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ABSTRACT | ’

Expleant culturss containing cereballus and urderlying

brainstes area vere rreparad from necnatal mice as described

by Hendaiman, Marshall, Ferquson and Carriere, (1982), and

vere dlloqu to mature fog 17-25 days. . Furkinie ang‘Lc
neurons vare identified by light micrescopy and thelr hea}th

and devalopmental progress wvere ronitorede.

The LC neurens.ef LC plus cerebellum cultures could ba

selectivaly lasionad by incubation fcor 24 koura -vith S0DuN

6=0HDAs Chem!lcal denervation vith 6-0HDA had unot previcusly’

bean docuzented in  vitro. The 6-bHDA was dissolved in'an

8mM agcorbata=fead gsoluticn to prevent artrenevurcnal
oxidation of thé naurotorine. Treatrent with 6-0HDA recsulted
an vacaolatioa of the LZ reqiton, 2and numerous qhést cells
appaared wvhen mxamined by lignt migroscopv. . Treatrent also
resulted 1n 2 le3s ¢t citechclamine flucrescence of tha
fibers and .tha ILC area whica cyrically exblbit fluorescence.
purkinis nauvrons 11d not app3ar to be affscteq by 6-06DA

treateent whoan exaainad under bright flald sicroscorv.

The: effacts of icrtcephoratically aprlied %A and.i}utamatq.

on the axtracellularly rcecorded electrical' activity cof
Purkinija neuron=s vere atudird 1o  6-0HDA treated and

untreated cultures of atitner IC bplus cerebellur cr

cerebelluz alane,

A\
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Seventv-fi#e percent 'of the neurons tested - responded to-

NAe OF thogglrespondinq. 90% responded with ap inhibition
Fa O ' ’ .

of spcntaneous activity. No . significant difference wvas

.found in the sensitivity to Halin any of the above groups.

7 -~
Siguificant differences vére found (p=0.0001) 1ip the
sehsitivity to ‘hlutamate in 6~0BDA trpéteé as compared io
untreated.iC plus corevbellum cultures. Thé‘ﬁ-pHDn treated
cultures required ;lqnificantlv lover currents for,Purkinde
seurons to eltcit a respoase. to glutdzate. This type of

3upersengitivity, perhaps secondary to denervaticn of

another system, has not_ptaviously becn describad.

Witn ~concurrent application of NA and élnyauate..from
multinaqgllad eieptroéea, tvc tyres of respcenses wefe Bean.
These responsas occurred ig all culture types.. Df bu cells
studied, 15 exbibited a siampla darression c¢f the glutamato
responsse. Bovever, in 49 othar Purkinia  neurcns studied, WA
potentlated. the .glutamate raspcnsa. In f of the 49
potantiatad cells, an inhlb;iion cf the glutamate reeponse
vas obssrvad at higber ioﬁtOphonetic currents of N3, It
theretore appaars. as tﬁouqh these two qualitétivelv
different resPonses, les. potentiation and inhibiticp of

the glutazate responss. by NA, ray be dosé dependent. This

crk gupports the ceoncept of a neurosodulatory role for NA

ip the cerabellum, " hut further suqgests that the inflyence
of NA on other naurotransaitters, i<ese sugmentastcry er

inhibitory, 1s dose deprendant,

1
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INTRODPUCIION -

/

- The effects of various neurotransaltters in the ceptral
!

,nervous svstae} (CNS) h&ve‘ ~been weil‘ docuuenteﬂ;
\ycr;drenaline (an hes pr;domiﬁantlv‘inhibitorv effects, a;
doas GABA, vhile glutamate 15 pétﬁafilv:excitatorv. wore
recentlys though, Témearchera have bé;n.investiqatinq tha
intaeractions of NA vith other neurotransmit%ers. Inlike
classical inhibitcry neurstransmittars, N2 applisd 2t lov
doses bas been shovn t9 pidteutiate synaptic effects and the
effects of certsis naurstranepltters Bsuch as GFBM and
dlutavrata. Thus tbe concapt of a neuromo@ulétory'role fdr
NA has exzorged (Wecodwerd,  Holwes,;  Wateérhcuse, Acffer and
Freadsan, 1979). T has alsc teeﬁﬂﬁell dccurented that 1€
the neuronal foput to a sy3ter is remcved that eyster vill
raspopd to the decreasad availability of transmltter by
lnéreaaipq +he nuiber -af racertors &nd ccnsequeﬁtlv 1ts3
response to tpat speclfic nhurotrausmltger cof wﬁicb i+ has
been deprived-(Gneqv and Coistas .1980}. This phencmeren 13

callad daznarvation-supersensitivity (Caooon and Rosenblueth,

1949), ‘ o

.

It has been the alsx of this research to ctudy ¥R effects
in a tiszue culture 3ystem, an. it prevides & vuriqua
opportunity for -1anipulatlon c¢f variables under strict

L

axparirantal coriltions. This vould epable us f?to




investiqate +the toxic salectivity on 1IC néurons vhen .
compare€ed vith other nauron +types and to examine vhat
resultant changes if any occur with respect to N, glutasate

and the potentiation of tha NA reapcnse.

Neuronal culture preparations have certain lilitatiéns,
perhaps the most serious baing that they are o vitro
preparations and not in vivo ones. This .gives rise to‘
difficulties Ln extrapolating back to the vh;i; apieal.
Hovever, neuronal cultures do cffer a pumber of advantages.
They ara 1uolatpd IVELGD3, and theréféra, interacticos of
particular groups of neurons way be exasined in the alsence
of other neuronal, circulatery or hormenel 4influences,
thafebv réducinq the number cf experimeptal variables.
Neurons w®ay be examired 1o the 1iving state and- their
devélopmental Dfoqrasa a3 iell a3 any experirentally induced
- changes way bs mopltored bvlliqht ricroscopy. a1l rg;érdin&
s dcue under _visuall control, providing accurata
idantification of a given cell, as HeLI as e reans of
discernlng batveen , healthy arnd unhazalthy cells. in
additicn, ona can aanipulats various experimehtal varithes.-
Drugs may be tontcphoretically applled tc 5 particular cell.
Thera is of course no_blqod brain barriar irn tissde culture,
Corponents cof the extrecellular rediuz may e£lso be varied in
order to study their affacts. The main.dlisadvantage c¢f the

tissue culture systes 1s that 1t 1s nct an 1in  vivo

praparstlon and thus lecks the intact naurcnal and hormonal



milieu. Removal of wmetabolites as well as delivery of
putrient nedia way also be somevhat ,connremisaﬂ 1n5 an in
vitro systes. The fact that call's are somevbhat smaller than

in vivo ham also presented problems 1in Tacording for

proionged periods of time.

The field of tisrue culture was 31nitiated by Harrisca
{1907), at vhic% t}me there was an'onaoinq contrcversy
reqarding the ovrganlzation of the nervoos system. lRamon Y
Cajal contenlad that the Rervcu:s syaten ves conposed of
independent callular uniti, wvhcse nerve fiﬁers briqinated
and grev 2vay from s pmingle call. Held, on the ctter bend,
believed that the prarvous syst¢m wa3 a svnéitiu{, vith
'peurOBul precae3ygan Ierving aa cvtqplnamic bridgas. ™ By uéinq
'cultured fragnants of enbryonic tadrpole fissne, Harriscn vas
sble tc conflrm Cajel's checry with the cbservation that

neuronal fibers grow out fron the soma of individual cells..

Tissua culturmi may ba div:ded into two nalon tvyras,
axplant culturas and dissociated cultures, and they will be
deacribtad bri=aflv. Fxplant culture3a are prepared freono

s

tissae sequents whlle dissoclated cultures are vpresareé by
chemicezlliy and macharically diérnﬁtlnq tigsue, ana platlnq
out tha dissociated calls. The- hangino drop culture,
ploneecred by Harriason, 1s orce 1w which explanted tisgve ig

placed on a plasra clot, The rlasma clot 1s adhered to a

cocver slip which 1s ifuvertad, tlaced on a1 depression slide

1



and 1s "sealed with paraffin,(aée reviev by levis and levis,
1924), Ain advapcement in tissue culture techniquelvhich
rol;ougd vag the use of ‘a double cover ilip- aaserbly,.

Initiated by Maximov (1925), this has Become known as the

"Saximov assembly®.  Murray and Stout (1937) vere thae firet

to uee the Maximow assembly fcr the culturing of peural

tissue (see -also reviews by Murray, 19653 1971)e This setup

permitted long ternm sg&dles by facilitating the vashinrg and

feeding of cultures, The main dravback of this eysteu

relatas to.the dapreesilon mlide's optical limitatior for_

microscopv:,

.Ancthar commonly used mathod ¢f culturing neuronal tissue
is the vroller tube xethod -(Borpstein, 1973). For these

preparations, 2xplants are placed on a plasma clot, or pore

frequently on a collagen primed glass cover  slip, providing:

s substrate to vhich the explant can adherss .Tha coverslip.

is then 1§se;ted %E _a_roller tube’ aand a relatively large
asount of nutrient media is addede The roller tuse -13
rotated during the Incubation, allowing the exp;ant to be
exrposed alteraativaly to tho nutriant medi; for part ﬁf tha
tima and’ tolthe aazipug atxture for gasecus exchanqge tha
renainder cf the tima; - This me?hod of culturing 1is
particularly weil suited +to the regquirewent for thin
cultures. Mno additiopal advantaga 1s.that several exrlants

“ay Dbe oreoared on tha same coverslir. fThe main

disadvautage of this method 1s the inherent inaccesstitility

e e e T
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of the setup 30 that the developrental progress and health
of the cultures wmay not. ba, monitored by bhigh povered light
iicroacppvr' and. sowe loss of organotyplc organization

(dandelman, Marshall, Aggerval and ¥oitowicz, MN1978).

Anpther culture assembly 1s the Rose chasber (Rose,
19%4):: which makea uee of a rubber gasket to separate two
covar slipse. This setup has two opticai surfaces above and
beiow tha living cultura, and has baen primarily usefui for

microcinagrapbic studigs. ,

With diaécciatéﬁ caltures, ‘unlike explﬁnt cultures,l the
clos3e agsociaticn and interaction betveen Icelle 1s
teéporarilv interrupted. Folloving the mechanical or
enzym;tlc dissocliatlon precass, the cells reﬁaqréqaté, cften
foralng a monnlﬁvef‘ 1n“ub1ch the in vivo topography ;s not
cetalned. Maximov chambsra ray be usgé for culturihq

&
dissociated _:nll preparations. Disacclated cultures are

particularly  advantaqeous for fntracellular reccrding

‘studies since they constat of 2 ncnolayar of neurons.

Cozparative stuydies of Purkinie neuron development irn the

mcudue i3 tigsue culturs and it vivo have been  conducted -

usiog ‘tna Gelad technigue {(Hendelmen and hgaerwal,‘ “1980) .
Thede 3srudtes iLrilcate chat curing the first ten davs
postnatally, developrent 1im culture oa;allels that 1n the
ictact =2nimel. ,Hﬁvever, the Purkinies nevrons 1o tissus

culture fail to align and iasination of the cortexr doees nct

e
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occhr. Purkinie naﬁrons in tissue culture vere also found
to have a spomewbat altergg rcrphologye Peductions 4n
qranule cql; populations during the growth of ceretellar
culturas havé also been noted (Allerand, 1971), ‘and have
Heen attributed "to a nutrient-related toxicity (Bendelman,
Pilon and Permin, 1972). ‘sfnaptoganesis in mouvBe cerebellar -
cultures appears to lagqg behing in ﬁjrly synaptic
éevalODnant. Bovaver, this 12 folloved by a .pericd of
accelerated developaent, resulting 1in close 1in vivo/and in
vitro correspondence By day nineteen (Farpdon, Sdil and

Sidman, - 1981). Electrophysialogic studies of neurcns 1o

tis3sue culture hava revealad projéctions' frew cortex to tha

.deep nuclear area and fronm the latter to cocrterx {Hendelwran,

Marshall, Rqgerval and Woijtcvicz, 1978), ard thase’
projactions ara knovwn to arist 4n vivo (Gould and Graybiel,
1976; Tolbart, Bantli and Bloadel, 1976). It has alsc been:

~

pce3ible to reproduce 1n vivo elactrophysiclogical resuvlts

1n & tissue culture syatenm (Wojteowicz, Marshall and

Hendelwan, 1978; Grucl, 1983), giving further validity to

thla model syaten.

The present work has baan.conducted on erplant cultures
froma npaonatal mice agpd include cerebellum plus lccus
coeruleus (IC), or cerebellur alone. A ravies of the

relavant literature follows,

I



QREGANIZATION OF THE CEREBELLUY

The cerebellur is compcsed of tvo functional parts, the
cerabellar cbrxer_and the deep cerebellar nuclel {DN)}. The
cortex ls.separated from the DN region by vhite pmatter which
contains afferent, efferent.and 1ntraqereb911ar fibers., Tﬁe

. afferents origiﬁate tfom many regions irncluding the dcrsal
and ventral spipal cerebellar tracts, the external cuneate
nucleus, ¢the -vestibular narve and nucleus,, the réticular
teroation, tho Donﬁ and 4nferior olive. Most afferents
terzinats as rc33y filbers and coﬁtact predominan£lv
dendritas of granule calls. rffarenta originating i1p the
tofarior olive termihate as <c¢limbing flbers and ccntact
purkinje c31I dendritsas (Dyaclic, 1974}). The sfferants are
axona, cf the DN and proiact rainly to the thalamus, red:
nucleus, lateral veastibalar crucleus and the reticﬁlar
formatione. The intracarabellar fibers represent Purkinie

Prap

cell aronsy preijecting ke TN and eending racurrant

collaterals to adjacent rejions of the cecrtexr, and axca

ccllaterals of DN #hich prodect to the cerabellar cortex.

The cortax 18 cowrosed of thres lavars: the superficial
aclacuiar layer, the ceatral purkinds iayer, and the inmnec
granule lavaf. Witnin the molecular laver are fourd the
dtallate and basket inbibitcry intarneurcnse. Oﬁly one cell
type, the Purkinide neuron is fcund in the Purkinie layer,

ani coonsidarable.. av!dence suppcrts GARA as tha transaitter
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of these cells. Within the granule call layer, two cell
typea are found, the Golgi celle and the granule calls, °“The
Golq; calls are 1nh1b1t§r7. vhile the qrahnle cells corprise
the aola‘etcitatOtv cell type of the cerebellar cortex and
project to all cell typres (gécies._ Ité. ,and Széntaqcthai.

1967).

IHBE LOCUS CQERULEIS

The LC vas first deécribed by Reill in 1809 as a tiny blue
straak 1o the dorsola;eral tegxentunr of the poﬁs. It vas
kRuasell (1955) ¥ho, u3ing Niesl-staineQ\J;éctions%y/;irst
concludad ﬁhat tha cells of the LC conprised a. distinct
nucleus which ﬁad a simllar shere and lccaticop 1a a npumber
of speciese. Until Russell's repcrt, the cells of the 1C had
heen confused wvith those of tbé reticulﬁr forratlon, the
ﬁentral gray and the mesoncephalic tract of the trigewminal
nervae Howvever, 1t vas not until +the advent of the
Falck-filllarp histcfluorascense tachnlaue that tha
catachclamineryic soeclalization of the .1LC vas demomstrated

(Falck,_ﬂillarp. Thiewme and Torp, 1962).

