Thla partleular atudy haa allowad
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auMtlfloAtien of this superiority auoh that waA-BRP sssws
to bo *t loost fifty tIMS ooro offlelont. This My bo duo
to Intornollsotlon of crootor quontltlos of tho trooor
Into tho nourons os o roouXt of spoolflo roooptors for tho
loetln ooaponont of tho troeor.

Tho onotoolool dotolls provided by this Invostls-
otlon shoM that tho oonaory nourons supplying tho
Individual barbels projoet solely to Ipsllatoral oontral
nervous sites. Booh barbel Is roprosontod In both tho
faelal lobe and tho Mdlal funicular nucleus. Zt has boon
auggostod that those My Indicate separate central relay
sites for distinct functional ayotoos.

Tho Inputs to both central sltas hava baon shown to
bo topographically organised thus MIntalnlng a soMtotopy

of tho barbel representation In the prleary relay nuclal.



CHAPTER 5

SUXBAIt CQHHICTIOHB QFf BUSQIIft IHHIRVATIWQ m  HYQIP
EUaiBBSIOII

ZNTRODNCTZON

Th* Zinins of tho buoeoph*rynso*Z o*vity in
Cyppinus esrpio is «toll populstsd by tssts buds. Althouch
thsss rsosptops srs found thpoushout. thsy sps found mops
dsnssly in psptieulsp pssions Mithin ths osvity. Thsip
ppsssnos on ths pslstsl opssn hss ppsviously boon psfsppsd
to in Chsptsp 3* Thsps sps slso dsnss seeuaulstions on ths
Bill spehss snd sill psksps (Bsppiek 19d5). Zn Addition,
thsy SPS sZso found within ths spithsZisZ Zinins of s
SMI1 museulsp pssion loosZissd spound ths aidlins on ths
fZoop of ths phspynsssl esvity (sss initisl Zntpoduotion).

No litspstups sppssps to dssopibs this aid-vsntpsl
hyoid stpuotups snd no spseifio noaisnolstups is svsiZsbls;
Thus, fop ths ppsssnt pupposss. It is psfsppsd to ss ths
"hyoid ppotpusion'.

Ths stpuetups of this hyoid ppotPusion psssaiblss,
in ssssnos. thst of ths pslstsl opssn. Thst is, its spith-
slisl isysp is populstsd with tssts buds snd ths undsp-
lyins subspithslisl tissus eontsins s astpix of stpistsd
musels fibpss.

Althoush this ppotpusion in ths espp doss not
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*pp«*r to b* d«*orib«d In detall In th* lltepetur«, tante
buda In a alallar racidn bava baan daaerlbad for othar
apedlas of flnhaa. For axaapla. ald-vantral pharvnsaal
tasta buda bava baan daaerlbad In Amalrua malea (Landaera
19S7). and In tha sllvarslda Hefitdla (Harrlok 1899).

The tasta buda of thla racién In Aaalrua ara Innar-
vatad by tha ventral poat-traaatlo branoh of tha closso-
pharyncaal narva (Landaera 1997). Tha saaa la trua for
Manldla. and thla ventral braneh of tha cloasopharyncaal
narva has baan daaerlbad as "tha trua llncual narva"
(HarrleKi In a nota appandad to Landaera 1997). In vlaw of
thla Innarvatlon It aay wall ba partlnant to rafar to tha
hyold protruslon as tha "toncua™. Howavar. It la elaarly
not a toncua In tha canarally aeeaptad sansa.

Tha cloasopharyncaal narva In oyprinolds prolaets
onto a SMI1 tubaroslty found batwaan tha »adlal vacai
loba and lateral faelal loba (Harrlok 1995 - saa Inltlal
Xntroduetlon). Thla la known as tha cloasopharyncaal loba.
It has a laminar struotura but la not laalnatad to thé
sama dacraa aa observad In tha vacai lobas and haa baan
daaerlbad as possaaslnc a mediai affarant cena and a
lateral affarant sona (Bernard 1936).

Tha purpoaa of tha prasant experimenta Mas to traes
tha eantral projaetlona of tha neurona Innervatine tha
tasta buda on tha hyold protruslon. Tha data from othar
apaelas Mould pradlet that thasa tasta buda ara Innarvatad

by tha cloasopharyncaal narva and ara tharafora raprasant-
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ed In th* CMS of th* ooMon enrp wlthln th* clonsopharyn-
(=*1 lob*.

In «ddltlen. nlthoush th* tMt* bud« of thia radon
and thalr innarvatlon bava baan daaerlbad In othar
spaelaa. thara appaara to ba no aMntlon of tha auaela
flbraa whleh ara obaarvad within thla nona In Cyprlnua
carpio.

Thua. a furthar purpoaa of thaaa axparlaanta waa to
traca tha aourca of tha motor naurona Innarvatlnc thaaa
muacla flbraa.

rinally. aurfaoaa oppoalns tha palatal orsan ara aa
Involvad In tha prooaaa of alftlns and aortlnc aa tha
palatal orsan Itoalf. Tha hyold protrualon la altuatad
oppoalta tha roatral portlon of tha palatal orsan. In vion
of tha llkaly ralatlonahlp batmaan tha two atructuraa
durlns faadlns It alsht ba axpaotad to fInd a dosa
ralatlonahlp batwaan tha oantral narvoua raprasantatlons

of tha tMo atructuraa.

2«8



KATIKXALS AND KBTHOD8

Thla of «xpaFIMntN Involvad th* dallvcry of
tp*e*F Into th* «Mil hyeid ppetpualon on th* floop of tho
mouth. Tha atruetupo la of a polatlvaly aMll ala# and la
found In a poaltlon tpavapains tha aldlina. Thua tha
appaad of tpaeap eould not ba dafinltlvaly llaltad to
untlatapal altaa aa waa tha eaaa fop inlaotlona Into tha
palatal opsan op Into tha bapbala. Alaot inlaetlona Into
tha eopa of tho atpuotupa wapa ppaetloally diffloult. Thla
waa dua to ita ppopanalty fop dafopmatlon by tho tip of
tha ayplnca naadla pathop than panatpation. Zn addltlon«
it waa naeaaaapy to apppoaeh tha atPuotupa thpoush tha
opan aouth. Aa tha Illualnatlon waa alao dlpoetad thpouch
tha opal opanlns. optlmua llshtlnc fop tpaoap dallvapy waa
aocaatlaaa ooappomlaad. Navapthalaaa. a nuabap of
eonoluaiona pasapdins tha Innopvatlon of thla pasion «*gpa
poaalbla.

IIsht anlaala wapa uaad In thla atudy. Followlns
Inltlal anaaathaala (athyl a-aalno banaocata, ItSSNN In
watop) tha animala wapa wolsbad and aMaaupad fop lansth
(anout to baao of caudal fin). Thay wapa looaoly wpappad
In daap tlaaua and plaood on tha flah box.

Apppoaohlns thPOush tha opan mouth. tha aupfaoa of
tha hyold ppotpualon waa punetupad wlth tha naadla (33
sausa) of a tpaoap-flllad 5nL Baallton ayplnsa. Thla

sanapally pasulpad aovopal attompta dua to tha laoK of
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risldity of th* atruotur*.

Aftav aueoaaaful Inaaptlon. tha tpaoap (IX HOA-IIRP
In talaoat salina) *»aa ajaetad. Qnfortunatalv. ajaotlon of
avan tha smaXlaat voXum of tpaoar soaMtlaas raauXtad in
An tauBodlataXy obaapvabXa Xaakaca baek aXonc tha tpaok of
tha naadXa. Tharafopa. tha vaXuaa civan In TabXa 6 fop tha
IndlviduaX voXuaaa daXlvapad naeaasaplXy pafap onXy to
that ajaetad fpo« tha ayplnsa. A ppaelaa quantification of
tha voXuaa daXlvapad to tha alta of Innapvatloh waa not
aXwaya posslbXa.

Tha naadXa was aalntalnad In position fop up to le
Binutas to Binimisa tha Xaakasa and tha anlBaXs wapa than
pavlvad. Thay wapa Baintalnad. pplop to saopifioa. in
aquapia at 18-22*C. AXX subsaquant ppooadupas wapa as
dascplbad in Chaptsp 2. TabXa 6 Indioatas tha axpaplBantaX
dataiXs of this study.

AS can ba saan fpoB TabXa 6. paXatlvaXy Xansthy
supvivaX tlBas wapa sanapaXXy aXXowad in thin study. This
Bss paaapdad as nacassapy foXXowina tha initial axpaPIBant
(A day supvlvaX) and baeausa of tha eoapapativaXy lone
distanoa fop axonal tpanspopt of tha tpaoap fpoB tha fXoop

of tha Bouth to tha hindbpain.
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Tabi* 6

Animai «falcht Lansth

numbar  (sm) (om)
PL17 91 1«.5
PL21 95 1«.8
PL22 ISS 15.2
PL23 92 15
PL2« 91 1«
PL26 129 15.7
PL33 199 15.8
PL3* 12« 16

Traeap

th HA—HRP

n
n
tt
o9t
of

99

251

n

99

99

99

99

99

Voluma

(Ued)

«
*.5
3.5
2.5
2.5

Supv:
(dai

12
12
11






RESULTS

Th* probl«M Msoalstbd »flth th* d*l1lv*py of tho
tpoeop WOP* pofloetod In tho vorlotlono In tho donoitv of
loboX1Ins oboopvod ooonsot tho difforont onloolo In this
moploo. Movoptholooo, oonoldoplns tho ooploo in. toto. both
opthocpodo ond potPOBPOdo lobol nopo oboopvod Hi tho

Mdul 1o oblonsoto.

Opthospodo lobol

Tho poootlon ppoduot typlool of opthospodoly-
tponopoptod WGA-HRP woo found btlotopolly in tho oodullo
oblonsoto.

This oeoupponoo of lobol bilotopolly. howovop, did
not noeoosoplly pofloet o bilotopol Innopvotlon of tho
hyoid ppotpuolon. Tho dIffloultloo notod ppovlouoly
posopdInc tho Inlootlon ppooodupo ppovontod tho dofinltlvo
unllotopol ploooBont of tho tpooop. Consoouontly, tho
bllotopol oxtont of tho poootlon ppoduet ooy woll hovo
pooultod fpoo bllotopol oppood of MGA-BRP In tho
=tPUOtUPO.

Tho opthosPodo lobol woo oboopvod ot o loootlon
whopo tho pootpol Ilolto of tho vosol lobo ond tho pootpo-
lotopol 1IMIto of tho sloooophopynsool lobo mopso. In
oddltlon. 1t woo only found In tho aoot vontpol oltoo

(FIs.5.1 ond FIs.5.2). So otplet bopdop eould bo dpown
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ricwM 5«i

m a photealoaecaaph ahowa tha opthosvaidaly-tpaaapepta4
**W-B** (0) PMamt In tna reatral aa«ulXa oblonpata
folle««Inc Inda«tlon Inte tbn hpeld ppotpuslen.

maala bari tO0pa.-

Flcupa 5.2

A hoplaontal aaatlea thpoush tha vaataal Mdulla oblonpata
shawln« tha «laaaepbappnpaal Xoba (OL) «*Ith tha adjaaant
ebtbFlo» vacai laba (VL) and lataraX faalal Xoba (FL).

Tha epthespadaly-tpaaaportad labaX (0) la praaaat In tha
<] RE Xataral radon ot tha Xoba at tha bordar dth
tha vacai Xoba.

moaXa bari 100im .






b«tw*«n th* two Xeb«a m tha eytoarohltaetura of tha
rasion axhlblta no Oiatlnet boundary In tha ehansa tram
tha laalnar orsaniaatlon of tha vasal lobaa. It aaa
poaalbla tharafora, that tha laballad rasién Inoludad both
slooaopharynsaal and vasal eoaponanto. Zt waa navar
obaarvad In particularly danaa aeouaulationa within thla
tona aa eoaparad with aiailar raaotlon product obaarvad in
tha vasal and faoial lobaa followlns palatal”~r barbal
Injaotlona, raapaetivaly.

Thia poaaibly infara a aparaa diatribution of
aanaory raeaptora on tha hyoid protruaion. Bowavari thia
lack of danaa laballins eould alao hava baan dua to tha
dalivary and aubaaouant nauronal uptaka of tnadaquata
quantltlaa of MOA-BKP for tha dataetion of tranasansllonie
tranaport.

The raaifieatlon of thia affarant proiaotion waa
oonflnad to a auparfioial rasion (Fisa.5*1 and 5.2).
Unlika tha auparfieial affarant proiaotlon froa tha
palatal orsan to tha vasal loba, howavar, no rasular
variation in tha danalty of taraiinala was observad.

Taralnal labal only was prasant. Mo labal eould ba
saan within tha ooursa of tha affaranta into this rasion,

aithar in tha sloasopharynsaal or vasua roots.
Ratrosrada labal
Ratrosradaly-laballad motor naurons wara observad

bilaterally but this laballins. as sussaatad for tha
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opthecrad* did net n«eMs«plly InfdP bll*t*p*I
Inn«PV*tlon.

Th* nuabdPa of laballad Motor naurons tiara navar
vary larca. Zn tha oaaa of tha priMary affarant
Innarvatlon tha pauolty of labal oould ba oonatruad aa
Inafflelant traear dallvary. Tha ratrosrada tranaport of
labal to tha aotor nauron orlclna. In oontraat. la not
aubjaot to tha naad for tranasansllonle paaaaca.
Tharafora, In sanaral, tha dallvary of b m Il volinaaa of
traoar ahould ba adaouata to dataot ita aubaaquant
ratrosrada tranaport.

Thua. tha praaanoa of llultad nuabara of laballad
motor naurona followins WQA-HItP Injaotlona aussaata a
aparaa motor Innarvatlon of tha hyold atruetura. Thla
mlsht not ba unaxpaotad eonaldarlns tha limitad muaeulat-
ura tilthln tha atruetura aa OMiparad MIth tha palatal
orean.

Conearnlns tha dlatrlbutlon of tha laballad ealla.
thay tiara obaarvad In poaltlona at tha baaaa of tha
sloaaopharynsaal lobaa and tha roatral and of tha vasal
lobaa (Pie.9.3 and PIs.9.%).

No elaar struotural boundary waa apparant battiaan
tha sloaaopharynsaal and Ipallataral vasal loba and thalr
motor nuelal appaarad to ba eontlnuoua wlth aaoh othar.
Thla alao appaara to ba tha eaaa In anothar eyprinold, tha
tanoh (Arlana Kappara, Hubar and Croaby 1930.

Tha pattarn of laballlns tiaa Ineonalatant battiaan

\
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ricuM }.s

Thla hevlaental meotlon thvoucb tiM Mdul la sbotw
r*trocMd*Xy-lab«l1*« ««ila ebaawa« «olletflax Injaetton
of WHA-np late tba hyoid protyualen.

Tha colla arc located within tha dleeeephaayaseol (a) and
aatarloF vasal (V) aote» dlviClena.

Bacio bari 100faB.

riswra

Thla lowar powar phetoaaoresraph at asproxlsataly tha aaa
derae-vantral laval aa Plsura 5.3 ahowa tha leaatlea ef
tha ratrosradaly-laballad oalla In ralatlon to tha vasal
leba (V).

Tha oalla can ba olaarly aaan to Inoerporata sloaao-
pharpnsaal (S) and anterior vasal (V) sotar oospananta.

Boaia barit aooisi.






*niIMla. but ovarall th* laballad oalla w«m obsarvad in a
diffusa ''shaat” within tha clossopharynsaal and antarlov
vacal divisions of this aotop ooluam. Intspspspsad aaonsst

unlaballad paplkapya.

Thasa rasults hava baan ppasantad as a sanaral-
Isatlon of tha data obtalnad fpoa all alsht of tha animals
In tha sarlas.

This was pasardad as naoassapy baeausa patpocpadaly
laballad calls waps obsapvad In savan of tha alcht
axpaplImantal animals whapaas paaotlon ppoduet ehapaetap-
Istle of opthospada tpanspopt was dataotad In only flva of
tha animals. In addition, tha danslty of labal vaplad
bat>aan animals dapandInc on tha post-Injaetlon supvilval
tima.

A foup day supvlval psplod (PL17) pasultad In
modspataly dansa paaetlon ppoduots In both tha patpo-
spadaly and opthospadaly-laballad sltas outllnad abova. In
eontpast. of tha animals allot#ad to supvlva fop 9 days
pplop to sacplfloa (PL21 and PL22). ona axhlbltad no labal
(PL21) whilst tha othap showad both low danslty opthospada
and patpospada labal (PL22).

In tha easa of PL21, tha hlstoehamloal paaetlon was
adludcsd to hava ppoeaadad as nopmal dua to tha ooeuppanoa
of baokcpound andosanous papoxldasa activity. Thus, tha
lack of "axpsplmantal™ labal was not tha pasult of an

Inafflelant dataotlon ppocadupa. In auppopt of this
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oonoluslen. Ildantleal r«dc«nt« «wv* ua«d for tho siaul-
tonooua troataont of anlaal PL22 In which labol was
obaarvad.

Coaparlns tha raaulta followlns thaaa four day and
nlna day aux>vlval parioda. it could hava baan aaauBMd that
tha dlffarant danaltlaa of raaction produota wara tha
conaa«uanoa of an axcaaaiva aurvlval tlaa In tha lattar
inatanoaa.

Howavar, tha danaaat orthosrada and ratrosrada
labala obaarvad within thla aarlaa of axparlaanta warn
thoaa followlnc tha lansthlar aurvlval parioda of 11 and
12 daya (PL23i PL2* and PL26). In thaaa caaaa, motor
nauron aoma (Plc.5>3 and PlIc.5-A) and tarmlnal prolactlona
(PIc.5.1 and Pic.9-2) wara claarly datactabla.

Finally, anlmala which aurvlvad for 8 daya prior to
aacriflca (PL33 and PL3*) wara found to axhlblt tha
ratrocradaly-laballad Mtor nauron aoma only. No
orthocrada labal waa obaarvad In thoaa altaa ldantlflad In
animala PL17. PL22, PL23. PL2t and PL26.

Thaaa raaulta can ba aummarlaad In ralatlon to tha
poat-Injaotlon aurvival tlma. Both orthocardaly- and
ratrocradaly-tranaportad traoar wara dataotabla at
modarata danalty In tha hindbrain followlns a four day
aurvlval. Aftar alsht daya poat-Inlactlon aurvlval. only
tha raaotlon product charactarlatlc of ratrosradaly-
tranaportad NOA-HRP waa obaarvad. A parlod of aurvlval of

nlna daya allowad tha datactlon of both ratrocrada and
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DISCUSSION

Th«a* atudlaa h»v* ravMlad both «onaory and Motor
ooaponanta of tha Innorvation of tha hyold protruaton
MIthln tha sloaaopharynsaal and antarlor vasal divlalon of
of tha Mdulla oblonsata.

Tha sloaaopharynsaal lobas ara small tubaroaltlaa
altuatad Madially of tha vasal lobas and latarally of tha
mldlIna faolal loba. Tha naaa darlvaa froa tha obsarvatlon
that it raoalvaa tha eantral branehas of tha slosao-
pharynsaal narva (Harrlek 19S5).

Tha vasal and sloaaopharynsaal lobas aarsa MIth
aaeh othar sueh that no apaelfle boundary batHaan thaa la
particularly apparant. Thia may ba a raflaetion of an
ovarlap of tha sloaaopharynsaal and vasal roots within tha
rasion whioh dividas thsM. Tha narva roots hava praviously
baan daseribad as oonfusad within this rasion (Barriek
19t5i Barnard 1936).

