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ABSTRACT

idiepafpieeParkinson'e"dieease'remains qﬁe'df'the comﬁenest
B neuredegeneratiﬁe'dieeaees known ﬁoday~ it-ceueee3ineepeei;
"i'te;iﬁg-eymptome_untreated but when given'febleceﬁeﬁtrneufo~ _e
'teeﬁemittefs, prineipalif-levodopa or dopamine;_eofreeﬁe :
the major featuree of the 111ness.' The'fundaﬁhnﬁal'cause'
.aﬁ nlqral dopaminerglc cell decline remains unknown, is not
prineipally genatic, but may be due to abnermal hepatic
| handllng of ﬁeurotoxins; One such putatlve ‘neurctoxin is
MPTPaWhich causes eérkineeﬁism in man and primatee, 'The
| MPTP~tréated primate nodel is thus a useful model withihe_
which new:druge;'iheluding dbpamine recepter ag6hie£e"may-

be tested.

Levodopa.remains.the mainstay of eueeeesfﬁl_pha:madotheraﬁY
_inethe treatment of Parkinson's digease. .However the last
decades have taught us that levedepa treetmehﬁ with £ime
produces problems of dyekinesias ahd unpredicteble notor
fluctuations. Hence alternate pharmacotherapy is eeught to
supplement levodopa or. possibly to clrcumvent its '
necessity. The dppamine selective agonists are a mejbf

player in this strategy and this background ehﬁburaged



analyais of novel dapamlna D-l receptor compounds (SKF
-38393 and CY 203 243) ana dopamine D—z receptor compounds B
._((+)—PHNO, CQA 206-241, Y 171555 and bromocriptlne), in

| the MPTP treated prlmatea and in man w1ba ilepathlG
:._Parkinson's dlsease.'“ |
:claarly these agents all possess individual antlparklnaon*’

ian aativmty but sumtdble comblnatlons were alse sought.

'  The reason this vas done was to further axplore the rola of

T

D—l and D=2 dopamine feceptar*intarplaf at var;oua stages T

| in the natural progressian of nigrastriatal decline.-

One b2 dopamihﬂ agﬂnist, namely bromocriptine has bean
.'f:evaluated for mara ‘than 10 years. Patients were: tested with. '
this dopamina agonist in comhination with levodopa in
moderately advanced Parkinson's dxsease and. faundfﬁsaful
'benefit as an antlﬂakinetic agent Jut, faw patienﬁa were |
ab]e in addltlon, to stop thelr 1EVOdopa. 2 longuactlnq
1evodopa preparation (Sinemet CR4) was also given to
patients but koth of these initial trials completed by 198?
.suggested severe limitations and nelthar strategy reduced |
lEVOdDPa demand.--Indegd the Sinemet CR4_tria1 patients
required more total daiiy levodopa. |

Selective dopamine receptor agoniste and antagonists were
sought to better evaluate the role of these compounds

individually as well as assess concurtent dopamine receptor



| sﬁbpopulétiéns tiﬁ"this'thésiSVthe“D—l“and D-z'receptars); T

-The M?TP—treated primate is a useful anxmal model in which o

_to address some of these issues. MPTP-treated marmosets
-were thus used to test CQA 206~291 (D—z seleﬁtive) and cY

'__2085243_(D—1 select;ve) anuzparkinsﬁnian_drug efflcacy« '

~ These néﬁelacqmpqﬁhds were testedtwith.success in the |
- MPTP-treated primate ﬁbae'l henc’e ' (+)¥PHNO, coA 206~291, éhd
CY 208—243 thereafter were applled tn man with 1dlopaﬂhlc

.Parkinaon's disease, complicated by ﬁn«off‘ﬁlnhtuations.

:These patients werd. taken off their 1evodopa while under

' supervzslon 1n hcspltal and once the drug was applied any

1ntr1nsic antiparklnsonlan act1v1ty ea51ly observed and '

' recorded.

The p-2 agonlsts were similar in action to both
tbramocrlptzne and levcdopa. They demonstrated safe
_ntlparklnsonzan motor activity and.were assoc;ated witht
_dyskiheaias. The D-1 agonist CY 208~243, but not SKF_333§3;
was also a good anti-akinetic'compound,.may-also produce |
dysklneslas in advanced Parkinscn =1 disease, and synergiaes"':

D=2 dopamine agonist drug action,

Sinte'thé'discovery-of the D~3 Iﬁmbid dopamihe receptor,
ahdéﬁqSSihly other depamine receptors, the fiald-of-drug
development remains wide open to creation and testing of

- new %eledtivé'ccmpounds. ahat still remains unknpﬁh; is



A ?;11 ST
: the best combinaapon of D-l, D~2 and now the Dm3 subtypa
'fﬁopamine receptaﬂ\stimulatian‘ Many agents stxmulate

i .
_dopamine receptorw in\various percentages and ane objectlve

in thls thasis wa% to séék a dESLrable strategy to hest i |
i*explore antxparkinpanian benaflt W1Lhout side Pffects.f Thé'

”_ _MpTP"treated primake model. ahawed that many of these nOVel

-  dopam1ne agonlsts WEra potent. Since an;mal toxlcologlval

'ffﬁgjhsafety standards have prevented further clinlcal trials  ¢'

 1  using many of these ccmpoundB, chemicals with s;milar

-structures, shoula ba further developed to 1mprove the
'therapeutic opticns best availabla in fha therapy of

: Parkin5on's di3ease..w
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CHAPTER 1
HUMAN IDIOPATHIC PARKINSON'S DISEASE
14 'Iji_i'satoi'y' and ¢linlcal features |

Tn 1817 James Parkinson descrlhed the cllnical features of B
'" Parkinson's diseaaa, or idiopathzc Parkinaon'a disesse
.(IPD) as it 15 more speclflcally krnown today We recognise
the tetrad of bradyklnesia,-(alsn akin351a and hype— |
 kinesia), rlgidlty, resting tremor and posbural 1mpa1rment

as comprising its major featursa.