The LC 1s the. lar&ast and most' corppact ¢f- the
noradrenaline-containihq Rucles {Anden, Dahistrom, Fure;
Lafason, 0lson and Onqeratedt, 1566: Olscon a;d-Fuxe, 1971).
Other aoradrenalipa-contalaolag cell groups &re dimtributed

among several 9graller qroups collectively knovn as tha

L memtied
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lateral tedmentum. Functionally, the Lc.:as been 1mplicated
iz such roles as sleep, respirailon.‘andiittivétion. ( pparal
gnd Sinnamon, 1977; Foote, Blooer, lstop-Jonee, 1983)e. There
. 1s aa yat no corviancing avidence -for any single functico of

this nucleus.

Barly atudles asling ratrograde degeneration technicues
showed that ‘the IC recelve afferent pro1ectioﬂs frce the
reticular foermation, tha caontral grey, aad the seneory and

sesencephalic nacleds of the trige®inal nerve {FRuesell,

1955). Xore racently, cther prciecticns have, beed

Jemonstrated fror the raticular forsaticr (Shimizu *and
Imamétc, 1970), the famtijlal nucleus (Snider.. 1975), th?2
raphe ﬁuclei (pasauler, Kamper, Forbes and Xorgane, 1977)
acd séme forebrain and hypcthalamic wareas (Conrad, ani

Ffaff, 1976a,b: Saoer, Svanacn and Covan, 19762 SwEDSOD,

1976). projections arisiaz fror the fcretrala {aclude tha

redial z3d4  laterel praoptic arzas, the am&qdala, irsular

) . . i
cortex and the stria tersfinalis (Pickel, Seqal and Floon,

&

”
£l
2w,

1974} Localizrd herseradiash percrxidese injections intc th=a |

LC confirm that tha IC recalve% rrojections from all levels

of the cantral nervous SYRtaADs

Thg LC 1s cne cof the awost hfqblv vascularizad areas of
the brain (Shimizu end Iramoto, 1970). Cepillarier hava

beén shown to bordar diractly on the sova and denédrites of

tha LC aeurond (Feltern andi Crutchsr, 197%), and this has

-1 -



sugdested that the“Lc say receive afferent input tbrough

nonneuronql'pathwavu. Bormonas or évatanicallv adniniete;ad

cospounds may accass the LC wilthout having to crose the

blood brain barrier (Medina, Grachetta and Shore, 1969). 1In
addition, substances circulating 1in the cerebral épinal
~£luid (CsF) nay affect the LC neurcns due tg,the close

proximity of the 1LC to the fourth ventricle{

The LC sends pro1éctlons to all lévels of the central

perveus syate?. Proiections to the cersbellum, hippocénpus,

A5 ¥

.wvell documented.

neocorter \'and spinal cord are

Catacholamine fibers have been observed ab _ell levals of tha

spinal cord wvith early bhistoflooresgent techoniques

-

{Dahlsgtrom and Fuxa, 1968),. Hovever, a specific projecticn-

has baen denénstraped recently (Kuypers and:Maislay, 19?5:
Nygren aad Oliezn, 1977). More' recent werk - has indicated
that thosa LC neurons projecting to %ﬁe splnal cord are
located primariiy“;n:.ﬁhe caﬁd&l pole of the IC (Satoh,
Toh}ama. Yamamotd}é Sakwvanoto and Shihizu! 1977; Guyenet,
1930@) Horseradish verorxridase studlies have Indicated that
iz the aounkey the IC laonervates primarily para;vnpathetic
nuclel, ;hlle the lateral . teqméntal' group 1nnervates
primarily 3vmpatb§tic nuclai and Somq£1c notor- araas
(vestluni and'Coultet, 1980). Cperuleo&spinal prciections
have also been demonstratasd by bistochemlcal flucresecence

techniques in cultures containinog dissoclated spinai neuroens

and LC azxplantz {Marshall, Pun, Aendelvan and Nelson, 1981).

- 12 -
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In the brainstea, the LC protects primarily to sensory
and agsociatiopal nuclei such as the supericr apd infericr
cellicull, the 1nterpediancular nuclei, f pontine nucleli,

aensory naclei of the triqenigal perve, and ¢the cochlesr

nucieus (Grant :Eﬁiéﬁedmond, - 1%817). The LC also sends-a

.sub3tantial proiection to the cerebellus (Bloowm, Hoffer and

S13gging, 1971; Olszor and Fuxe, 1971) as has baen discussed

earl;er.

LC fibers ascend voprimarily via the dorsal bundle (Clson

“and Fufe, 1972; Ungerstedt, 1977) and ‘inuervate wideepraad

aréas of the forebrain (Dahlstror apd Furxe, 19683 Svanecn et
. : /

ale, 1977; 1lindvall zod Biorklund, 1974), including the

® hypothalamus, thalamus, plfactory bulb, septal nuclel and

_aﬁ?gdala. - &5 fer as 13 kpown to ‘date, the LC prcvides

excluslive noradrenarqgic 1upqt|tc the lpsilateral cerebral
ceortear (Freedman,' Hoffer and Wocdword, 1975}, tha
hippocaapus (tindvall and 8jorkluad, 19743 Pickeh et al.,

1974; Segal 3t ale., 1973), ‘iig'ihe'cinqulate gyrus (Fickel

'?éal., 1974},

The LC diffe}ontiatps‘vdty early 1in fetal 1life {Taber,
1963; Taber=-?lerce, 1966)s Peak 1C neurogenesis cccurs on

fetal day~tvalve but ie high fren fatal days elevan ttrcugh

4
_thitteep (lauder and Bloou, 1974 ). Catecheclarlirperqgic

fluoresceance firat appeaari in ths omcuse IC on fetal day

fourteen (Goldan, 1973), and NA has been found to be present



i the sona, Eendritea. axons, varicoslities and svnapsép of

L

the ILC caells of the rnf - {sae review by Amaral and Sinnpamon,

1977}

The LC of the adnlt rat 1is approxisately 1.0mn

rostrocaudally, by 0.S5an dorsoventrally, by 0.25sa wide

.(svanson and Bartran, 1975; - Grzapna dnd ¥clliver, 1580).

The -Lg neuroﬁs are 20~-40 wmicra 1e diazeter and show
g;tensive dendritic arborizaticn and axon ccllateralizaticn
fSwanson, 1976; Garman and Bowden, 1975). These aans are
characteristically thin, De5=1+5 nicra 1n diaQeter and
unayvelinatad (Iindvall ani Bjerklund, " 19783 Levitt and

Hoore} 1979) . Along the arons are xany varicositier with

thin Intervaricoss gagmants. In addition to NA, thesa

varicosities have been - shown  to  -—-contain.

"dovamina-bata-hvdroxylasa (Svwanson &nAd Rartman, 1975),

1nd1cative of a-svnthetic 3ystam for NAi. These varicoeities.

are alga able to accumul3ate erogenous 3R-FA (Descarrias,
Watkins and Laplercte, 1977), =and therefore vprobably also
hav3s a apeclfic reuvtake svystan for 1t. These varico;ities
vay fora synapses "en‘ pa3isant™, raleasing WA onto their

target tissues.

- .
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LC=BN BROJECTION

L

The locﬂs coe;uléhs-cecebellar projecticr bas been vell
aa{abliahgd by histofluoreacencehtachniques {0lson and Fure,
1971); as well as by | light and electron mlércscope
cvtochemiqtrf (Blecom, Hoffar and Siggins, 1971). Early vork
in ;he rat carebelliur shovad tbat LC fibers terainated 1n
both thp qranuiar'&nd solacular lavers (Hokfelt and Fuxe,
1965). It was latar shova by Bloom et ale (1971) thet tha
sparse LC innervation of the cerebellam is rredcminantly to
the molecular lnvaf. spacifically tc Purkinje ceall ezrical
dendrites. This findlng has been contested by rore recent
sutoradioagraphic werk which shoved that +he %A terminals ara.
restricted mainly tc th2 oroximal dendrites and somatz of
the purkinie aumsurcns (Fickal, Segal and Blcom, 1%74). 'ﬁ
recant study Dby ¥lesoto et ale. (1981) indicates that NA
t¢roinals also meka clyss contact with the dendrites of

gqraaoule cells.

Coasidarable elsctrephysiclogicel evidence bhas further

supportad the exl atenca cf a coerulear-ceretellar

]
[

projection. ‘Discrete stlnulation of the LC- depresses
purkipje jeurst spontaracu3 firlra {(Hotfer, Siqglns, Cliver
and Bloow, 1973: 5Sidgins 3t al., 1976) and this effect can
ve mimicked by fcatephereclcally applied NB (Bloom et 2les
19715 ~lLake and Jecrdan, 1974), ﬁs vell s -bv

jcrtophoreticzily apeliad cpA¥P (Siggirs, Hoffer, Oliver and



Bloom, 1971}, _These inhibitions way be blockad\hy. tho

beta-adrenergld blocker, ~ sctalel (MI=1999),  or by
pretreatmant vith the catecholaminergic peurotoxin,

6-hvdfo:ydopamine {(Boffar, Siqqins, Foodvard and Eloonm,
1971; Boffer et ale, 1975)e  The mechanises underlying this

inhibiticn vwill be mxenminal in det;il.

BA=MECBANISHS

Uniike classical inhiblitory heufotransmitters (1e20y

GABA), 1lontophcretically applied NA or discrete stimulation

of tha LC dapraes3es Pu;kinje anauron discharge bv

hyperpolarizing tha cell rambrape wvwith either no change or a

decraease in membrane loaic condugtaﬁce (S1gqinsg, Oliver,

Hoffer and Bloom, 1971). It 1is nct known what spectific

ccnductanca changes ace 1involved with N3, but 1§ﬂh43/%een
suggested that conductance changes of such a large nagnitude

ar 3sope of +those-obaervad by Slqglne, Pliver, Aoffer and

Blooﬁ, (1971), are npot likely confined to the movenent of

orly a'single ion (Wcodvard, Moises, Watsrhcouse, Hoffer and
Frédadean, 1973). Tbis byvarpolarizing effect and aséociated
inpcrease 1u n4mbrane rTasistance may also be elicited by
1ontophoratjcally‘aonigad CANMP, cAMP is thougqht to behén
intracelitlar redistor of noradrénegqld rcéponse and 1ts3

rola as a "second wessenger® has gained considerable support

(Graengard, 1978).  The formation of  CANF is catalyzed by

- 16 -
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adgaylate cyclasa and adenylate cyclase activity 1s kpncvp to
be vary 'hiqh in rat cerepellum (%Weiss and ' Comta, 1968).
Furthern&fe, a rise in the cAHP.conteut of Furkinie neuronﬁ
.has bean demongt:ated by cytochemlical techniques folloving
LC stimulation or 1ncuba%10n of cerebellum  with
catechclamipes (Kakluchi{ and Fgll, 1968)« The conteptlcn
‘that -chNP mediatas depressant noradrene:qic responses in rat
.cerebellum vasz challerged by Godfraind and Fumatn (1971), as
vell ag by Lake and Jordaa {1974), whc falled +to cleervs
this effecte More recently, Ganviler (1976), uslng cultured
rat caraballar Purkinjs Lavrors, observed that while high
. .| .
concentration of CAKF oué}ﬁeliqhtlv decreasgd'the firing
rate ¢t Purkinie naufbna, low concentreticne of
phosphbediesterase 1nnibltors =trongly enhanced <CAMF and
NA-induced 1nh1b1tiovs; Phosphecdionteras> inhibltore ara
belleved tﬁ increass the latracellular ccncentration of cAkKP
and therafore thie suprcrtl the hypothssis that NA and cANMP

exart thatr alectrornvyslologqical effects by a ccorcd

nachaniyale

The rathar uniouée rewbrane changes asscclated wvith K3
hava prowoted soeculation az tc 2tz rcle 4o tha centrel
nervous 3ystaw, Fecent studies bave shovn that 1f +the
ccncapcraticn of NA L1s raducsd 3o that there 15 alther a
srall or no observable effect cn Purkinije neuron discharqe,
cecncconitant aoplicatiorn of carteiﬁkreurofrannmittcrs results

in a pctentiaticon 2f thelr affect.s This led ¥Woodvard et al.

~



{1979) to propomse a neuromodulatory role for &NA 1ir tpa

central‘nervogs'svstem, t+hat is, an ability of NA to iphibit’

the background discharge of the Purkinje neuron, while
aphancing the transmission of counvargent synaptic ‘lpputse.
This selectiva enhancement by HNA of evoked activity " over
backéround 1§ rafacred to as an dincrease in tha Biqnni to

-

noise ratio.

This naurcsodulatory effact bf NA has been demcpstrated
tor GABjL (Molses and woodvard, 1980; Yeh, Moilses, Waterhouse

and Wocdward, 1381), acetylchcline (waterhcuse, ¥olses and

woodward, 1980; 1981), and for glutarate (Segal, 19825 .

dclses, Wocdvard, . Hoffer and Freedmnﬁ, 1979 ) The
facllitation of acetylcholine ir the éortex appears to be
sediated by alpha receptors, vhile +that of GABR and
glutaaate appear to ba wmediated by beta racertors
(vaterbhouss, Molses, Yeh and Wocduafd, 198é). Dopamine does
uct appear to be cffective 15 facilitating responses either
to‘ acetvlcﬁoline or to GABR (Waterhouse, roises and
woodward, 1980). NA vas unable to facllitate the iphilkitica
pﬁoduced by glycina (kolges ei aley, 1979),| and vas found to

hava wminimel apd ipcensistalit effects on the 4nhibltions

produced oy taurine and beta-ailnine (¥=2h et als, -1987)e It .

is possible that NA nay ipteract o only with specific

nmeurotransmitters, or that different a=mino acids may act on

purkinje aaurons in diffaerzat vays.

et Ll i‘-‘;n‘
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Madison an& Nicholl (1982) bave at;empted to explain tha
proposal that NA incraasar +the 3ensitivity of varlous
aseurons to certaln arxcitatory neurotranssitters. fhfv found
that Loth WNA - &and? cAMP block the Ca++ activated K+
conductance 1in hippocaﬁnal ‘bvranidal cells, severely
reducing the spike frequency a@aptdtton vhich neormally
occurs with dapolarizing stlimulil. As a resunlt, NA's abllity

tc blcck this accommcdation ellove a greater number of

splkas to be 211cited by a given depolarizinq'stimulus.