Tha sansory affarants from hyold raeaptora hava
baan shown in tha studias raportad hara to ramify within
tha suparfieial laval at tha bordar batwaan tha slosso-
pharynsaal and tha vasal loba. Sansory affarants hava baan
obaarvad at a similar suparfieial laval in tha vasal
loba followins traear Injaetion into tha palatal orsan.
Tha orsanlsatlon of both tha vasal and sloaaopharynsaal
lobas may tharafora ba analosous. Howavar, tha structura

of tha sloaaopharynsaal loba is not olaarly lamlnatad
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threucheut m la ohapaetarlstle of tha vasal leba.

A study of tha gloasopharynsaal nawa of tha
eruolan eavp (Caraaaiua aajaaalual has succastad tha
ppasanoa of two subpoots within tha napva (Moplta. Zto and
Masai 198*)e Followlns eoaplata tpansaetlon of tha napva.
dacanapatlon was obsspvad In ona poot tapalnatlns In tha
antaplop papt of tha Ipsllatapal clossophapyncaal loba.
Tha othap poot was found to spboplsa within~ha postaplop
pola of tha loba.

Tha tpaeap study papoptad hapa has shown affspant
tapflilnals In tha antaplop papt of tha clossophapynsaal
loba. Tha loba would thapafopa appaap to ba topocpaph-

leally opcanlsad with paspaet to lts affapant flald.

In addition, tha ppasant study ppovldas oplaa faela
avldanea fop tha bllatapal Innapvatlon of tha hyoid
ppotpuslon. Howavap. dua to tha position and stpuetupa of
tha ppotubapanea, tha dafInltlva unllatapal dallvapy of
tha tpaeap was not posslbla. Tha ppasanea of laballad
affapants bllatapally In tha aadulla may. thapafopa, hava
baan tha pasult of bllatapal sppaad of tha tpaoap.

Tha obsapvatlon of datanapatlon solaly within tha
Ipsllatapal clossophapyncaal loba followlnc unllatapal
phlsotoay of tha clossophapyncaal napva (Moplta at al

198*) would suppopt this possibility.

Tha musoulatupa of tha hyoid stPuetupa has baan
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mhe)/xn to bo Innopvotod by soter nourono oriclnotlns within
tho slosoophox™ncool Motor nuelouo ond tho ontorlor
diviolon of tho vocol Motor nuelouo.

Thooo Motor nuelol oxlot oo o eontlnuouo loncltud-
Inol eoluMn of eollo In tho Modullo ond oxhlbtt no eloor
IntorModloto boundory (Arlono Kopporo. Bubor ond Crooby
1936). In vlow of thlo eontlnulty. ond tho distribution of
eolls within both tho cloooophorynsool ond ontorlor vocol
divisions, ony funetlonol subdivision of tho lobollod
eolls would bo orbltrory.

Tho InvolvoMont of both clossophoryncool ond vocol
eoMpononts In tho offoront ond offoront supply to tho
hyoid roclon doos not eoineldo with tho prodietlon Modo In
tho Introduetlon on tho bools of provlous lInltod dots.
For Mothodolocleol roosons. It Moy not, howovor. Indleoto
thot tho prodietlon woo wronc (ossuMInc of eouroo thot tho
orlclnol Intorprototlon of tho dots wos sound). Zt hos
olroody boon notod thot tho prosoneo of lobol bllotorolly
In tho Modullo followlnc injoetlons of WQA-HRP Into tho
hyoid protrusion Is probobly duo to sprood of tho troeor
oeross tho MIdIIno of tho ;trueturo_ Sprood of tho trooor
Into surroundInc roclons on tho floor of tho phorynx Moy
olso oxploln tho lobolllnc of both vocol ond cloooo-
phoryncool eoswononts. Tocto buds In thoso nolchbourlnc
sonos In AMolrus aciAA oro Innorvotod by bronehloMorle

bronehos of tho vocus (Londoero 19S7).
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Th* mtruetuv* of tho hyoid protrusion sppssrs to bs
bssleslly slallsr to thst of ths palstsl orcsn. Thst ls,
thoy both consist of sn splthollsl Isysr eontslnlns s
population of tasto buds, and a subaplthallal layar of In-
trinsic ausculatura.

Tha position of tha tko structures on opposlns
facas of tha oropharyncaal cavity Is suesast”va of
coapllaantary functional rolas In faadlns behaviour.

Tha hyoid protrusion Is found In a position oppos-
sInc tha aora rostral sons of tha palatal orean and tha
central connections of this palatal sons are found In tha
anterior rasion of tha vasal Ilobe.

Thus, tha close relationship batMaan tha neurons
Innarvatlns tha hyoid protrusion and those Innarvatlns tha
anterior palatal orsan aay reflect tha apparent assoc-
iation durlns faadlns. In a recently published report of
tha central relationships of neurons Innarvatlns tha
Sills, which oppose tha lateral extents of tha palatal
orsan. slallar observations of a close relationship
between neurons Innervatlns opposlns pharynseal loci have
been Indicated (Morlta and Flnser 19S5),

Zn addition, the present study provides further
evidence for the teposraphloal representation of the
pharynseal tissues within the aedulla oblonsata of
cyprinolds, anterior pharynseal locations bains represent-

ed In the slossopharynseal/anterlor vasal lobe. This
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oolnaldM Mith th* d*t» of Hoplt* and Flncor (1985)
<hoMins * topocpaphle poppooontation of tho till arahoa

alone tha naao axis.

From a Mthodolosloal standpoint, at laaat two
altapnatlvas axlst to explain tha variation in laballlnc
obsapvad batwaan animals In tha prasant study.

Firstly, If eonsldarad in ralatlon to”~ha post-
injaotlon survival parlods, tha results may ba oonstruad
as bains dua to tha prasanea of two phases of orthosrada

and ratrosrada transport (Tabla 7).

Tabla 7

Animal survival period raaetlon product dataetad

orthosrada a ratrosrada
ratrosrada
ratrosrada
none
low density ortho- S ratrosrada

densest ortho- a ratrosrada

A primary phase, and tha more rapid, mlsht explain

tha oeeurranea of orthosrada and ratrosrada label
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follewins * four day aurvival. Tha dlaappaayanea and
raappaapanea of both fonia of labal thpouchout tha S - 9
day papiod may raflaot tha dasradatlon of tha rapidly
tranapoptad traoap and tha aubaaauant arrival of aora
alowly tranapoptad traear at tha tamlnala.

Thla aloM phaaa eould ba raaponalbla for tha
Inoraaaa In danalty of tha raaotlon product folloMIns tha
alavan and twalva day aurvival parloda throush tha sradual
aeouaulatlon of tha tranapoptad traoar.

Thla variation MIth aurvival tIM Maa not obaarvad
In tha axparlaanta Involvins traoar dallvary Into tha
barbala or palatal orsan. Howavar, aueh lancthy parloda
wara not sanarally uaad In thoaa axparlaanta. Alao, tha
phyaloal dlatanea raaulrad for tranaport from tha barbala
or palata to tha hindbrain moy not hava baan aufflelant to
allotf tha dataetlon of a fractionation of dlffarant rataa
of tranapopt. Pravloua raporta of tha rataa of axonal
tranapopt hava daacrlbad faat and alo« rataa In tha
opthosrada dlractlon but sanarally aaauaa a alnsla rata of
ratposrada tranapopt In maawala (Qrafataln S Poraan 198P).
Parhapa lottar vartabrataa poaaaaa an additional phaaa of
transport.

Navarthalasa. daaplta tha possibility of aquatlns
tha data to a t«o-phaaa aaauanoa of transport, this
approach aasuaaa conalstant dallvary of traocar. Tha
dallvary procadura hot*avar was problamatlc. Zt la poaalbla

tharafora, that tha variation obsarvad batttaan animala
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CBAPTBR 6

1Bl OaflAHMAlTail SE BAIAZAL AFFMIHT IWIKVATIOW

ZMTRODaCTXOl1

In th* pMvleu« eeottona. tranasancXlonle tranapopt
of both ifOA-HRP and RRP h*a bo«n dMMnatratad In talaoat
orantal narvan fellowlnc dallvarp Inte tha paripharal alta
ef lhnopvatton. Zt haa baan ahewn that tha MOA-1IRP
eontucata la takan up and tranapoptad In craatap dataot-
abla quantltiaa in tha paplpharal-to-oantpal dipaetlen
than la tha unoenjucatad anayaa.

Tha palatal orean la Innarvatod by tha palatina
branehaa of tha vacua narva. Zn thla palato-vasai ayataai
of tha earp tha tranaport of traoar In tha parlpharal-
te-oantral dlraotlon haa baan uaad te daaenatrata tha
eantral ralatlenahlpa In tha vasai lebaa of aanaory
affaranta aupplylns raoaptora of tha palatal ersan
(Chaptar 3).

Tha puppeaa of tha anparlsanta rapertad bara la to
aak tfhathar thaaa traeara ara alae tranaportad tranacanc-
Ilonloally In tha ravaraa dlraotlon l.a. froa tha vacai
lebaa to thalr paripharal andlnsa In tha palatal orean.
Tranaport In tha oantral-to-parlpharal dlraotlon haa baan
dasonatratad for unoonjucatad HRP In ma— ala and haa baan

utlllaad aueocaaafully for traolns paripharal narva andlnsa



In th* tricMilnnl syntM of roto (Movfuvt e Tuvnov 1983)«
Hotfovor. MQA-iatP hoo net provlouoly boon uood for e
mlollop puppoao In ony voptobpoto. XFf tho mmmm ooehonlIMM
of uptoko ond tponapopt oxlat for tho eontpol-te-
poplphopol dlpootlen, tho oddod offleloney of tho
eonlusoto ohould ollow supoplop dotoetlen of poplphopol
nopvo Flbpos ond tholp dlotplbutlon ooenc roooptop«.

Altheuch stolnlnc of nopool tl«ouo ooy onowor meoo
of tho quootleno pocordlnc tho poooptop Innorvotlon ot tho
Ilcht olerosooplo lovol. tho uso of tponopoptod tpoeop eon
bo uood to opoelfleolly loboX tho olooonto of polovoneo.
Thu* tho ooeond olo of thooo otudloo 1* to ooXootlvoly
dooenotpoto tho poplphopol dlotplbutlen of oonoopy nopvo
ondInco oupplylni tho polotol opcon of tho eopp. In
oddltlen, thlo olcht bo oxpoetod to shew tho dlotplbutlon
of tho otpuetupoo Mhloh tho Innopvotlon oupplloo.

Tho polotol opson hoo boon dooeplbod oo "bolnc
epo««dod ovop Ito ontlpo oxtont with tooto budo™ (Hopplek
199*t oloe ooo Inltlol Intpoduetlon ). Othop otudloo of
tho dlotplbutlen of tolooot tooto budo hovo only dooeplbod
whopo thoy eeeup ond/op tholp donolty In thooo poptleulop
posleno (o.c. Londoepo 19*7t Hopplek 19tli AtooM 1971i
Klyohopo. Yoaoohlto ond Kltoh 198*i looooop 19821 Mopul.
Ivono, Zlollnokl ond Bopo 1983). No eboopvotleno on tholp
opponcooMnt In theoo leel hovo boon ppooontod. Tho ppooont
mtudloo of tho offopont dlotplbutlen ooy thopofopo, by

ooneelotlen. ppovldo Infopaotlen eeneopnlns tooto bud
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errsnswwnt in th* p*I*t*l ops*n.

Flnallvt th* oMtPAl ppod4*otlena ef th* pplmpry
«ffapptit« «upplplns th* pAlataX ercan hav* baan daaon-
atpatad ppavleusly to ba opsanlaad in a ratleular faahlon
aoroaa tha vasai lobas (Chaptap 3). Theaa studlaa alao
shoMad that palatal ooopdlnataa «*aca toposvaphioallp
rappaaantad In a eelusnar fashion throush tha layaps of
tha vasai lobaa. Thua. tha thipd aia of thia atudy ia to
aak if tha papiphapal diatpibution of palatal™faffarant
andinsa sivaa an indioation of tha baaia for tha

opsaniaation of tha eantral palatal pappaaantation.
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MATIKZALS AND MSTHOD8

Fer thIN study ef th* palAtal affarcnt«. tp*e*r mm
InjMtpd into th* VM*1 lob«* ef nlne m Im Is.

The enlIMla were inltlelly enMsthetleed In <
solution ef ethyl a-MIno bensoete (H5NNN iIn Mster) until
opopeulsp movsnsnts eoMOd. Thep were thon Moiphed end
meesupod fer lencth (snout te eeudel pedunele).

The tiasue oveplyinc the dopasi supfeee ef the
epsniuM wes PMOved bp sepspins **ith e eleen seelpel
biade. The spea ef epsniel bene above the pecien of the
medulla oblensata waa then peaMved usine a dental dpill
fitted with a aaw attaehnent. Thia bene fpaeeant Mas
petained in teleest saline.

The fiah Mas leeselp MPapped in daaip tiasue papep
end aeeuped in a supcieal appapatus. It mm aptifieiallp
pespipad bp supepfusins the cilla Mith Matep eontainins
anMsthetie at a sinilap eoneentpation te that uaed fop
the initial anMsthesia. Onoe aeeuped. the adipose tiasue
ppesent ovep the hindbpain waa Mpipated se as te ppovida
dipeet aeeesa te the dopsal aupfaee of the vasai lobes.

A detailed aoeeunt of the ppeeedupe fop tpaeep
delivepp inte the vasai lobes is ppovided in Chaptep 7.
desepibins the eentpal nepvous eonneetions of thia
stpuetupe. The onlp diffepenoe iIn the ppoeedupe pequiped
fop the ppesent puppese wm the delivepp of lapcop veluaMS
of the tpaoep.
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~Flafly, = tF*o*F-fI11™} BMillten mlerosyplnc*

G I MM olaapad in * mlevoMiilpulAtev and poaltlonad
ebova tha aurfaea of tha vacai leba to ba Inlaetad. Tha
pluncav ef tha ayrlnca waa dapraaaad untll tpaear Mac
vlalbla at tha tip ef tha naadla. Thla axeaaa waa cantly
paaovad. Tha ayrlnca naadla waa than advanead te tha
aurfaea ef tha vacai leba and than a furthar dlatanea ef
batMaan C.9 and 1.Cna. Inte t'ha tlaauva. A veluaa ef traear
bat«*aan AC and 5C nL. twa ajaetad. and tha ayrlnca waa
nalntalnad In pealtlen fer apprexIMtaly 9 nlnutaa ae aa
te nInIMlaa traear raflux alene tha naadla traek.

Thla eparatlen waa parferwad feur er flva tlnaa
alene tha eeawlata reatre-eaudal axla ef tha vacai leba In
erdar te dallvar traear threucheut Ita antlra lancth. Tha
tetal veluMa ef traear thua Injaetad Inte tha vacai leba
waa 2CC nL. In all eaaaa. Thla ralatlvaly larca tetal
veluM (eeaiparad wlth that dallvarad fer traelnc tha
eantral eennaetlena ef tha vacai leba) waa racardad aa
naeaaaary ae aa te eptldaa tha eppertunlty fer dataetlnc
tranacancllenleally-laballad palatal affaranta.

Zn flva animala (Cvil. CV12. CV23. CV2A. CV29).
WQA-HRP (IB er 2X In talaeat aallna) waa Injaetad Inte ena
vacai leba enly.

Zn tha ramalnlnc feur animala (Cv19. CvV2C. Cv21,
Cv22). TWP (9M In IX lyaelaelthln) waa addltlenally
Inlaetad Inte tha eentralataral vacai leba. Lyaelaelthln

(L-lyaepheaphatldylehellna - Slcma) waa Ineludad baeauaa
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SOM «vldAne* auccddta that tha praaanea of thla datavcant
alda tha uptaka or tranapert of BRP (Frank. Harrla and
Kannady 198«). Tha aaaM Injaotlon proeaduraa t«ara followad
for BMP dallvary.

In thla aannar. tha aubaaquant tranacancllonie
tranaport of tha Individual traeara eould ba eoaparad
within tha aa»a anlaal. Alao. tha raaulta of tha dallvary
of ona traoar aarvad aa a control for tha raaulta of
dallvary of tha othar.

On eoaiplatlon of traoar dallvary. tha oranlal
oavlty was looaaly paekad with salatln aponca (Starlapon)
aaturatad with talaoat aallna. Tha eranlal bnna fracnant
waa raplaead and flxad In poaltlon ualnc eyanoaerylata
Blua and dantal oaiMnt.

Tha flah wara ravlvad with runnlns tap watar and
malntalnad poat-oparatlvaly In aauarla at a taaparatura
of 18-28%. Tha aurvlval parloda ransad froa thraa to
aavan daya with tha lonpar aurvlval tlaaa raaultlns In tha
danaaat laballlns. Tabla 8 Indleataa tha axparlaantal

datalla for thla sroup of anlaala.
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Tabi* S

AniIMl Walsht Lansth Traear Voluaa SUPVi
nuabap (sa) (0a2) (L) (day
Ccvll 1Sl 19.« IX MGA-HRP 2«« A
Cviz 9« l«.« I1X WOA-HRP 2«« *
Cv19 132 16.6 Laft loba
IX WGA-1WP 2««
RIsht loba 7
9«X HRP 2««
Cv2* 131 16.9 AS CV19 2« 7
Ccv21 192 17.2 Am CV19 2w« 6
Cv22 19* 16 .« As CV19 2« 3
Cva23 1S6 19.2 I1X WOA-HRP 2«« 7
Cv2* 9« 19.2 2X WOA-HRP 2« 7
Cv29 93 1*.8 2X WOA-HRP 2« 7

In tha axparlaanta Involvins indaetlona of 5** HRP. thla

traoar waa dlaaolvad In tX Itraolaelthin.
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Th* preeaduF* fer p*Ffu*lon flxetlen ef th* *nIMI*
*e*e M d**erlb*d previously (Chsptar 2). Subs*«u*nt te
parfuslon. th* p*I*t*l erc*n «** di***et*d fr** frea th*
reef of th* oroph*rync**l esvlty *nd pl*e*d In fr*sh
fixstiv* for * further t&de heurs.

Xn two experlaents (CV2t, CV25), th* p*Ist*l orc*n
wss reacted in its Intaet eondltlen so as to i”veal
dlreetly th* cross orcanlsation of th* palatal Innerv-
ation. For this purpose, th* tla* periods of th* staces of
hlateehealoal reaetlon required fer tracer detection were
extended. Th* pre-Ineubatlen soak was extended to IS
Minutes and the Incubation was allowed to continue for 3C
Blnutes. Th* cross orcanlsation ef reaetlon product In th*
Intaet palatal orcan was viewed and photecraphed threuch
an Olyapus operatlnc alcreseep* fitted with an Olyapus
photoalerocraphle systas.