While tine c¢linisal features ati presentatlon have not
uhanged over the last two centuries, the inpact nf therapy,
" especially levodopa, has changed not anly expected long-
evity but also individual quality of life. Drug reiatedf  ._
'side effects ha#e furthermorg complicatad.thé aﬁﬁidipaﬁed}-
disease progreSSioh, 1imifinq the'ﬁsg'of some drugs and
creating demanda_to find the comhinatioh_of pharﬁacclogidal'
agents that best treat the illness, Ideally one strives to .

improve mobility with least risk of adverse effects,



'charcbt (1877) gave an. accurata aacaunt of the cllnical '

:features expected in Parkinson's disease "He palnted out

'::that thg~tremor was best seen while_“restingF or when the* o

“patiént.was seated - which contrasts with carebe11a:”'
'ataxla or. intantlon tremars Whila Parkihson-himself-did

"not pay mnch attention to rigidity; Charcot emphaslsed that

' 7-trunca1 and 1imb rzgidity was commanly present in

Parkinson's d;seasg, Furthermore normal musaular power was
“'ﬁotéd”to'&cdompany bradykinesia of speech, handwriting, |
walklng and,all asao¢iated movaments. Whlle bradyk1nasma '
18 thought today to be tha major feature of 1diopathic |
-_'Parkinsan's disease, all patiehtg eventually dEVele tremar -
and rlgidity. Loss of equillbrlum with propulslon,_ |
:petropulsion-and start_hes;tatlon may.be_present,:f : -
1-¢harcotts bodks iilustrate tﬁe'typidai hand-pdsture,'flexed;
trunk, flexed upper 1imhs and knees and he in. aadition

. alluded to the progressive nature of the diseaSe._17

Gcwéré (1888) feit'Parkiﬁson'a_disease'was more.aommoh in
~males. He récorded the onset of Parkinsoen's &iseasa in
ynunger patients and- perlodlcally familial casea‘ . The
characterlstic resting ﬁremor always became bxlateral. |
Gowers mentlonad an immobile and-expressionless facies, a'
wonotonous spéech; finger and haﬁd defdrmitieéfand a -

typical gait with a stooped pasturé.



o Klnnear Wilson (1940), 1n hlS textbopk conaldered Parkin—_

son's disa ;e a rarlty with the "classlcal trlad" of tremcr
"'rigidity and flexed attitude.. He-drew attentlon to-the o

1nszdious onset of symptoms, 1nfrequent bllnklng and the .

'_ 1nevitab1e progressmon of the illness Whlle Wllson 'f

separated akLnESLa (specificaily the 1n1t1atzon of

--'movement) from bradyklnesia (rather ‘the slowness of an .

'f”  exeauted actlon) he felt they orlglnated from a s;mllar

' ﬁpathageneﬁic meahanism. Wllson, as aida Charpot, pemained f;

'.funconVanad that dementla was part nf ldlopathlc f'

| TParkinson's dasease - rather bradyphrenia represented

- uretarded axecutmon“_of_the mqtor thougnt process.

 Hoehn and Yahr (1957) 1n their‘survey of the illness,

: auggest that age of onset assumes a gasserian dlstrlbution o

'with a medlan cf 55 yeara (range 17~80).. An lnclﬁence of

" 20 per 100 000" ang prevalenre of -187 per 100 000 has bean -
suggested (Kurkland, 1953 Martlla, 1937) A sex inc1dence
_ratlo of 332 is fcund wmth males sllghtly predommnatmng.
While lt is thought to be. much rarer in Negroid (Reef |
_1977) compared with Caucaslan pcpulations, thls Observatlon
is not found in North American hlacks (Sthenberg et ai.,
:1932) | - | |

Typically the iilness:ﬁaé an iﬁéidibus onéat; with'éloﬁnésé -
of mbvemént and_tremor'tha fifét:néted éfmpﬁdms,.fcdmmbﬁly

Parkinson's disease may-beéin uhilaterally, deteriorate and



eventuaily-booome bilateral, Inltially, while patlents may :
fn°t show a resting tremor, they all w111 aemonstrate |
f bradgkineaia.._c1a551cally-tremor is of:4Hz froquency-
'_(?ange.4-7sz, which may disaﬁpear”ﬂiﬁh.actiVE moVement,'.
:but always has a resting oomponont Addltionally gome
| patients however mal demonstrate a postural tremox.
-:;Bradykinesma_may be referred tooas 1ethargy, diminished!l
 .drive,jsti£fneos; d?agging ofulimbé-or_difficulty;gottinq,
_ out. of ohaigé or-tufhing infbed._iheée symptoms may all,be _,.
| aooeﬁfoated by . daprosoion.foften the last'symptom to- |

| develop in idlopathio Parkinson‘s disease is postural

_imbalance which 15 aqgravated by 1035 of oonfldenoe and may;'jﬁ

be assoclated Wlth fallimgr

_cognitive.funotion in idiopathicfparkinSon's.diaease is"
v'diffioolt¥to'intorprot; ‘While as many as 30% of advanoed
"Parkinsonian patlents show slow;ng of cognltlve function,
many may haVe ooncomltant Altzheimers domentla or drug
induded bluntlng of intellect {Mayeau, 1983). The-dementia
is. dESerbed as “sub—cortioal“ in ‘nature, 1mplying that:
the thought and memory recall prooess is- szmply slowed dowm
but not factually inaocurate. While Parkinsonian patlents '
have no_memory-problem, rather slowness in recall;(bradyup'_
9hrenia) thera nay be deteotable dlffi'ulties in spatlal
perceptions (Lees and Smlth; 1983; Stern 1983) :t.maoby
no_meana:ineVLtable:that-advanoed parkinsonian pationts_ |

 will finally dement. Henoe-whiig.betWeén.10*20% patients,



. by strict criteria will appear demented,'this needs ‘more g
o careful clariflcatlon before assumlng this is an. lntegral B

o part of Parklnson s disease.

1.2 Diagoos!s _Of:idi_opathlc Parkinson’s Jlsease

':;Idiopathio Parklneon's disease dlffers from symptomatic
.parklnsonlsm and the “parkinson's plug" syndromes (Table
.1u1) The most common cause of the rigid aklnetio state 153'
'f.;idiopathidfnewy body positlve Parkinson's disease, Whldh inu-_'
.:additlon to the typical symptom trlad, demonstrates N
dlevodopa reeponsiveness in the early steges.. Idiopathlo

'3Park1nson'e dlsease does not show early or striking

| 71abnorma11t1es in oognitlve functmon, significant

'”,oculomotor; PYramldal, sensory or cerebellar

abnormalitles, At necropsy 1diopathic Parklnson S dlsease
fshows"degeneratlon of the pigmented neuromelen;n containlng”"
nuclei;;due-to the death of dopamine cells in the substan-
tia nigra. .Prior.to the edVEnt of the'neurotoxin NemethYl
4-phenyl 1,2,3,6 tetrahydropyrldine (MPTP}, the illness,
predomlnated in the elderly population, however young onset
and even juvenile cases have been rarely dooumented
(Wilson, 1940) Drug induced parklnsonmem is a problem-
today with widespread use of dopamlne entagoniets (Tabla N
1.2). Clearly today in the younger population other