DESERYATIQN=SUBERSENSITIVITY

Catecholanmine denleting drugs anﬁ dénerv&ticn techriques
vhich <chronically decreaae tke availabllity of WA éni
dcpaminelat racantor slt9s, incrzase the z~pslitivity c¢f tha
cycllic AMP  (caMP) aenetatinq systex to thae respectiva
geurocrrapamittears =tund thalr agcnlsts (ﬁorn and EKrishna,
1971 Yyon Hungez, Roberts and ﬁfll,‘ 1974). This -
suparaanaitivgﬁq, generally asscclatad uitﬁ an 1n§rease in
the denslity of beta-adranerqgic (Svoran, Hardén, ¥ol fe and
Mclinctf, 1977) and dcpaninerqgic raceptdrs (Furf. Creece rand
Snvﬂa;, 1977, ray hava irportant conseaguences 1pr the
devalopnent of tolarence to certain drugs and the arpearanca
of withdrawval svartors3 folloving tneir reroval {Irwin, 1961
Tar iy end baldessarial, .197u: Noller Nielsen, Fjallandé,

Pederseﬁ and Nymark, 1974)5



-

The earliest evidence of changes 1in receptor sensitivity

-follovwing decreased tranaxltter availabllity wvas provided by

Canon and Rosenblueth (194%), vho ahcveh that the‘

sehaitivity of the target tissues 1B increased fqllcvinq
interrupt;on o? afferents. Thay called this .pbOnCIODOD
Ndenervation-supersensitlvitv".' " Since then, several
approachas hava been used to wncdify aqohisﬁ‘supply to tha

postsynaptic menbfane, and ~they wvill be etqiined briefly.

RaSponsivauéss of a systen nay be redvced -either by

decreasing neurotrapsmitter release from the npnresynaptic

perve ¢r by decreaalng the aumber ¢f available postsynaptic

CLeCeptcr3e Raleaéa of catacholarine ﬂeurotr;nsmitter'nav be
décreaaié bv:.
7+ TIohlbliting 1ts syvynthesis (for exanp]; vith algpha=
!‘_ matbyl-para-tyrosine, Mcgre and Tharnburq(‘1975).
‘2. Blocking its storage (for example vith reserpjﬁe..
’Baudrv. Martres énd Schvartz, 1976).
3s Inbhibiting irxe te@ptaké;(forkgxample vith c9ca1ne,
tricyclic antidaﬁcéssants) prezumably via
présvnaptic recaptors which 1nhiblt release.
{Clov, Jenncr and: Marsden, 1918). |
4. Destruction pf{the presvnaptic nérve‘(aitﬁer

ph{sicallv ¢r chaertcally)e.

Physlcal tochnlgues for inducing supersersitivity 1lmnclude

surqical deservation (Canon and Rosenbluetb, 1949), and

- 20 -
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elactfical lestons (Kruager, Foruo, Walters, Roth, and
Greengard, 1976; Mishra, Gardmer, Katzman, and Makmanp,
197ui. vhile chemical deaarvation ray be achievad 'bv such
selactive neurotoxins as 6=hydroxydoparmine {(6-0HDA) and
6-aaincdopaminea (Roetrzawva aéd Jacobowitz, 1974). Tha
nuaber of avallable postévnaptif récéptgrs ray be ﬁecreaéed
‘DY the uae of_speéific pharmacclogical agents, s8uch as

propranol, phenoxybenzamine and neuvroleptics  (Gnegy and’

8 ' ’
Costa, 1930). S

One of the .nost 6xtensively used chemical dJenervarnts 1s
6*OHD#;. first Aescribed by Trunzer‘and Thoenan (1967),' and
subsequently revievad by Kosirz;wa and Jaccbovitz (1974},
Trnatoent éith thi® ageat rosults 1an 1ts 1intraneuronal
accurulation, with ;he cclisequent 3elective destructicn cﬁ
np¢cradrenarglic and deopaminarglc -ta;minals. ¥hen injected
intravenously, or 1ntraparitoreally in the adult, 6=0RDA
aelactivaly dastrové_ paripharel narve terminals. ¥Vhen
adminlisterad 1ntc@cerabrqunf&icqlariv or directly 1nto
brain tiasuq,a it aslectivaly deétféyé central\noradrepalipa
and_dopqmine containing narve terminals. To sufficientlv °
‘high ccoceatracions, tha c%ll bodles By also be dastrcyail
(Lapfuiay, Arlotson aand Adrien?‘ 1981) ﬁoxlc levels of
tntracellular concentrations of 6-0HPA have baen estinatel
 to ba in the fande of 25=100 nénomolar (sache and Jorsson,
19753 Jca3gen and Sacﬂa, 1975). Tha darage rroduced by
6=J0HDA can ba oaualitatively a3ses3ad by histeocheaical

fluorezcence tachnigquas (M2lamao, Lahav and Atlas, 1977).

- 21 =




6=0HDA 4is structurally sirilar to the. catacholanina

neurotransaitters (Mishra et al., 1974). It 1s recognized

by dopanigergic and noradrenergic receptors on the nperve

terminal and - is sctively taken up aqainst  a concentration

ke

-~

-gradlent. Uptake of 6~0HDA and consaquent neurotoricity may
be prevanted by such pharmacolcgical agents as cocaine'or
degsnethylinipranina, vhich act by “blocking the reuptaks

systen fbr NA.

A.nuabar of theories hava baen put forvard to fxplainp the;

nechanism of action of 6-0HDA,. 6~0BDA undergoes rapid
non-enzymatic oxidation forplnq 6=0HDA dguincnes. It has
pespr sujqestad that thesa quinones may undergo covalent
binding with nucleophilic groups of macrOmoleculgs, soch as
-5H, -NH2 aad phanolic =0H, resultinq'ﬁn irreversibla
dasage. : . k~

Couplad to the orxldation of 6-0HDA is the reductien cf

.

02, This generates hydrogen rperoxide (H?O?), supercxide
tons (02-) and hydroxyl radicale (0H-), all of vhick hava
been lszplicated in the moleculiar mechanisms responsible for
6=08DA cytotoxicitye A aujgested reaction sequencé fcr the
production of 02- and OH- radicals has leen propoéed' by
Coben and Helkkila (1974). 1t vas first noted that the
hydrogern Da?oxide formed during the oxidaticn of 6-0RLDA may
itself be responsible for 1ts aneurotcxilcity (Sachs and

L

Jonnsony, 1975). The toxicity wmay be>enhancad by ascerbic
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acld, since the coxidation of asporbate to dehvdroasccfbaté
peralts regeneration of 6-OEDA from its 0oxidized quincnes,
ulitisately increasing the toxic'afchta (Deamer, Helkkila,
fanqanamala. Cohen and Cbruwell. 1971 BReikilla and Cohen,

1972; Joannson and Sache, 1975}.

Hore’ recentl#, it 'has' been observed that thn
autooridation cf 6-OHDA al3o gives risz to the producticn cof
superoxide and hydroryl radlcals, both of which are torxic to
the neuronb(éohpn and Haikkila, 1§74). 02- has beenr shown
nct only to be nearotoxic, but {it also acfs as a catﬁlyst
fcr  the oxiduticn cf 6-04DA, This is supported by tha
findling chat “néurotcxicity to €&=0HDAX way ©be ﬁEpressed by
suparoxid> dismuiais. an apnzyme which has been showr tc =slow
the tftormatifon of ouinonas as wall as B202 (Cchen and

Helkkila, 1977).

An  interestina ovhenomencn 1s thatr within thke nerve
teciwinals, NA acts &3 a 3cavengar of egeurerorida radicals
(éa:hs, Jonnson, Hatkkila 1ad Coban, 1975), +thus serving a
protectivy fuactlon 1£ much the sama way as superoxida
dismutese. The sensitiviév of néurons to €=0HDA bhas been
shewn to  ba iepandant o3 the =tcoras cf NA, -such that tha
autooxrldation of 6-0PDA catalyzed by supercx%@e radicals may
be slowed by a2ndcocge2rouws or by crogencus ‘3p%?icaticn cf NA,
thus diminishQrJ the neurotoxicity. It vas furtler shown
Lhat deplation ¢f +he NA stecres vTeqults 4n an  enhanced

neurctoxicity.



To sunsarize, three hypotheses have been proposed to
‘éxplain the neurotoxicity produced by 6=0HDA. Each 1s based

on the fact that 6=0BDA 18 very easily oxidized. The first

theory propo3sas that oxidation products of 6=08D3 may

'unda;qo covalent bindiny vith nucleophiliec grours of
macromolecﬁlaa, resuitinq in 1irreversible damage tc the
"nerve (Saner and Thoenan, 197i: Thoenen, ‘Tranzer and
Haualer, 1970; Sacha . and Jonsscon, 1975). A recond
hypothesis suggests that thetproduction of hydrogen peroxide
during oridation of 6~0HDA glvas rise to neuronal

destruction {Sachs and Jonsﬁon, 1975). Fipally, tbe most

recent theory Prcposes that'qéneratipn of superoxide and

hydroxyl radicals are 1lnotimately resnons;ble for the
obaarvad naurconal’ torxicity (Heikkila and Colen, 1972; Cohen
and Helkkila, 1977)s It is passible that all three prcposed

a1echanismi play causative roles in the degeperative prccesss
w

The study of supersensitivity has certaipn criteria vwhich
pust be zatisfied. Firgi. the le3ion must be dlscreté, 80
only that syster belng exaained 1s daraged. Secopd,
iepletion of neuratransmitfez_ pust be nearly comrplete,
otharuisa._ suparsensitivity cannot be detected ( PRaudry et
aley 19765 Taray anp Baldassrini, 1974), and third, thara

rust be foupnd a relevant functicmnal <c¢hange tc record as the

axpreseion of supersensitivity.
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séveral approaches have Dbeen ' taken ’to measure tho
sengitivity of <the catecholamine receptor. Behavioral
responses to a catecholaaine agordlst bave been ﬁeasdred. 23
hava the level of spoatanecus activity and threshold
sensitivity of catécholauiuarqic neuUronse. Sensitivity has
also bean - measured in terms of activation of
dopasine~-sensitive adanylate cyclase (as mgasured in terss

of cAMF productien) and in tarms cof the exten£ cf sprecific

aqbuiét or antaqdniat binding to the catecholamine receptor.




METHQDS S
EXRLANTING PROCEDURE AND MALNTENANCE OF COLTURES s
. . ¢ : ¢

—

Locus coeruleqp-cerehellun explant cultures vere prepared
in the lab of W.J. Hendelman, from nevborn Paria RIIT mice”
maintained by the aniral centre at the Oniversity of Ottavn.

Animnls varae killed by placing them over dry ice in a closad

container, followad by renoval and cardiac punctdre. All.

suﬁaequant procedures vare perfcroad under sterlls
conditions 4in a D;slﬁive pressure hood,. The skin and
cartilage of the cranium were cut "and pgeled-avav, exresing
the brain,. The cerebellué and pedancular Tegions c¢f tha
pens: vere located and excised. ' The _dura and pla vere
resoved and +he excised tissue vas sectionad'parasaditallv
SO as to'incluﬁe cortical and deep cerebeliar nuclei, as
vell as the locus coerulaus. PBach slice or explanrt vae then
placed on a ‘cqllaqen-coa;ed' cover slip apd a dregp ' of
nutrient mediumn was added. Thefbreparation vas encased in a
Marimcw aasémblv and wvas ipncubated in the lvinq drop

Doslticn'at 35.5 degrees Calciug.

%aintenance of the culturesg required that they be vashed

in a balanced salt solution apd fe; tvice weekly with

nutrient wediume. This sedium vas only partially defined apd

congistad of:
25% chick embryvo extract (10cc) (EESO)
¢5% human adult seraz (10cc)

- 26 -
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. 50% ®minimal essential rediunm (2gcc,) The sediun
contained'1.i% - glucose and 1wM gqlutamine vas added. The
feed was sterilized by filtration and vas ;toréd in a
freazar. ‘The prograes of the culture vas observed by ‘bright
field eicroscopy, using 40X long vorking diéiance
objiectives. Electroph%aioloqical sthdies vare not‘conducteq
in regions of ghe culture vhicbhb had ap apparent th{ék
necrotic zons. Criteria ueaé ia selectirg éulturee f%tM,-
‘study vere that they aapaarep_healthv 1n that myelin wvas
present (vith the absenca of beading), and there veiFnod,
qhbst o] llé or ar3sacs of vacuoiagion and that tge recEIred
neuroﬂé7 verae presdont. .Cultures vere ﬁeed for
électropnvsioloqical an® aorphclogical s?uéies fror day
aeventeen onvind which provided svfficisnt time for nauvrcmal. ' |

*

‘maturation.

-
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ELECTEQDE METHODS | -~

Extracellular. electrodes vere Dréoared-frcm berosilicate
capillarv‘tqggsr-1.5-1.8 O+4Da X 1001m (KIHQ¥—51). Berrels
vera bent with +the aid of a propane tof§¥?.ana six such
barreles vare then assembled to form a rosctte. One ubnbant
capillary tube was <hen-.inserted through the 3i1ddle c¢f the
‘recaette, and hesat 3hrink tubing vas employvyed at the tvc ands
to retain the coifiquration.' T}e electrodes wvere then fired
vith epcxy Tezin. B .
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'Electfode%blanks vere positioned' 1n\9 Stoeltiqg_vertical
microelactrode ﬁullér and ‘'the central porticen of tbhe
electrcde vas hegted‘and tvisted 180 degrees with 1.0 ca
diamster tungsten hgatinq coil. Electrbhes,.weré ‘then
pulled, each blank ylelding one electrodes. Tip siz2e and

ehape could be altered by varying heating coil current and

‘magnetic pull settings. : Pulled electrode 7ips wefe broken

back to & to 6 ®icra in dlameter, and  vere-stored 1n a

dust=free environmant.

‘On the day of the exng}pent.electrodaﬁ vere filled with

the fcllovwing goluiioqg vith fhe a;d’bf PE 10:tub1ng {Ciai

e Adams)'att;ched to a 30 gauge needle. The central_reccrdind

_barrel vas f{lled with 3.0 ¥ NaCle = Tvo barrels vere filled

vith 0e2 ¥ NA (Sigaa) adiusted tc pH S5¢0=6e0 Two. barrels
wera £11led with 0.2 4 glutamic acid'l81qmgi. adjusted to pH

BeOs TwoO bartelg/%ere filled with 1.0 ¥ ¥aCl, one of which

vag used as the gua channel for current balancing, the otber

. B
comdd bs used for testing the effects of current ejecticen.

Filled =zlactrcdea vere centrifuged for twvelve mirutes at
1 :

4500 rpm at 20 degrees Celsius (C} to achieve filling.