In sosM cases th* palatal orcan was eabedded In 2CX
celatln for seetlonlnc In th* transverse plan*. On these
occasions where the tissue was to be cut horlsontally.
eaboddInc was net required. Sections wore cut at IS. 6C,
8C or ICClia. Th* hlstoehealeal detection of tracer was
carried out on this sectioned aaterlal as previously
described for CSS tissue (Chapter 2). So differences were
apparent between eabedded and unMibedded tissues. All
subsequent procedures were perforaed as previously

desorlbed.
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RESULTS

Th* palatal opsan of tha earp eentalna mm arnua
tasta buda within Ita aplthallal layap whleh oevapa a
natwopk of Intplnsle atplatad auaela flbplla. Tha CMS
eonnaotlona of tha naupona Innapvatlns tha Individual
alaaanta within tha palatal opsan hava alpaady baan ahown
to axlat In tha vasal lobaa (Chaptap 3)>

Zn tha ppaaant atudlaa, Inlaotlona of tpaeap Into
tha vasal lobas pasultad In HRP paaotlon ppoduot In tha
palatal opsan. Howavap. dlffapaneas wapa appapant batwaan
tha sitas and danslty of paaotlon ppoduet followlns
dallvapy of WQA-RRP op uneonjusatad KRP.

Znlaetlons of WOA-HRP Into tha vasal lobas pasultad
In laballad palatal sitas In avapy axpaplaant. Zn thosa
axpaplaants In whleh this tpaeap was Inlaetad Into ona
vasal loba only (CVII. CV12. CV23. CV2A, CV2S). paaetlon
ppoduet was dataetad solaly In tha Ipsllatapal poptlon of
tha palatal oPsan. A vasal loba thapafopa appaaps to ba
tha eantpal pappasantatlon of tha Ipsllatapal half of tha
palatal opsan.

At tha Moposeople laval. paaetlon ppoduet In tha
Intaet palatal opsan was obsapvad In dansa aeouaulatlons.
Tha aeeusnilatlons wapa found to ba opsanlsad In olustaps

of vapylns nuabaps (PIs>A>1)« Tha lewast nuabap obsapvad
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WM two donsltioo feralnc an Individual raaotlva sita.
whavaas up to twanty danaltlas wara paoopdad within an
appayantly dlatlnet olustav. Unlaballad raclona wara
olaarly vlalbla batwaan thaaa paaetlva oluatara. Thus tha
labal was not hosMcanaously dlstrlbutad aopoas tha palatal
opsan but oonTlnad to daTlnad sltas*

Zn sosM easaa. a fortuitous liphtinc ancla for
illumination of tha whola orcan showad that tha laballad
eltas appaarad to oorraspond with a protrusion of tha
palntai surfaea bayond tha adiaeant unlaballad rasions
(Fie.6.2). prasuMbly dua to alavatad papillaa.

Tha praeisa arransamant of tha olustarn of raaetlon
product was found to vary batwaan madial and lataral
palatal radons, in mora madial palatal sitas tha raaetion
product was distributed in an apparently "spotted"” arranc-
amant of laballad clusters. Each cluster was surrounded by
an unlaballad radon (Fic.6.3 and Pic.6.0.

Far lataral palatal raclons. however, wara oharact-
arlsad by a continuity of laballad sitas. Tha laballad
clusters wara not punctata as found in madial rasions but
formed a continuous network over tha surface (Fic.6.9 and
Fis.6.6). Thus, in contrast to tha madial raslon. whara
laballad clusters wara surrounded by a connaotad network
of unlaballad rasions. In tha lataral palatal marsin tha
laballad olustara ancempaasad unlaballad "cores™. Tha
distribution of labal In tha mora madlal rasions of tha

palatal orsan tharafora appears to be ravarsad with
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Flecum 4.1

Thls »heteweneenaph slkoil th* arvaaseeeet ot laball |l
tred o tha Idlal palatal ovsaa fellowlac taiaatlaa ef
FOA-axr late a vaaal leba aa« avibaecugat hlateebaaleal
preeaaataa ef tha whela palatal erpaa. The labelle« altea
la thia Hedial palatal aeae are enaalaed la eluateas ef
vaavlac aukbera. !

ecale bari S00isa.

ricura d.f

Thla phetobaarecraph ef a lateral raclea ef tha palatal
Brcaa ahewa that laballad altea ara eerraapeadant wlth a
pretrualea ef tha evarlrlas wlthalliaa.

eeala bari  K00pa.

MS












Flsur« 6.5

Zn thin phetnaanvesrnph thn "oentlnueus"™ (rnthnv than
eluntnpnd) nntuvn ot thn inbnlln« dnnsltins enn bn nnnn In
* Intnrni pnintnl sltn (). Zn eontpnnt. thn inbnZ In n
mOP* MdInl leontlon (M) nxhlblts eluntnpln«.

tlanun hna monlvnd aanll inolslenn In opdnr te nZlo«*
®o*pzZntn Infiltration of thn hlntoohMilonl rancnnta.

Benin bnri 160]ni.

Fleura 6.6.

Zn thla hlchn» pownp photoMerocraph of n intorni pnintnl
Ibentlon thn inbnl enn bn elnnrly nnnn In n Mah-11kn
nrranerannt.

Benin bnri 100im.






r«ap«ot to tha pattarn In tha latapal pasion.

In thlok hopisontal and tpansvaraa aaetlona (6S. 8S
and isS]ia.), oluatapa ot paaotlon ppoduot wapa olaaplp
vlalbla (Fis.6.7 and Fis.6.8). Xn oeuntap-atalnad tlsaua,
thay wapa obaapvad to ba at tha laval of tha baaal lamina
aapapatlns aplthallal fpom undaplplns tlasuas (Fis.-6.9).

In aoma aaotlona. laballad paslona appaaplns to
ppotpuda bayond tha laval of tha laaadlataly adjaeant pal-
atal Bupfaea waa obaapvad (Fis.6.8). Thla may paflaot tha
ppaaanoa of alavatad paplllaa at thaaa loeatlona but It
eould alao ba a fixation op ambaddlns aptafaot.

In addition to danaa paaotlva elustaps. a muoh
falntap foPB of paaotlon ppoduet waa obaapvad at a laval
aublaeant to tha danaa aeeuaulatlona (Fis.6.8). It waa
alao obaapvad batMaan tha oluatapa at thla laval

dod 6.7). Thla fopai of tha paaotlon ppoduot waa
Metkirsdaddn % « |lnaap aannap aussaatlva of aocoumulatlon
wlthin flbpaa.

Ho labal waa dataotad wlthln tha natwopk of
atplatad auvaola flbplia fopalns tha "body"” of tha palatal
opsan daaplta tha ppavloua daaoplptlon of a motop Innapv-
atlon to thla natwopk fpom tha vasal lobaa (Chaptap 3).

Thua, tha paaotlon ppoduot obaapvad, both danaa and
falnt. appaapa to pappaaant tha appansamant of tha pplmapy

auppiy to tha palatal opsan. In vlaw of tha

oplantatlon of tha falnt labal In a flbpa-1lka mannap
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Flcup« 6.7

A hevIBontAl Motion (l.o. povollol to tho polotol
«upfAoo) ohoifinc tho oluotopo ef lobollod donoltloo fpo« o
Mdlol polotol alto, In addition te thoao donsltlas. labal
auccaatlva ef aeeuMaulatlon Mithin flbpaa oan ba aMn
Mithin and batMMn oluatara (F).

Seala bari 100pa.

Flcuba 6.8

A tranavapaa aaotlon thpouch aeoM laballad eluatara In a
madlal palatal alta. Nota that tha aplthallua ovap tha
laballad raclona ppotpudaa bayond that batMMn laballad
eluatapa. Alae. paaetlon ppoduot llkaly to pappaaant
laballad ppIMpy afFapanta (F) la ppaaant In Maoolatlen
MIth tha danaa eluatapa.

Beala bapt 100im.






Fleur* 6.9

A tr*n*v*r** eeetlen «hewlnc th* iI*b*ii*« d*n*lth**. Th*

beund*rv b*tw**n th* *plth*1luM *nd th* und*rlylnc tl**u*

1* Indle*t*d by th* brok*n lin*.

A FInt*F. MOF* dIffu** fora of th* F**atlon produot e*n
d»«* b*low th* d*n** profil**.

Se*l* b*rt 20|ui.

Fleur* 6 .ie

A horlmontol a*etion *howlne th* f*Int*r fora of rooetion
produot «aeoaiatod with th* d*n*itl*a and in addition
bataaon oluatara.

Seal* b*ri 100pa.






eouralnc b«t«**n eluatars. It* pesltlen adjAePtit to tho
epithollal layop and Ita Msoelatlon with tho dona* aeoiui-
ulationa within tha apithalial layara, thia for« of tha
labal may indieata tha eouraa of tha priaary affarant
naurona.

Similarly, tha pointa of danaa labal twuld aaam to
idantify tha aitaa of tanaination of tha priaary affarant
naurona. Tha dasraa of labal obaarvad at thaaa pointa
auKsaata tha praaanea of danaa plaxuaaa of andinsa in
thaaa poaitiona.

Tha raquiraaMnt of thick aaotiona in ordar to
optiaiaa dataetion of tha raaetion product pravantad
tha daacription of tha praciaa dataila of tha pattarn of
fibra diatribution to aaeh laballad cluatar. That ia. it
waa not poaaibla in tha availabla aatarial to dataraina
whathar tha individual laballad ooaponanta of a oluatar
wara tha tarainationa of ainsla fibraa or whathar a ainsla
fibra branohad to tarainata aa aora than ona coaponant of
a cluatar.

In tha axpariaMnta in which HGA-HRP waa injactad
into ona vasal loba and unconiucatad MRP waa iniactad into
tha contralataral loba (CV19. CV2S. CV21. CV22). tha
auparior afficiancy of tha coniusata for tranasanslionic
tranaport waa avidant.

Aa alraady daacribad. raaetion product waa
eonaiatantly obaarvad in thoaa palatal rasiona ipailataral

to tha aita of WGA-HRP dalivary. In eontraat. tha danaity
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of tho Fooetten product In tho p*I*t*l altos ipsilotoral
to tho HRP-Inloetod vocal lobo woo aueh aoro vorloblo
bott«oon onIMIs. It woo novar oa donao os that obsorvod
followinc MOA-HKP dollvory. This ooeurrod dooplto a
Ffifty-fold srootor oonoontrotlon of tho unoonlusotod HKP.

Also, tho variation In roaetlon product donalty
followlns HUP dollvory was ovldont MIthln an Individual
palatal oreant aocao palatal raciona appoarod ooro donaoly
labollod than othors. Tho roason for this la uneloar. It
would bo aurprlolnc to find that afforonta toralnatinc In
dlfforont raciona of tho vocal lobo had varylnc lavola of
offlelonoy for Intornallalnc HRP. It oay bo ooro Ilkoly
that tho variation rofloetod a hotoroconooua oxpoaura of
tho vocal lobo tlaouo to tho traeor.

Ooaplto tho dIfforoneoa In donalty of roaotlon
produet followlnc dollvory of tho Individual traeora, tho
aoBM altoa woro conorally dotoetod In both oaocoa. Howovor.
In tho palatal raciona labollod with transportad WQA-RRP,
an additional oplthollal loeuo of roaetlon product was
obsorvod In a position iMsodlatoly suporflelal to tho
altos of donas aeeuaulatlona (Plc.6.11). This additional
labal was novar dotoetod In palatal raciono followlnc RRP
dollvory Into tho oorrospondInc vocal laobo.

Thoso "flncors"™ of roaetlon product woro only
dotootod In aosoelatlon with tho olustors of donso
aeeuMulatlons and woro orlontod looooly orthoconally to

tho palatal surfaeo. Duo to tha thleknoss of sootlon
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risur* 6.11

A trMsv«»«« meotlen thvouch th* r«slen ot * I*b«ll*d
olu«t*r ahoMInc not only tb* lab«ll«« ««naltl*« m 6 th*
mubjMMt l«b«ll«d «Ffcrmitbh (F), but *iso Fin* "flnmri

1Ab«l (=) appbMntly Msoolbtbd MIth tMt* bud«.
Sebi* bbvi 25h .






p«quiF«d In OFd*p to obaopv* thla poaetlon ppoduet. It M*a
not poaalbla to unaablsuoualy dafina tha natura of tha
atruetura(a) with whleh It waa aaaooiatad. Rowavar, tha
arrancaaant of tha raaetion product waa aocM tlaaa

raalniaoant of tha croaa aorpholosy of a taata bud.

On a nuBbar of oeeaalona, thla raaetion product did
not appaar to ba oontlnuoua with tha aublaeant danaa
aeouBulatlona. An Intarvanlnc racion davold of labal
appaarad to ba praaant. Xn othar Inatanoaa howavar. thla
unlaballad rasiéon did not appaar to ba praaantt tha

laballad altaa aaaaad to bo eontlnuoua with aaeh othar.

In auBBMry. Inlaetlonn of MQA-HRP or HRP Into tha
vasal lobas rasultad In transport of tha traear to tha
Ipsllataral rasién of tho palatal orsan.

Tha clustorad distribution of raaotlon product In
madlal palatal altas was dIffarant to that obsarvod In far
IAtaral altaa. In Badlal altas tha nuMbara of danao
aeouaulatlons of raaetion product eonstltutlns a eluatar
variad. Dansa aceuaiulatlono wara not eluatarad In lataral
PAIAtal altan but orcanlsad In a continuous network.

Finally, In palatal raciona laballad with trans-
portad MQA-HRP, auparflelal "fincara™ of raaetion product
wara dataetad In association with tha dansa aecuaiulatlons.
Thasa wara not obaarvad followlns HRP Inlaetlons Into tha

vasal lobas.
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DISCUSSION

Th* palatail ops*n of th* earp haa ppavloualp baan
ahown to bo Innapvatod bp naupona ppojaetlns to tha vacal
loba. Thia was damonstratod anploplns tha tpanapopt of
WOA-HRP to tha CNS followlnc dallvopy into tho palatal
opcan (Chaptap 3).

Tho study popoptad hapa has shown that both WQA-HRP
and uneoniucatod HRP can also ba sueeassfully tpanspoptod
tpanssancllonleally in tho povopso dipaetion 1i.a. fpon
eantpal pacions to tha popiphopal sita of innopvation.

Uneonjusatad HRP has ppoviously boon shown to bo
usaful fop dafinins tha popiphopsl pattopn of oonnaetions
(Mapfupt a Tupnop 1983). Howavap. this saans to ba tha
fipst axampla of tha usa of MOA-HRP fop tpanssanslionic
tpaeinc of ppiaapy affopant naupons to thaip popiphopal
opisin. Its utility fop alueidatins tha opcanisation of
tha papiphapal innapvation has boon eonfiptVd.

Tha obsapvation of paaetion ppoduet solaly in tho
ipsilatapal posions of tha palatal opcan followins tpaeap
injoetion into a vasal loba indieatas that tho naupons
innopvatinc tha palatal opsan apa eonnaetad sololy with
tha ipsilatapal vasal loba. This oonfipsio tha posult
obtainad fpoa tha axpopiaonts aaployins tpacap injaotion
into tho palatal oPsan (Chaptap 3).

Tho ppadomlnant fopa of poaotion ppoduot obsopvad

Mas asspssatad as a donsa aeouaiulation at tha laval of tha
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basai lamina. llaetron mlopoaocoploal atudiaa of tha eapp
tasta bud (Uca a Kama 1967) and tha barbai tasta bud of
letalurus (Rauttar 1978) bava ldantlfiad a narva fibra
plaxus at this position. Tha dansa aoceuaulatlons of
raaotion product tharafora appaar to raprasant laballad
narva plaxusas. Thasa plaxusas ara tha tarminal strueturas
of tha tasta bud narva and. in tha barbai of letalurus.
aaeh individuai plaxus is assoeiatad with a slnsla tasta
bud (Rauttar 1978).

Each dansa accumulation of reaction product in the
palatal orcan is tharafora, by association, likaly to
raprasant tha sita of a tasta bud in tha ovarlylns aplth-
alium. On this basis, tha prasant study has shown that tha
distribution of tasta buds in tha carp palatal orcan can
ba datarminad usins tha transsansllonie transport of
WQA-HRP from tha sita of affarant termination in tha CNS.
It has also bean shown that this distribution differs
aecordlns to palatal saetor.

In medial palatal sites, taste bud distribution
appears to ba clustered whilst in more lateral sites tha
orsanisation appears to ba of a reticular form. No other
studies of the precise distribution of taste buds in tha
palatal aplthallum seam to ba available. Other studies
have described tha cross distribution of taste buds in
terms of density (Herrick iO9Nii Landacra 19*7i Atama 1971i
Kiyohara, Yamashita and Kitoh i98ci Esaasor 1982t Marui,

Evans, Zielinski and Kara 1983) but details of their
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PttlAtlonshlps with ««eh eth*p w«p« net presented.
Thus, the reoeptor orcenlsetlon, es eseessed here iIn terms
of the distribution of the peripherel innervetion, remains
to be confirmed usins other techniques which stein the
taste buds independently.

Nevertheless it appears that, in the palatal orsan
of the carp, taste buds are not homoceneously distributed
throuchout the epithelium but confined to defined
locations. The number of taste buds in these sites varies
considerably from one pelatal position to another.

The epithelial recion associated with the dense
reaction product has been shown, iIn both the intact orcan
and transverse sections, to be capable of protrudinc
beyond the seneral level of the adjacent unlabelled
tissue. It is possible that this represents the presence
of papillae which are elevated ebove the level of the
surroundinc epithelium.

In edditlon, it has previously been shown that the
palatal orsan has the ability to selectively protrude
i“eslons of its surface in response to the presence of a
stimulus (McOlone 1977i Kdsar 19831 personal observation).
The present observations may therefore alternatively
indicate that clusters of taste buds can themselves
protrude independently beyond the nelshbourlnc surface. It
micht be expected that these distortions of the palatal
surface would present a larcer receptive area for sensory

evaluation of material in the oropharynx.
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Th* funotlonal eona«qu«no*a of tha variation In
apatial ralatlonahipa batMaan tha taata buda. hovravar.
ramalna obaeupa. Aa a workinc hypothaala It alcht ba
poatulatad that tha variation la ralatad to diffarant
functional raoulraaanta durlnc tha faadlns proeaaa and tha
diffarant oooluaal aurfaeaa aneountarad in tha oropharyn-
saal cavity by madial and lataral palatal raciona.

Tha madial portiona of tha palatal orean oppoaa tha
floor of tha cavity. Kxeludinc tha radon of tha email
hyoid protrualon, thla vantral aurfaea la a bony, rldsad
atruetura. Tha lataral palatal mardn oppoaaa tha racidn
of tha cl1l archaa and rakara.

Aa racarda thair raapactiva rolaa in faadlnc
bahavlour, tha madial and lataral palatal altaa appaar to
diffar. Much of tha crindInc and cruahlnc of matarlal
involvad iIn maaticatlon oecura batwaan tha palatal orean
and tha pharyncaal floor. Thia operation appaara to ba
minimal bat>faan tha lataral aurfaca of the orean and tha
Cill archaa (Slbbinc 1982).

Tha ralativaly hlch oluatarad danaity of raeaptore
in tha madial racion of tha orean may raflact tha craatar
opportunitlaa for aanaory evaluation of matarlal in thla
racion durlnc tha maaticatory procaaa. In contraat, tha
oropharyncaal racion batwaan tha cill archaa and tha
palatal orean appaara to function aa a component of a
branchial alava. Zn thia racion, material i1a filtered by

tha cill archaa and larca particlaa are retained prior to
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b«Inc (SIbblnc 1982)e

Thua, within tha faadlnc proeaaa. th* «adlal and
lataral palatal paclons aaaai to ba Involvad in diffarant
functions. Tha variation in paeaptor arrancanant aiay
paflact thaoa dIffapant functional rolas.