‘syndromes such as Wilson's disease, Hallervorden~89atz:¢



LThﬂeid'

_T_he.cau_Ses of symptomatic "parkinsonism™ and the “parkinson’s plus” syndromes -

uParkihson's diseaSe'(Léﬁy*bédy'diSéase)::' 
-Postencephalltxc parkinsonism

Encephalltls 1etharg1ca (vnn Economo's dlseaseJ
" pkher viral encephalitidies_."¢ _ S
Syphilis- ' ;

"-_'Druguinduced parkxnsonism

Dopamlne receptor blcckers o
 Inhibitors of dopamine synthesis _ '
- Dopamine storage lnhlbitors (Reserpine,_
“Tetrabenazine) _
Alphamethyldopa
B Lithium o

"Neuronal System Degeneratlnns with varlable cccurrence o

of parkinsonian features
Multlple-System Atrophy

Ollvo-ponto—cerebellar atrophy
“gtriatonigral degeneration

. Shy-Drager syndrome

‘Familial parkinsonism w1th deprES51on

Dominant 011VGpontocerebellar atrophy (multlple
types)
Glutamate dehydrogenase deficiency '
Progressive supranuclear palsy
Corticobasal degeneration
Hallervorden-Spatz disease '
Primary paliidal atrophy (varled types) _
Idiopathic dystoniasparkinsonism -
Corticodentatonigral degeneration

- Hemiatrophy with hemiparkinsonism

" Guam disease. (Parklnsonism~ALA-Dementia complex)
Alzheimer's or Pick's disease _



' Tabh;L1(§onﬁhuédi:

7

. MEtaholic disarders

Wllson 8. disease;
Acqulred hepatocerebral degeneration

”'Q¥ Tgxicafsncepnaldpathies

MPTP~-induced parkinQOnism S '
Carbon monaxide, Carbpn disulphldé, Cyanlde,
Methanol.-- o o

Paeudoparklnsonn.sm, :.me., various disorders which on
zoccasion may present parkinaan-llke features g

' Hypor-and hyper-parathyroidlsm _
. Normal pressure hydrocephalus:
erauzfeld*-Jacob disease .
. Gait apxaxlas (various types and aauses)
. Chronic post-traumatic encephalopathy
" Cerebral arteriosclerosis
 Lacunar infarction. - .
. multi-infaret brain
/- Brdain tumour : '
. Subdural haematoma
Syringomeésencephalia
Spinocerebellarnigral dageneratlon Co
- ';Parkinsonism with ataxia and neuropathy

Mlscellanecus
" Juvenile dystonla—parklnsnnlsm syndroms =

Idiopathic basal ganglia C&ldlflﬂatlon _
CQngenltaz 1esions :



 List.of dopamine feéapto_r' anfagbnisté or “neuroleptic™ agerity "

: 'GENERIC NAmEf o

. weae am

' PHENOTHIAZINES =

'Uchlorpromaz1ne

trifluopromazineg

.. thioridazine

mesoridazine .

piperacetazine - -
; ,fluphenazlne

: trlfluoperazlng

.perphena21ne

:_-butaperazine ,
'-prochlorpraazlne o
. metotrimeperazine
- promethazine: -~ -

acetophenazine

~triethylperazine

promazine - =

- largactil
. parstelin
~sparine

melleril-

- serentil
D quide
- anatensol. ~
- modecate -
~ stelazine .
- trilafon :
. etraphon
repoise

clopazine
levoprome.

- phenergan - . -

tindal

'tprecan_

 BUTRYOPHENONES

" haléperidol
© benperidol

~droperidol
- oxiperomide

serenace
anqull

" innovar

DIPHENYLBUTRYL- .

PIPERIDINE .
' DERIVATIVES

trifiuperidol

-.pimozide o
penfluridol

 fluspirilene

~ ¢hlopimezide

””psicnperldol

'orap

" -

THIOXANTHENES

flupenthixol

-chlorprathixene :
. ¢lopenthixol

- thiothixene o
- zuclopenthixol =

. £lnanxol
_ taractan-'

;”7navane
__éloplxal




" “Table 1.2 {continued)

| PREPARATIONS .

. zuc1openth1xo1
' ;fluphena21ne deccnate:j::
'ﬁ'haloperldol deconata ST
flupenthixol deconate]

: pipothiazina deccnate B

clopixel
- depot- _
~ - moducate

depot -

haldel
T depot <
- fluenoxal
. depot
. piportil
- depot

" DIBENZODTAZHPINES

f]elothiaplne o
-..clazapzne

- etomine
leponex

 SUBSTITUTED

| BENZAMIDE

N sulplrzde ST -
=-metoc1npramide A

eglonyl

. maxalon

' PHENOTHIAZINE
DERIVATIVES -
USED AS

o ANTI~ EMETICS |

tg. .

__pfomethaz;ne
. pericyazine : -
L Tprochlorperazine o

- dixyrazine .

- phenergan
‘neuwlactil

stugeron

asucos |



' dlsease, juvenile Huntington's and other 1llnesses, that'

'[ may b& assoclated w1th the rlgld-akinetie state, need ;

'exclugkon., Young unset of disease, ;ack oF - 1n1t1al

A"
i}\

' f_levedopa xesponsiveness,'"non-Pgrklnsonian“ neurologlc '
-51gns, early dementia ox postura¢ hypoten51nn Wlth severe__ 
' _autonomic dysfunctian requlres further 1nvest1gatzon to

= exclude alternate conditions.'