1

¥

-

ELECTROQPHYSIOLOGY

Electrophysiological iiéeriments luefe carried out at
various tiﬁes duriag the day. Some Tecent evidence sugges®s
that +there w®ay ,be diurnoal rhkythms 1in Teceptor n:nber

. ' . .
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(w1rz-Ju§€ice,' 19845. Hovever, 1tlvas unlikely that thi;
vould have any effect in the tissue Acuiture system as 1t
lacked bormonal izput. - iElectrophvsioloqical experiménts
vera carfiaﬁ Sut in s sﬁialded room_‘to ninicize extraneous
noisae. The culture to be’_studied vﬁé resoved froe the
Marimcv chamber, aud the underé:de of the coverplip wae'then
adhered to tha well of a plexiglass recording\charber with
aeall spots of‘ vaseline at the perimetar of the Ecverslip.
. Toe recordlng c¢hamber. was mounteﬁ on 'the étaqe cf an
inverced alcroscops vwith long verking distance.objectives.
Tha flcor of. ibe chanbar, uhich vas a qglass. micrcscope
.3lide, bad tha ovtlical propertiez to permit easy viewving of
tha 6ulture. A total wmagnitude of GHOXH vas used.
Ilfuminatton vas &zhizved by & light and cchdenser mcunted

‘above the stage. .
B . _ - ”S
The sxiplart we3 fperfusail vith-an oxyqepated bicartcnate
buffered balanced 3alt solution (BSS), basgd cn Earl's,ﬂsé.
whlch wes adjusted tc pPH 7.35 2ad centained edded gluccse as
nutrient. - The flovw fate vas adqusted to about 5 rls per
ninutee. Tha chawber bai an {pport-cutpert syster to

.

_éccommcdata the gravity feed nrerfusion syster. The
te;parctugé cf the Dbuth vas rzintained =zt apprpximételv 35
degrees Ce by means c¢f a heatinag coll frorm a 1? volt'betterv
vrapped a:gund incoring qlaqs'tubinq vhich containeéd tha
Bﬁs; Tha tesparazure was_monitcrﬂd vie 3 tbherristor p;obe

'

in the cultura chamber.
- 29 - \ '
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The neurons to be atudied vere. located with the aid of a

-

"achamatic wmap dravn g2arlier, and the electrode  wvas

-

positionedl accordinglye. Once the cortical area of the

cerabellum was located, tha electrods vas slcvly drivaen down,

into the tlssue +to 2pproach a Furkinie neurcn. Gulded by
the amqlltude of the apikg of EN spnntanecus firing, - &n
optimal positicn cf the alactrode iﬂ rzlaticn to tha reurcn
va3 establisheds In no=t casek'cnlvlcne cr %vo DEUTONE vera

recorded ner cunlture.

EQUIRBENT

The recording a~guvipsent setur 1s shovwn schematica;lv in
Figuare 1. Tha rzeitancr of +tho recordlra ¢lectroce vas
seasured with tha Mentor rreaselifier tv méans ~cf
ccmparatior sigral. Hacﬁrdirq elactrode rasistance was
betvesn :four and ter wegOhns. Fetalnina currents cf

approximutaly =30 nA whars used for the NA  barrals ani
L .

g}retaininq curvants of gbout 415 ' n} vere used for glutsmate.

- ,' l '

A pulue prighterniny iganai'frcr the pourcratesmeter were fed

[
back tc the c3rillcescope to pereli,detzction of thosa action
‘potantials  wrigaariug  tho ne\forﬁtametﬁr. Noise  wvas

cousiderably caduc=1 to about 0,71 aV with the ald of bian

apd lov paz: fllters aod ¢ A0FHZ notch flltar,.




CULTURE IXYRES
Thras main types of "cultures | vare studied
'electrophvsioldqicallv:.
1. locus cosruleus-cerebellur co-cultures
2 cerabellumrcultures {No LC)‘
3« locus coaruleus d2narvsatad cultures. .
In these cultures, the following features of Purkinda

neurons ware examinad:

(1) the level of spontaneous activity

L ol

{i3) thea reqnonsa-to iontophoretically applied

glutanrate
[

(i11) the respeave to tontophoretically -applied KA
(Lv)  th=2 response to ccncurrent lontotrhoretic

“'aoplication of ylutarate plus NA.

The LCrcerebellurn ‘cultura aet‘qp ha=s been described
earlisr. Cerebellur cultures vere-3et up as per tha
procedure described ifor 1G=cerebellun cuétureg, with the
axcapt:oﬁ that the locus coeruleus piece vas orcludeds A
third group "of cultures was prepared by taking three veek

old LC~carabnllum co=-culturez aad expcairg’ them to tha

selactive neutotorin, 6=0HDHh.



-'E:QHDA iEDQCED DEGPNERATLON IN LC-CEREBELLUM CO=CULTORES

Geperal Obfective: To deierminé the concentraticn of
6=~0HADR wvhich éalectivelv dartroye NA=containirg cells cf the
LC in tissue culture. Spacific Cbisctivesg:

1« To detsrmine the concentraticn ¢f 6-0BDA vhicﬁ
selectively dastreys NA-containing nerve terminals.

' 24+ To. datsrmine the concantration cf 6=0BDA which
select%welv desproys-na-cdntain}nq cell todies and theif
termln;lb. ' ' _

3e To detersine the critical incubatlon tire for
G-QHDA induced degeneratioca tc cCCUT. -
‘4: To determire the concentration ¢f ascorbic gcid
required to prevent the extraneuronal oxlidaticn of €-ORDA.
Culviuras Qndarq31nq G“BHDA rnducad ‘deﬁeneraticv of
¢

Na—coﬁtainlnq cell honles/carpinals wvere Initially assessged

py ligbt nicrnacepy.

Sinca_ﬁ-OHDn 1s ea3ily orxidlzed, sevgral steps vwere taken
tc retard thtn pracers before ard during incubaticn cf tha
cultures, and theraby elaptr 1t to usze 1in an 1n vitrc-system.
An 8nm¥ zcluticn cof a&ccrb;c a;id, spdiaum 3z1t (Siqma), vaa
prapared by dissclvinc 1t i&*.ihe ndtfient nedia. Tta

T aecorbic acid  d1d nmt  altar the pE  of the uutfient redia
vhich reuzined at tH 7435 The ascorbnte-feed soluticn wvas

tQan trauniferrad to a unitrogen glove bag 1o crder to vrevida

an oxyqgen free envircnmanc for th=2 additiorn of the 6-CHDR.



The relatively short'-periad ¢t time that the 6=QHDA &ai
exposed to the alr during weighing (about tuo-ninutés) éid
not seem to cause significant oxidation and °?l-:earefore
inactifatlon. "The 6=-0FDA vas subsequently tranafared to tha
nitrogen qlove bag and was sdded to the ascofbaté-feed

by B -

5°1utt53; 'Tha mirture ves gently agitated, follewing which
the'nixtuqa vas dravn into a syrinde.

Culturas. vere fed undar sterile conditions 15 the
posltive pressure hood with the 6-0&2},sblution rendered
stsrile by wmaana of a 02 micra uilipore'filter rlaced on
the end of a syringe. Cultures vere 1ipcubated in . this i
‘medium at 39%.3 deqfaeé Calszlus..

Tvo tymes of control cultures vere set Upe &sccrhate'
centrols vare prevared exactly as per the 6-0ADA treatment
¥ith the excaption that the 6=0HDA vwas left oute In
additicn, dcpamira-gscorbata controls vere set up ip which
dopawvine wvas substituted fcr 6=0HDA, Doparine is
atructurally 51hilar 12 6—OHDA and is easily cxidized.
Hovever, 1t lacks the neurotoric Dropertfes ¢f 6«0HT)2 ani

vould tha:efore Jarve 15 a good morvhologlcal and

. @lectrecphysioloaical cecntrol for 6=OHDA.

?ha noxt davy tha culturss ware washeg Py‘three subsequent
inmarsions in BSS and werd refed with normal flow SPrUI,'thetttfu;:l\\
standard faed medfa. Oxidation cf the 6-0HDA soluticn vas
observed as 1ndicatéd fby. the characteristic  trowva

colouration cf the 5Jacard3d'feed.
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Culturas vere reassassad daily by 1light mlcrosgcopys

ﬁetveen—davs three and five, cultures were either stained
for catacholanminas or used for e¢lectrophysiclogy and then
stained. Intarprtatiow éf results was as follows: the
pfesance of nronspecific flauorescence (po Dblue) as shewn by
histocheaical-flucrescence tecanlaues, vas takén to 1indicata

that MNA-contaipirq termiaals (epecific blue flucreecenca

‘obgervable only in the 4imnwediate brain ster region), or

[}

brailn stem calls and thair terminals (total absence of

spacific fluorescence) had beer selectively destroyed 1n

cultures treated vith 6-JHDA.

D_n_:.n. Apalysis ’ - '

The frequency of discharge 1a 3plkes rer second waa
.- : e
detarsinad by calibration of the rateseter record. The

effact of glutamite &looa and  Na alone vere zepcrted 1I1n

teras cf sprontanecus activity. Glutazate vas eﬁecfed vith

negative currant, usually sat o e«llclt at least &8 25%

sncrezs2 in spsateazcur dlacharqe. This was censidered as a -

®standard resochseN, Carefal attenticn was pald tc the

Gpirke arolitude Jduring qlutamafa aonlicetion to evold

qlutanate=1pduced Adepolarizatlicn hlocke. The affact cof
L

glutasets vee apalvzed botn 1m  tires of glutamate Einus {-}

'apontanecus activity as w#ell as  the ratlio cf snontanacus to

glutameta activity fcr asach Purkirqc¢ naurco respcpdinge Tha

>



reason for using spontaneocus/glutamate rather than‘
glutamate/spontaneous activity vas to avold division by zero

in cases vhera the interpulse activity vas zeroce

A effects vare analyzed in terms of NA minus spcntaneous

“activity as wall as the ratio of NA to spontaneous activity.

The affect of glutamate plus Nn.vés analyzed by comparing
the differance between the gqlutamate respcrses before and
during application of yn. This was done in‘two vays using
thea folléwinq forrulae: - (Glu + NA)~S = Glﬁ-s apd -

(Slu + NA)=S / Glu-S . If the change of
Glutarate-3pontanesus was qreater by at leaét 25%, or S/GLU
vag less by at leant'25$, thanﬂit wves concluded thatlin a
given Purkinia neuron, NA potentiated tha gluterate

T«sPOUEa.

Since the levals of spontaneous activity changed
fcliowing applicaticr ¢f glutarate, the level of interpulse
activity 1u§t praceding the next qlutamate pulse which
reprasantad tha hiqhsst lavel cf bécquound discharge vas
used 2s a valua for spontaneous activity. Glutamate plus yﬁ
data ar2 displaved as descriptive statistics.

Follecwlag ¢lectrophystological and ‘denervatico
arparizents, cultures vere. routinely stained (ty a
mcdlfication of the Plooa and Battenberg method (1976)) to

acertain the prresence or absence of 1C Neurcns, Glycrilic



LN . ‘*—-_._‘_.____\

L
aclid statns catecholerinerqic nerve teriinals and 4ip eone
casas cell bodies wvhich flueresce bright bilue wunder

ultraviolet light.

A 2% qlvcxiilc acid solution vas prapared by dissoivinq
2.d6 graas of qivorilic acid monosodiun salt (Siéma) in 5.0
mls of Pinqer'; plus S0 mlsl of phosphate Dbuffer (seo
appandix). The alvoxilic acid solution vis filtered wvwith a
2.0 micra milipore.filter and vas cooled to 2 degrees C.
Cultures. to be stained Qare vashed 1ip a balanced salt
scluticn and then incubatad 12 the glycxilic acid scluticn
_fer ten minutas at 2 deqreeas Cs They ware then ramoved fro=m
the golution and oxces3 liguld vas removed by touching tha
edge cf the covarslip to a pieén oflJbulbulous Fapers
Cultures w#are placad in a vporcelain bhclder and wvwere blown
dry for 5 minutes ;t 37 degrees C.p, and then baked fcr ten
minutes; at 100 deqrees C. Coverslips vere thaomounted on
slidas with a drecp of paraffin Ioil and vera sealed with
clear ﬁail anumpely Culturss were «xaminad under tha
fluorescencae microscope using a Zelss 03 filter set for
selactive visunalizatiop of cetechclamine fluorascarce. In
some cultures a thicolne staip vas used to exarline. for |

changedy 1n renrcael c¢=11 aopsararca and densitve



DRUGS AND SQLUTIQHS USED

Balanced 3alt solution: A 332 pOsn balanced salt
solution vas used to perfuée ‘the cultures during

electrophysiclogical atudiag.

10 s3stock solution vas prepared and =stored 1in the-

refrigerator at 4 deqreas C. 1 liter consisted of:
v 3eM KC1

108 NaB2PO4

O.8mM Hqsgn

Te8mY¥ CacCl2

. 118mM NacCl

On the day of the experinent, the BSS vas prepared froa
the stock aglution by taking:

100mls stock

6000 dertrose as nutrient ” .7

2.00g NaHCO3 as buffer

and adding dfstilled 820 to total 100021a. pH was adjusted
t¢ 7435 by bubbliny with 95% 02 and 5% CO2. Slutaric acid:
A 0s2 M glutanlc acld 30luatlon was prepared by dissaclving
glutamic acid (Sigma St. Louis Moe.) 1n distilled A20 and pBH
vas adjusted to pH 3.0. The eolutlon vas stored in tha
refriqeratér at u.deqrees Ce for a nericd not exceeding
thrée veaekss TI=Arterencl: A 0.2 % Leporadrenaline solutlon
. waa preparad by diarolvliug lL-arterenol free basa (Sigma) 1in
‘0.1 " HCle ©pH was adfustad to pH 5.0=640. The solufion was

TN
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flltared

through a 0.2 sicra wmilipore filter pricr to

filling the electrode, Balanced Salt Solutlon (BSS): for

‘cultures 90cc double distilled deiontzed vater, -10cc Ferl's

10X solution BSS, 3cc 7.5% NaHCO3, 3.5 drcps of phencl red

ludicater

pR 7.4,

preDdI:Gd

‘Chavber.

5%
25%

50%

0«5%s The BSS wa3 ther autoclaved and adjusted to
and wvas stored in the refrigeratcr. FEE!r: 1s

fron atarile =pluticrs i3 theK pdsiti%é flow

I+ consists cof: .

‘chick erbryo erxtract {10cc) 6 (FESO)
husan adulf s5eruai {10cc)
minimal aseential rmedlum {20cc)

The tfead 13 quick frozan and 1s stored in the freezer.

Glyorillc acii Rinqervs w22 prerared by diesrolving:

8460

mg NaCl

30 mg KC1l

33 mq CaCl2

10 100 als of distilled A20. NaPO4 Ruffer: was prevared

by adding =clutdian B ¢ gclutics A vatil the vH=T7.4
solutico §: 8.52q VaHPOu_in 200 tls d1stiTled B20
Soalutisa JR: 2,439 NaH2ECH X K20 ipn f0 mls dietllled
H20. |
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RESULIS

CULIURES

d Durinq‘development, the explants spread and thinned out.
£
A necrotic zongﬁpnuallv appearad 1o the. central, thicker

portion of the bt;}ant. prasumably as a result of limited

oxvqen aupplv and decreaased ditfuaio? cf nutriénts and

metabclites to and fror the cells of this region.

The LC cells increased zsomevhat 1n 3ize throughcut their

devalopment in tissue culture. . The LT neurons 1n culturs

typlcally appeared Lin clusters, and other cell tvpes'Eould

not be obasrval, Thagea neurons? somata naasured

o«

approxiratels~30 sicra in diameter. Under brigbt fileld
nicroscopy 1t vas obeervad that the LC cells had a prominent

nucleolus, a pale nucleus, and thke cytoplasr, vhose lirits
a .

vera nct clearlvy d4alineatad, ofter contalned charactaristic

refractils granules (see Figure 2).