Tha coupsa of tha naupons tapalnatinc as tha dansa
plaxusas subiacant to tasta buds has also baan visuallsad
in tha ppasant studlas. A sincla branch of tha narva
innarvatinc tha palatal opsan appaaps to supply mora than
ona clustar. Howavar, tha praclsa datalls of tha pattarn
of tha palatal innarvation to individual tasta buds wara
not claap from tha ralatlvaly thick sactlons. That is,
guastions racardinc tha branchlns of tha naupons. whathar
to individual plaxusas within a cluatar or to diffarant
clustaps of plaxusas wara not answarabla from tha prasant
matarlal. In maaosals (Millar 1971) and tha fros (Rapussi 8
Casalla 1965). ainsla narva flbras hava baan shown to
raspond to stlaulation of mora than ona tasta bud. Mopph-
olosloal studlaa hava also shown that slnsla custatory
naupons racaiva input from mora than ona tasta bud in
mammals (Millar 197A). Whathar tha pattarn of tasta bud
Innapvation in tha carp palatal orcan is oomparabla may ba
assartalnad from saml-thIn and thin saetions of laballad
palatal rasions.

Comparison of tha danslty of raaction product
followins WOA-HRP Injactions into tha vasal loba with that

followins tha Iniaction of aqulvalant volumas of unconius-
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«tad HKP Into tha oontralataral loba, has asaln shown that
tha eonducata is nora afflolantly takan up and transportad
tpanscansllonleally (ef. Chaptars sat) . Althoush
laballlns of parlphopal sltas was dataetad followlns HRP
dallvary. tha raaetlon product assoelatad with WQA-HRP
dallvary was much dansar dasplta a fifty-fold lowar
eonoantration of tha lattar traear. Thus, tha supariority
of tha eonjusata in tracinc from a paripharal-to-cantral
diraetion is also apparant in tha pavaraa diraction.

A ooMparison of tha loci of raaetion product
datactad followinc dalivary of tha individual tracars has
shown a diffaranca batwaan tham at tha suparfieial apith-
alial laval.

Iniactiona of WOA-HRP into tha vasal loba rasultad
in raaetion product in cellular components associated with
tha subiaeent nerve plexus. This was not found in
axparimants employinc HRP injections. Althoush tha density
of label followlns HRP Injaetlons was sanarally low, it
was present in sufficient amounts to axpaet the observ-
ation of all tha labelled sites dataetad in tha axpari-
mants amploylns WOA-HRP.

Tha reason for this dlffaranea in sltas of raaetion
product assoeilatad with tha Individual tracers may be
related to taste bud structure and synaptic orsanlsatlon.

The talaost taste bud possesses various call types.
Firstly, alonsatad calls arransad orthoconally to tha

epithelial surface extend from tha basal part to the apex
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or th* taat* bud (Rauttap 1978). Thaaa calla bava baan
aubdlvldad Into auatantaeular and pacaptor calla, tha
fopmap baine daflnad aa auppoptlnc calla. Howavap, It haa
baan aucsaatad tnat "‘compalllns avidanca fop aueh a
functlonal diatinctlon doaa not yat axlat” (Rauttap 1982).
Navapthalaaa, ultpaatpuctupal atudlaa of tha taata buda
fpom a numbap of talaoat apaclaa do Indicata a vapiatp of
diffapant typaa baaad on moppholocv and cytoplaaaic
incluaiona (Rauttap 1982t Toyoahima. Rada and Shiaamupa
1984). Tha functlonal conaaquanoaa of thaaa atpuctupal
diffapancaa paaain undatapainad.

Tha paaalnlns cali typa. tha baaal cali, lo found
at tha baoa of tha taata bud and la oplantad alone an axlo

to tha baaal laalna l.a. pappandlculap to tha
paeaptop and auatantaoulap calla. Tha napva fibpa plaxuo
axtanda batwaan tha baaal calla and tha ppocaaaao of tha
paeaptop calla (Rauttap 1982).

Tha paaetion ppoduot obaapvad in tha aplthallal
layap eoppaapondine to tha poaitlona of tanta buda haa
baan ohown to ba oplantad opthoeonally to tha palatal
aupfaca. Thlo oboapvatlon would aaam to pula out tha baaal
callo of tha taata bud aa tha atpuetupaa in which tha
tpacap haa baan aaquaatapad.

Altapnativaly, tha oplantation of tha paaetion
ppoduot could paflaet ito ppaaanca in componant calla of
tha taata bud oimliaply oplantad l.a. paeaptop op

auotantaculap calla. It could alao pappaoant tha poaltlon
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of pFIHAry *ff*p«nt n«UFona pamlfytns aaioncat
thaaa taata bud eomponanta.

HowavaPi if tha lattap wapa tpuai thaaa aaaa
faatupaa Mould ba axpaetad to ba laballad followins tha
Injaotlon of unoonducatad MRP into tha vasal lobaa. Thia
waa not tha eaaa and it would thapafopa appaap that tha
laballad aita doaa not eoppoapond to ppimapy affapant
apbopiaation within tha taata bud. (Thia. of coupaa,
aaaumaa that tha voluma of tpaocap tpanapoptad in thoaa
axpapiMnta aaployins MRP would hava baan adaquata to
dataet thaaa faatupaa).

Tha paaalnins eandidata fop tha aita of tha
paaetion ppoduet la tha paoaptop/auatantaoulap call typa.
Tha quaatlon which aplaaa la why ahould thia call typa ba
Ibballad followins WQA-HRP dallvapy and davold of labal
aubaaquant to MRP dalivapy?

Tha WOA-HRP oondusata haa baan ahown on a nunbap of
ocoaalona in maaimalian aanaopy ayataaa to ba capabla of
bains tpanapoptad tpans-synaptloally. Tha tpacap la
tpanapoptad aopoaa tha aynaptlo daft to tha poataynaptic
naupon (ltaya and Van Hoaaan 1982). In oontpaat.
uncondusatad MRP haa papaly baan ahown to poaaaaa tha aama
capacity. Tha ppaaanca of paactlon ppoduot within
coaponant atpuotupaa of tha taata bud followins WOA-HRP
Indactiona but not MRP Indaetlona may bo dua to this
diffapantial capability.

Thia alsht howavap ba axpactad to ppadiot tha
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pp««*no« of «fFfopont aynopsoa onto tho ralavant taata bud
eomponont. Kffapont aynapaaa onto aanaopy oalla havo boon
poportad within tha bapbal taata bud of letaiupua
(Daaspancaa 19661 in Rauttap 1962)t but othap obaapvatlona

affapant aynapaaa in talaocat taata buda hava not baan
papoptad.

affapant aynapaaa onto tho eapp palatal taata

bud wopa ppaaant. tpaeap dallvopy into tha palatal opcan
and aubaaguant tpanapopt to tha Ipailatapal vasal loba nay
ba axpoetod to idantlfy thaip oplsin. Such axpaplmanta
havo ppavloualy ahown tho ppoaanea of laballad aoma
(Chaptop 3j Moplta and Fincop 1965). Althouch thaaa aoma
hava baan intopppottad aa tha oplsina of tha innopvatlon
of tha palatal muaoulatupa. it misht ba initially
poatulatad that a ppopoption of thom pappaaant an affopont
aupply to palatal taata buda.

Howavap. in tha ppaaant axpopinanta, if tha tpaoap
had boon takan up and tpanapoptad by thaaa putativo

noupona. it would hava baan oxpaotad to ba
aimilaply takan up by tha innopvatlon of tha palatal
nuaculatupo. Mo poaction ppoduet waa obaapvad aaaoeiatad
with tha atpiatad muaelo fibpila.

In vlaw of thla lack of labal in tha motop innopv-
ation and tha paucity of atudiaa popoptinc affopant
aynapaaa at tha talaoat taata bud, it may ba wlaa to
dianiaa tha poaalbllity that labal in tha taata bud haa

baan tpanapoptad acpoaa an affapant aynapaa. Howavap, what
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eitarnatlv* «xplanatlon la avallabla?

A body ef avldanoa axlsta whloh aucgasta that
Innapvatlon la a paoulpaoiant for tha aalntalnad Intacrity
ot tha aaamallan taata bud. Napva tranaaotlon (Donoao a
Zapata 1976) and palnnapvatlon axpaplaanta (Oaklay 197A)
bava ahotm that tha aanaopy napva la raaponalbla fop thla
malntananea. Effapant flbpaa ef tha cuatatopy napva apa
not paqulpad (Bapland, Chu. Hoalay. Jonaa, Kallacawakl,
Lawiap and Oaklay 1977). Zn addition, bloekasa of axonal
tpanapopt in tha aanaopy napva paaulta In the dasanapatlon
of taata buda (Sloan, Huchaa and Oaklay 1983).

Thua, It appaapa that tha maamallan taata bud ahowa
a naupotpophlo dapandanoy upon Ita aanaopy Innapvatlon. It
baa boon aussaatad that a naupotpophle acant may ba
tpanapoptad alone cuatatopy aanaopy axona and aubaaquantly
rbZaaaad at axon tapmlnala (Sloan at al 1983).

IT tha palatal taata buda of tha eapp wapa almllap-
ly dapandant upon tha aanaopy Innapvatlon fop tha malntan-
anea of thalp atpuctupal Intacplty. a almllap naupotpophle
affaet may axlat. Bapbal taata buda In oatflah hava baan
shown to ba dapandant upon thalp aanaopy Innapvatlon fop
malntalnlns thalp moppholocleal IntacPlty (Oapaudla 8
SIncap 1977). A tpophle substanea mlsht ba palaaaad fpom
tha aanaopy naupon and diffusa to lts affaotop slta(s)
thapaby sustalnlns tha taata bud.

Tha paaotlon ppoduot In tha paoaptop/austantaeulap

eall typa could thapafopa paault fpom tha tpanapopt of
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waA-HRP froM th* eenaorv affaranta in thla aannar.

Tha obaapvatlon of raaotlon produet Mithln tha
taata bud atpuetupa folloMInc WGA-HRP Injaetiona Into tha
vasal loba and ita abaanea followlns MRP injaetlona may
almply ba dua to tha far sraatar afflolaney of tha
ppoeaaaaa paaponalbla fop tha Intarnallaatlon of tha
formar into tha primary affarant naurona. Thara would
tharafora ba a sraatar quantity avallabla for "trana-
eallular” tranaport onea tha traear had baan tranaportad
to tha dlatal anda of tha naurona.

ITf thla tranaeallular diffualon of tha traoar doaa
indloata tha praaanea of an aqulvalant procaaa for nauro-
tpophio malntananoa of tha taata bud, it may avantually ba
uaaful in iaolatins and eharaetarlalnc tha naupotpophlc

aubatanoa.

finally, ona of tha alma of tha praaant atudlaa waa
to aak if tha dlatributlon of palatal affaranta Indieatad
an opsanlaatlon upon which tha eantral papraaantatlon of
tha palatal orsan la baaad.

Tha palatal orsan of tha carp haa baan ahown to ba
toposraphically mappad onto tha vasal lobaa. In addition,
thla map haa baan found to axlat throushout tha dapth of
tha vasal lobaa. Palatal ooordinataa ara tharafora
rapraaantad in radial columna of tha vasal loba nauropll
(Chaptar 3).

Tha tarmlnala of tha primary affarant naurona
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eupplylns th* I*t*p*l and Int*PMdI*t* p*I*t*l orean hava
pravlously shown to ba orcanlaad In a ratieular fashion In
tha suparflclal sansory layara of tha vacal loba (Chaptar
3> FIs<3>1V)> In vlaw of tha topocraphleal raprasantatlon,
it alsht ba arsuad that aaeh eocaiponant unit of this
natwork rapraaants a distinct palatal radon. Tha
projaotlon of this unit throuch tha layara of tha vacal
loba Bay tharafora raprasant an Individual "‘*functional
column™.

Tha orcanlsatlon of andlnca In tha lataral palatal
orean baara a atroné rasamblanca to tha ratlcular
orcanlsatlon of affarant taralnals In tha topocraphlcally-
approprlata raciona of tha vacal loba (Chaptar 3t Flea.3.8
and 3.9). Zntultlvaly, this corraspondanca In tha
arrancamant of tha parlpharal and cantral tarmlnala
muesaata tha praaanca of a rapraaantatlon In tha vasal
loba which rapllcataa tha distribution of tha palatal
racaptors.

As rasards tha aadlal palatal Innarvatlon, tha
prasant atudy has dSBonstratad that affarant andinas ara
not dIstrlbutad hoaocanaously throushout tha aplthallum
but arrancad In clustars of varylnc numbars.

Zf tha ratlcular orsanlsatlon of primary affarant
andInca In tha vasal lobas doas raflact tha actual
distribution of racaptors at tha palatal surfsea. this
woulld sussast that tha orcanlsatlon must ba modiflad In

ordar to similarly raprasant tha raoaptors at madlal
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P*X*t*1 looAtlons. Althouch thla do*a not naeaaaarlly
Indicata tha abaanea of a patleulap orcanlaation in
raciona rapraaantlnc amdlal palatal altaa. It nicht
ouccaat that tha dlaanalena of tha patloular ooaponanta
ara mueh raduead and thapaby raflaot tha eluatarad
appancaaant of paeaptora In aadlal palatal altaa. Thla
Intappratatlon calna auppopt fpoa tha obaarvatlon that
raaotlon ppoduet In tha aupapflelal layara of tha vacai
loba obaarvad followlnc Inlaetlona of WGA-HRP into aadlal
palatal altaa la mueh mora danaaly aeeumulatad than that
followlnc almllar Inlaetlona Into lataral palatal altaa
(compara Pica. 3. ISA and 3.19B). Thua. It may ba tha caaa
that tha varylnc dlatrlbutlon of affarant andinca In tha
PAIAtAl orean la raflaetad In tha orcanlaation of thalr
cantra! tarmlnatlona.

It would ba Intaraatlnc to daaicn furthar tracar
atudlaa in ordar to apaelfleally compara tha fina datalla
of tha orcanlaation of tha eantral projactlona of
affaranta aupplylnc tha madlal and lataral palatal altaa

ao aa to clarlfy thla laaua.

In auBuaary, tha axparlmanta raportad bara bava
damonatratad that tha parlpharal dlatrlibutlon of eranlal
narva affaranta can ba aueeaaafully vlauallaad followlnc
Inlactlona of waA-HRP or HRP Into tha racién of thalr
eantral terminala. Tha formar tracar haa baan ahown to ba

auparlor for thla purpoaa.
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Coaponant« of th* tMt* bud atpuetup* h*v« b«an
mhown to «aquaatar MaA-HRP. but not uneonjucatad HRP.
followlnc Indaetlona Into tha Ipsllataval va«al loba. Thla
has baan palatad to tha posolbla transoallular dIffuslon.
fpoa affapant andInca. of a tpophlo substanea paoulpad for
tha aalntananea of tha struotupal intasrlty of tasta buds.

Tha spoas dlstplbutlon of affarants In tha palatal
orean has baan shown to varp aeeordlnc to palatal rasioén.
Tha ralatlonshlp batwaan tha parlpharal dlstrlbutlon of
palatal affarant tarmlnals and tha orsanlsatlon of thalr
«ap In tha vasal lobas sussasts that tha orsanlsatlon of
tha oantral tarmlnals may ba a raplloatlon of tha tasta

bud distrlbutlon on tha palatal orsan.
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CHAPTER 7

aniMU COWHICTIOWS QI xai VAQAL AHC facial lobes

INTRODUCT ION

In pravloua eh*pt«ra th* vacai. Taclal And closso-
phApyncAAl 1obAA of the capp hlIndbPAIn Hava boon shown to
PAOAIVA pplIMpy AffAPANnt Input fpom AoeuaulAtions of tAStA
buds In distinct "custAtopy PAcions”. AffAPAnts fpom thA
bAPbAls hAVA DbAAn shown to ppoiset to thA IpsllAtAPsl
fAclAl l1obA whAPAAS thosA InnApvAtlnc opophApyncAAl
stPuetupAS tAPalnAtA in thA varai op sloosophApyncAAl
1obAS. ThA 1IntApnAl And AxtAPnAl custAtopy systAms of thA
CAPP hAVA thAPAfOPA bAAh ShOWn to bA MAPPAd SOMAtOtOPIOAIlly
onto thAIP sltAs of pplmApy ppodAotlon. LIkAwisA, thA
fAOIAl And VARAI 10bAS OFf thA I1CtAIUPUS CAtfISh hAVA bAAh
shown to PAOAIVA AxtAPnAl And IntAPnAl custAtopy Input
PAspAotlvAly (MopitA And FincAp 1965). ThA pplwApy cust-
Atopy Inputs to ths nsdullA thAPAfopo appaap to bA
RAnAPAIly SARPARAtAd AOOOPdInR tO thA SItA Of RUStAtOPy
PAOAPtOPS.

ClAsslcAl studlAs Of thA RustAtopy ppojAotlons In
Cypplnus CAPP10 hAVA dAACPIbAd thA CAntPAl AffAPAnts fpon
And AffAPAnts to thA MdullApy l1obAS In nopnsl tlssuA only

(HAPPIck 19B51 BAPnspd 1936). ThASA atudlAS hsvA IndloAtAd
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th« pF«s«no« of two offoFont prejoetiona ooeh froa tho
vocal and facial lebas. A daaeandlnc aaeondary ppojaetlon
to uppop aplnal lavala waa daaoplbad in addition to an
aaeandinc aacondapp cuatatopp ppoiaotion to tha aupapiop
aaeondapp cuatatopp nuolaua. Thia iathaio nuelaua ia hichlp
davalopad in apaoiaa with aquallp wall-davalopad axtopnal
and intapnal cuatatopp apatama. That ia. apaeiaa auoh aa
tha epppinoida and ailupoida which poaaaaa danaa aceura-
ulationa of taata buda on bapbala and in tha opophappncaal
cavitp.

Studiaa of nopaal tiaaua apo not oapabla of
ppovidinc definitive evidence of anp topocpaphieal opcania-
ation within centpal napvoua ppojectiona. Howevep.
aacendinc effepenta fpoa the facial lobe of Cvopinua eapoio
have been deacpibed ppevioualp to coupae in the aedial
poption of the aaeendinc aecondapp cuatatopp tpact whilat
vacal lobe effepanta ape found latopallp in tho tpaot
(Bapnapd 1936).

Zn view of the diffepont behavioupal polea
appapentlp aubaepved bp the diffepent CPoupa of cuatatopp
affopenta to the individual aedullapp lobea of cvopinua
cappio. It aicht not be unexpected to find that theip
aoaatotopic peppeaentation in the hindbpain ia aaintained
at hichep lavela in the centpal nepvoua apatea.

Thia opcaniaation haa been obeepved in Cpucian capp
(Mopita. Ito and Maaai 198Ci Mopita. Mupakaai and Ito i1983)
and in the Bullhead oatfiah (Pincep 1978] Mopita » Pincep
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1985).