" 1.3 Aetiology of idiopathic Parkinson’s disease o ) N
";Genetic or environmental expcsure is thought te cause
*fdopamlnergic cell daath in the substantia nigra. _Early in

‘the 1980's genetic facnors_were c0nsidered 1ess.1ikély

aince it was. shown that'thé concordance-réte'betwéen'an

affected twin suffarlng from 1d10pathic Parklnson's diseasa o

_ and the matchlng thn, event though they cften grew up 1n a {
similar environment,_was not increased, Furthermore when
uuubaring'monszgotic'té dizygotic twins there was no-
gfeater_ risk regﬁrding their lika_lihood of deve-lbping
idiopathic P&rkinson‘s'diéeaég ét'azlat%r;date fﬁé&d et 
‘ai.;.iééa) .'Hence while éstimétes of'iUFls%“of.idiopﬁfhic
Parkinson s disease sufferers may have a partlcular famllf
history, this data 1ndlcate- *hat therea is no 1mportant
Hendellan 1nherited prediéposztlon to Parkmnson 8 dlsease

 (Ward P—t al., 1983; Duvmson. 1981, Eldr:.dge 1934). -



Also in tha'1éaois thevneﬁrotdxiniE?Tp.ﬁaé'ideﬁfifiééfas;j_'””

| causing neuropatholagical, neurochemlcal and Cllnlcal |
. features of parklnscnlsm in humans and prlmates, If HPTP

'or MPP+ (Chlba et al., 1984) can. kill dopamlne cells
selectlvely, the search to flnd an. “MPTP-llke" toxlc '_
env;ronmental 1nsu1t becomes-very 1mportant. However after -
a_fmany years no such.toxln, in splte of the many compaunds :

?tested, has emergad (Tanner, 1989) .

-Whileiiﬁ appears idiépathic_Parkinscn'sﬁdiSeaéé.ié_nﬁt
inhéritedzfdllawing ﬂéﬁdéiian'geﬁetic patterns thé~pbssi‘ |
_ :hlllty remalns that 1nd1v1duals may - metabolise toxmns at |
_.differlng rates. Thls hypoth351s squests that the liver
._'detoxlfylng enzyme systems, whlﬁh are genetlcally dlctated,9 
may handle a toxic. insult by . dlffering cellular mechanlsma |
and rates thus,allowxng_a_pptentlal toxin tp-be more_harmr'
ful in a selected group of slow detoxifiers.. Evidence has
_recently emerged'that'amohgnidiopathié Parkinéan's disease 
sufferers there is slower and differing hepatzc conjugatlon~
systems (Wllllams et al., 1989),: regardlng the handling of
'debrlsqqulne and cystene. ‘This data_hQWever requires_indee'

 pendent confirmation. -

The method mpp+ toxicity occurs is known to 1nvoke tha
mnnoamlne "B“_(MAO "B") enzyme system. This enzvme not :
only converts MPTP to MPP' via MPDP, but is also-responw-

siblg Eoxr levodopa breakdo;:. _Normal MAO "B" levels differ



in various recief:groﬁﬁe, ihorease*witﬁ"ege'advanoerena'méi B
.Lln some way be responsible for a susceptibility to develop

'_parklnEonism- Two 1ndlreot pzeoes of evidence lend support

- to dlfferent MAO “B“ enzyme aotlvity and individual

esusceptlbllety._:Flrstly,_smoking_whlch_depleteeuﬁao ﬂﬁﬁe

- oentrally-is’thotht fofbeeless common among idiogethio"

’-_?arklnson e dlseaee sufferers;i Secondly, seleglline

_-(Eldepryl or Deprenyl) an antlparklnsonlan drug and Mko e"
- inhlbltor may haVe a neuroprotectlve effect in 1&10pathlc

”Parklnson's dlsease lTetrud and Langston, 1989, Shoulson et

' H“ai‘,_The Barkinsonls Study Group 1989) Furthermore in the.

MPTPiprimatefmoﬁel-ef“perkineonism it7has been shown that._
 -ee1eg1line, a MAO B: L lnhib;tor, prevents MPP*‘B toxio  nf'
'_'mltochondrial'lnsuiu (Helkkala, 1984; Lanqston 1984} .
;'comblnatlon of hoth 1nd1vidua1 genetlo ﬂxedlspoeltmon and aa#é
';'subsequent secondary environmental 1nsul* to dopamlne celle  .
;lS emerglng ag a po351ble aetiologlc oauee of 1dlopathio o
'eParkinson's diSease (Iangston and Calne, 1985) .
The rationale of u31ng a monoamlne ox1dAEe "B" blooklng
drug was orlqlnally proposed to 1educe exogenous 1evodope .
breakdown by inhibiting oxldatlve;deamlnation_of-dopamine jﬂﬁ-h
hence:amp1ifyih§?the“€ﬁéraoeﬁtio:feeolﬁ'aod'eieoiﬁheofegrﬂu
| ioelly'ihhibitiﬁg-dfseéee proqfeesion bv'ihterfereece Witﬂﬁy' .
dopamine cell mltoohOhurial 1nsu1t (Blrkmayer et al., ;;f'

”1975)
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 since selegiline selectively inhibits the MAD "B" ‘enzyme it

does not produce adverse effect- found with ather

Inan-selactive Mho—lnhmhitmrs¢_ Seleglllna 1s metabolised

" to mpthamphetamine and amphetamxne ‘{Reynolds et al‘, 19?8),

o

'these catecholamlnes are able to stimulate the dopamine

receptors (Kngll, 1978). clinlcal trials show pogentiatlon
of levodopa (Birkmeyer et al., 1975, !ahr et al., 1978)

| “especmally in patients who have lost 1avodopa reaponsive—
ness. othars reporting an antldepresaant effeat of
'selegillne (Elsler et al., 1981, Mendlewicz and Youdlm,-

'198?) ‘were less 1mpressed wmth the antiparklnsonlan

potentlal of Seleglllne versus plaaebc._ Some patients_ ?-

received Beleglllne with success in improvang motor

| fluatuations (Yahr, l978, Rinne et al., 1978, Schacter et

als, 1980), but nat regardlng freezing (Lees et al.,

1977) There ls no evidence that monoamlne oxidase "B"

lnhlbltors reduce nigral dopamine cell death in human

 1diopathia Parkinson's dlseasa (Yahr, 1938)

- Another theory is that a tuxic_metabolite_suah_as Fe?t

may progressively accumulate withinfthe substantia nigra

_and that subsequent free. ‘radical formation nay be

damagmngs Evidence for this lattar p0351billty 15 ﬁhat
excess free iron is found and the 1ron hlnding protein
ferrltln is, contrary to expectatlon, ‘reduced in idiopathzc

Parkinson's disease compared w1th age matched ccntrols;



14

.Free radlcal suppression with Vltamins E and c and other
antiox:dants may slow dlsease progre551on (Fahn and '
_Shoulson et al., 1989).
_.A_furﬁhereeetiologieepessibility has been;propoeeg;m’éga;g o
:ggg;gnMPTP-likeftexic.iﬁfiuence may damege.ﬁhe'deeeleping
| eehtralfnervoue eyetEm'thereby'producing'Subciihieai'nigral'e
__‘cell damage that will enly become apparent with expected

 age attrltlon 1n the future (Marsden, 1990}.