Purkinie n2urcas Vvara not mzture at the tite of

explantinq. During devalogmant these npneurcns increased ia - -

31z3 t¢ abou+t 18-22 wmicra in dianeter (Fig. 3) and vera
thought to wature by around day seventeén. Guite often, the

Purkinije nauron3 ware found aasscclilated with long strands of

ryelin vhich cculd be sean rediating dowvn to a deep nuclear

area when ore vas present.

=39 -
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Figure 2. LC neurons in tissue culture. Somata
measur@d approximately ‘30u in diameter. Note the
prominent nucleolus and characteristic refractile
granules as seen under bright field microscopy.

f

’Figure 3. Purkinje neurons ™ tissue culture. Somata
measured approximately 18-204 indiameter.
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The d2ep nuclear area cdntained,lgrqer,- morpholegically
dlatinﬁt_ neuronsJintersggféed in reticular netvork of
uyelin.‘ Other neuronal elements occasional present jn the
explant includaed some noniLC brai stes qﬁzégif ﬁji raré-
nesancaphaliq neurone. <lther cerebellac neurons thoygbt to
ube present in the tiassue cuit@%e systen much ag Golgil cells,

qranule caells, stellata and bagket calls, could qct be

dietinguished vith the light microacope.\ Hcwever a thionine

»

staln deuonstrated' the presence of racole celle in

——
conziderable density,

-

Althbudﬁ other cerebellar neurcnal elesents could rot be
distinguished on +the basis of liqhé tlcroccory, énlv the
Geliyl cella are similar ‘1n aiie to the Furkinje naurons.
5in<e the Golgl cells nuabar far less than.Purk1n1e nevrons
(Palay, JChan-Palay, 1374), 1t is likaly that the great
rajority 6f largqer neurons thought to be Purkinje nevrcns,
vere 1n fact Purkln#@lnéurong. No oﬁse;vabie dif%erences
. could pe found hatvéén Purﬁin;e neufoas set ﬁb vith br
.uitn01: LC neurcng.“’ﬁ | )

Cultures contalnlng tha reurcnal group characterized«asl

. LC by Handelman et al. (1982), . when ptained” with a 2%

éf?ﬁlilldéicid solution, vere found te exbibit a etrcnﬁ;

catachclaatnargic fluorascencae ThHs v§s~—1ndicated by a
Fd

brijht plue colour. The LC area usually exhibited =a vegy

, bri13ht ganeralized flucraascanca, and only ¢p a fev isclated
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Figure 4. TFluorescence microscopy of LC neurons
in tissue culture following specific staining for
catecholamines with giyoxcilic acid. Note "Swiss
cheese" appearance presumably sihlouettes of non-
- fluorescing somata. '

4la
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Figure 5. Noradrenergic fibers radiating from LC area
in tissue culture. . .

R ' 100u

——

Figure 6. Noradrenergic fibers from LC area. Note
characteristic varicosities. .
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occasions could the somata be visuallized. In these
spstances, the call bodiess flucresced brightly, appearad
roupd, measuriog about 30 aicra 1n'd1aneter; On a numter of

occaslons the LC area vas characterized by a "awias cheese"

appeaténce. The holes ware presumably sihlo%ettes cf the-

non-ﬁluorescinq LC sozata, and vwvere surrourded by brightly
. fluorsscing catecholasmipergic fibers (Fige 8).
Fros the LC area, dense fibers could be seen radiating 1n

all diractions (Flgs S}. .It waas moy inpremsion thet tha

fibars, although oropaqatL%q in all directions, travelled

far shortar distapces 1In dlrecticnlrvhere e target tlssun

vas presant, but for longar di tdn‘es tc successfully reach
the coriical arealof tp? arplant vheras the Pur£1n1edncuron3
vere located. Fibers anﬁéared to criss=-cross and terrinate
1p the raeqloy cf tha Purkinis peurons, as vas detersired cn
‘the basis of schematic raps drawn earlier. Upon exaainetion
of‘the outlyivg araas, iadlviduel fibars could be seei1, ‘dua
tc the 1ecre§sed Jens;tv Ln fhe ueriphéry cf the exrlent.
?hesa: fibare vere éharactarlzcﬁ/ by numercus fluorescing
vhricositles (Fige 6). ‘

Ead ’?

In thg=z=a canlturas which vere =gt up tc contaln cerebellunm
aloge (lefs, 070 IC), nelther 6-0HDA treated nor untreated

arbibitad catzcheclarine fluarnscence.
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Figure 7. Purkinje neufonsbbefore {above) and after
(below) treatment with 6-CHDA. The health and size

of the neurons appears comparable in the two photographs,

’ &
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Figure 8. LC neurons in tissue culture befdre (above}
and after (below) treatment with 6-OHDA. Note holes
and ghosts, and the absence of LC neurons following

6-0HDA.




 §=0HDA

Cultures treéted vith a 500 uM 6~0HDA/ascorbic acid feed
solution exhibited selective destruction of the ILC area,
leaving the Purkinje neurons apparently unaffected (Garber,
Marshall and Hendplman, 1983). Figure 7 sho;a the PV tefore
and after treatment vith 6-0HDA. As can be seen. the lLealth
and s1ze of Purkinde neurons before and after trestment
appears comparable, Exasinatico cf the LC area follcwing
treatment wvith G;OHDA revaals considerable degeneration.
Figure & shcwamaghgh}c area bufcra and after treatment with
6~0HDA 1n the sam3 .culture. Damage to the LC area wag
obgerved within 24 hcurs. Cultures vere not eramined rrior
to this timeé sincz the visibllity of cells 1n all culturas
“Ws 3ubstantially raduced within the 2% hour period.follovinq
vashing andlfeedinq vith all scolulticase.

The following chanqes*occuredljﬁ; LC pneurons aryposed to
500 uM 6-0ADA fcr 3=24 hours. In/aome cultures wvhere the 1
neurons could still be viazualized, the cytoplasmic 1irmits
appaared nore distirct, aad the «coll diameters seered to
have been reduced. Soae¢ vacuoles were ¢ften sean 1in this:
arefi, In the vest mijority of cultures; hovever,
considerable unmurcnal deqgeaaration was ejident. Hdnv holes
and ghcsty vere ©prarent a3 vare glial elemepnts surrounding
the area, and ncllc N2Urons vare saen, X tticnine steln cf

thedo cultures did not revaal any obsarvable d¥fference in -
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the density of granule cells 1n. treated as cospared to

s

untreated Eulturee.

Diffarent cultures appeared to be affected to different
deqréea by . 6-JHADR, This may 2n part .be due to the very
seiall quantities of 6=-OHDA used, 1n preparinc'the neurctcxic
soluticus, giving-rise to a varilability of about 10% ctf tha
final concantration. Also, the azount of feed applied to
the culture amay vary from apnlica£1cn to appi}cation. Since
cultures vere vashed prior tc being fed vith thls solution,
the agcunt of BSS they retaloed ray bhave varied, and
therefcre, so deoes tha daqréa tco uhiéh the feed was diluted.
Lastly, thera was considarable variation 1n the 3ize and
thicxﬁess of the axplqnts, anc 30 1t L= rossible that the
deeper lavéf& may nuot Have beer xpc3ed to the neurctoxin to
‘the same dagrae as the supétficial ones. A1l these factofs
ray have céntributeﬁ to tha varlabllity of the etfects of
6=0HDA, ThL3 wvarfability was cbserved both by 'liqht
microscogic and by histcfluorescence technigues. It sﬂould
be no;ed that prelirinary axperd sects usino 100 uX €-0HDA
caused no apparent ﬂa&aqa t2 any call types, while 750; 10060

uM complately drstroved altl cell TK{ff i tha cultara
preparations \

Culture? 2xporel to 500 ud 6-~0HNDA whichk cortained
cerzbelium 1lone, dld wnect  exhibit 2ry observable

~sccphclojical diffareaces 13 cdnpareﬂ to uatreated culturar,
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FLUORESCENCE 6=0BDA COLTURER

cuitures treated vith 500uN 6-OHDA vhere the LC neuroms

vera Btill visible by light microscony, exhirited an altered
pélte:h of fluorescence Altbough the IC area  itself

fluoresced, fluonmgscing fibers wers eithber ‘conpletclf

‘absents or vere eftreaely sparses When present, they shoved

propertlas indicatlve of'daqeneration, ie. fragopentation as

A}

vell as swalllnah ‘However, 1n ‘the vast majority of 6-0HDA

traated culturaa, nc catacholaminargic fluorescence vaa

observed. Caltures which lacked fluorescence corresponded
£

N )
to culturaa 1in vhich the LC area appeared destroyed in 1light

sicroscopic examinatlone.

v
!

DOPAMINE .TREATED LT ELUS CEREBELLUM CULTURES

_Dopamlne-treatel IC plus cerebellum cultures dﬁﬁld nct be
distinguished . frcn untreated 1C plus cerebellur cultures
7

vhen exazined by light or fluorescence mril¢roscopy.

PN=GPONTANEQUS ACTIVITIYX

BExtracellular recording trom Furkinte DENrony
iewmonstratad a number of dlfferent firing patterns as wvell
as differsnt freguencles 'Ef discharqe. The aajority
{aporcximately 90*) of Purkinje neurons were found to have

relatively rejular firing patterns, although a srall nurber

B S e CR -:«.E r.ﬁ'v
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Table 1. . .

DESCRIPTIVE STATISTICS: GLUTAMATE (45.E.

.PREP LL - NOLC 6-0HDA

S 3.86 - 3.10 4.81
(0.90)  (0.60) (1.47)

nA GLU 39.70 22.38 13.22
(5.48) (3.57) (1.82)

6-S  11.58 7.03 12.95

- - - (1.78) (1.14) {1.85)

S/G 0.26 0.36 0.2
(0.05) (0.05) (0.05)

‘N 30 29 35

Table 2.

DESCRIPTIVE STATISTICS: NA (+5.E.M.)}

PREP . LC NO LC &-0HDA

s 8.27 6.2 _  10.33
(0791) (1.21) (3,44)

nA NA  50.88 45.00 L 36.44
{(6.34) (5.58) | (5.06)

NA-S -5.58 -3.09 -6.47

: (0.84) (1.42) (3.0)

NA/S 1.13 0.56 0.45
(0.88) (0.23) {0.14)

N 34 23 9 .

- 453 -

M)
LCDA NO LC 6-OHDA
3.92 '6.56 '
(1.12) (1.45)
49.00 20.73
(9.37). (2.30)
13.83 . 11.21
(3.51) - (2.52)
0.32 0.34
(0.1) (0205)
12 22
LCDA NO LC 6-OHDA
11.00 11.10 .
(4.00) (2.13) "
35.00 35.20
(5.00) (4.68)
550 -3.00
{0.50) (2.67)
0.41 0.77
(0.26) (0.20})
2 w0
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A

NA
25nA

Figuregl0. Biphasic response of a singie PN to NA.
Contimgous ratemeter record shows an initial inhibition
.of short duration followed by ¢ prolonged excitatory
phase. :

-45¢c .




. : ‘ - .-
of Purkinje calls exhibited bu:atfgg patterns of disckharge.
A large nuaber of Pnfkinje neurons fired at low fraguency
(0.5-10 Hz), although théra vas a vide distribution of
f;iinq rates Lup to 'Epproximately S50Hz. The maan f%ffhg
rates in the-var1oqs‘culture tyres are shova 1n-Tnb1;§“1 and

*>
e
. L

NA=ELECTROPHYSIOLOGY Q

gxtracellular 'récordi?q frow Pu£§1n1e neurons reveéled
that about %5% of Furkinje ©peuronz tested reapcnded to
iontophoreticallv popiled NA, arnd offthpae reapondiﬁg, pora
thaa 90% sh%@?ﬁjgzdecreaaé in spontaneous. activil}; The

responses,verve found to be réproducible Tpon repeated ' NA

application to the zame call.
f s .

As sszan 11 Figure 9, a postinhibitory excitation was
often cbserved folloving tarmination cf NA eprplication. It
wvas unllkely to be a current effect since it often persiéfed
for several sécchda, and may therefore represent a merbrana

effact (Engberg anl Pryall, 1966).

-

f aeproximataly 10% of cells respcnded either with an’
excltatlon, 5} bivbhasically to NaA, initially with an
iphibition cf short duration felloved 9” a prolonged rperiod
of srcitation (Figs 10). This effect could not be miricked
Dy Ha+ current ejacticn; and is unlikely tc 'ba a hydrogen

lon effect since NA pH 13 batveen S.0 and 6 0.

- 45 =
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. : { .
Purkindie neurch sensitivity to KA garied considerebly

~from ©peurgn to . neuron, even wvithin the same culture.

Apparent sensitivity 'to a given siobstance - pust take 1nto
i ' ‘

account electrode tip dlamater ag well as'diffnsiogégistance

-t0o the neuron. Hovever, evan takilng these parametefs into
&écount. 1t appearad as ﬁhouqh certaln Purkinde neurons vera . :

more sensitive to N3 than others, and that sove vere almost |

insensitive.

J .
Tha duration of the effect c¢f NA varied from cel

cell, ani on a fev occastons peraistad for rfeveral mizutes

folloving terninatinn of ejsctiocn. Rlzost alveys, there was /
- . 4 > )

a rabcuud excitation vhan NA wes turned'off vhich persisted

for seconds and on a few cccasions for at least one minute.
. i -t : t ’
Applicaticn of VNA oftan resuvltad.- in an 1nprease in tha‘
. . )

azplitude of the sprfke, - while applicaticn of glutanmate

ugsually rasulted in e d2crsaee in the =z2eplitude cf the

o

splka. H;th anplicAtion of N& plus qluqamatek the amp?itud;\\

of the spika vaa usually jreater tban' tha arplitude durinq %
application,of‘ glaterate alofe” and so%étimes. greater than

the asnlitude of ‘the spcntaneous‘activitﬁ. The locreceee. 11

the émplltudetof the ;;I;Z\\@ith NA applicaticn ;as observed

both whan &A'iepfessed sﬁcﬁtanece tlriﬁq a1 vell ae v}ef it

had-ac other apparent effecte.

-

As caa be seen froy Table 2, there apbears tc he little
dl1fferwnce \}n the response to N3 acress cultuyress . Feor-

.
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_ exalple} the mean respoiz:)in terms of NA=S (4/~ S.FE«M.) vasg
¥/_\)-s.sa (088), =3409 (1.52Y, =6447 (3.0) spikes/second, for
LC plus cerebellun, no LC, . &and 6=-0HDA treated LC plus

cerebellua cultures respectsvely.

B GENERAL INIEBRACTIONS QF NA AMD 'GLUTAMATE
-

Purkinie naurcn.spontaﬁscus discharge vas . reproduclbly

atgmented by yniform curr=sunt pulses of'qlutamate paseed at
-reqular lntervals., - Tha onset c¢f axcitaticn wvas 1imcdiata

and the Juration of the excitation'";asted the length cf the

+ glutamete pulses. - %hen NA vas applied ccncurrantl§ vith
. gqlutasate, twe typres of responscs'wére seen. In sore cases,

NA inhibitsd the glutcmats respcnse, while 1n other carfes 1t
potantiatad lt.(Garher. ﬁarshall and Hendelaan, ﬁ9§3).