Kora*l atudlaa hava alao daaerlbad tha ppaaanoa of
daaeandInc affaranta to tha vasal and faelal lobaa from tha
dlaneaphallo Infarlop lobaa In Cvpplnua eapplo. Howavop,
dua to tha intrloata Intanilncllns of flbpaa and tha
ralatlva diffuaanaaa of tha ppojaetlon. praoiaa datalla of
tha dlaneaphallo nuolal involved wapa not available. In
Ictalupua (FInsap 1978) and Cpuolan eapp (Moplta at al
198Si Moplta at al 1983), thaaa nuelai hava bean ldantifiad
and obaapvad to oonalat of both 'vasal'™ and '"faelal"
poptlona. Thus, tha dlaneaphalle nuelai with ppodaetlons to
tha madullapy lobaa also appaap to be topospaphleally
opsanlsad. in these spaeias, thspafopa, tha hlshop eantpal
eonnaetlons of tha vasal and faelal lobes appeap to ba
antipaly opsanlaad In a topospaphleal aannap.

In view of those ppavious obsapvatlons, a simllap
topospaphleal opsanlsatlon of tha eantpal effapants and
affapants of tha vasal and faelal lobes In Cvoplnus espolo
mlsht ba axpaetad. Tha pupposa of tha axpapiaants papoptad
hope Is thapafopo to ldentify these oantpal eonnaetlons and
to tost tha hypothesis that tha somatotopleal ppodoetlons
of tha pplmapy affapant inputs onto tha hlndbpaln
daaonstpatad In tha ppavious ehaptaps Is maintained within
tha eantpal sustatopy pathways of Cvoplnus eapplo.

Tha elassieal study of Happlek (1985) Idantlflad
tha ooupso of tha axons fpom tha dlaneaphalon in tha

tpaetus lobo-bulbapls. At tha level of tha vasal lobes this
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tract MAS obaarvad to raMlfy In eloaa aaaoelatlen with tha
motor nudai. Bowavar. tha praelaa lavai at which thay
tarmlnatad waa not dlaeusaad.

Dallvary of RRP Into tha vacai lobaa axpoaaa
varloua layara to tha traoar aolutlon. A praclaa dataraln-
atlon of tha lavai of tha vasal lobaa In which tha
daacandlns affaranta taralnata la tharafora pracludad In
auch axparlaanta.

Zn Cyprlnua carpio, ratrosrada tranaport atudlaa
hava ahown that calla In tha raslon of tha nuclaua lobo-
bulbarla projact to tha trlsaalnal and facial motor nudai
(Lultan and Van dar Para 1977). Tha daalcn of thaaa atudlaa
did not provlda datalla of tha vasal loba prolactlona from
thla raslon. Thua. tha madullary orsanlaatlon of tha
daaoandInc affaranta from tha dlancaphalon of Cvprilnua
carpio la not known.

Zn ordar to accompllah thla. a procadura for tha
loeallaatlon of tha aouroa of daaoandlnc dlaneaphallc
affaranta la raqulrad. Rasardlns thla raqulramant, an
alaotrophyalolocloal mathod for tha looallaatlon of dlan-
caphallc altaa with projaotlona to tha lIpallataral vasal
loba haa pravloualy baan davalopad (Baaoh and Robartat
paraonal communication).

Briefly, durine antidromic alaotrloal stimulation
of tha daaoandlnc Input to tha vasal loba. Ipallataral
dlanoaphallc atruoturaa hava baan looallaad by raoordlns

throuch a tuncatan alaotroda. Tha raaponaa of tha ralavant
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calla to thla fora of atlMulation has baan eharaetarlsad.

A proeadura for localisation of diancaphallc
poslons which projaet to tha Ipsllataral vasai loba
tharafora appaara to ba avallabla. By uslns a tracar-flllad
mlcpoplpatta as tha racordlns alactroda for localisation,
tha tracar nay. thaoratically, ba accurataly dallvarad by
subsaquant lonophopatlc axpulslon from tha mlcpoplpatta.

An additional purposa of tha axparlmants raportad
bara lo tharafora to usa this alactrophyololosleal approach
to traca tha dascandIns prolactlon from tha dlancaphalon to

tha Ipsllataral vasai loba.
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MATERIALS AND METHODS

Th*«« InvaatlsAtlona of th* eantral oonnactiona of
tha vasal and facial lobaa involvad 22 carp. Similar
procaduraa wara adoptad for tracar dallvary Into both tha
facial and vasal lobaa. Thay ara tharafora daalt with
almultanaoualy In thla aactlon.

All animala wara Initially anaaathatlaad In a
aolutlon of athyl m-amlno bansoata In watar (at a dilution
of approxImataly 1iSCSS) until raaplratory movamanta
caaaad. Maaauramanta of walsht and lansth (anout to caudal
paduncla) wara takan.

Tha tlaaua ovarlylns tha doraal cranium waa ramovad
by acraplns with a claan acalpal blada. Tha araa of tha
cranium abova tha hindbrain waa ramovad ualns a dantal
drill flttad with a aaw attachmant and thla bona frasmant
waa ratalnad In talaoat aallna.

Aftar wrapplns tha animal looaaly with damp tlaaua
papar It waa clampad aacuraly around tha pactoral rasién In
a aurslcal apparatus to anaura minimal movamant durlns tha
oparatlva procaduraa. Tha animal waa artificially raaplrad
by auparfualns tha silla with anaaathatlc aolutlon at a
similar dilution to that amployad for tha Initial anaaa-
thaala. In ordar that an adaquata flow of thin auparfusata
could ba malntalnad. It waa Important to ansura that fraa
movamant of tha oparcular flapa was not hlndarad.

Tha adlpoaa tlaaua prasant ovar tha hindbrain wan
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eaplratad so == to provldo diroet aooas« to tho rolovant
poKlon of tho moduli* oblonc*t*. It w** noeoasary to
aaplrat* carafullp bacaua*. aa oeeuppad on aavaral
ooeaalona, damac* to th* aamlelpeular eanala eould ba
inflletad durins thla ppocadup*.

Injaetlona of HRP aolutlon wop* mado via a 5 pL
Hamilton ayplns* fittod with a 33-s*uc* noodl* and
popfopnod undop an Olympua blnoeulap mlcpoaeop*. Havlns
flllod th* aypinc* to tho 1 pL lovol. It wa* aocupod In a
mlcpoaanlpulatop and dlpoetod ovop th* polovant eon* of a
vasal OP facial lob*. Th* eontpol noeoaaapy fop oxpulaion
of ppocia* nanolitp* (nL) volumoa of HRP aolutlon waa not
adoquataly ppovldod by manual dappoaalon of th* ayplhso“a
plunsop. A aceond, hydpaullcally-dplvon manipulatop
oguippod with a Popapax oxtonaion pod waa thapofop*
poaitlonod abov* th* fopmop to slv* th* noeocaaapy fin*
posulatlon of th* plunsop®a movomont (Pis.7.1).

Immodiatoly pplop to advaneins th* noodl* into th*
poqulpod anatomical alto, a amall volum* of fluid waa
oxpollod fpom th* ayplns* in opdop to onaup* that th*
ayatom fop tpaeop dollvopy waa opapational. Whan thla
fluid had boon cautioualy pomovad, th* tip of th* noodl*
waa poaltlonad ppoeiaaly ovap th* facial op vasal lob* and
advancad to th* aupfac*.

Fop facial lob* Injoetlona. th* noodl* was dlpoetad
to a position Intopmadlat* batwaan th* mldlin* and th*

latopal bopdop of th* lob* (Pis-7.2 and Pis.7.3). Thla

316



Fl«ur* 7.1

Thl« dlacvM liiu«tv*t«a th* proa*dur* for Mkln«
InIMtlen« of mtp into < foolnl or vocoi lobo. Tho nlero-
myrinso lo hold in nonlpulotor A ond doppooalon of tho
pluncor lo oontpoliod by o poropox rod hold in aonlpulotor
e whloh in odvonood by Mono of o hydroulle nlerodrivo.

in thla ™oy. vary oMll volumo of trocar con bo oxpollod

froa tbo oyrlnco conalotontly ond olaply.



Plcup* 7.1

hydraulic
microdrive

water
+

anaesthetic
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Flsup« 7.2
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Fleur* 7.3
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appFoaoh wm t*k«n In opd«r to nlnlmla* th* llkallhood of
tha tpaeap apraadins aopoaa tha aldllna or Into tha
IpallatapaX cloaao- phapynsaal/antaplor vacai loba
naupopll. Pop vacai loba Injaetlona. tha naadla waa
dlpaetad to a panca of poaltlona alone tha poatpo-caudal
axla of tha loba. Injaetlona Into tha poatpal lImit of tha

vacai loba Ineludad tha Ipallatapal cloaaophapyncaal loba.

Aftap panatpatinc tha aupfaea. tha naadla waa
advanead Into tha naupopll. HRP aolutlon (2e-3«)i0 waa than
axpallad fpom tha ayplnca. Tha dapth of tha tlaaua at whieh
tpaeap waa daltvapad vapiad batwaan C.25 and 1.Smm. but waa
nopnally at C.Sann.

To avold axeaaalva paflux alone tha tpaek of tha
advanelnc naadla and on to tha aupfaea of tha bpaln, tha
tpaeap waa daltvapad in aliquota of 25 nL. wlth a paplod of
apppoxImataly 5 mlnutaa batwaan aaeh dallvapy. Aftap tha
final dallvapy. tha naadla waa laft ~ altu fop batwaan tan
and thlpty «inutaa. Total volumaa dallvopod pancad fpom
25 nL. to ICC nL.

Aftap eapafully patpaetinc tha naadla, tha aupfaea
of tha bpaln adjaeant to tha Injaetlon aita waa cantly
awabbad wlth a plaea of dpy calatln aponca (Stapiapon) op
tlaaua papap. Thla ppoeadupa waa amployad In opdap to *'mop
up'” any tpaeap whieh had appaad on to tha aupfaea of tha
bpaln duplnc dallvapy.

Tha Intpaopanlal eavlty waa than looaaly filiad
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with («latin apon(« ««turatad In talacat salina. Tha
cpanlal bona was paplaead and saeupad with eyanoaopylata
(lua and dantal eaaant.

Postopapatlvaly, tha anIMIls w«p« pavlvad with
fpash watap and aalntalnad In aquapla at 16-22*C fop thpaa
op Flva days pplop to sacplflea. All subsaguant ppoeadupas
fop dataetlon of tpanspoptad tpaeap wap« as dascplbad In
Chaptap 2.

Tha Individual axpaplnantal faatupas fop aaeh
anlaal ap« shown In Tabla 9 (facial loba Injaetlons) and

Tabla It (vagal loba Injaetlons).
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TABLE 9 (Paol1al lob* InJ*etlona).

Animal lansth  walcht voiuma tpaeap SUPV]
numbap (@ (so0) (nb) (daj
cpsl 13.5 7.4 2BX HRP 3
CPB2 14.3 85.1 1BB 2BX RRP 3
CFB3 13.7 7.7 1BB 2BX HRP 3
CPB4 13.5 78.5 1BB 2BH HRP 3
CPB5 15.m 99.3 5B 2BH HRP 3
CPO6 14.7 81.9 5B 2BH HRP 3
CFB7 13.4 73.1 5B 3BH HRP 3
CFB8 14.- 84.8 5B 3BH HRP 3
CFB9 15.3 99.8 5B 3BH HRP 3
CFIB 15.5 99.9 5B 3BXK HRP 3
CFIl 14.2 92.- 25 25X HRP 5
CF12 14 .« 84 _« 25 25H HRP 5
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TABLE 1B (V*s*I loba Injaetlons).

Antaal lancth walsht VOIUM traear mupv)
nuBbar (cm) (1) (nL) (daj
cvsl 13.6 77.B 1BB 2BE HRP 3
CvB2 14.3 1B2.B 25 25E HRP 5
CvB3 14.1 1B3.B 25 25X HRP 5
CvB* 14.8 94.B 25 25H HRP 5
CvB5 13.7 85.B 25 25E HRP 5
CvB6 14.8 9. B 5B 25H HRP 3
CvB7 14.B 94.B 1BB 25H HRP 3
CVBS 14.8 116.B 5B 3BE HRP 3
CvB9 14.4 11B.B 1BB 3BX HRP 3
CcviB 17.2 122.B 75 3BE HRP 3
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Th* exp«FIm«nta on tho daaeandlnc projaetions fpoa
tha dlaneaphalon Involvad 21 animals. lha ppapapatory
surclcal ppoeadupas wapa ppaelsaly as daseplbad fop
dallvapins tpaeap Into tha facial and vasal lobas. Tha
axpaplmantal appansaaant fop tha localisation of tha dlan-
caphallc sltas ppojactlns to tha hlndbpaln, and tpacap
dallvapy Is Illustpatad In Flcupa 7.*. As can ba saan fpom
this dlaspan. thpaa sapapata "modulas'™ constltutad tha
ppocadupasi

1. Slactplcal stimulation of tha vasal loba.
2. RacopdIns of tha pasponsa iIn tha dianeaphallc tlssua.

3. Tpacap dallvapy Into tha locallsad zona.

ElactPlcal stimulatlont

Blpolap tunsstan alactpodas hald In a mlcpomanlp-
ulatop wapa advancad Into tha vasal loba to a dapth of
batwaan S.Smm. and I.Smm.

Tha papamataps of tha alactpical stimulation pulsas
sanapatad by a sultabla appansamant of alaotponlc
modulap units (Naupolos). Thasa davlcas wapa appansad so as

to pasulata tha fpaquancy of stimulation (NL303 - Paplod
sanapatop) and tha paplod of stimulation (NLAS3 - Pulsa
width). Tha output of thasa modulas was fad to tha bipolap
stimuiatins alactpodas thpoush a Pulsa buffap (NL51S) and
Stimulus Isolatop (NL8SO) which datspminad cuppant laval.
Tha stlmulatlns cuppant was 100 pA. and was appllad fop

2 msac. This was papaatad at a fpaquancy of 1 Haptz duplns
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PACopdlIns.

Raeopdinsi

Pot*ntl*ls «Rkq« r*eord«d thpoush «lopoplpattaa
pulled from 1.2 nn. boroBllleat* clasa (Kwlkflll). Pina
tlppad plpattaa wara pullad uslns a Maoanax BB-CH hoplson-
tal pullar. Tha tipa mara earafully brokan to produea an
intarnal dlamatar of batwaan IB pm. and 25 pm.

Mieroplpattaa wara filiad with 2BB HRP or IB WQA-
HRP (in talaoat aallna or B.9X NaCl). Thay vfara bald In a
Nauroloc alaetroda ehambar (NLIBI) filiad with tha aama
alactrolyta aa utillaad for tha traear aolutlon. Slsnala
from tha mleroalaetroda wara fad via a unity caln Naurolop
haadatasa amplifier (NLIBB) Into an AC praampliflar (NL1B4)
and than an AC-DC amplifier (NL1B6). Tha Indifferent allvar
ohlorida alaetroda waa Inaartad Into axpoaad oarvleal
tlaaua.

Sicnala wara filtered from IBB Ha. to IB KHa., dla-
playad on a Tektronix 5113N D13 atorase oaellloaeopa or
Could OSABAB disltal oaollloaoopa which waa trissarad by
tha output of NL3B3 uaad for rasulatlon of atlmulatlon
fraquaney. Tha alsnala were atorad on PM tape ualns a Bacal
Inatrumantatlon tape recorder (Store ADS) at- 15 Inches sac,
DC-1BK band width. Por tha purposes of obtalnlns a hard
copy of tha relevant alaetrophyaloloslcal data, tha output
of tha tape recorder wan fad Into a Bryana X-Y plotter

(26BBB AA). Avarasad data was provided by faadlns stored
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d«t* fMm tha tap* paoopdap Into = Nauroloc Avapacap
(ML75«) -

Tha alcpoalaetpoda waa advanead sloMly Into tha
dlaneaphalio tlasua uolnc a hydpaulleally-dplvan aanlp-
ulatop flttad with a micpomatap aepaw sauca fop dapth
diaopImlnation. Tha tip of tha alaetpoda waa pasapdad aa
havinc panatpatad a dlanoaphalle alta with ppolaotlon to
tha vasal loba whan a ehapaotaplatlc alsnal "lookad” to tha
atlaulua waa paeopdad. Tha optlaun alsnal waa eonaldapad to
ba tha avokad wavafopn with tha spaataat aaplltuda. Thla
optlaun paaponaa waa paeopdad at a dapth batwaan 2.9 rai.

and 3.9 mra. fpom tha aupfaea of tha optic taetum.

Tpaeap dallvapy:

Tha eonnaotlon of tha tpacap-flllad paoopdIns
alaetPoda waa awltehad to tha poaltlva pola of a Naupolos
Stimulua laolatop (NLSac) which ppovldad eonatant cuppant
condltlona (FIs>7_A). Tha Indlffapant alaetpoda waa
awltchad to tha nasatlva pola of tha davlea via a aaplaa
disltal multlmatap (Kalthlay 169). Thla appansamant allowad
dlpact avaluatlon of tha lonophopatlc cuppant laval.

Tha elpcultpy uaad fop sanapatlns tha lonophopatle
euppant waa tha mmam aa paqulpad fop tha atlMulatlon of tha
vasal loba. Only tha papaaiatapa of tha cuppant pulaa
altapad.

Tha maxlsua lonophopatlc euppant uaad waa 3 |iA. Tha

euppant waa appllad avapy 1* aaconda fop a paplod of flva
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meconda 1.a. tha "ON" parted was 9 saoonds and tha "OFF"
parted was 9 saeends. Tha tetal "ON" ttaa ranead frem 9 te
7.9 mtnutas. In a larca prepertten of tha axpartmants tt
was net feund posstbla te aatntatn a currant ef 3 pA.
threucheut tha "ON" ttaa. Thts was assuaad te ba dua te
bleekaca ef the ptpatta ttp. In these cases where tha
currant level dreppad balew 1 pA. the currant was reversed
fer a parted ef apprextaataly 36 saeends wharaupen tha
aaxtaua 3 pA tenepheratte currant oeuld usually ba applied
acaln. Thts eparatten canarally unbleeked tha ttp. Hewavar.
tn tha eases where thts eparatlen was necessary, tt was
usually required several times durtns the exparlaant.

On ceaplatlen ef tha tenepheratto delivery ef tha
tracer, tha mlereptpette was maintained tn pesttlen fer

approximately 16 minutes before bains carefully retracted.

In addition to this alaetrophyslolosleal approach
to HRP delivery, pressure Infections were made In several
animals uslns a Hamilton mlcrosyrinse (9 pL) fitted with a
33 cause needle. The delivery technique was as described
for Infections of tracer Into the facial and vasal lobes.
For the present purposes however, the needle was directed
Into the rasion of the diencephalic rasion with profectlons
to the hindbrain. A stereotaxic procedure was not utilised
due to the lack of an atlas of tha carp dlencephalon.
Instead, the needle was positioned uslns the experience

sained from the lonophoretic approach. A volume of 96 nL.
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of th* trae«r (2M HRP op DK WGA-HRP In talaoat aallna) waa
e»pallad at a dapth of 3.2 mm. fpoa tha aupfaea of tha
optle taotua. Tha naadla Maa malntainad In poaltlon fop 1«

mlnutaa pplop to patraetlon.

Aftar tpaoar dallvapy, tha Intraeranlal eavlty wat
loaaly filiad wlth salatln apenca (Staplapon) aatupatad
with talaoat aallna. Tha epanlal bona fpachant waa paplaead
and aacupad wlth oyanoaepylata clua and dantal ocaaant. Tha
flah wapa ravivad with fpaah tap watar and ratupnad to
aauapia naintainad at i8.5 - 2i*C fop tha pootopapativa
aupvival papiod. All aubaaquant ppocadupaa wapa aa
daacpibad in Chaptap 2.

