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Chapter I

Introduction

The cerebellum, ' ned w1th co- ordlnatlon of

somatic motor func@‘ he malntenance of

equilibrium and reg tone, surves as an
example of the sory 1ntedrat1ng‘
mechanisms play The integrative
influences of ect activities -at-
all levels of t cerebellar pathways

iety of different
Peceplors; includl 0\ ;neeial sense. Among

' \ e ‘s

these afferent system-fﬁﬁf; : from stretch receptors
(i;e., musci:esfr‘a“*ﬁ f{* tjgdon organ) is
especially la:%f_“_“____"_ﬁ'  ﬁ53 onveyed by the
spino—ce;ebellﬂg‘an-~s o —rebelﬂir tracta. The

principle functiénes of stretb'h rece)it‘:fiﬁl ppears to be
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effeﬂts o‘radua,l alteration of muscle ten31ons for proper
malntenance of equilibrium and posture; and 2) assures

the smooth and orderly sequence of muscular contractlons

that characterlze skilled voluntary movement.




Recent physiological studies of the functional
organization of the cerebellar cortex suggest that the
cerebellum may function as a kind of'eomputer in the

regulation and control of movement ( Llinag, " 1878 )i

The cerebellum appears to organize and integrate

information flowing to ff;ﬁv:‘ erous neural pathways.'
Ss that the cereba s éle of coordlnatlng
movement even in the abs wfcrmatlon from the

periphery of the oving. . the forebrain and
vblocklng propioc \;QQ:SﬁK~-rimental animals
: as long as the intact locomotion
‘ A en the '‘cerebellum
was lacking (Llin‘ 19451 "%he, region of the brain
h functlon ‘has been'

determlned with the g?;;11.4i 89~ is the cortex, or

europhy51ologlcal

‘studies haﬁ ﬂﬂtg ﬂﬂm weﬁﬂlm organlzauon_ '

of the ce fkbellar cortex. In partlcular, it ds
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brain argely 1nvolves oommunlcatlon among neurones :

Many reoent anatomlcal and

‘through release i T i neurotransmltters at synapses.
Theoretically, the braln_ might do with one
excitatory and one inhibitory transmitter' Until the

1960"34 the amines, acetylcholine, norepinephrine, and :



serotonin were the only well - recognized transmitters.
(H8kfelt, Johansson, Ljungdahl, Lunberg and Schultzberb,
1980). Then came on appreciation that amino acids such
as ¥ - aminobutyric acid (GABA) , glutamic acid,
aspartic acid, and glycine, might serve as transmittefs

(McLennan, 1963). A dra

ic explosion in the number
' /ame with increasing
&arious peptides may

of possible neurotr
recognition in the : e

: e opioid peptides
enkephalines, n B a stance P, were first

isolated from t A1.1980) Peptides,

such as choled ive intestinal
- polypeptide, weré
recognized as br ' ertain hyf)ovthal‘amic
- releasing hormon s," tar) ptides, and blood -

bradykinin, may

was timely,be@use pro@réss‘in peptide

chehi‘stry was fpeady to»vo‘mot-é the subsequent:
develoﬁmenﬂ—u ﬂg MH m%m ﬂé’]rfe].!gpha'rmacology.
. A consider;gle amount of € accunulated data uggest‘s ‘the
trans’%mg alﬂ ﬂimumgt%m.ﬂaaeﬂore, : the_
accurence of biologiéral‘ly active peptides with the sa_me,'_“
neurones containing classical neurotransmitter
substances have also been observed (Schultzberb and
Hockfelt, 1982). It is important to reslize that a

transmitter role seems well substantiated for a few



peptides, even crucial experimental‘evidence is lacking
fer many others, _and additional functions of
neuropeptides, as trophic factors or factors involved in
long term-events (Hﬁkfelt,eJohanssoﬁ; Ljungdahl,