JEvidence'ageihet the.envirenmehtel ﬁypothesis*is'the lack
of ebvious'clﬁsters ef'PérP&necn's dieease'ouﬁbfeake; the
observation that disease prevalence is not . changing and

- except for the influenza induced encephalltiewletharglca
asseciation with perklnsonlsm no vmruees ‘have been con-
sistently aeenciated.wiﬁh Parkinson's diéease.. Eurthexeere
conjugei Parkinson's is rave in 5pite of.marriegés iasting
| nany deeadee, suggestiné that the epeuee-of-tﬁe affeeted-
individual, whxle ceneomltantly subjected to env1ronmental

toxic 1nsu1ts, is at no greater risk

In summary while the aetiological mechanism in idiopathic
Parkinson's disease remains unknown it is,likely.to'be"
multifactorial. The susceptikle individual, exposed to a
subsequent environmental insult which cannot be eultably

detoxified, remains speculative,
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1.4 Biochemistry of idiopathic Parkinson's disease =

jWhile the neurepathology in 1dlopathlc Parkinson! B dleeaee;_‘
is well defined (Jellinger, 1986) the biochemical mechan—:fff

: isms of human 1d;opathic Parkznsog!s_diseaee ramain_;ncomu'z
;Pletely understood. The earliest established fact to _{'“
"-emerge and. etlmulate biochemical research was striatal |
dcpamine depletlon (Ehringer and Hornyklewicz, 1960) Thlse;
section will briefly review the established important bio-
chemical markers thought to be 1mportant in idiupethic
| -Parkinson's diSease (McGear at al., 19847 Agld et al X
1937) '

1.441 . The higroet?iaﬁal,depamine_syetém.

Topegtaphieal.dopamine_less,'with roetra-medial_etriaﬁei
greater than ventro-lateral striatal cell declime (Fahn et
al,, 1971; Kish et al., 1986, Ehringer and Hernykiewicz,_
1960;) concomitantly parallels nigral dopamine cell loss
(Bernheimer et al. 1973 Javoy-Agid et al., 1981) _Thls is
espe01ally 80 in_the putamen but must be_treated.w;th cau~-
tion since it arises frem'homegeﬁised.human Eiseue and
direct HPLC measurements of dopamlne in sampled areas
However theee results have heen reproduced in many |

centres, Indirect cbnfmrmat;an comes from-decreaeed'etria*
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:__ﬁal'ﬁﬁrbsine h?drdxylase:ana'Dé?afaegafbdxylése”éﬁéyme'
‘activity (Bleyd et al., 19753 Rinne et al., 19751; de-
'creased bpeclflc aminerglc nerve terminal radiolabelled

"..markers (Schoemaker et al.: 1985), decreased dopamlne -
.metabnlites (sp301flcally DOPAC and HVA) in SN and strlatum _
 (Bernhe1mer et al., 1973; Lloyd et al., 19?5) and flnally

| reduced 1evels of HVA in the' urlne and CSF of patlents S

E (Barbeau et al., 1961; Weil~Malherba and van Buran,_1969,

W

- Olson and Roos, 1968)

1;4.2“'f "ﬁ--f"Tné'mééoliﬁsocbrticai'éystem';”

.Man suffering from Parklnson s dlsease, shows narmal
dopamlnergic cells and hmgher dopanine cancentratiuna in
‘the mesencephalic ventral tegmantal areas compared with the
1ateral suhstantia niqra Javayhhgid et al ' 1981) ' _
ICortical_and_limbic target sites show normal_amounts of

| aapaminé*in*éarmy-iaiopathic-pafkinsonisfaisaasa (Price et
al., 1978 Scatton et a1¢,' 983) suggesting that the
“limbic" dopaminargic pathway is less severely involved in
Parkinson's disease. Tt should be noted that the mesolim—"
'.bocortlcal pathway is sparse (+500 times less densa) when |
compared with the nigrostriatal pathwiy ‘and anatcmically
_supplles diﬁferent target sites (Scattcn et al., 1983),
There is also ev1dence that in advancad ParklnSQn's o

'disease, rhe mesallmbocortical pathway degenerates, since
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. 40~ 60% decreases are found in theae dopamlnerglc target
sxtey (Price et al ' 19?& -Scatton et al., 1983) | Morpho—
1og1aa1 av1d¢nce suggests some VTA dopamlne cell loss,
: reduced TH stalnlng and reduced dopamlne concentrationa
*(Javoy—Agid et al., 1982 and 1&84, Uhl et al., 1985) It
ramains aifficult to estlmate how much noradranerglc input
.-frcm the VTA accounts fp;_the-targgt zong limbis dopamine:w
n gic flndxngs The-masblimbocarticalusj%tem'is'nét”eﬁtirely
.normal in. human idlopathlc ‘Parkinson's dlsease (Agld et

ali F 198?) - - ’ .:. . = ..-.';;;

TTha hypothalamic, neurcen&ocrine dopamlna systema and bralnw
-,stem 15 60% &apleted in parklnsonlans compared with -
controls. Spinal coxd concentratzons of dopamxne are un-—

S

:'affeated (scatton et al., 1986} .
In sumary it appears, with the possible exceptibn of the
spinal cord, that all dopaminergic systems may be depleted
(<60%) in Parkinson's disease. However the nmgrostriatal .
system, especially the. putamenal radlatlons, are. ghe WOrst )

affected_(<20%) i
SN TL DD : ¢ompensatoryybic¢hemical meGhahismS ”..
" Adjustments both pra and postsynaptically occur following

' dsoreased dopaminergic input into the neostriatum. The

activity of surviving dopaminergic neurones is commonly
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iestimated by caloulating the. HVA/dopamine ratio. The
_dopamine metabolite HVA reflects the amount of dopamine
idegradation thus indirootly allowing an indication of over~
_' all dopam:no turnover.: Dopamine reoeptor density, both D~
: and n—z, and their bioohomioal affinity refleot posth .
\synaptlc dopamine pathway status. Evidenoe that surv;v1ng

: dopamino neurones WQrk harder arises from tho obsorvation

'ﬂ that DOPAC and HVA onntent ‘in postmortem tlsoue is consmst~

-:ontly 1oss than the reduction of ﬂopamine (HornykloW1cz,'