Tha axpapiaantal dataila fop aaeh animal pacaivinc
tpaocap in dianoaphalie altan apa liatad in Tabla li. Onfop-
tunataly, dua to ppooaaalns dIffioultlaa. no photocpapha of
tha hindbpain labal obtalnad followinc dianoaphalie tpaeap

dallvapy wapa avallabia.
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TABLK 11
AnlaiAl

niutibsp

NPI
NP2
NP3
NP*
MP5
NP6
RP7
NP8
NP9
NPie
NPII
NP12
NP13
NPI*
NPI5
NP16
NP17
NP18
NP19
NP28
NP21

tfalcht

va)

119
111
11*
124
113
112
111
113
17*
156
123
12*
INI
1*8

98

96

93
122
13«
127
1*5

L*nsth

(eh)

16.0
16. 2
16 .=
16 .«
15.9
15.7
16. 3
15.5
18.8
17.5
16. =
15.8
15.»
16.«
15.*
1*.8
15.2
16. 2
16 .2
16.8
17.F

Tr»e«r D*11lv«fv SUPVIVAI
(@*ps)
2«X HKP "lone"
IX MGA-HRP
2BX HRP Ppassup™
1X WOA-HRP
n  k *lono"
2«X HRP
I1X WQA-HRP
» o » PPAaaup*
2«X HRP **Jono"’
n n
I1X WQA-HRP
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RISULTS

Conncetlona of th* leb*

ZndMotlona of HKP aolutlon Into tho faelal lobo
rosultod In poootlon produot Indleotlvo of both tho
opthocpodoly- ond rotpocpodolv-tronspoptod tpoeop.

OPthOKPOdoly-l1obollod sltoot

Followlnc Injoetlono, lobollod fibros woro oboopvod
vontpolotopolly of tho Ipoilotopol holf of tho foolol lobo.
Ono cpoup of thoflo flbroa woa obaopvod to turn ooudolly
whllat tho othop CPoup turnod In tho roatrol dlpootlon
(FI1s.7.9). Thoao tMo bundloa oonatltutod tho doaeondins ond
ooeondlns aoeondory cuatotory tpoota oa doaerlbod by
Hopplok (19*5). Thoy wopo only obaorvod Ipallotopol to tho
alto of Injoetlon. Zt *cwa not poaalblo to dotoPMino In
thoao oxporlaonta whothop tho two bundloa poproaontod
eollotopola of tho ocaio noupono or oopopoto projoetlon
noupono .-

Tho doaoondlns aooondopy cuatotopy tpoet woa
obaopvod to eoupao In tho oodlol poptlon of tho doaoondlns
aplnol tplsoolnol tPoet. Zt topolnotod In tho ipallotopol
modlol funloulop nuoloua.

Tho oaeondIns aoeondopy cuatotopy tpoot topmlinotod
ot tho lovol of tho aupoplop aoeondopy cuatotopy nuoloua-
Tho topmlnol lobol woa obaopvod bllotopolly In tho oodlol

ono-thlpd of tho nuoloua (Fie.7.6). Zn aoao eoaoa lobollod
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ricw* 7.5

A horlBontAl eeectimi thvou” th* Mdull* eblenc*t* «t e
levai vantrel oe th* faeial lob*. Flbr«* of th* Mcandlns
(ASOT) and daaeandInc eaeondaay cuatatovy traet (DSOT) ara
laballad.

et eaudal. Kt voatval.

Seal* bari  \WO)ai.

Flcuva 7.6

A heriaental aaetlon threudb tha auparlor aaeondary
auatatorv nuelal aad thalr ooaMlaaupa (SSOF) abewlna
erthoarad* raaetlen preduet (0) bllatarally In tha aedlal
aena af tha nualaua fallatrina Iniaetian oe mp Inta tha
faeial laba.

Ri raatpal. Ct eaudal

ecala bari  asopa.



Fleur* 7.5

MO » v2--

Tre=»

ritur« 7*6

« A
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flbr«« M«r« obs«rv«d in th* eoMBlanur« of thi« nuelnus.

AsenndlInc from th* faoinl lob* h«p«
thdPdfor* obsbFVdd to projdot in th* Ip«lInt*p«l Meandlnc
eeconddry «untdtopy tpnot nnd to toralnoto bliotopnlly in
tho nupopior oooondopy suotatopy nuolouo.

A Bpoup of flbpon eould alno ba obaarvad divopsina
aMay fpoai tha aaoandlnc cuatatopy tpaet and appaapod to ba
eoupalnc poatpally in a poaitlon vantpal to tha aupaplop
aaeondapy suatatopy nuelaua. Thia fibpa bundla eould not ba
tpaoad fupthap poatpally than thia iathalo pacién. It waa
thapafopa unelaap whathap thia bundla of fibpaa tapainatad
in thia pasidén op pappaaantad patpospadaly-filiad axona of
tho laballad dioneaphalio aocaa (aaa balow). No
opthospadaly-tpanapoptad tpaeap waa eonalatantly dataetad
in any poaitlon poatpal of tha aupaplop aaeondapy suatatopy
nuelaua.

RatposPadaly-laballad aitasi

Katpocpadaly-laballad nauponal eoli bodias wapa
only obsapvad in dianeaphalle nuelal. Zn canapai thay wapa
obsapvad bilatapally but laballad eolia eontpalatapal to”
mtha sita of Iniaetion wapa faw in nuaibop. and falntly
laballad.

Thpoa eoli spoups twapa ldantiflad as balns
laballad!

1. Zn tha dopsoaadlal Infaplop lobas, eolia of tha nuelaua
poatapiop thalaal (Shaldon 1912) wapa laballad. MithIn thia

SPoup of naupons. only thoaa som in tha oaudal fpaotlon
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eont*In*d FAtFocFAdAly-tPAnsportad HRP (Pie.7.7).

2. A aoF« diffusa cFoup ef nsuFons altuatsd vsntFo-
1*t«F*1ly of th* nuolsus postsFloF thaluil was laballad.
Thls CFOUP, tho nuelous lobo-bulbcFld, mm not labollod
thFouchout ita antlFO FoatFoeaudaX axtant. Only eolia in
tho eoudol Foslon of tho nuelous «fo found to bo lobollod
(Pie,7,8). Thls nuelous woa OFIclnolly FofoFFod te oa the
nuelous eoFobolloFls hypotholoai (Sholden 19121 duo to tho
»allaf thot it Foealvod eoFobolloF affoFonts. Rowovor. it
oppooFo thot thls nuelous dosa net Foealvo on input fFoo
eoFobol loF offOFonta (PinesF 19780) and it io conoFolly
FofoFFOd to 0S tho nuelous lebo-bulboFis (oftOF Mol lonbOFS
1997).

3. Saoll eolia of tho nuelous diffusus lobi lotoFolis
(Sholdon 1912) woFO olso FotFOCFOdoly-loballod. Zn eowson
with tho position of lobollod eolia in tho nuelous
pootoFioF tholoai and nuelous lebo-bulboFis folloMinc

lIobo inioetiona, only eolia in tho bofo eoudol sono
of tho nuelous diffusus lobi lotoFolls noro lobollod.

Thus, tho foeiol lobo Foeoivos doseondinc offOFonts
fFOB thFoo dloneopholle nueloi, tho nuelous postoFioF
tholoai, nuelous lobe-bulbOFis and tho nuelous diffusus
lobi lotoFolis. Only tho eoudol fFoetion ot ooeh of thooo

nueloi oppooFS to pFovldo offoFonts to tho foeiol lobo.
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Flsur« 7*7

A herlBentAl meotlen threush th* nualAus po«t*rlev thalaal
(HPTh) Ip«l1At«p*l te th« Alt« of FMIAI Ilob« Injaotton.
ehewlnc th« 1*b«Xl«4 o*lls enly in th« OAUdAl non« of tho
nuolouo. Tho poMolnln« posien of tho NPTh lo dovold of
lobol .

mPdLlI nuolouo PPOCIOMPUIOSUO popo lotopollo.

Ci ooudol. Rt pootpol. HI aodlol. Seolo bopi 200|m>

Ficupo 7«8

A hoplBontol ooetlon shoMInc lobollod eollo In tho ooudol
Bono of tho nuolouo lobo-bulboplo (MLR).
ci ooudol. Ri pootpol. Hi Mdiol.

Soolo bopi  200]Mi.






Connaetlona of th* slossopharync«*! and vacal lobaa

As obsapvad followlns facial loba Injaotions.
dalivary of HRP into a vasal loba rasultad in raaetion
product indicativo of both tha orthosradaly- and
ratposradaly-transpoptad tracar (Pic>7.9).

Orthosradaly-laballad sitasi

Pollowins iniactions of HRP. laballad axons wars
datactad coursins vantrally of tha vasal loba in both
dasoandins and ascondins diractions.

Tha tarainal sita(s) of tha dascandins fibras could
not ba dafinitivaly localisod. Howavar, as no ratrosradaly-
laballad soma could ba racosnisod at a caudal laval it
soams hishly likoly that tha raaction product did raprosant
doscandins affaronts from tha vasal loba.

Ascandins fibras tarminatad in tha ipsilataral
suparior sacondary sustatory nuclaus. In contrast to tha
facial loba proiaction to this nuclaus. only tha lataral
two-thirds of tha suporior saeondary sustatory nuclaus was
laballad followins vasal loba iniactions (Pis.7.id). Tha
most lataral portion of tha nuclaus axhibltad raactlon
product followlns Iniactlons into tha most caudal rasion of
tha Ipsilataral vasal loba. This raaction product was
obsarvad to ancroach SMra madially within tha lataral
"vasal** division of tha suparior saoondary sustatory
nuclaus with incraasinsly rostral vasal loba iniactions. No

labal was dataotad within tha oontralataral suparior
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Flsuv* 7>9

A pMPMACIttAl meotlen thpouch tb* «ntl»« bPAIn mhowlns
epthocvAd* PAMtlen ppoduet In tb* Momdlnc meoondAry
BuatAtery tp*et (ASQT) md th* muparler meoendarp cuat-
atevy nuelaua (SSaN) Ipallataral to tba alta ot Iniaatlon.
A laballad fibra bundla la praaant In a pealtlon vantrally
ef tba auparlor aaeondarv cuatatery nuolaua (arrowad).
Ratrecrada labal la alao praaant in dlaneapballo altaa (*)
but la net raoocnlaabla aa auob at tbla aacnlfloatlon.

VLi vacal leba. PLi faelal leba. Cbi oaraballioi.

Tali talaneapbalen. ZLi Infarler lebaa.

Reala bari Inai.

riRura 7.IR

A berlaental aaetlen tbreusb tba auparler aaeendary
Ruatatery nuelal and tbalr en— laaura (SSOR) abewlnR
ertbecrada labal (0) praaant enly In tba lataral nena ef
tba nuelaua Ipallataral te tba Inlaetad vasal leba.

Ce— ara tbla fisura «fltbh tbat abeMIns tba labal In tba
SSOM fellewlns a faelal leba Inlaetien ef imp (Plsura
7.6).

Ci oaudal. Rt rentrai.

Scala bari  2X0]ai.






eecendarv suatatory nuelaua.

Thus, saoondary cuatatory naurena of tha vasal
lobaa appaar to ppojaot antlpaly lIpallatarally to tha
aupaplop aaoondapy suatatopy nuolaua and taPMInata In a
diatlnetly dIffarant paclon of tha nuelaua to tha facial
loba projaetlon.

Aa obaapvad followlns facial loba injactlonai a
amali fibra bundla waa obaapvad oouralnc vantpally of tha
Ipallataral auparlop aaoondary cuatatory nuolaua. Thla
bundla la vlalbla In Pleura 7.9. Zn tha caaa of vasal loba
Injactlona of tha tracar, thasa flbraa appaarad to ba
dlraotad dopaally of tha Infarlor lobaa. Howavar, It waa
not poaalbla to traoa tham any furthar than tha lathalo
raslon and no orthosrada labal waa oonalatantly dataotad
poatrally of thla poaltlon. Asaln. thaaa flbraa may hava
baan ratrosradaly-flllad axona from laballad dlanoaphallc
nudai .

Ratposradaly-laballad altaa:

Tha aaiM diancaphallc nudai wara ratposradaly
laballad followlns vasal lobo Injaotlona as obaapvad aftor
Injaotlona Into tha facial loba. That la. calla of tha
nuolaua poatarlor thalaml. nuclaua lobo-bulbarla and
nuolaua dIffuaua lobi lataralla wara patposradaly-laballad.
Bowavar. dlatlnotly dlffarant raslona of tha nudai wara
laballad.

Aftar vasal loba Injaotlona. only tha rostral aonaa

of tha nudai wara obaapvad to axhlblt ratrosradaly-
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I* b «llcd «OM .

In th* nuolnu« postnrloF thnlaal. this "vnsal"
division of ths nuelsus wss found to bo lorcor thsn tho
"fselsl" division (FIs.7>11)< Also, sFsstsp numbsps of
eslls MOPS Isbsllsd folloMInc vscsl lobs Injsotlons.

Zn ths nuelsus lobo-bulbspls (Flc.7.12) snd nuolsus
diffusus lobl Istspslls ths eslls obsspvsd to exhibit
pssetlon ppoduet «sps eonfinsd to ths postpsl sonss of ths
nuolsl.

Thus ths vscsl lobes of ths ospp psoslvs dssosndlns
sffspsnts fpom ths seas dlsnesphslle nuolsl ss ths fsolsl
lobs. Howsvsp, these asdullspy lobes pseslvs thslp Inputs
fpoa dIffspsnt psclons of ths nuclei. Ths dlsnosphslle
nuolsl ppojsetlnc to ths fselsl snd vsssl lobes sppssp to
possess vsssl snd fsolsl subdivisions. Also, ths dssosndlnc
sffspsnts to ths vsssl lobs oplslinsts solely fpoa ths
Ipslistspsl Infsplop lobes. Zn eontpsst, ths fsolsl lobs
ppodsotlen fpon ths Infsplop lobes Is aslnly Ipsilstspsl

but sppssps to hsvs s sasll oontpslstspsl eosiponsnt.

Zn view of ths sppspsntly sound thsopstlesl bssls
fop ths slsetpophysloloclesl studies snd ths svsllisblllty
of s ppoalslns tsohnlqus fop loesllsstlon of dlsnosphslle
sites MIth ppojsetlons to ths asdulls, ths qusntlty of
eces** gN**] dsts obtslnsd uslns this sppposeh wss less thsn
sxpsotsd.

No slIncls osuss fop ths fsllups psts sneountspsd

\
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ricwp* 7.11

A horlientAl meotlen throuab th* nuel*u* poatMPler thalael

(NPTh) ahoMIBs laballad «alla eoaupv tha roataal aena of

tha nuelaua fellewlaa H»F Injaetlon Into tha Ipallatapal
Tha laraa danaaly laballad obiaota In tha

eaudal tona of tha nuelaua ara probably arythrooytaa

axhlbltln« andocanoua paroxldaaa nativity. Coapara thla

flcura with that ahowlnc tha laballad ealla In tha HPTh

followln« facial loba Inlaotlona (ricura 7.7).

NFcLi nuolaua pracloaaruloaua para lataralla.

Ci eaudal. Ci roatral.

meala bari 200}».
ricura 7.12

A horlaontal aaotlon throuch tha nuolaua lobobulbarla
Ipallataral to tha Inlaetad vacai loba. Coaparad with tha
raaulta of mr inlaotlon Into tha facial loba (Pleura
7.#). tha laballad oalla hara ooeupy a aora roatral
poaltlon.

Ct caudal. MI rontral.

moala bari  200]».
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WM «vldant. Th* hiatoehMilo*! proeaaalnc tor tp*napopt«d
tp«e*p «m oarplad Out eueoMsfu"lly in all oMas, aa
adludcad by tha paaetlvlty of andocanoua artafaet In tha
tlaaua. Thla ataca of tha axpaplaantal ppoeadupa *faa
tharafora not vlawad *»ith auaplolon.

Tha ramalnlnc faatupaa of tha opapatlon In whleh
ppoblaaa eouid hava baan anoountarad «arai alaotrleal
atlBulatlon of tha Ipallataral vacai loba, raaordlnc of tha
antldpoaloally-alleltad raaponaaa In tha dlaneaphalon. and
tha ionophoratlo dallvary of tha traear.

Blaetpleal atlaulatloni

Bvokad aetlvity In tha dlanoaphalon *wa found
Impoaalbla to raeord In only ona axparIMnt (NP9). Althouch
thla My hava Indleatad a fallura to antldroMloally
atlaulata tha daaeandlnc affaranta to tha vacai loba. It
may altarnatlvaly hava baan dua to aoaa faatura of tha
raeordInc of tha avokad raaponaaa. Tha lonophoratlo
dallvary of tha traoar was aoeoapllahad In thla axparlaant
aa caucad by tha praaanea of a laballad Injaotlon alta.
Box«avar. no hlndbraln labai «aa dataetad.

In all tha othar axparlaanta ualnc tha alaetro-
phyalolocloal approaoh avokad aotlvlty »aa obaarvad. It «aa
tharafora aaauaad that tha alaetrloal atlauiatlon of
daaoandInc affaranta froa tha dlanoaphalon had baan
aueoaaafully aoeoapllahad.

Raeordad aetlvityi

Althouch avokad raaponaaa «ara dataotad In all tha
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expAriIMnta but on*, twe fMtur«s In p*rtloul*r m«p« found
to v*pv b«tw«*n «xpaploMiita. Flrstly. th* nuMb*p of
ld«ntlfl*bl* eoapenants of tho ovokod wovofopa wm not
eonolatont fpom ono oxpoptMnt to anothop. Picupo 7.13 and
Pisupa 7.1*. show tha avapacad optlaua pasponsa fop MPI*
*ek HPIS paapaetlvalp. It la elaap fpoa a ooapaplson of
*rege **° tpaeaa that dIffapant nuabaps of eoaponants wapa
paeopdad fpoa thaaa axpaplaanta. As tha sesia ¢f tha tpaeas
la ldantleal, it la aaually avldant that tha aaplltuda of
paaponaaa alao vaplad batwaan axpaplaanta.

Zn addition, avokad paaponaaa wapa dataotad at
wldaly vapyinc daptha In tha dlanoaphalle tlasua. Pop
axaapla. tha tpaocaa ahown In Pl«.7.13 and Pic.7.1* wapa
obtalnad fpom paeopdlncs at daptha of 3.25 asa. (NP15) and
3.émm.  QWPIfD).

It saoM posalbla thapafopa. that tha avokad
*xmAfRr"** Pacopdad wapa not ail daplvad fpoa tha daaeandlnc
affapants to tha hlndbpaln.

Zonophopatle dallvapyt

Claaply Ildantlflabla lonophopatle dallvapy altas
wapa dataotad In only flva axpaplaants (1iP6, I1IP7, NP9,
NP15, and NP16). Poup of thaaa utlllaad 1X WQA-HRP
solution, whllat 29% HRP solution was lonophopasad In tha
paaalnlnc axpaplaant.

Althoush avokad aotlvlty waa dataotad ualnc althap
tpaeap. tha affleaey of tha lonophopatle dallvapy ppooadupa
waa «paatsp usine tha eonlucatad tpaeap. Thia waa ppobably

|
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rieur* 7.13
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Flcuv* 7.1«

Thla tr*a* mhot« th* «wwacm optlaua Mspons* r*oord*4
UFI* durine nntldroailo mtlaulntlen ef th* dnnenndlns

prelnetlenn to th* v*e*i lob*.