Lundberg, and Schultzberg, 1980). Nor dees

ultrastructural analysis
features exclusivel e‘u»' ‘ 5 jve : F
One feature that fovnY %classes of peptide
neurone is the : A % i
1977). Althoug uggests that at
least some  pep ansmitters (Otsuka,
and Takahashi, replenishment of
peptide neurotranghi r 'Qﬁtvﬁlx ndings seems to be
different,from tha ede 31"’_f"fotransmitter. ‘This
difference is.showqéc'fr*ﬂj-  'Y in FigiI. Peptides.
' = V%oﬁeAbf the eell
‘e.rger precursor

soma, possibls

molecule withou local synthe31s in Tnherve endlngs. _As

no reupfalﬂ W‘Tﬁ ﬂmwﬂqﬂﬁ ending, every ;

single pedulde molecule released from a nerve ending
‘mus taewealaﬁ mwu%q%ﬂ E‘Iﬁ]ﬂﬁoﬂaratlvely
ineffilcient and slow mechanism should be reflected 1n'
the dynamics of synaptic events at peptide synapses
(HSkfelt et al. 1980). Perhaps peptides are _-releasea
intermittently rather than tonicaily; Sth an'

intermittent release may, however, be compensated by a
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differences between a neurone using a "classical"
Transmitter (left) and a peptide transm:.tter (mght)
(f‘r-om Hokfelt et al, 1980).
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iong duration of action. The amounts of heptide.
released may also be much smaller than those of‘
classical ﬁransmittérs. This would be in line with fhe
réther low coﬁcentrations of peptides found in the CNS.
Furthermore, peptides may activate receptoré at much low
coﬂcentrations than  51- classical transmitters,r a

%te for an inefficient

Gt

-t ftters ; ot therefdre

chemical messengers

of-the classical
onstrated that they
play modulateTy J - - ,  ’»' N ransmitter role, by
" altering the - ? :_FF % the established
neurotransmit 7 mith and Neale, 1978 ;
Hans ) Follx, hi, 1980; Hokfelt et al.

1980 : Iver:én» 976). In most cases;

however, tl '”H‘strong-enough to

support the igtua = » neqaopeptides.

‘o e T A
il B VI L ek drdzea as o rarse
- ‘tissue ;% many peptide hormoqag.' (Chénparis, Severs,
B ANT I NI LIV VAL inco o
ce;lral nervous ﬁyétem, one of_thesé hormonei;
angiotensin II (A II), produces multiple biological
effects including elevéted blood preéspre; drinking
behavior, altered renal sodium excretion, and release of

antidiuretic and adrenocorticotrophic hormones,



(Anderson, 1977 Fitzsimons, 1972; Maran and Yates,
1977; Severs and Daniels - Severs, 1973). The effect of
ATII on Eehavior is also interesting because it is one
of several peptides which have been shown to have

powerful behavioral actions (tPhillips, 1978)." Tﬁe

diversity of angioter fects in the brain suggests

that if this horme t, it would participate

in the neurop! yofwle neurcanatomical

compartments; immuneh#gtochemical results
demonstrated » ot / [IL (AT in many cells and cell
parts within (Changaris et ..aly
\oreactlve products of

‘&\opooampus, strlatum,

s thalamus : septum

1978). Thus,
AIT has been
’cerebellum,
midbrain tlssue, sortex. Hippocampus has the
highest ce: has the lowest.
(Sirett, Fo e addition,

stem and cerebellum

containﬁ a Wmﬁ et al. 1978)
Both thdudeep cereb lar nuclei an cerebellar cortex
AN "TNTT?WNWTJ Wtf’l‘ﬁ?;l"”e"“l” |

nuc!el have the rlchest density of AII positive synapses

synaptic bo ons w1th1n the bral

within the fastigial'and dentate nuclei, neurones are
studded with AII positive synapses'(Changaris et al.
1978). These neurones have the gfeatestudensit& of

immunoreactive AII, that visualize& in the rat brain



(Changaris et al..1978) . The granule cells are also
densely positive for immunoreactive AII. Numerous AII
positive fiber tracks can be visualized within the
middle cerebellarvpeduncle.VScattered amidst the
Purkinjevoells V(P'cells) are large cell processés.

These are 3 to 6 timg larger than the synapses of

cerebellar and teg . Occa81onally these

fibers course: to Purkinje cells.
(Changaris 'g. 2- A;B)Y. Most
interestingl he prohormone of
angiotensin Printz, 1978), and
converting e 372), as well as AII
- recepter (Sir Hubbard, 1977) are

also found pre .ral nervous system.