1979; Scatton et al., 1984).' This functional hypoﬁaotivity |

occurs When'50~60% oollo'of tho'SNc'are'dostroyed,'markedTy S

‘*_1noroases to 90% oell loos and fallo off once less than 10%
cells romain (Agid ot al., 1973' Hefti et al., 1980,'
_Zigmond et-alf, 1984) : Small 1e51ono, destroying less than
50% of niqral dopamine cells, thus remain asymptomatio W1th
'_physiologlcal oompensation._Onoe greater ‘than 90% oell |
- losg, the funotional phyoiological hyperaotlvity will
fail{_ Thereafter insufficient nlgral cell dopamlne output
will neod to rely upon dopamine postaynaptio rooeptor hq[rpor--~ |
sens;tiV1ty (creece and Snyder, 1979) " At this point motor_.
'signs and bfhﬁVioural ohanges ooour (Melamed at al., _
'i1982) This increase in dopamino output ocours princlpally
in the nigrootriatal tract, 1eso in the mosolimhooortical i
tract and not in the corticostriatal traots._ The-impllca—o
tion of this is that either: o '
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a) The mesolimbocortlcal tract 15 not damaged or theso -
nourones oannot phy51olog1oally increase their meta-'

bolic_rates_(Javoy-Agid et,al.; 1984) .

: b).Dopamine turnb%or is also inofoosed"in theoSNr
(Bokobza et al., 1984) but remains decreased compared
’ w;th normal controls. ‘This results in’ funct1onal modi-['
o floatlon of striatal dopamlne metabollsm.sinoe dopamine;
'_1tself influences the release of dopamine ipsilaterally'
(Cherany et al. 1981) and probably contralatorally |
(Bjdrklund and Lindvall, 1984}

'--mIn addltlon othor systems suoh as the th&lamus and bra1n~

| stom teéctun, may he influenced by docreased dEHdrlth |

' dopamino in_tpo SNr (Rinvﬂk.et_al., 1976).

ﬁﬁidence'ﬁhot tho dogamine target.réceptoré_functionoliy

| adﬁost arises from a.ooobination of biochemic&i (CreEGo'and
‘Synder, 1979; Guerin et al., 1885), phafmacolOQical' .

. (Ungerstedt, 1971) and eleotrophysioiogical_(Ohe et al.,

' 1970, Carlsson et al., 1957) studios,'.contrasting reﬁorts

of the D-2 receptor status have appeared, shown to be in~-
treased (Lee et al., 1978} decreased- (Raislne et al., 1977)
or dependant upon. the stage of.xllness, to be increased or |

normal (Lee et al,, 1978; Rinne et el 1981) _Sihoe_this_

depends on the sites sampled, Agid pools the availoble: -

data, the consensus of whioh_indioatos-increasod.nfz

 receptor density in putamen (dorsal striatum), but not



: __g'o_'

‘caudate or nuoleue eccumbensf(ventral striatum)-(hgid et;o;:f'

“als,. 1987). Density of D-z reoeptors apparently does not

”’ohange Wlth advance of the disease (Gutfman et al., 1986)

. ”'le receptor density is also oontroversial, beinq increased

"(Nagatsu et al., 1973), or decreased (Reiderer et al.-
1978; shibuya, 1979) when judged by dopamine sensit;ve )
'eadenylate cyolase.- Radlollqand binding ‘studies ehow elther

= unehanqed D~1 reeeptors in putamen (leoule st al., 1985),

'"e'or 1ncreased D—l reoeptors (Raxeman et alo, 1985' Rlnne et

.al., 1985) Interpretatlon of data also dependa upon the
ﬁ:lnfluences of 1evodopa treatment (Ralsnam et al v 1985,
_.Rlnne et al«, 1985). Receptore should be evaluated w1th
.caution in the substantla nigra, but D-z receptors are
' thought to remain normal Whlle D—l reoeptor dens;ty de—

| oreases (Rlnne et al., 1985)

'oIn'oondlusioﬁ,'the"remaihioé nig?aleaopaminehﬁells beoome
| functionally—hyperaotive to maintein nigrostriatal output.
Once these forwarﬁlng dopamlne cella fall, botb post—*
synaptlc D—l and D=2 striatal receptor types’ multiply becom-
-ing more . aetive. Thie temporarlly restores basal ganglla
ffunction and this physmologlcal adaptatlon may be 1n-
fluenced or even reversed by 1evodopa (Lee et al., 1978,
Rinne et al., 1981) or dopamlne agonlst therapy {Riederer
 _et al., 1983) Thls theory is not arcepted by all (Bokobze .
et al., 1984). Agid proposes a gtaged . blochemlcal degern-~ |

‘eration process. -Initiallysthe:nmgraljdopamlneacells-com—'
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.ppensate with 1ncreased dopamine output, “then partial dccompﬂ_
.  ensation occurs when the postsynaptic dopamlne receptors o
.become hypersensmt1Ve but do- not increase in numher.;
:anally deccmpensatlon (w1th >90% nigral cell body 1&55)
:Where-dnpamine output falls and a conSequentlal 1ncrease in
"342 {and D- 1} receptor numbars and activ;ty occurs in
H"parallel with advancing symptoms. Whila-drugs may-reversé_~:
-_'all stages*af;the disease, physi@lugioal adaptatlon will k

_-ultlmately fail ence suffic;ent SNe dopamine cells dla_-

(Hornylctewicz, 1966 and 1979, Agm et a:L.,, 1973 and 1987}

S ol.404 Qq_DéQenér&ﬁioﬁnbf'other ascending systémé ’

_ Pathe1ogica11y,_the ventral meaencephalon (substantia :

- nlgra, compacta, reticulata more than the VTA) and ether

brainstem nuclei are abnormal The 1ocus ceruleus, raphe
nuclei and. the nucleus basalis of - Heynart all deqenerate |
(Jelllnger, 1986)._ The asqehdlng noradrenergic, serotnn1n~'
erglc and chollnerglc syatema thus are also. llkely to be -

involved in Parklnson 8 dlsease (Agmd et al., 1987)

Noradrenergic Sysﬁem _

Two ascending NA pathways are identified, one dorsal from



* ocus ceruleus to neocortex and linbic forebrain, one
~1'vent£51 frem'1bwef~braihetem'to:hfpothaiéeuQVahdigucleust
-1nterstitialis etrxa terminals. The 1ocus5ceru1eue-isethe
| -fulcrum, prcviding input 1nto hoth the ventral and: dorsal
eeftracts of the human. braln Thls 15 simllar to the rodent

regarding noradrenergac dlstrlbution (Farley et al. ,:

"1976) | Nwradrenalln is 4o~70% below normal in the neocor--_.'