Coaparlne thl* tr*** *flth th*t shoMii for «F15 in Flcur*

7.13. it onn b* m**n th*t th*** twe eptlau« r**pon***

diIFf*r In th* nuMb*r of ooavon*nt* *nd In th* aaplltud* of

tho** ooMpen*nt*.

Ala*, th* b**t r**pons* *v*li*bl* Fro« «pip e«=* p*oord*d

et * d*pth of 3.8



risuF* 7.14
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du* to th* uaa of a lowar ooneantratlon ef th* traear In
th* OM* of tho eonjusato. Bloekasa of tha tip waa
fpaouantly aneountarad In axpaplMnts utlllalns
unoonjusatad H*P. Thla ppasuaably aoeountad fop tha look of
axpulslon of adaquata quantltlaa of tpaear In thosa
exparlaanta ualns thla forai of traear. BoMavap, tip
bloekasa Moa alao aneountarad oeeaalonally In axpapliaanta
ualns MQA-HRP.

Tha laaua of tip bloekasa thapafora saaaw to
Wlaln tha look of dataetabla Inlaetlon altas In all but
flva of tha axpaplaants. Navapthalass. It mlsht ba
aussaatad that tha lonophopatle euppant lavai and tha tlaa
fop whleh 1t waa appllad wapa baiow optlauai. Ho««avop. tha
obsapvatlon that tha vallas ««apa adaquata fop flva
axpaplaants ««ould appaap to nasata thla sussastlon.

In o of tha axpaploianta In whleh an Injaetlon
alta waa dataetad. tpanapoptad tpaeap waa alao obaapvad.

Followlns lonophopatle dallvapy of HKP Into a
dlanoaphalle pasién whapa avokad aetlvlty waa paeopdad,
laballad flbpaa wapa obaapvad ooupslins to tha postpal I1IMIt
of tha Ipallatapal vasai loba (SPi6).

Tha Indaetlon alta waa found to axtand thpoush tha
nuelaus lobo- bulbapla and Into tha nuelaua poataplop
thalaal. Tha poaltlon of tha laballad flbpaa waa obaapvad
to eolnolda wlth tha vantpolatapal poptlon of tha aaeandlns
aaeondapy sustatopy tpaet.

In vlaw of tha dallvapy of tpaeap Into altaa
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pr*vleu«ly ahoMn to ppojaot to th* faelal and vacai lobaa,
tha paaaon for tha laek ef dataotabla labai In thaaa
atpueturaa waa unelaar. Tha fibpaa oontalnlnc tranapoptad
traeap oould onlv ba tpaoad aa far aa tha roatral axtant of
tha Ipailataral vasai loba.
folloMIns lenophoratlo dallvary of WOA-HKP into a

dlanoaphallo raslon fpom Mhleh avokad raaponaaa wara
raoopdad. a dlatlnet Injaotion alta waa ebaarvad In tha

ef tha nuelaua lobe-bulbarla and nuelaua poatarlor
thalasl (FIs*7«15)« In addltlon* tranaportad traoar waa
dataotad In tha ipailataral vasai loba. Thia labai waa not
found at all lavala in tha vacai loba but eenfinad te tha
daapaat laminaa of tha aanaorp divialen (Pie«7.16). Labai
oould net ba traoad olaarly into tha eora of tha faeial
lIoba but tanainatad wlthln ita vantral nauropil. No labai
Indleativa of orthesradaly-tranaportad WOA-BNP waa obaarvad
in tha raciona of tha tricaalnal or faoial aoter nudai, aa
would hava baan pradietad froa tha atudiaa of Luitan and
Van dar Paro 1977. Tha proiaotiona to thaaa aotor nuolai

may, hewavar. ba too dlffuaa to ba dataotad by thia mathod.
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Fleur* 7.15

A horlBont*! **«tloii tbreuch th* dl*no*ph*lon ot NP16
ehowlnc tb* Injaotlen alt* fellewlnc lenopbopaals of IX
WOA.«P Inte a alt* Ildantlflad ~laetrepbpalelesloally. Tb«
inlaatlon alt* Inolud** tb* KFTb and WLP. calla ot tb*
XPTb ar* baavliy labaiiad follcin« lonopbora.la in tbla
animai -

Seal* bari 200]ia-






Fleur* 7*16

Thi* Mr1** of dl*cr*M trem «dIMAiit horlBont*! Motion*
ehowe* th* distribution of orthoernd* I*b*l (*h*d*d *r***)
In th* v*c*1 lob* Ip*11*t*r*1 to th* alt* of lonophor**!*
In NF19 (Fleur* 7>1t)> Tb* I1*b*l <*m found In th* d**p**t
**n*ory l«*InM.

Th* upp*r I*ft dl*er*a ahot™ th* eoat v*ntr*l **otlon In

««hloh 1*b*1 e«=m ob**rv*d.






DXSCVS8X0l 1

Th« cuatAtory «ystMM of th* e*vp ara «raatly
davalopad in eoapaplson to oth«p vaptabpat«*. Tha danaa
populatlons of tanta budo feund on tha axtarnal body
surfaoa and In tha opopharyncaal oavlty bava baan
asaoolatad wlth tha hypaptrophy of tha faolal and vacai
lobaa raapaotlvaly (Happlok 19»5). Xn pravloua aaetiona.
thls haa baan oonflrmad.

Spaelfleally, affarant naupons supplyins tha
Individuai barbala hava baan ahoMn to projaet to ralatlvaly
axtanalva raclona of tha lIpallataral faolal loba (Ch.A).
Alno, tha Innarvatlon of tha palatal orcan on tha domai
aupfaea of tha oropharyncaal oavlty haa baan ahown to
prolaot topocraphloally onto tha Ipallataral vacai loba
(Ch.3).

@N***N@*N atudlaa of tha oantral oonnaotlona of
thaaa aadullary lobaa wara oonfinad to obaarvatlona baaad
on noraal Mtarlal (Harrlok 19«51 Barnard 1936). Tha
praaant atudlaa hava uaad a aodarn nauroanatoaloal traot
traolnc prooadura to traoa both tha affaranta and affamnta
of thaaa atruoturaa.

Tha aarly atudlaa daflnad tha aaoandlnc output of
tha lobaa aa oonatltutlnc tha aaoandlnc aaoondary cuatatory
traot whloh tanalnataa In tha ipallataral auparlor
aaoondary cuatatory nuolaua. Thla haa baan oonflrMd In tha

praaant BRP atudlaa.
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In Addition, It hM boon ohown in thooo oxporlIMonts
that tho oupoplop ooeondovy sustotorv nuolouo is
topospophleollp opponiood with popopd to tho inputs from
tho oMdullovy lobos. Tho oooondory nourono opiplnotinc from
tho foeiol lobo toniinoto in tho modiol ono- "niPd of tho
nuolouo. This proioetlon hoo boon ohown to <o bilotopol,
fibpoo oposainp to tho oontpolotopol nuelouo in tho
intponuoloop ooMiiooupo. In noPMI Mtopiol, Tfibpos of tho
osoondinc aoeondopy puototopy tpoet hovo ppovliouoly boon
oboopvod ooupoinc in tho ooMiosupo to tho opposito nuolous
but thoip oplpin in tho foeiol lobo woo not elopiflod
(Hoppiok 19*S). Tho topoppophieol opponcoaont of tho
oupopiop oooondopy cuototopy nuolouo woo oucsootod by
Bopnopd (1936). Hlo oboopvotiono ohowod thot tho oooondins
cuototopy tpoet fpoa tho fooiol lobo aovoo aodlolly oo thot
tho Modopity of ito fibPoo ontop tho nuolouo in thlo aodlol
pooition.

Tho poaoininp lotopol two-thlpdo of tho oupopiop
oooondopy suototopy nuolouo hoo boon ohown in tho ppooont
otudioo to poooivo input fpoa tho oooondopy noupono
ppodootins fpo« tho cloooophopynpool ond vopol loboo. Thooo
ppojootiono oro ontlpoly Ipoilotopol. Mopo ppooiooly,
noupono ppodootinp fpo« tho ooudol sono of o vopol lobo
toPMinoto in tho aoot lotopol oxtont of tho ipoilotopol
nuelouo. Thooo opipinotinp in tho cloooophopyncool ond
ontoplop vocol lobos ppodoot aopo aodlolly in tho

Ipoilotopol nuelouo. Thus, tho Modullopy loboo opo aoppod
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topocr*phlo*lly onto th« puppplop eeoendaw sust*tery
nuoldl. Th* «oaAtetoplodl opsanlpdtlon of th* ppiMvy
*ff«r«nt input to tho Modullnrv lobo« thopofop« npponp« to
bo MIntolnod within tho ooeondorv ppojootlono. Pisuvo 7.17
ppovidoo o mll 111" diocpoai ineludins on illustrotion of tho
toposrophieol opconiootlon of thooo oonnootlono.

Tho ouporlor ooeondorp ~uototopy nuolouo in othop
toloooto hoo boon ohown to bo oioilorly ooMototépioolly
opsoniood with pospoet to ito input. Tho polotivo olsoo of
tho "fooiol"™ ond "vocol"™ ooopononto hovo. howovop. boon
mhown to vopy botwoon opoeioo.

Zn tho Cpueion eopp (Copooniuo eopoooiuo). tho
oxtont of tho two Inputo ooppoopondo to thot oboopvod in
tho ppooont otudioo fop Cyppinuo eoppio (Mopito, Zto ond
Moool 19S«l Mopito. Mupokoai ond Ito 1983). Zn lotolupuo.
hoovop. tho input fpom tho vocol loboo in oaMIIOP in
oxtont ooopopod to offoponto fpoo tho fooiol loboo. Tpooop
ond doconopotion otudioo hovo ohown thot tho foeiol lobo
input to tho oupoplop oooondopv cuototopy nuelouo of
latoiupuo ppoioeto Mdiolly of tho vocol input but thio
lottop eoMponont 1o pootpietod oueh «opo lotopolly thon la
oboopvod in eyppinoido (PIncop 1978i Pincop 1983)

Unliko tho oyppinoida. Zotolupun poooooooo

bilotopol foeiol loboo. Thoip hypoptpophy io oooeeiotod
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ricur* 7<17

Thl« mvmmmnf horlsontal meotlon thveuch th* bvaln mshotra
th* Input« and outputd of th* faelal and vasal lebas and
Inoludas illustvatton ef tha tepespaphleal natura of tba
aaeandinc prejaetlona te tha auparler aaoondanr eustaterp
nuelat (UOH).

RPTht Muelaus pestarlor thalaal.

MLPi Nuolaus lobebulbarls.






Mith populations of tasto buds on thpoa bllatspal
P*i»s of bapbals (Ataas 1971)= Tha axtavnal (ustatopp
spstaa of letalupus tharafopa appaaps to ba aopa hlchly
davalopad than Its aqulvalant In oppplnolds.

In eontpast. tha hindbpaln of tha oypplnold fopas
la doalnatad by tha vocal lobas assoolatad with tha

of tha palatal opcan. Tha vasal lobas of lataiurus
OPS aueh dlalnlshad In sisa palatlva to tha situation
obsapvad In oypplnolds. This appaaps to ooppaspond to tha
PPoooooa of a lass hlchly davalopad Intapnal custatopy
ppodaotlon In Ictalupus eompapad with tha oypplnolds.

Tha dlffapanoas obsapvad batwaan tha saeondapy
custatopy ppolootlons of tha vasal and facial lobas In
eypplnolds and letalupus would thspafopa appaap to ba
pappasantatlva of vapylns dacpaas of alabopatlon of tha

Intapnal and axtapnal custatopy systasM.

In tha ppasant studlas. no opthocpadaly-tpanspoptad
HRP was dataetad In any position fupthap postpal than tha
supaplop saoondapy custatopy nuolaus. This nuolaus
thspafops appaaps to ba tha antaplop Halt of tha saeondapy
ppolaction fpoB tha vasal and facial lobas In tha eowBon
capp. This also appaaps to ba tha situation In tha Cpuelan
capp (Moplta at al 198*1 Moplta at al 1983).

In contpast. In Ictalupus a small bundla of tha
aseandInc saeondapy custatopy tpaet fpom tha facial loba

continuas postpally to tha Ipsllatapal dlaneaphalon and

365



t*nain*t«a In th* nuelaua postarlor thnluil and tha
vtelnity of tha nuolaua lobo-bulbarla (Fincar 1978i Fincar
1989). Vacal loba projaetlona to thaaa altaa in lataiurua
ara alnlaal (Fincar 1989)= Althouch tha nuolaua poatarlor
thalaal and nuolaua lobo-bulbarla do not appaar to ba
elMbleally hoaMlocoua with tha alailarly-tanaad nuolal of
tha ooMBon oarp< It la avldant that tha ooaaion earp doaa
not poaaaaa an aaeandlnc aaeondary cuatatorp projaetlon to
tha dlanoaphalon wharaaa aueh a prodaotlon la praaant
pradoalnantly within tha facial loba affaranta of
Ictalurua. It umy ba alcnlfloant that tha praaanea of tha
projaotlon In lotalurua eolneldaa with a aora hilchly
davalopad facial ayataa than found In tha oarp.

In tha oarp, dlanoaphallo cuatatorp prolaetlona
hava baan racardad aa tartlarp eonnaotlona. Tha raaulta of
tha currant axparlaanta ara not oontradlctorp to thla
euccaatlon. In atudlaa of nonaal tlaaua. an Ipallataral
projactlon froa tha auparlor aaoondarp cuatatorp nuolaua to
tha racidén of tha lataral Inferior lobaa haa baan daaorlbad
(Harrlok 1989t Barnard 1936). Mora racantlp, tha
taralnatlona of thla projection hava baan ldantlflad In tha
nuolaua cloaaruloaua and nuolaua dIffuaua lobl Infarlorla
of tha Crucian oarp (Norlta at al 198Ct Morlta at al 1983).
Thua. tha dlraot aaoondarp projaotlon to tha dlanoaphalon
which axlata In lotalurua appaara to ba tartlarp In tha
opprinolda. Dlanoaphallo cuatatorp projaotlona In
opprlnolda appaar to ba ralapad froa tha aadullarp lobaa

|
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vIl* th* superior eeeondary suatatopy nuoXaua.

Tha atudlas of patPOSPadaly-traMaportad HRP
rapoptad hapa hava ahotm that thpaa dlaneaphalie nuelal
ppojaet to tha facial and vasal lobas of tha eoMBon eapp.-
Thaoa apa tha nuelaua poataplop thalaail, tha nuclaua lobo-
bulbapla and tha nuolaua dlffuaua lobl latapalla. Tha
eoupaa of tha daaandInc axona fpon thaaa nuolal could not
ba tpaoad in tha dlancaphalon. In nopaal tlaaua. tha coupaa
of tha daacandlnc affapanta fpom tha dianoaphalon hava baan
daacplbad aa oonatltutlns tha tpactua lobo-bulbapla. Thla
tpact waa obaapvad aa paaalnc vantpally of tha aupaplop
aacondapy suatatopy nuolaua and MPsins into tha aacandins
aaoondapy cuatatopy tpaot (Rapplok 19*5) « Tha ppaaant
atudlaa hava ahown a flbpa bundla ooupalns in a poaitlon
balow tha Ipallatapal aupaplop aacondapy suatatopy nuclaua.
Althoush 1t could not ba tpaoad fupthap poatpally. thla
laballad bundla nay ba tha tpaotua lobo-bulbapla. In
auppopt of thla. no opthospada labal was obsapvad poatpally
of tha supaplop saoondapy suotatopy nuolauo. thus appaaplns
to allmlnata tha poaalblllty that It pappaaanta asoandlns
affapanta fpon tha aMdullapy lobas. Also, no opthospada
labal was obsapvad In tha optic taotun. pullns out tha
ppaaanoa of a lobotactal tpaot aa dascplbad ppavlously In
aona othap apaolaa (BPloknap 193*).

Caudally, tha laballad bundla napsas with tha

ascandIns sacondapy suatatopy tpaot and cannot ba
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distinculah«d fro* th* lattar throuchout Ita oouraa from
tha hindbrain. Thua tha bundla aay rapraaant tha traetua
lobo-bulbarla. but net aneuch avldanea la avallabla from

thaaa atudlaa to eatacorloally oonflm thla propoaal.

Tha raaulta of thoaa axparlaanta ahoM that tha
dlaneaphalle nuelal ara orcanlaad tepocraphleallv with
raapaot to tha hindbrain raclona to whleh they prodaot.
Xaoh nuolaua haa a "faelal"™ and ''vacai' ooaponant. In tha
eaaa of all tha nuolal, tha mora roatral portion prodaota
to tha vacai leba whllat tha eaudal calla prodaet to tha
facial loba. It would ba axpaotad that tha cloaaopharyn-
caal conponant would ba found batwaan thaaa two.

Pleura 7.18 auaaariaaa thaaa flIndInca dlacraaawtlcally.

Daacandlnc affaranta to tha madullary lobaa
tharafora appaar to fora dlatinct vacai and facial
auberoupa rathar than collataral Innarvatlon. Thla
orcanlaatlon alcht not ba unaxpaotad dua to tha eontraatinc
bahavloural relax aubaarvad by tha dlffarant aadullary
lobaa. Tha facial loba appaara to ba an Intacratlva cantra
for tha locallaatlon of nutrlant Mtarlal via tanta buda on
tha axtarnal aurfaca of tha body (Harrlek 19ati Ataaa
1971). Tha rola of tha vacai lobaa In bahavlour appaara to
ba ona of control of alftlnc and aortlnc prior to Incaatlen
(Ataaa 1971).

Thla topocraphlcal orcanlaatlen of tha dlaneaphalle

nuelal whleh prodaet to tha aadullary lobaa of Cvorlnua
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fIATPig hM also baan obaarvad In othar apaelaa. Zn tha
Cpuelan earp, tha poatpal varaus oaudal divlalon obaapvad
in tha ouppant atudlaa la alao ppaaant (Moplta at aZ 1983).
In tha bullhaad eatflah, tha oplantatlon of tha toposPaphy
la aadlolatapally dlpaetad. Tha aoat latapaX ealla ppolaet
to tha Ipallatapal vacaZ loba Mhllat tha madlal cpoup apa
laballad followlnc Inlaotlona of HRP Into tha facial loba
(PIncap 1978i Moplta = Flnsap 1985). n

Aa obaapvad fop tha aaeandInc ppolaetlona to tha
aupaplop aaeondapy suatatopy nuolaua. tha palatlva alaaa of
tha "'va«al"™ and "facial" poptlona of tha dlanoaphallc
nuclal vaplaa bat«aan apaolaa. In tha oatflah, tha
dlanoaphallo "facial”™ coaponant la lapsap than tha latapal
"va«al™ aona. In tha cappa, tha calla ppolactins to tha

lobaa pappaaant tha lapcaat fpaction of tha nuclal.
Thla would, acaln. appaap to ba a paflactlon of tha
dacpaaa of alabopatlon of tha facial and vacal
suatatopy ayatama In tha vaploua apaolaa.