AII have. s&v ::;;‘, »="actions, but recent
‘studies have -\‘ shich this peptide
acts on the gﬂai : 1e ﬁrostsynaptic actions
of the peptldq ave now n studied exten31vely by

elemﬂ,w;m gamqwsmﬂqm

A¥I was generally apnﬁled by use af “mie 1ontophoretlc'
e wtasa\mmumwmw of AIL on
supraoptlc neurosecretory cells as well as on neurones
of subfornlcal organ produced an excitant effect.
(Otsuka andvTakahashl, 19Ty« Howeyer, all the actlons
are noﬁ specific-for the sﬁbfprnlcal organ and

microiontophoretically applied AII also excites neurones
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Figure 2 A Purkinje :

processes

Figure 2 B ~the middle cerebellar

e seen within white
matter fofsthe middle @erebellar peduncle (arrow).

e AR ST

dark field). x 600.
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AII positive fibers &
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in the hypothalamus, thalamus, medial preoptic area,
" septum and cerebral cortex (Phillis and Limarcher,

1974) .

.In the cerebellum, a significant amount of AII

(Sirett et at. 1981) ag

et 51.'1977) are demo

.and'receptor bji : n in addition,

,immunocytochemic&!---—ﬂ'; _'_4u‘ s the presence of

ing f1i ; \\\ cerebellar white

matter and dive‘ i ﬁ'fﬁ;- ~ Kfanulaf layer to

terminate as a’d feplledtion of bers surrounding
. 2o \ “

~ the Purkinje cel and Keil, 1978; Fig.

3A and B). This®ng ruV»fmﬂ ,'1 ndings suggest the

gﬁf .l -JJ 2 ; ¢ ¢
neurotransmitter roleswof AT ~the cerebellar cortex
: ok ;ffjﬁﬂ,f_: : )
with Purkinje ecel ing poss: ‘9 neurones.

IS e X

The aetign'of y. (o 'urklnalﬂcells as well as

o YTV ’al“i”i’;iirii‘;i
L 1P TN ) M

were observed that AII consistently depressed
’spontaneous firing of. Purkane cell, whereas other
‘unidentified neurones were unaffected. ‘When tested =

'against response of Purkinje cell to depressant putative



Figure 3. A and B

1

J' 1‘
pewevazgrkefleld photomlcrograph of
,?ﬁe cerebEIInn Stained for angiotensin II
(A‘II) byﬁﬁhe immunoperoxidase technique

_u- Iu‘

shows archlng whlte‘flbers contiguous to

v == Numerous white fibers
are interspersed améast Purkinje cell
(arrows): magnificétion x 300.

Nomarsky Snterference photomicrograph of
the cerebellar (Purkinje fayer shows
perineuronal fibers rich with dark,
iMmandprie@ipitat e/ smarly &hrews. The
secion 'has no counterstain; Purkinje cells
(P); magnification x 400 (From Changaris

et al, 1978).
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neurotransmitters, namely, GABA, glycine, taurine, 5-
hydroxytryptamine and noradrenaline, it was observead
that ATII specifically enhanced depressant action of
'GABA, while the responses to other sﬁbstances were
unaffected., Both A1I - induced depression of cell

firing and the AII - induced enhancement of GABA

depression were an iz by a specific GABA
antagonist, bicuc eth&pde, The results‘v
suggest that AII;iﬁﬁquﬁ' . : --ctlon on Purkinje

cells through DNt bicucplline -

gensitive GABA

- Neuropharmacolog

P o

The basic ne 'd}ﬁt;ggw' ions of the cerebellar

cortex are-summeriz{} 5. In brief, there

are two main O 1---._-__..‘—-.-7--,-:—.—;-:-—-' S ebellar cortex
LY

2
i
e

climbing and mo!w ; :_m(ber inputs exert

a strong eXﬁltatery effect on single Purkane cell.

Whereas anﬂhugo"}%q ﬁ?}‘j@‘wﬁx’}ﬂﬁls cell comes

from mossy 1ber input Fedlated through ﬂr ule cells
o QRN FUNNIEA s o
Vsynaps s on Purklnje cell dendrites. The basket and
stellate cells are also excited by granule cells via
the parallel fibers, and their outputs inhibit Purkinje
cell disch&rgé.iGolgi cells - are. excited by the mossy -

fiber collaterals and parallel fibers, and inhibited by
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BA, asket cell ST 4 stellate gell; GR, granule cell

QT EPSTTELA 0 BE re
fiber; SN, vestibular or cerebellar nucleur cell PN,
precerebellar neuron which issues mossy f‘lber', I0,
Inferior olive; LC, locus coer'uleus;, RP,A raphe nuclei.
Inhibitory neurons and synapse are in black, and
excitatory ones have been left unfilled, (From Ito,
1984).
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Purkinje cell collva.teralSy These cells inhibit granule
cells (for review see Eccles, 1973; Mouncastle, 1980

Szentagothai and Arbib, 1974).