'__ltex and limhlc areas of the nucleus accumbens, amygdala and"-

'”hlppocampue (Agld et al., 1987)._ Qell 1053 in the- 1ocue

7¢eru1eue, decreased target site noradrenallne ccncentrat-s~"

':_ ions and th51r metabolltes suggemt degeneratlan cf thls-ee

 'eyetem (Rlederer et al B 19?7)¢.-Adrenergmc-system

' receptore change as a consequence, the heta—l receptere o
_ :.Whldh 1ncrease, whlle &lpha—z reaeptors decrease. The
.--:'heta—ﬁ and alpha—l receptors reﬁaln unenanged (Casﬁ et al;,'

_'1984).| Increases in beta~1 receptorsxmay be due. to&p

l_synaptlc hypereensitivity and daecreased alpha-z recebtors'g

| may rerlect presynaptic localisation of adrenergic tbr—

" minals (Agid et al., 1987) 'The central noradrenergl&

pathwaye are variably damaged in parkinson's dlsease, Wthh -
may - explaln ‘the 1ntellectual deterioratlon 0f some
patments. This is maznly found to affect the dorsal tract
' (relatlvely eparing the ventral NA traet) thereby markedly

reducing noradrenalin in the frontal cortex.~z.

cst—- o
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Serotoninergic system

:7Twa-éerotoninérgic-sy9£eﬁs aiéﬁidénﬁifiéd in'aﬁiméls; thp~'
aacending mesencephallc raphe naclel ta the forebraln and
:the descendlng pontlne raphe nuclei to tha spmna‘ cord
f (Ste1nbusch, 1984)._'Serotun1n.and its major“metabolltes~

' mhydraxylndole~acet1c acld (S—HIAA) are found in greatest -
L'concentratlons-in the substantlaanxgra, strlatumf amygdala
  and spinal gord (Relderer and Wlnket~rh, 1976, Scattan et
l‘, 1984) . Beretonin is reduced (bu &0%) :m the \:Eorebra:i.n

-{basal ganglia, hlppocampus and cerebral cartex), #aphe

'*:'nuclei,-spinal-cord=and-hypothalamus (Berkheimer-egiél.,-

o 1951, Fahn et al., 1971; Reiderer and Winketich, 1976,

Scatton at al., 1983 and 1986, COnte—Devolx et al., 1985)
"Suatton et al (1984) found normal values in the amygdala,
"accumbens, VTA, SNr, c1ngu1ate and entorh1na1 cortices in
parkinsanlans_compared wmth controls. Serotonin_regaptorsh1_,
:(5~HT1“and’54HT2'typesj£do ot ehange in~Parkihsdﬁ's  .
disease in the éoﬁtéx,_striatum (ﬁerry=ét al.,1984) but

' increased S5HIAA/serctonin ratios'in'thé surviﬁing-serotpﬂin
heﬁroﬁes.éfe.found'(Agi&'et al;,,lsavj;:'The.impaét.af o
'sefotchinergié sysééms in man witﬁ Pafkinson*s diseasé.i§
uncertain, but these mechanisms do not affect motor
activity (Chase, 1972) or tremor (Goldstein et al., 1969).
Tﬁey may héweve:_influence'1eafﬂihq behaﬁibﬁr“xsfeen;and]

~ Heal, 1985} Hardy eﬁiala, 1585);-deﬁreésioﬂ-éndfcdgnitivé

function (Van Praag, 1982; Cash et al., 1985).



"Lcoolinérgio'sysﬁémoc
" The c::hol_i:_c're.ri_:iié' Sys{ioﬁls 1n thg".brain- maij(' bé_' subdiﬁided" PR
| the'short.neurones infrinsio-to br&in.nﬁoiei'and-loﬁgefo' |

=;f1bres which connect the basal forebraln and hralnstem to

- the subcortlcal structures and cortex.{ Striatal ahollnerglc
-'neurones comprise less than 1% of ‘the strlatal mlcro—-'
-archltecture. Further detalls of the 1ntricate ohollnerglc

'o_pathways and thelr 1nterconnecticns are unknown. The
:chollnergic oells in the basal forebraln ‘have major
fprojection smtes to the olfactory bulb,-cerebral cortex,'
_;amygdala, hlppocampus and thalamus, Heocortical fibres

| or;ginate in the nucleus hasalls of Meynert and from the |

;pedunoulopontine nuG.A1s. Hippocampal fibres orlglnate from-

 the septum and dlagonal band of Brooa.

'_ Thé ohoiioérgicomoikefkcotecolaminotronsforaoe'(CAT) apooofé'
'.normal in the striatumfln Parkinson‘s dlsease {McGear, 1976,_
JavoyhAgld et al., 1980) but has been reported to be 1ow in
some studies {Lloyd et al.; 1975 Resine et al., 1977).
Pathological awreement-thatfthe striatium appears_
.'Hmioroscopicallyfnofmal'in.idiopathic'Parkiﬁéon's_diéeasé.and
normal'CAT-acﬁiﬁityrsaggeétfcholiﬁergic'pathWayéfto.he_lesé-.'
'consistantly-dﬁﬁaged in idiopathic Pérkinéoo‘s_diSeASE, a
fihding'coﬂfirmed by-cholihergic striatal muscarinic

' receptor studies’ (Ruberg et al., 1932) Ihtégrity of ﬁha

striatal ohollnergic neuronas is remarkable since th¢y are _
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l*intlmately 11nked with dopamlnerlglc tracts‘ Strlatal

AT,

"xfcholinergic influencp which is stlmulatorg, in contrast Wlth.