Thage qualitatively diff@rent,reapqnses cccurrad 1in  all

tissue culturae tyras, Fijure 11 Qhoﬁs g8 tyrical 1nkititicn

s of ths glutem2te raspcna? by Nh., 'The'cont1nuou; ratemater
record shows the control resvonse of the Purkinie neurcn to

the two g9lutamate pulses preceadang thé NA \aoplicétion.
Iontopﬁoreéis of NM revealad a proqressive #dminution cf the

, glutarate-2veked activity, reducing 1t te erproximately 60%

of contrcl. The backgrouad activity vas also found to be

deprescede. Recovery -~ to coptrol levele of glutamata
\\‘\h excitation vas observed vith the 3lutavate pulse following
teraisvatica of ¥A  arplicaticrne Poctrntlatlon resrcnses



- ———

16nA

Figure 12, NA potentiation'of the glutamate response. The
continuous ratemeter record-shows the response of a single PN to
increasing iontophoretic currents for NA. In the same neuron NA
30nA augments the glutamate response while depressing .background
activity. (LC plus cerebellum culture).
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occurred more frequqnilv than inhibltory responses, and
could ba characterized by changes in eithér the glutarate
evoked activity, the backjround 'discharge, or both. The
backgrcund laval éf firing or 2nterpulse activity hag been
~referred to as the "noisen, vhile the \ffOked activity gas
been refatref tc as the Maignal%.. Potpntiaplcn cf a
response 1s gaid to occuf vhen thare is an increase in thaﬁﬁg

sifjual to ncise ratice ' —
' (4
i~

& .

Three types of ﬁbtentiatlon vere observed. fn BORE
cusas, there wes 1ittla chacqge 1p the maqnitude Ef tha -
glutasate evokad activity, bovever, ~the background activitv;
vad consideraoly deprassad-(Fiq. 12}s Thls reductich in tha,
noi;& lavel wvhile hoidinq the sianal constant, constitu£ea
an lncrsaze in the waljpal +t¢ noise ratle and habce 5
pctentiaﬁion. Iine 1 cf Flgure 12 shows a graded 1nh1t1torvh
resanaé 6f & Purklrie n2arecn to ‘increaainq tortcpheretic
currents of hA. NA 2fectad at zO0oh did pot noticibly alter
dischargs raté;;;;iile1ectad at 30 and %0 n? for shcrt times
a;peared to havé'oalv gliqbtly depressant effects, while HAQ
60 na "almost corplaetely I1nhibited specntaneous - activitv;
Tecmlnation_of N& application resplted in =& postinhibitorv‘
sxcitaticn .vhich par~imtad for =zeveral nipu*tes, zad activity
aventually returned to prae=-Np rztes. Thé second line =shows
tha 5am§ purkinije neuron's response to Jlutamate alon9:

Responses to four coantrol rulses c¢f glutawate wvera

ccnslstant in that\botn the rete enod the rrofile did nct

Lj

@




!

noticeably vary. The dowavard shift in the glutamate pulse

profile vas quitae typical. 2}%houqh the asplitude of tha

action potentials during glutasate applicaticn as obsgerved '

on the o3cilloscope visibly decreased, - they vaera still
eaéilv distinguished fros the  electrical ncise, and vare
stiil ab;e.fto salectivaly 5 tfi@qer the neurorateretar.
Thérefore, réhe dovnvard shift in profile throughout the
qlutamata(\inplicattch' vas not' due to a loss of action
Dcfentlals as a result of large dacreases in -asplitude
consequent to‘quutamete taduced ldepolarizations. Quits

typlcally, a postercitatory depression vas obgerved

foliogth terairation of qlutamate applicaticn.

With applicatioa of NA, shown in the third line of Figure
12, a aarked reductlon in the interpulse activity can be

8@8N. Although the wmarvimus levéel of activity attalnaed

during glutamate application® 1is not very observably

different froa ccntrel 1levals, there 1s a very ncticesbla
bhanqe_f;n the profile during glutamate application with
. concurrent adainlrstration cf N3. Rather than a downwvard
shift, the profile was a plateau, and this change in profile
vaag charactefisiically cbserved _1n “.most cells. This
increasa 1n the ratloc of the evoked to bacquounq actjvifv

peraiatad thrcughout tha WA application ard a returr to

control levels was seen 1n this cell d1wmediately follcving

coenastion of NA apolicatione. As shown in the fourth 1line,
o .
both tna/pontrol rates as well as the dcvnward prcfile

Tecovarad.

T | : '
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In some cells, HA d1d not noticeably alter the background
activity, hﬁwevé:, an absolute increase 3in the -evoked
activity vas obnervad.' In fact, this effect could be so-
drasatic as to elicit a glutamate responsQ ‘dn the presence

of MA vhere none vas present with only glutavata (Fig. 13).

-

Ihis rather ipteresting effect of NA vgb pbserveﬁ vhen
~applied conceaitantly vith glutamate which alone eliclted no
obasarvable change in rata from spcntaneous activity in a fevw
cella. Action vootential arplitude duriag g%utanQFQ
appiication vag of sufficient haqnitude that all action
pctantlals vare trigqarinq the ratemeter. As shOfn ,An
" Figure! 13, NA augnmented tha activity during qlu%quat?
appllcatlon.ﬁuch that a differepce in tie éiqnai snd n;isa
baecame aopparant vhera none vas evidant béfore. , It 13
interseting to nota that in additicn to increasing the-rate
of firing during glutanmate appliéation, Nk also qave-risé to
ar increase in tha amplitude of the action potentliale both
vhen applied vith glutamate ar well as alome as corpared
with their respective contréls. Ten?ination of NA'
application resulted 1in a 1loss of differéntiatlon betveen
the sigaal and ncise and was comparable -fp' rre=NA

activitlas.
i 2

Tu othar cas3a3, NA causad changes in both the aignal and
noise, lucreasing the glutamate evoked actlvity as vell as

. . N\
decreaglnq, the bac?qround diecharqge (3ee Fige 15). In

- 50 -
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b

additton to these.three types ¢f pgtantiation, cn a fev

occasions, 1 potantiation of _the aglutamate respcnse wvas

obsarved folloving termination c¢f the N3 asprlication (eege.

Fig. 15 ).

DOSE DERENDENT INTERACTIIONS QF K2 AND GLUTAMATE _

NI
It wa3 v2ryYy curicus that 13 &Escae Furkin%g RAEVLOLR3

glutamate appeared tc be patentiazted by NA, while 1n cthers
1t appearad to be Llabibitad. %ith further experinentétion.

1t baecaaa apparent that in the sase cell, glutamate covld b3

poth pctentlated 213 iphiblted, deperdinq c¢o the arourt of

-

NA applieds This is shovn tn Figure -14.

The response to tiree contrcl vpulses c¢f glutazate vere
. ¢
astablished follcw:ng’? vhich thyg 1lavel of spontereous

activity vas glven sufficient tize tO racover. N¥A war then

ejecrsd 2t 50 nde This resultad io a sarked dpcrease it tha

2vokad 233 ¥5ll as the deprassicr cf bacdkaround activitye NA

fas tuaraed cf; #2d tna ovackgrcund a3 well as glutamata

lpducad activity vas allow23a tc recover at ceontrol levels,
NA vas' theo 20013233 at 30 phAe Tois aultad 13'¢oupleta
innibiticn cf srontapacus acrificv and tns’:}htamate—inauced
ch;z;;gyune 1eprqsaéd as déll. Thi: %3 r¢3t ncticeably
3233 a4~ the thircd qlutlﬁata' Lulse  wvith contlizuvous ‘éu
aFDliCani e w.th ¥a, turaaid :ff. 8 Tfbrurd reauvlted arl

furthas jlutazrte=-lacduced activity returred trowapé ccptrol



Table 3.

NA AND GLUfAMATE INTERACTIONS

M- ro

INHIBITIbN POTENTIATION INHIBITION/POTENTIATION N
LC plus CBLM . 4 - 15 2 19
CBLM 4 17, | 2 L2
6-0HDA C 7 7 3. . 24
(LC plus. CBLM) ///P )
TOTAL . 15 49 7 £4
- r
Table 4. _ =
RESPONSES OF PURKINJE NEURONS TO NA AND GLUTANATE:
" EFFECTS OF 6-HYDROXYDOPAMINE
L C no L C
control 6-0HDA control 6-0HDA

Spont. " 3.9 (0.9) 4.8 (1.5) 3.1 (0.6) 6.6 (1.5) Co

Response 19,6 (1.8) 3.0 (1.9) 7.0 (0.0) M2 (2.5)°

A 39.7 (5.5) 13.2 (1,8).22.4 (3.6) 20.7 {(2.3) A
- 30 _ 35 22

Spont. \ 8.3 (0.9) 10.3 (3.4) \6.2 (1.2} 1.1 (2.%)
N Response (-) 5.6 (0.8} 6.5 (3.0) ~4) 3.0 {2.7)
A nA 50.9 {6.3) 36.4 {5.1) 45.0°(5.6) 35.2 {4.7) )

n 34 9 23 S0

. s
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levels. It thercsfora asaeas quite clear that 4o this’

Purkinja neuron, as well as io several othera, NA ma}‘hava

~

_qualitatively different effects depending on the anourt of

NA appllad, ‘ 1 : ' o

rﬁe rasults of BNA .and glutacate: :intefactions- ara
suslzarized 1a Tabla 3, {_total cf 68 Purkirje neurcns vers
studied. Of these, kA 1nh1b1ted%the jlutarate respornse fﬁ
15 cells, and potentiated the fgsconse ip tke. rCemaining 49
ceila. lIn 7 of theae.NQ.calla..Nn could both Potentiate and
innibit tha alutamaté responsae. The Fotentiation. vas,. alvays
fcund to dceur at the IOie’ 1cntcphorﬂt;c current, vhlle tha

deprassioa of the qlutamata resnonse alvayé cccurred &t tha

klgher icatcphoretic currast feor Hho

ﬁh-AﬂQ-iiQIAE&IE INTEERCTIQNGS IN RIFEZRERT COLTORE SYSIERS

-

\ - .
Ia-15 »f 19 Purkiade c2ll:z stuiied, WA petentiated tha
glutamate re3pcase. Tarrteer c¢f.  these potaptiations

resulted froa an absclute 1ncri§FE“EE’ tbke siaaal as wellraé

& daCreasa in nackzroqnd.//frn‘cna casz there was a decreassa

in the nolse »1lve.e 11 Fﬁa: cells NA 1phipited tl2 glutazsata:

\ o
TesCClZze Iy tve zells, %A wzs zble te rithar pctortiata

the glutanate rsseonee for axanpl: as 3aCwb 2n Figure 14, at

302A WA, ~r Zuhib!< tpa 111:;u¢te Tednen=a wi4h 9000 wNip,

LY

S
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¥O LG CULTURES

—
.

A Dbasic dhéstién:‘f@VTbe-'ccnsideced‘ wvas lvhether " BA

¥

enhanceseat of the..qlutamate response was dependent cn the
presence of IC vi;h cereballos cultures. The effect of

icntophcretically aprliad XNa cn the glutarate rdsporse ia

explant <cultures ccctainipg cerebellus alone dié not

“qﬁalif;t1ve17- differ ftom'culturas cortaining ‘cerebelluu

plus LC. Th1is-13 descasirated in Figure 15, Ytict also

demonstrates oaa of the different time ccurces for the KA

cffecte ’ . 2

This | Purkinie neuron  had .a‘ lev  discharge rata
characteristtq Ff'a great n&mber gt celis. The Egspcﬁse to
tkres coafrol ‘ouises‘ of Qlutamd&e‘ 70 éL ‘are shovn.
-Ion£0phorasia cf N: alooct ccm;letely inhibitad  tha
qluténfta-evokad ‘aétivitv asscciat%; witb " the . first
glutamace Pulse, add subs;antially'de;}essed the qlutalaté-
evoked activity associatad wit: tne second aglutamate rulsa

ccapared vith contrel lavals of glutanite-induced activity.

Bowaver, by the tbird q;utahate pulse, Gitiq/iggiirucua
arplicetica of NA, thars %as a3 twe-feld incraise. ir tha

glutasete-2vekad aztivizy as uaHl as a- cozplete irbikitlcn

of tha, odackacouné 2Crivity CrécCcoa30irg the +third glutewate

pulsce Vota2 2150 the woprcflle of +ta:z glvtamats resporse
- . * -
which <changed fren & oliteat to 2y  LOVErd slcoe. Tta
corplete inbibition  of baciqrcunﬂ spopteanegus zctivity
S /
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persisted until cessation of Ni ejaction 8t which tixe a’

. . : " ’
markad reggunﬂf occured. Thls postinhibitery ercitatico
decteased over the folloving 10 secendss. , Consecttive

glutasate pulses vare aljo PHotentirated, hovever, a marked

change 1n thas progile occurred as. a’, resvlt of a large

decrears in aqplitudé a3sdclated vith a lerge Iincresse 4in
firing rate vhich caused a substantial npusher. of acticn

potantials to be 1lcste Fresuoably this decrease in
: . - :

‘ .
asplitudas reflects a glutazate induced lepolarizaticn. For

this reason, the =2jection currext for giutapeta vas reduced
N v " .

to 50 nA. By the third gluqamgté pulsa 2t 50 na, all zction

pqtentials " vare triggering _the peurocrateneter asd tha
profile vhich 1s shovn iln the ratemster record tlatgéued."

“rbe response of this Puckinie mneuron to 50 nd HA vas -

obtaiued prict ™ "to this raa, saltheugh £t 21e pct sbewn 4n
Figure 15, * The botentlatichr o¢f glutarate by NA 1ip this
aeuron vas of erxrczoticnally long duraticn,' parzistire fcr

.

alrost 13 iinutes fclleytngd tersinatica af Np applicaticn.

o

Ao ;ngca;ee . Tedle 3, ¥h  Lobhihitcd the 'qﬁytemate
resuonse‘in o cf 21 cultutgs'ébé rotentiated the glutarate
reébanse'iu 17 2f 21 cultuTa:, Ia tvo cul*ures Hh ugz tpl2
.to devress and rot2n+tiata the qlutamaf; resrcpse 2t nigh an3

» e
lov iontoohoretiqvgur;ents cespap;ivelv. } \
- N N ’ o > “
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¢=QHDA TREATED LC BLUS CEREBELLUNM CULTURES

NA applied with qlufamate"id@pgrkinjé peurons in LC plus
cerebellum culture -treated vith 6-OHDA caused an inhibiticn
of the qlutanate tequnae in 7 of 24 culturee and
ﬁotantlatioy ia 17 5f 24 cultures. In three cultures; KA
- could either tnhiﬁit or potentiate the-qlutauafe resonee
dependind|on the djse, auch that at lover efection curIrente,
NA Has‘able‘fo potentiate }he glutamate response, n;hile at

higher ejectlon  currehts NA _ iphibited the  glutamata

responsa. - /

Figqure 16 shovs the reaponse cof a slngle Furkinije rLeuroca
to 40ni N, To this cell, NE progressively inhibited
Purklnie neutpn discharge - uptill applicaticn of NR was

Eeaaed. Following thia, ccnfrol "lavels‘af spcntereous
activity ret%;n;d. In this cell gqglutamate 10nR caueed a
srall xncreass ia firinq rate which  was nott easily
d;scarnablg from ‘bacquonnd. Applicaiiﬁn'- of aOnﬁ NA

Fl

fcllobiﬁalthé erira glutamate pulse esubstantially Eépressed
-backgrcund firimq; iiihlle the t¥¢o 3ubsequent ﬁulses of
Jlutamate during NA applicatﬁon caused ap absolute increasa.
in tke qlutamate-avb#ed activikty. The L;nérease ir the
3ignal to uoiga ‘ratic }itn)NA &pplicaticn 1s gquite okvious
"when ’lcomﬁared vith tha _pre-NA profile. . Follcving
tersmination of'nn applicat;au, the dlifferentiation ofléiqn§l

and ﬂoise becanme  1§55 apparent and the profile returned to

1

cohtrole.