A major inhibitory neurotransmitter in the

minobutyric acid (GABA).
‘)t line‘s of research hasg

strongly sug tﬁ is the transmitter

cerebellum is gamma

 Evidence from sev

subsf:ance for( *he cerebellum. These
are inhibitory i ' _AEeeles,\iito, and ASzentagothai ;
1967), and GA ed= \ ohoretically mimics their

“Ochi, and Sato, 1967).
This inhibitifn § bloclkedit bieuculline. (Kawaguchi,
N glveyidence that GABA
is present in Purk"' 7 anA released by this cell

‘upon stimuls 67§ Ots-uka,‘ Obata,

A S S S = S r=resr (Y

Miyata andiT " ‘ughn,j and Saito,

1978'). Seveﬂxl' evidences suggestm that 'fovur,l of thé'
five cel typel s i‘% T cort .may'use GABA as
theirrr' nﬂluﬂiﬂ‘ﬁ,ﬂ. .Wﬂﬂ_ﬂ:ﬁcells,l stellat‘e
Cei_’];" )13, ket eﬂi V 6% k4 léJ (McGeér, .
Hatiow, aaﬁ’lﬂjr, uﬁltlnm sﬂare thought |

to send inhibitory 'synapse_s to Purkinje cell dendrites
~(Anderson, Eccles, and 'V'ourh'oeve, 1964; Rushmer and
Woodwai‘d,. 1971; Woodword, _defer, Siggins, and Oliver,

1971). Basket cells send their inhibitory procésées to

014210
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Purkinje bell‘bodies in a plane at right angles to the
sarallel fibers, while Golgi cells are typically located
just below the Purkinje cell layer and their densely
'arborized axons inhibit granule cells. {Eccles and
Szpntagothal, 1967) Glutamic aoid’decarboxylase'has

been localized to nerve endings ‘surrounding Purkane

et nerve endlnds would be

_,ggfglso a llght diffuse

reaction for gs i o f»- rboxylase over the

Purkinje cells®® ' \SS&N latsuda, Roberts and

Voughn,; 197. \\ not be the only
\\ '9\ cells. Seléctive

- irradiation 1is

expected, alt

transmitter _
destruction
fdllowed by a ?n_of taurine in theA
molecular laye  ahd Aprison, 1977)
This woﬁid bel "the p0351b111ty that-

taurine istf—transoitter TOCasCd . ¢ b y at least some
; LY
[ N

stellate cel ~uﬂ'inji cell are quite

sensitive to }aurlnp (Okamoto. Quastel and Quastel,

torer, PRI PRy P FF) Grriee o sheir

dendrite (Fredprlcsqp, Veuss, Morzoratl yand McBrlde,

RN lIWTTV]EI’lﬂEI

The presént study

According to‘,electrophysiologioal study

(Tongroach et al, 1984), jontophoretic application of



'aﬁplication m

~ possible modﬁator action of
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ATI to Purkinje cells markedly enhanced the inhibitory
action of GABA , while the responses to other substances
were uneffected. The findings give rise sto the

possibility that gynaptic action of this peptide, if

any, may be _mbdul_atory '0'n  GABA actions. This
poss;ibility is 'furth}éh pported by the results that
both 'dep‘ressan‘t' | py Il and AIT - induced
enhancement of - ; t:-éere antagonized by a

(BMC)
senéitive GABA

The prés _' Luary aimed at demonstrating in
further details ;_m 1] " AII on P cell as well as
its interacktionsWith GABA s antagonists. Further

attempt ha 1;( ander to elucidate

he @ptide. Two 'methods

ave been em hyed in‘fris study.  First, mlcro-

lompﬂuﬂﬂ HLEALD W domnsstotonioar

exirl ents in order %o demonﬂtrate 1ntMct10n of the

s VAN S AL VAN EL) Qe vercnne

vy collection and blochemlcal methods, using hlgh
performance liquid - chfomatogra‘phy (HPLC), have been

performed to elucidate the effgcts of AII on the release

amounts.
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