Thua althoush tha sanapal plan of tha vasal and
facial loba oonnactlona In tha dlffapant apaclaa la
baaloally almllap, vaploua coaiponanta apa dlffapantlally
<I*valopad aa a conaaquanca of tha vapylns hypaptpophy of

tha ppIMpy palaya.
Tha paaulta of tha axpaplaanta capplad out In opdap
to tpaca tha aadullapy tapalnatlona of tha daacandlns

e eFanta fpoai tha dlanoaphalon wapa dlaappolntinsly
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lIlaitAd. This sppssrs to hsvs bssn dus to llaltstlens of
both ths elsetpophysleloclosl loesllsstlon Mthod snd ths
lonophopstlo dsllvspy ppoosdups. Xf »or« tIM hsd bssn
svsllsbls fop fupthsr sxpsrilssnts ths ppoblssa m*y hsvs
bssn ovspooas snd sops dstsilsd dsts msy hsvs folloMsd.
HotMvsp, ths llsltsd dsts dsplvsd from thsss sxpsplasnts
sucsssts thst ths dssosndInc sffspsnts tspsinsts within ths
dssp ssnsopy Isslnss of ths vscsl lobs. This wss”obsspvsd
sslsly within ths ipsllistspsl 16bs thus oonflpalnc ths
pssults of Injsetlons of tpsesp Into ths vscsl lobs.

This obsspvstlon eolnoldss with thst found In ths
Cpuelsn ospp. Followlns sxtlppstlon of ons Infsplop lobs,
dscsnspstlns nsupons wsps obsspvsd In ths dssp ssnsopy
Isysps of this spsolss (Moplts st si 198d).

In vlisw of ths sits of tspalnstion of this
ppolsetlon bstwssn ths ssnsopy Input to ths vsssl lobss snd
ths dsndpltlo flsld of ths sMtop nsupons Innspvstlns ths
opophspyncssl suseulstups (Chsptsp 3), s dssosndlns

Influsnes on fssdlnc psflsxss Is Infsppsd.

In suassspy, ths sxpsplasnts pspoptsd In this
ehsptsp hsvs shown thst ths ssesndinc ppolsetlons of ths
fsolsl snd vsssl lobss of Cypplnus ospplo tspmlnsts In ths
supsplop ssoondspy suststopy nuolsus. This nuelsus Is
topocpsphloslly opssnlssd with psspset to ths ssosndlns
Input fpos ths Mdullspy lobss. Thus ths sosstotoplosl

psppsssntstlon of ths pplmspy sffspsnt suststopy Input to
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th* hindbrain ia Mintainad in tha bichar order preiaotion.

Daaeandinc affaranta to tha aadullarv lobaa hava
alao baan ahown to ba topocraphieally orsaniaad. Tha
roatral portiona of tha nuelaua poatarior thalacii nuolaua
lobo-bulbaria and nuolaua diffuaua lobi lataralia projaot
to tha vacai lobaa Mhilat tha oaudal calla within tha
nuolal innarvata tha facial loba. Zt haa baan auccaatad
that tha topocraphical arrancaaiant of contrai cuatatorp
connactiona ia ralatad to oontraatinc functional rolaa of
tha paripharal cuatatory atructuraa.

Tha daaeandinc affaranta to tha vacai loba hava
baan ahown to tarminata in tha daap aanaory laalnaa. A
prodaotlon to thla poaition haa baan auccaatad to laplloata
a rola in raculatinc tha Motor output of tha vacai loba to

tha palatal orean.
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A 1YMOmi QE CQUCLWIOm AIE ISPM1 rmTBMM Ewctlatiom«

Th* cuatAtory MoAallty of Cyoylnuy e«golo eoMpvla*«
two Min eoaponnnts. * "fnolnl" ayntw Md e "vncaX"
wdtMi, Mhloh hnvd niae bMn tannad mapaotlvaly, th*
extarnnl *nd Intdrnnl suatntory aystaM.

Thd Mtcrnm ooMponant la vapvaaantad by Ornata buda
altuatad en tha auvfaoa of tha body and at tha outovaMot
looatlona of tha orai oavlty« and thaaa aro Innarvatad by
tha faelal narvo. Xn oontraat. tha Intarnal ayataa
ooaprlaaa of taata buda In tha pharyncaal oavlity Mhloh ara

auppllad prodo«lnaatly by branehaa of tha vacua narvo.

Althouch alaotrophyalolocloal atudlaa of tha tMo
ayatOM In lotalurua ahoM that thay raealva niellar
ohMMaanaory Inputn (Oavanport and Caprlo 19021 KanMOl and
Caprlo 1903). tha t*to ayatoM aro funotlonally dlatlnot
ooaponantn. Tha raaulta of laalon atudlaa (AtaM 1971)
Aavo Indloatod that tha axtamal cuatatory ayatae la
Involvad la tha loeallaatlon and aalaotlon of foodatuff In
tha onvlronMntal aubatrata. Tha Intamal ooeponant la
Involvad In tha dlaorlelnatlon of adlbla froe Inodlblo
Mtarlalo aotually tahan lato tha eouth and tha avantual
aet of aMalloMInc.

Tha tMo ayatoM aro alao ropraaantad In diffaront
raciona of In tha Mdulla obloncata. Traear Inlaotlona

|
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Into phwvfiMal «truotup«« hav« baan shown hapa to pasult
In labalXad olsaants In tha va«aX Xoba whXXot slalXsp
Iniactlens Into atpuotupas basptnc axtapnaX tasta buds
pasuXt In faotaX Xoba XabaX.

Tha axpapiaantaX studlas papoptad hapa hava shown
that whaatcaPM auXutlnln oonjucatad to hopsopadtsh
popoxtdasa Is aops afPlelant in tpaoinc tha eantpaX and
paplphapaX tapmlnatlons of pplaapy affapont naupons
Innapvatlnc tasta buds of tha two aystsaa than uneoniuc-
atad hopsapadlsh papoxldasa. In faot. tha foPMSP is

apppoxIMtaXp Ffifty tiMS aopa affieiant.

In addition to tha sapapation in tha hindbpain.
tha pasions apa stPuotupaXXy diffspant. Tha vapaX Xoba is
a eXaapXy Xsainatad stpuetups with a aupapficiaX sansopy
papion and a daap aotop Xayap. Tha faoiaX Xoba. on tha
othap hand, doas not axhibit this Xsainap oppanisation
and, aXthouph it wouXd ba inooppaot to dasopiba it as dis-
oppanisad. it has a auoh aopa howopsnaous stpuotupa. Thasa
oppaaisationaX diffapaneas batwasn tha Xobas pafXaot tha
eontpastinp funotionaX papuipsasnts of tha two tasta
SystsM.

Tha ppiaspy affapant naupons fpoa tha oapp paXataX
oppan hava basn shown to eoupsa into tha vapaX Xoba soXaXy
within tha daap poot. AXso. it has baan shown that thay
aps topoppaphioaXXy oppaniaad in tha vapaX Xoba with
vdPPddt to tha tasta buds thay innapvata. CaudaX paXataX
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mltM ar* v*prM«at*« e«ud*lly in thn vn«nl lobn mi«
Iner«MIn«ly vontpnl pnintnl leontlenn nr* nnprnnMit*«
equnlly pentvnliy. itodinl pnintnl nonnn «m napp*«
vmtpnlly Mtiliat Intnral non«« mm p*pr«nnnt*« «evnnlly in
thn lobn. A mennevy anp ef thn palatal aurfaaa ooordlnataa
la tharafop« Inoorperata« Inte tha vacai leba.
rnavloua ausaaatlena ef aueb an eraanlaatlen bava
eleetrepliyalelecleal atudlea In the aeldflah
1977)F and «a anateaileal atudy ef thé seldflah
publlahed durln« thé ppeparatlen ef thla theala baa
repevted ««ulvalent ebaapvatlena (Neplta and PIncep 1985).
Alae, tba tepecpapbleal easanlaatlen ef the vacua newa
Input alene tbe neataeoaudal axla ef tba vacai leba baa
been repeptad In aleetpepbiralelecleal atudlaa ef lataiunu«
(KanMal and Caprle 1983).
ef tbe dlatrlbutlen ef tanta budn In
tba palatal epltballun. aa ludeed by labelllnc tba
perlpbanal taadnala ef tbe pvlcaaif affarant naunena. bava
aboMn tbat thay ava net feund bececaneeualy aevena tbe
palatal epcan. Thay bava a Mab-llka ercanlaatlen In
*n*+pr*n palatal leeatlena Mbereaa In Mediai palatal altea
tbav aae eluateaed. CIMllarly, tbe eentral tapinala ef
tbeaa pplaary affeaenta de net dlaplay a boMeceneeua
dlatPlbutlen la tbe vacai leben. in melena abewn te
lateral palatal ercaa tbey am ercanlaed In a
mtleular faablen Mhleb manMblea tba dlatrlbutlen ef tba
perlpbeml tecaanala. Xn vantml vacai leba leeatlena.

|
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Mbleh MpMMnt MdIAl palptAl orcen, tho pnintnl
efforonto toralnnto aero doaooly. Ceanoouontly. It lo
tMvtinc to opoeuloto thot tho oonoery aop ef tho polotol
nurfooo In tho vocol lobo Inoorporotoo tho hotorosonoouo
dtotrlbutlon ot roeoptoro. Tho oonoory aop oop thoroforo
bo o proeloo roprooontotlon ot tho orsonlsotlon of prloory
oTforont torolnolo In tho polotol or«on ond oloo. by

ooooolotlon. of tho tonto bud dlotrlbutlon.

Tho oxtonolvo bod ef otrlotod minelo flbroo In tho
polotol ordon lo Innorvotod btf noureno of tho dorool ond
vontrol vodol aotor nuolol. Thlo Innorvotlon lo oloe
topocpophleolly orsonlood ond hoo "moppln«®™® rolotlonohlpo
whleh eorroopond MIth thooo ef tho prlnorp offoront
noureno. Thuo. tho polotol erson lo roprooontod oo o aetor
OOP oo «foll oo o oonoory oop.

Tho rodlol orconlootlon of flbroo throushout tho
vodol lobo loporo ond tho eboorvotloao of olnllorlv
rootrletod lobolllns of oonoorp ond aetor eeopononto In
tho lobo followlnc Injoetleno of troeor Inte United
polotol rodleno ouscoot thot tho toe eenpononto oro noppod
In roclotor. Thlo hoo boon eonflmod In otudloo of tho
seldfloh vodol lobo «ihleb ohenod thot tho Intrlnole
eennoetlono botnoon tho oonoory ond neter loporo oro
topocrophleolly orconlood (PIncor IPdIb). Thuo. tho
oonoorp Input fren tho polotol oraon ond tho neter output
to Ito nuoeuloturo oro rolotod oueh thot o otlnuluo

|
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leoatAd «t < point en the polntnl nupfnoe Influoneon enly
the Meter unité eupplylnc the etlMUleted pesien.

The eurfeees eppeelns the peletel ersen ere elso
pepulnted «*Ith tente bude end heve en underlyln« Motrix ef
etrleted Mueele flbree. The reeulte of treeer Inleetlone
Inte the fleer ef the enterler pherynx ef Cverlnue eerele
heve ehoMn thet Medlel eltee en the eurfeee eppeelns the
roetrel resien ef the peletel ersen ere repreeented et
ventrel leeetlene In the enterler vesel lebe/sleeee-
pherynseel lebe. Thle eelneldee MIth the repreeentetlen of
the enterler nldllne peletel ersen Mhleh It oppoeee.

Zn the seldfloh. reeently publlehed elesent etudlee ef
brenehee of the vesue nerve whleh eupply the slll erehee
eppeelns the leterel reslene ef the peletel ersen heve
ehoMn thet they ere else repreeented In tepesrephleelly
ersenleed eeneory end noter nepe In the vesel lobe. Theee
nepe eorreepend wlth theee ef the eppeelns peletel eurfeee
(Horlte end PlInser 19A5). Thue. netehlns tepesrephleel
repreeentetlene ef the eppeelns eurfeeee ef the entlre
pherynx eppeer te be oentelned In the vesel end
sleeeopherynseel lebee.

Ae the nepe ef eppeelns pherynseel eurfeeee ere
tepesrephleelly eolneldent. end the vesel lobe le redlelly
ersenleed. It eeene prebeble thet the noter neurone
eupplylns the nueeuleture et eppeelns pherynseel eltee
wlll be eloeely releted.

Pren e funetlenel vlenpelnt. the elftlns end
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«ertine of aaterleX t«k«n Inte thé aeuth durine fendine
(eibblne 1982) would m««« to roeulro «n «oauroto
Intoeratlen of tho aetor oetlvitlc« of tho oppealne
murfMO«. An IntIM to rol«tlen«hlp botwoon tho aotor
nouren« «uppiylne tho «u«eul*turo ot opponine loel elebt
thoroforo bo «xpoetod. Zt would bo Intor««tine to t««t
thl« bypothoal«. porhapa by «pplylne diffaront traeara to
tho Innarvatlona of opponine pharyneoal altea and
nubaoduantly «anaaalne tho rolatlonahlpn of tho

difforontlally-labollod naurena.

Tha «xtarnal tanta ayntaa la alno topoeraphleally
oreanlnod. Tha ntudloa of tho earp whloh X bava proaontod
bora, and atudlaa of gereeitm ffiiffBffTIV (Norlta ot al
19Se. 1983) and (pineor 1976) ahew that a aap of
«<xtarnal "euatatory apae«* axlata In tba faolal lobo.

Tho prananea ef aueh a aap la not «urprlalne In vliaw of
tha nueeaatlona that tba axtamally-altuatod tanta buda
aro Involved In leeallalne and aalaetlne food aoureoa

prior to Intako.

Tha aaeandine prolaotlonn fro« tha vaeal and faolal
lobaa bava boon ahown te raoMIn topoeraphleally dlaeroto
In tho auporler aooondary euatatory nuolaua of Cyprinua
oarolo. Altheueb tanto roaponaoa bevo boon roeordod In
thin nuolaua (Marul 1981)i Ita proelaa rei« la ebaeuro.

mewavar. Ita hyportrephy In "euatatory” flab la proauaably
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* Mflaotton of * mlsnlftaMit involv«Mnt In preeasstnc
euntntopy notlvlity. Xn th* eruolna onpp. it hM b**n
eussnntnd th*t th* eepnrntlon of vncnl nnd fMInl Inputs
la MIntnlnpd In th* aaocandln« projaetlons to tha
dlaneaphalen fpoM tha auparlor aaoandaw cuatatanf nuolaua
(Merita at al 1983)e Thus. It appears that tha raprasant-
atlons of tha Internal and axtamal pustaterv systaM
rasisin distinct threucheut tha aseandInc sustatery
laauilseus. Tha laiplleatlen of this ercanlsatlon Is that
tha two funetlonally distinct taste systsaa are aalntalnad
as parallel sustatery pathways In tha central nervous
systsa. Purthar support for this view cosms froa tha
observations that tha dascandlns Inputs froa tha
dlancaphalon to tha prlaary relay nucleus of each pathway
are also topepraphlcally separable. Also. It has recently
bean shown In that tha Intraaadullary
cennactlons of tha facial and vasal lobes are different
(Marita and Plnsar 1989a). It would be useful to
ra-axaalna tha carp to sea If this latter condition ware

also true In this species.

Tha duastlon which rssisins Is how does this
orsanlsatlen In talaost fish relate to that found In
masMalst

Tha taste receptors of MSBals are found on
funslfera. foliate and clrcuMvallata papillae. These

papillae are located on the tonsue. palate, pharynx.
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eplclettl« Mtd iMpynx. th* ohord* tyapMii
whloh 1« e bPMOh ef th« n«»v« Innarvat«« tMt*

bud« on th* peatPdl t«*e-thlrdd of th* toncu*. Th* slobao-
phdrpncdbl n«pv* Md th* c»«*t«p eupdPPteldl p«tpo«*I
ndPVb Innbpvbt* th* o*ud*l on*-thlPd ef th* toncu* *nd th*
p*1*t* p**p*otlv*ly. Th* ph*rynx. *plclotti* *nd X*rynx
*r* *uppXl*d bp br*n*h** of th* v*du* n*rv*.

OnXlk* th* oyprlnoid *nd «iXurold fI*h**_ in ««hXeh
th* ppIMpy **n*epif nuex*l ef th* f*el*X> dXe**eph*rifnd**X
*nd v*su* n*pv** *r* dletinot. ne *uoh **p*r*tlen *xI*t*
InmmmX*. Th* *FFr*nt* ef th*** n*pv** In m «**X*
MInXy t*n*Xn*t* in th* nuoX*u* tr*etu* *eXlt*riu* (NTS)
(Kheten X96At Mekat*** *nd Morcp*n X979i Clrl*XXe.
mryoyahyn *nd C*X*r*au X9AXi Contp*p**. Baekataad and
Moveran X9A2). Bowdv*p. th* dustatery ee«pen*nt* ef th***
narva* in se*mm!m *r* found te taniinat* enXy MIthin
v**tPlot*d pertlen* ef th* NIS. For axaapX*. In th* v*t
su*t*tery affavant* *r* found te prejaet te XataraX
pevtlen* enXy (HasiXten and Norsran X98A) and th* **a* e*n
b* fer th* ehovd* tyapanl ef th* h*a*t*r (Nhltahaad
and rvank X9S3). Of pavtleuXar Int*r**t hav* hottavav *r*
th* ebsarvatlen* that th*** suatatorp eospenant* *r*
topesraphleaXXy ersanlaad wlthln th* XataraX pertlen of
th* NTS axthoush thar* *pp«*r* te b* aea* ovavXap. Th*t
1*. f*el*X narva bvaneha* dlatvlbut* *t reatraX Xavaxa,
vacaX branoha* eaudaXXy. and sXeaaepharpnsaaX oospenanta

Int*ra*dl*t*Xy CasiXten and Norsran 1988). Thla
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ersMiiaatlen ot cuatatery *ff«r«nta MIthln th* vlaoaraX
eenaorv oeluwt ef m«mMia la alailar to that obaarvad In
oyprinold and allurold fiabaa.

Aaatoaloal atudlaa of aaeandInc pvoiaotlona fro*
tha MTS pvevtda fupthap avldanea far alallavitlaa battiaan
"euatatery* flahaa and MMaala. Pvojaetlona fpo« tha
oaudal PTC of tha pat tapmlnata In tha latapal paclen of
tha papabpaehlal nuoXaua tdtapaaa affapanta fpo« tha
poatpal NTS taPMInata In tha Mdlal poptlon of tha
papabpaohlal nuolaua (Ropcpan and Laonapd 1973i Nopcpan
1978)= Xt thapafopa ammma that. on tha baala of Xooatlon
and Input fpoa tha pplaMPV auatatopy nueXaua, tha
papabpaehlaX nuoXaua (op pontina taata apaa) mp ba tha
MMBaXlaa anatoaUeaX hoaoXocua of tha aupaplop aaoondapp

cuotatopp nueXaua of Flah.

Tha avldanoa auscaata thapafopa that tha
alalXapltlaa batwaan tha oantpax pappaaantatlona of tha
auatatopy ayatoM In oypplnolda op alXupolda and thoaa In
MaaaXa pafXaeta tha ppaaanoa of a panapaX vaptabpata
auatatopy opaanlaatlon. Tha hypaptpophy of tha ayataaa In
oypplnolda and alXupolda Mkaa thaa paptleuXapXy
apppopplata fop axpaplaantaX Invaatlaatlon of fundaaMntaX
Quaatlona poaopdlna tha auatatopy »odaXlty In axX
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