) ..
A . . ' ;



GLOZAMAIE SENSITIYITX

'uThe resqggfe " to qlufanate both 1n terns'of Glﬁ-s, and
5/Glu vas not significantly different in the LC and 6-085!
:treatad cultures (see Table 1). T wmcores for LC ©plus
cerabellul' untreated dnh dopaaine controls vere
(tu0=-0.63.p=0.55: t40=0,66,p=0.51) for GlusS and 5/6
respectively. T scores for 1C plus cerebellu» untéeated_ahd
6=0HDa é}eatad.LC ‘Dlus carebellunm vere t;g;L-o.sa,pso.s;-
t6320.84, pa0.40). Hovavar, a df;:;bﬂg diffg&?nce in the
ajactica cuf&ant reaguirad for glutamate Eg,elicit a given

response - vas observed batvaen the tvo culture systess

(Marshall and Garbar, 1983). Tha average current requi'ed /

to elicit a standard response 1n LC plus cerebellur cultures
vas 39.70nA #/- S.48 (S.E.M.), as compared vith 13,22 nd +/-
1.82 (SsEeM.). ~ The alpha level vas adfusted tc 0.0125 3
(0.05/4; th&. number of t-tests perforsed), to take 1n£o

account the multiple t-tasts perfo:méd on the same data sate.

In some 6=-OHDA treated cultures a marked excit&ficn of

[

spontaneous discharge could be elicited silaply by tufninq
D

off the retainlog current.. This feature vas_uniqueftc this

culture type. ' , /;)ﬁ\ S
. | . \

-

LC cultures treated with DA 43 a non-toric . oxidant did
nct differ siqnif%gantly fros LC culturee 1n. terys of

Jlutamate seasitivity (£u0=-0.89,p-0.38). The ejectidff’

‘0

current reqﬁ;;ed to elicit a .standard glutanmate TasponEe vasg

[}
-

- : -l} ¢
" *

;
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* MEAN LEVELS OF CHANGE IN FIRING RATE (SPIKES/SEC)
OF PURKINJE CELLS IN RESPONSE TO GLUTAMATE IN LC
PLUS CEREBELLUM CULTURESS .

Error bars represent standard errors of the mean (S.E.M. );i:i} ;/\
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DOPAMINE-ASCORBATE CONTROL

CONTROL
6-0HDA —{

Purkinje rleurons fo glutamate in untreated and 6-OHDA
treated LL plus cerebellum cu}tures.. Errqr bars rep-

" resent STE.M.

Mean currents used to obtain responses of ,'



I

49,00k #/-9.37 (SaBeMs), and was corparable to thet tcr}lc

»

-gultures <hich w&s 39.7a3. Fiqure 14 shcvs tha currents

usad to obtain glutazate responusas 1in LC=ccnteining

_cultures. Ai;hcuah currants used t¢ eliclt responses 1n tha

dcpaaine-ascerbate controls did not vary siquificpntly from
N ' ) ' . . * : .

untrasted coptrole, conalierably reducad curreats vere able
to eliGit resbonses in 6-0RDA treated. 1C rlus ceretellua

culturea cocpared to untreatad 1IC ‘plus cerebellum. cultures.

‘This dafference va3 sigoificant (t63=4.87,p=0.000%1). Mean

%
levels of . change in firiag rate 1n.respcpnse. to glutarate

vere oot significaatly dt:férent in thase grcurs (Fig. 17).

. Culturas set wup to contain cerebellur alcne that --were

traated with 6-0ADPA had 4 " "seneitivity tc glutazate thet lav o

betveen that obtainad fror.the 1C and 6-OHLA cdltures, ahd(

¥as coaparable te nrc« LC cultures 1in terrs of glutarata H,_*,}
N - - : ' -

3en3itivitye. . { P, N - '

.y

a4

The Tasults arn sumarizad'fi Filgure 18, 'Siqnif{cantlﬁ

Levwar currenta were . :bhia tL zliCc.t ¢ Jluterate CACPOTs¢ 21

tne 6&~-JHDA. tr2eted ci1ltures as, coscared to cortrels

(){"6 3254 .57,0=0.9031).

\
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)) - J Figure 19. Mean currents used to obtain-

f{( ' responses of Purkinje neurons to NA in

control (untreated) and 6-0HDA treated "

cultures.
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N SENSITIVITY @@ . Lo

Table 2 summarizes the responses of Purkinde -neufcna=to
NAe As 18 .evident froa Figure 19, nou.aiqﬂificant
differences 1a currenty raguiged to elicit 2 FA responsa
vera fcund betveen 6-OHDA treated and control cultures in
oither tﬁe LC~containing cr nol LC culture groupses For
cultures containing ILC, the -t=-test 'result obtaiped for
currernt comparisqn. betvaen cqntrol and é=0BLA <©cultures vas
(t41=1.14,p=C026), kResponses of these gqroups tco Nk wee not

significantly different’ (t41=0.40,p=0469; t34=0.65,p=Ce52)

.alther for Hh-s_aﬁd NA/S5 resrectivaly. M sugpary of the

affects of 6=0HDRA uith'respect-to A 13 shcwn in Talble o,
NA vas comparably capabla of .potantiat%pq tha glutarata

responsa 1n 6=-0HDA treated®cultures {Flg. 16). , -~

Y

'
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RISCUSSION

§=0HDA

‘AS can be seen fro;.the norphology (fiqureﬁhs .and-7).
appropriate concentrations of 6=0HDA appéar to cause
selactive deganeration of noradrenergic £ell bodies and/pr
fibars'in the tissue culéura systame PR mprﬁhoibgv appef&ed

unalterad by 6~0HDA treatwment, vhile 1IC neur&ha‘ vere

-~

lethally affected, I¥ therefore appaars that the use of

6=0HDA as a mathod of no:adrenerqig denervation vill provide
a useful method for the stuiv cf senesitivity chanqes in tha

tissua culture systers

Althouqh somelraseafchars have raported increases 1in the

the spontaneous dJischarqe of FPFurkinie nevrons follovlng

»

+reataent with 6-0BDA (Hoffar, Siggins, Woodvard aggd;loon,

1971), thel spontanecus activity of 6«OFDA traated and

~—

untreated LC plus - cereballus cultures d4id not appear to ég
dlfferent (see tables 1 and 2). -\ '

NA - BEEFEQIS '
LY

The affects of NA on spontanaous activity vere

pradominantly 1inhibitory, vith rore than 90% of responses™in

) . ~ .
of a deprasslon of spcntaneous activitye. This inhiltitory

y
affect qf NA has he%n vall documented for PFurkinje nevrons

n

-

gurkinis neurcas ig all culture preparatlons having the form

\ i | - 5% - : N

L
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{Hoffer et al., 1973), as vell as for certain cther CNS

ré?jons (ege. Segal and Bloom, 1974#). i

In a saall number of cells NAR  appeared to cauié an
excitationléf Purk1n1e nﬁhrons. A small percentﬁge o% cells
also respoﬁded biphasically to WA, initially with an
inhibttion of ahort duraticn, fclloved by a Er cnged
exciltatory phale.  This was u{éﬁﬁ?ly to be & hydrogeum ien
effect (Marshall aand Engberg, 1980).: since the pH of NA vas
vaintaind betveen 5.0 and 6i0. ~Also, this effect vas not
mlmicﬁad by Na+ current ejag@ion; «+ It Ls possible, hgwever,
that f# ¥as acting not oanly orn Purkinie neurons, kvt on
inbhibitory intarneurona 33, valle. Thia could result 1n an
initiél depresaio of spoﬁcanecus activity as a reault of NA
aétinq dlractlf on Purkinja neurcnee The excltatlon which
foll?wed mav.hava re3ultel fros an 1nhibitorv action cf NA
on iphibltory  intermeurons whick synapse on Purkinja
neur;ns. R Possiblg c;)ildate i3 the sgel]ate cgli. ks
ipdicatad by the tlse courza of NA actich. the laie;cv tor
excitation exceedé +he latancy fer iubhibiticr. This reriod
of.timg coﬁld be accounted for by the time reguired fér
d+ffusiopn of N§A to the Laterneurcons a3 vell as g&ne for

3ynaptic relav.

. N o = i 1\1"-'
The effact of NA &rpay have bsen a direct effect on PN

since in those cells vhere NA vas excitatory, gluteasate was

@

alad fcound to be excitatorv. If the axcitatlon priduced by
3 , ‘ ;

*

-
L] i
. . -
. . -
. . .

- 60 =



S T~

NA vas wediated by inhibitory—interneurons, one eight have
expacted  glutanate o ~have a- depressant effect on
spontanedus activity, since this too vould be wpediated by

1nh1b1totv interneurcns.

Other teéaarchers ‘have also cbserved exciiatory eftgﬁks
v1t§~ﬂn it a saall percentage éf calls. In cgfabeliun, NA
 has Béen found to erert axcitatory effects on neurons 1p the
floccu;us,‘ vhile (¢t debressZé“rﬁE firing of cells  in the
neocerebellum-(?amamﬁto, . 1967}, -Gegptaily. it has beeﬁ

considered that the  pastsynaptic action of WNA vag

ay
-

exclusively 1nbibitory and beta-receptor sediated.: Q:E&;
cts

excitations reported for NA were baelliaved to be artifa
dua to varlations in lontophoretic technidgues or anaésthesia
(Bloom, 1975; wocre and Bloom, 1979). This viev,vas held

fcr ceraballum-as™vell (Hoffar, Neff.and Siggins, 1971).

Recéﬁf ﬁindinq atudiasz have established the etistenc%‘qﬁ
botn aipha and beta receptor sites 1in the brain (U'Erichbard,
Relsaine, Kazon and Fiblgar, 1980). Szabaad (1980), has

pronosad that alpha receptors mediate  excitatory respcnses
to NA in the °~ braln, vhilg‘ beta- receptors nmediats
predorinantly inhibiltory £asponses to NAe Several lines of.
evidegcé suggast 'béte4pacapfc;- 1nvol§ement in Pufkinje

. 4
neuron depression of activity by NAe. Iscproterencl causes

',4“ Z31uilar'changaa in mean 3Plke rates as N3 (Boffer, Siggins

and Bloow, 1977b). Also, the NA response can be blocked by
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a

the spacific beta-adrénerqic antéqonists sctalol (Hofféri

Neff and éiqgins, 1971), or dichloro—isoprenaline {Freedman,

prter; and Woodward, 1975),

The pharmacology of these responsas hovever, ' retains
contrcvafsiil- In contradiction to the abovae, cther

researchars have found that Purkinje neuron excitations wvere

‘evoked by the beta adramergic agonist dacprotersnol, and

redaced by timolol, a beta adrenergic antaqonist (Basile and

'Dunwiddia, 1984). Tha sare 1investigators found that

clonidina, an alpha-z agoniat decreased the'tirinq rate qf
PMirkinie neurond 1r rat cerebellar slices (Basile apd

Dunwiddie, 198&).l

These contradictory results are pafT%ZQlarly cenfueling,

as they hav2 both bean 3Jaazonstrated 1in .wedia< in wvhich

+

synaptlc transmission was blockeds This wonld terd "to

¥

jugjest a'direct “3ffect of the pharmacologic Aqenté on the

Purkinije - neurons. Howaver, it bas recently been

demonstrated that the K+ ccncentraticn of the mediu; ”mav'

influence vhether the response tc NA-, 13 an excltaticn c¢r an
. " .f .

inhibition: (Basile . aad  Dunviddie, 1983). These
investigators heve found that 3f Np affects are £xamniped 1n

a sadium containing 3uk K+ tsimilq;/fo CSF), NA tends tc be

r—/ . -
inkibitory, wvhile !n studias carried out tn S5mM R+ (gsipilar

to pldasza) NA tends to be axcitétoév.

- 2 =
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NL TINE COUBSE o e

There vas considerable variatich in the time course of NA

action on Purkinje neuroons. Iz most cases N3 cquﬁad a

progressive decreass in firing frequency which levelded off

agpd -persisted until KA ejaection vas stoppeds In a fév cells
V4

hovever, the inhibitotv effact of NA decreased vith tiae apd

appeared to have little or no ;affe;t on.’ discharga rates.

This way have been due to an adaptation of the Pﬁr#inje

neuron to NA, .or 4ay have been. due tc NA's -action on other

inhibitorv neuronse In 30me cases,y, NA bhad a prolonged

effact wvhich persisted -after NMy ejection had Dbeen
terminated. Since . the éame.electrodé]-qas used to‘record
activities fros snbnequent neurcra, and thin lonq duration

atfact vas not necassarily observed. the effect vas believed

tc be Qre $o an dction ot NA cn the Purk1n1e neuron,: ‘QF On

‘surrounding naurong, rather than to a NA fbak fron a brcken

a" %

alectrode. . . ' ' j&\\ ; : g _ ' //'

Almcst alvavs,. followihq_;ermlnétion of NK appllcation,

there vas a markei lnéreaée in Purkin1e neu:on»\discharqe

‘which’ persietad fcr cuveral saconds.- nnd In a fev éases fcr

sevaral-minutes. This ‘affect was nost 1likely due to HA

“itself sinca It could oot be mimicked by current ejectien.

This3iéf16 contradié;ionfﬁo Engberq :Eﬁ' Ryall (1966}, who

vera able to aimick the NA affect vith current eiection-

: .
J \ . . R Moot
. X ) . N
+ . | .
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Studies urth'fgramiuﬁ-acfiﬁine ﬁropraﬁolol.“ fglloved by -

- adranerqgic receptors .on éurk1n1e 'nentods-(ntlisi Telcbhberg

b N . : .
6-0HDA " puggasting en ;gcrease 1n tlie -density of . beta.

"t1sgue culture as vell, and vere of sufficient magnitude, 1t

[

N -sanazixx_xn' B R

L. . Y e
J . . . et

~destroyed 1n” culturqp ezposad tc 6-083&. it aeanaﬂ pluunabla’

- -

that a auperaensltivitv to iA niqht develop 1n theae,

Puxkinje 'neuroni. : This auparsenaitivity spgnld express

1taelt aither as an 1nCteaaed resppnsa “to a given stirsvlus,

L} LB
*

or nfreapqnse df “equal uaqnitudé"to, a lesser atignlhu.

fluorescencé microscopy has . erabled localizatidn of . bata

Ry

-

and _dhaigahx, +1377). Th'ase ‘nvestigatore observed an

51nbe 1t appeared that the .cduld be leectively"

increasad dgﬁsft?‘.of fluorescenca follovinq treatrzent wvith

Lecaptors.Yf fhade- chanqqé iz receptor density‘,occhred in

vas expected fhat these éhauqes uonld\express thenqelves as

rd
‘m

a aupersensit*vitv tc NA as dascribed abova.

As vas revealed by the descriptive statistics for WA,
(table 2) no giqnfficant differefice vas observed batveen the
” .

6-0HDA treated cultures and the cerebelliuwm plus IC cultures.

A : .
Although 1t appeared that a screwhat smaller current wvas

required to elicit the Tsane mﬁqnitude of resonse,  tha
: /
differences ‘which exist betveen these two groups are also

nct 3lgnificant. Forhaps the lack c¢f distinction betveen

culture groups vith respect to NA sensltivity 13 1nherent in

- 6§ -

: lii .i

)

»
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the culture systenm itself. Purkinie meurdnss ‘in sur. culture. .
‘ _ by WS s

systams’, had quite lov levels 'of spontaneous activity. as -

cospared Uiteg‘simiiar ia vivo preparationsae: For. .this

reason, 1t .has baen diffrcultito compare the responses off:;:'

Purkinje nesurons to . an agent uhieh’fufther decfeuséd\fheifl‘

diraady lov. 1e€¢1 of activity. This may accougt for vhy
'sﬁpafsehsiqivitv to NA wvas not obsérved in the é-OHDA L
tre#ted qroup.' It.Ls also pcssibia that Purkinje neurcos do
not d156:?§ supersensitivity tc NA, - élthouqh a repcrt of
‘eanhanced GABA facilltgtion by N -vas reportad 1p tha
cerebellus folloving ‘6-0HDA treatﬁant (Mcises,  Hoffer,\ and
Wecdvard, 1950}. Thasga 'lnveaiiqatofs te;mepj th::\La -
"nodulatorv’supersnnsitlvitv", since the mean icntophc%gfic

currant raequirad for z patenfiation CasponfFe to NA  a2fter

treatwent with 6-0HDR was.slqniflcantiv reduced. e

Aacther greup of invastigatcrs, wusing the ‘selective NA

neurotoxic aqgent D3P4, foand nc effect either on the rumber &

of the affinltv of bsta=adreneraic receptor sites)sas
P
determined by radisliqaad birding studies in hirpocempal

cells (Dunwidite, Mucller, .Bickford apd Zahniser, 1983)s ‘=

-
-

N3 PLUS GLUTAMATE INTERBCTILONS

R
Recant 3tudle= have ghowan ‘thét iontcphoretic applicatfcn
o% YA vwhich alonel cduses littlé-ar no cha;qe cd Purkinije
neﬁron spontaneous Exacgarqe, cal potentiste GABA-Arduced
’ P

T - 55 -



j\s a B ‘ihoiaaa at ale, 19793 Yah, Hoiaaa, waterhoute and Hoodvard,
L 1979) or electrical qtinulation 1nduced (Freednan, Hotfor; .i 1%
§ ' 'Hooduard ‘and pure,  1977) 1nh1b1tiona of Purk1n1a Heurons. i
: . ) . . ;

1Althouqh-ﬂuch -4ork -bas baen conducted ...on GnBA (Hoiwes et

S T L d1e, 19793 Yoh et al., 1981; Yeh and Woodwird, 1983) . vary
I e et R h _ ]

"little vork has  baen éonducted gbn' qlutamnte ‘er other

. ezgitaﬁorv_ nbufoffanaiitta;a thﬁoisés: ats ale; ~ 19793 ;

07+ - "7 . vaterhouaa et-al.,,1980; Seqal; 1982). K }

" - : .ol " * . .. e . N L . "‘ |

Y . " . . . o - |Q . !

AR T S - C . . ) l/ !
. g + The.argument for the role of NA as a neuromodulator has

' centered on the-fact that. the potentiation, for exaarle of

>~ ~ the GABA raspoﬁsa i not a nete aunmatlion of two inhibitory «

- \\; afﬁects, even though in :uch of the werk, in uddition tc the
: "\b&ckground Hevel of act1v¢ty being reduced, the evoked

',_actlvity 13 redu;eﬂ‘as vgll. The NAh~-induted facllitation of

o«

GABA on Furkinje naurcns appears tc involve beta adremergic

receptcrs (Waterhocuse at ale, '1982); ROT® épecificallv.

beta-1 receptors (Yah and Eooﬂvard, 1983b).

Much vork has focuaed. oa the ratio of the siqnal to nolse

befora, during, and after NA applicaflbn. It hae bean found

° . that with WA applied at low levels,’ this ratlc can he

: ‘4 increeead (veodward et ale, 1979). . - . N .

In this ‘work 1t has been partfcularly 1ipteresting tc make
use of two differant neurotrangmitters vith/nhwo

qualitatively differant effacts. As  wvas  foond in wany

instancai, NA vaas capabla of augmentifq the. glutamatas
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r;abonse, vhile either holdinq- thé interpuis@. Qcéivity
conqtaht or decreasing it. The effects danohstrqted‘in thié
vdrk have been wore dranaéfé than those denoﬂstrated by
Hciﬁeauat ale " (1979), a&d hava denonstraiod'lan'abecluta
1nc£a§;e in the siqnal,. This 1s 1in contrast to an 1ncfea;e
1n only the eignal tc poias ratio by viftug of a relatively
aore depressed'lével of ép&utaneous activity thap inhibition

_of the dlutamate remponaa.

It vas very carious that in sone Purk}n1e neEurons
glutamats appaared to be potentiated by NA, while in cthers

it appearad to bBe inhibilted. The first possible axplauatdcn

tbat cawe to minl Was that there vere tvo classes of

. Purkinie neurons, some 1n which NA vas exclusively
.inhibitbrx ard soae in whtch N3 or NA receptors could in
3oma way Ilntervact with the »qlu%amato raceptcr or scme cther
intracellular mechanisrs vhicih could enhance the glutamata
Lesponses ¥ith 1ncreasingy technical exbertise, and the
ability to hold 'Purkinie naufops-for ralativcly long periods
of time, it be?nne possiﬁle tc dc several glutamate. runs

vith different ejection currents for glttamate ané ‘N&,

.
-

always holdina one constant, | It then becare clear that NA
) L3

cculd both zugment, a3 +vall as decreasa the dlutéma%g

Le3PON3a. It therefcre appears- as thouqh ﬁn nay very well

mcduiate fesponqes tn tha cantrel narvous fystem, qnd that
tvo qualitatively differant responses tay be achieved, ‘ani
thay zay daﬁead on the ¢oncentrataon oflwn. "R rgducticn 1o
dose dependent response has alsc Héen noted by S5eqal (1982).

- ‘ . - (T = . !
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A basic queafion to be considered vas vhather the .Ni.

" enhancement of -the qglutamate response was dependant go the

" presence of .LC wlth cerebellus cultures. Tvo apprcaches

/vers takea to 1nvost1§ate this.. Firét. a compariscn vas

nade of the effact of lontophoretically applied ¥B en the

glutarate respouse in culturas containing LC plus ceraebellun

~ and those contalning cerebellus alome. Second, 1t wvas

y aramined, uhat_ differences 1f .any.  qualitative or v

quantitatiée could be -observed in Purkinie neuréna folloving

LC denervatlon with 6-0HDA. Since NA could potentiate the

glutamate response 1n -cultuies containing cerebellur alone

BN

as well aa LC denervated cultures, 1t appears as thouah the
neuromodulatory rcle of NA is fudependent .of the presente of

) 9 o .
-5

Poaglbls mechanisms by which WNB nmay pctentiate the,
glutamate response have been put forvarde Madisopn and’

Nlcoll“(1982), bave attributed the potentiating effect of WA

on glutemate to a noradransrglc. block okbaccomodgticn} They
sugjest that NA acts by' blocking the calcium activated

pctassium conductaice, raducing spika frequency adaptation

vith depolarfzing 3timuli so that tlhe purbér of =srikes’

wlicited by 3ech a silnulusz 1e substantially d4increased in

tha presence\ff NAe 1In contrast, Segal (1982) has squesied-

that NA acts mnpostzynaptically to effect a 'qintéﬁata

Dctehtfatlon. He obeervad increased exciltatorv.pogtsynaptic

pctantials'vith NA on tha gkufamata reeoonee and this cannot

e e e s
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" be axplﬁ{ned. by. an acqombdption response 28 slggested by .
Haaiéon-and.nicoli (1§é2\' nor can it explain NA eliciting a
.Glutazate reaponse when none ir presgent vith qlutamate ‘2lcae
(sea figure 13}. It ls posslble that the mechanisl by vhich
NA . potenfiﬁtes the gqlutamate ' response nay | tnvclve‘
ipteracticn of tha poatsvaaptic NA and dglutamate fecrﬁtorg
(seqal, 19\8él. It 1s alsc concelvable that the dose-
dependent change fros potantiation to 1inbibition of tha
qluéamate respons;, ﬁafroccur as a resu%% of dlffﬁsion cf NA -
te mqfi remote recaptors ‘on the FN, givinq riee to
gualitativaly diffarent responses, depending on the edectican
current used;' Such qualltativly differont resfcnaes
resulting fros sciatic Varsus dendritic ~ placesent of the

elactrude have beea reported by Segal (1982).

GLOTAMALIE QUERESENSITIVITY

& C ' -

i

One . striking, tctally unexpected finding vaese a
superéedsitivitv to élutamite in 6-04DA tréated 1C rplus
cerabellum’ calture3l. - Sijpificantly lower currents vere

capable of ellciting a qlutahate response Jn 6-0HDA t;eated
rcultures, and in 3oime cazas & alutarate Trewsponse cculd ba
elicited'simplv by tufninq off the retzining current.- The

first poss@ble explenatlon tnat cdie tc aipd vas that the
r o~

6=04Dh vas not entirely aélactive fcr catecheclamines ard way™

deétgoviuq tha qranule cell popuvlatiorn as vell, Denervaticn -
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'6-0HDA.dgnerqqtéd,culturas;
. ' - ‘e 4

of the granule cella.could q{va riaé to ‘an increase nupber

' ogqulutanate receptors " on Purk1n1e naurons; and _ thereby

account for nn 1ncraased q1utanate senqitivitv. . Bovaver, a

thionine statn reva!led no observable difference in qranulé

.cell denslty for LC plus carsbellum culturee as compared to

v -

-

It a3 alsoc possiblgetnat 6-0BDA wight be acting op some

othar svsten besides the qranule cell nopulation. and that

the qlutanate auperaensltivltv right in some way be a. result

"of thise. " For erample, 1f ‘'glutasate i8 taken up by qglial

cells and 1f 6=-0HDA 1g nct entirely wspecific for

"noradfénerqic (and dopaminarqic) cells, ‘but destroys glial

. . ¢

cellas as vall, mors glutamate wculd be avallable to interact
-1

with Furkinje neurons and tbis could give rise +tc’ an

tncreased glutamats responss.

<

The second. possible é;planationr that cane to ming wvas
thatqihe LC vag oererting a tonic inhibitory influerce on

Purkinije neuronSFind razoval of thils system could al}ow

‘glutapeta =eypressiosn to u greatsr degree. Fovaever, Do

apparent {ncraase ‘1n spontanaous activity vas observed in
denerveted cultire3, as wvould bhave bean predicted by this

explanaiion. N

A third poqaihla ernlanatidﬁ. is’ that:“Nl exerfs its

effects not only on the Purkin1e cell population, but also

op the granul=a c;7i populatione. Threa pieces cf evidenca

- 70 -
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'gupport this hypotheals. Piret,  projections have beea

" demonstrated from LC to qradula cells (Kiroto, Tohyana,

- Satoh, Sakumoto, Takabashi and Shimizu, 1981) . Second, the
f¢al medium has bean found. to contain significant levels of
catecholamines (Hendelnman 'at al.., 1982). Third, i1t has

!

recently been damonstrated that 83 can enhance glutarata

A

telaase from qranula cells (Do]pbln.f1982).

If va bhava & situation vhere the LJ and . cerebellun ara
pressnt, v# bave bothk synantigally released and gndoqencusly
circuleting NM which 1le available to cause releice of

’dlutamate _fron granule ‘cells; This qlotapate . 1s
'-3vnapticai1v ;alea3ed cn to Purkinie peurcos, rainteining

the glutamate reoép;ors at" a gilven levela Fith

poradrenerqgic denerveatlon, both  the 1C fibars ané +tha.

¢circulating catécholémines are eholished and\conséquently,

40 La the glutamats lenk frow granule cells. The éurkjnja

neurons them rervond to thls'_decreased avallability of

. } - {

Jlutamets By - inecr2asing the aumber of qlutamaie_reteptcrs,

ﬁnd whén axoqenous olutamate 1= lontorhoretically ;Dplied,

ve observe a graatly enhajcad responsa due to a seccudary
denervaticn=suaversansitivity.

A pcgsible maaas.cf investigating this Lypothesis wcull

be to deasurs and _compare tne.aaéunt 'c¥ alutamate 1n_tﬁe

mediun. from the IC rplus zerebellum cultures and that froa

the cérebellur, ani €-CHDA ‘cultures. ke would of cqurse
- \

[y



.
-
DAt A

expect to find nrore qlutamate 1in the cerébellua plus IC -

cultures.

i
[
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"effact an absolute lncreasa or . asplification of the siqnal.

.

, ' CONCLUSION
! C L .
In E%ncluéion then,  this regearch bas supported the

»

concept of NA as &8 neurownodulator, but has demcnxtrated as

vell thét .HA can 9xeit_ qualitativelv'differept effects on
theq same cell vith concoaitant %applicaticn of glutamate.
Furthermora, 1n tha case of WA potantiation-qf.qlutamate. in
thaﬁ tlsau.QZUIture 'preparation NA was able not only to

lucreass the 3ignal to nclase ratic, . but ves also altle to

| -
I

Second, a way c¢tf dene;vatLQQ‘;viﬁh 6~0HDA =pd documenfatidn
of th¥s denervaticn has bean a;hieved 1n(tissue culturee. No
Quantitative differeqces vare observed vith respect to NA in
the dlfﬁeéent culture systems. The effects ¢f glutarmate
plus §A vare not qualitﬁfivaly -different in the differant

culture svsteﬁs. Thirdy supersensitivity to glutamate has

"been observed 1n  6-0HDA trqateﬁ LC- plus ceretellunm

co=-cultures, rathar uniqualy, a supe;sensitivltv seccndary

tc lanervatilorn of ipcvhar ivstem.
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