= dopamines inhlbltory tone, wvuld allow *ﬁnlc functlonal
'_ibasal ganglla hyperact1v1ty (Agld et al., 198?) _ JVOdﬁpa
_or “”tlchbllnerglc recaptor drugs way: thus restare tha g',”:w

Y

balance. Within the reali of the 1ntellectual functionlng 1n §
: Parkinson's dlsease, the cholinerg;c system must ciazm s
.neurochemlcal prlarlty and nan rﬂsulted 1n many contrasting _
' v»ews (Brown and Harsden, 1984 Qulnn et al., 1986, Mayeau .
et aly, +1983; Rassar ot al., 19&2, Dubeis ¢t‘a1., jgssy .
NEurochemlcally CAT act1v1ty is deﬂreasmd 1n spen }c'
cortlcal areas (frqntal, antorhlnal, GlnghlatP anu .

| nccmpital) {Ruberg et al., 1932} _ The Qortex shows feWer
"_uhol;nergia cells and combined w1th 51gnlflcant cell bcdy1
'1055 in the subsﬁantla 1nnominata, SﬁhPO the - cancept tuat fﬂ
the 1nncminatocortica1 cholinerglc system is éevarely
damaged-ln ldleathiC Parklnsanfﬁ-dlseaSe;_ The greatast
-chollnargic chenical defects are found in demented '
parkinsonians (Ruberg et alﬁ, 1982,=Dub015-et-al.}.1983:

Perry et al.,. 1983) and even early in the coursge of | |
idiopathic Parkinson s disease sume chgllnerglc cell 1oss ;
'may be present (Dubois et al., 1983 ana&1985 Perry et al.,
198%5; Nakano and Hirano, 1984);,_If this_degeneratian is a
?rimary degenerative componEnf of idiopathic Parkinsdh's
dlsease and not a ﬂrug effect, 1t ‘would support the. notxor'

that "dementia" is a ﬁaature Df the parkinsonlan syndrome.-



[Acetylohollnesterase (AchE), the enzyme that breaks down ACh,
is deoreased in. the cortex of demented ldiopathic Parklnson s
dlsease,_oompared Wlth conprol patients (Perry et al.,_lgss}

o The signlflcance of thls remains unknown,- Muscarinic '
 _oho11nerg1c receptors density, demonstrated with 3H—QNB, is
increased in the cortex in patlents with *dlopathlo
'oParkinson's dlsease, but not in the striatum (Ruberg et al.,.i"
1982 nubols et al._ 1985) Antlcholinerglo drugs may |
'1nfluenoa thls finding but no 51gn1ficant dlfference was

' observed in idiopathic Parkinson g diaease patlents who had -

' not reCE1ved these compounds (Agid et al., 1987)

__Ant*ohollnergic drugs are known to. interfere with memorv in &
both normal and parkmnsonman patlents (Draohman, 1977, Sadah )
et al. ' 1982 Duboles et al. e 1982) Demented subgroups are .
"espeolally sensitive to antloholineigio orugs (De Smet et al,,"'
o1982) In senile dementla of the Altzhe;mers type (DAT), -
lntelleutual 1mpa1rment correlates well with- deoroased
cortical CAT activity which reflects innominatecortical and |
septohippocampal oholinerQio traot'degéhErotion'(Pérry et ai.;
1978). The major difference in-bAT is the éssooiatedi
- cholinergic fibré dégeneration (Hardy et al;,'lgas) and.fof
the samo'dégree of oholinergio deficiehoy;_ﬁhe intelloctoé;
fall off is much greator in DaT, comparédIWithlidioﬁathio :_
 Parkinson's disease (Perry et al., 1935)..Canitiverimpairméht
and memory disorders {aphasia, ataxza, aprax;a or agnosia) do _'
" not occur in Parkinson's disease (Mayeau’ and~$terp, l983) Ito

could be the slowing of'tha_thought'prooossIt&ot_qooﬁrs'
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(bradyphrenia) with’frantal clinical and'nenrupsychiatric'
abnormalltles rather than the dementla that eherges as the
cause of ¢ogn1tive abnormalitles in Parklnson's disease ;1'

(Brun-and Englund, 1931,.Terry et al., 1981).

' 1'In conclusiou the striatal challnerglc 1nterneurone network
is well preserved in contrast to. degeneratlcn of the |
;fsuhstantla innominate and subcortical cholinergic tract;

sysuemb, which creates 1mportant differances between_'

;dlopathiq Parkznsan's dlsease and other demented patlents.

_,Gamma_aminobutyric'acid_(GABA);pathways_ .

_. This.héurcchémical is widespread in'tha bréiﬁ (McGeéf'ét_
. a1., 1984) and strlatopallldal striaton1gral _. |
pallidothalamic pathways, striatal and even cqrtical
interneurones use GABA as_their neurotransmltter {Fonnum et
" al.,, 1978; McGeer and Me Geer, 1975). Dopaminergic and
GABAerQic-systems interact in the striatum and substantia
:ﬂlgra where dopamina is thought to regulate GABA release
(Lehmann and Langer, 1983) .. The marker enzyma for GABA, GAD.
13'20-40% reduced in the striatum, substantia nigra and_. |
cerebral CQrtek in Pafkinson's diéeasé-tnernhaimer-and
Hornykiewiez, 1962, McGeer et al., 1971; Rinne et aL., 1974,
Javoy—Agad, 1582). Cautlon in lnterpretatlan of postmortam -

tigsue ig recommended due to enzyme lnstabllity (Ag;d et
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s al., 1987), hut When very olosely matohed 1diopathio :

Parklnson & dlsease may not dlffer from controls {Manfort et.

al., 1985) ' Hence oholinergio and GABAerqio oortzoal

-neurones may well be normal in ilepatth Parkinson'

dmsease (Manfort et al., 1985; Laaksonen et al ,.1975 Kish.

et al,, 1986).- Tlssue GABA 1evols are oonsistently aboVe '
? normal in the putamen and beloW‘normal in tho cortex .
E {Hornykiew;oz et al p 1976 Rinne et al X 1979 Perry et
ooal., 1983( Kish et al., 1986) and normal or suhnormal '

 (Bonnet et alq, 1986; Manyam 1982 Teychenne et al., 1982)

1n oerebrosplnal fIUld.. GABA receptors, as 1dent1f1ed by

 the radiollgand [SH]GABA dlstributlon are normal in the
"-'srriatum,_but reduced in the 8N in Parklnson's disease -

-'(Lloyd et al r 1977, Rinne et al., 1978)

1.4.5 Neuropeptides io idiopathic Parkinson's diséaso'

Neuropeptides in the braiﬁ;ih idiopathic Parkinson's disease

repains a relatively unexpiored field'(Agid, 1887;

- Javoy-Agid et al., 1983 and 1986), CCK8 is 30% decreased in

the SN (Studlér.ét ai.; 1982); substanoe P is ﬂecreaSQd'in
the 5N and pallidum (Maubbfgno et al., i983);"
Motuenkephalin'aha Leu-enkephalin are'déoroased in the
pallidum and &Ne (Taquet et al., 1983 andoissﬁj.

Neurotensin, TRH, VIR, dynoréhin.are normal (Agid, 1987}.
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A summary of the current state of neurotransmitters in

' idiopathic_PafkinSdnis disease (Fig 1.1)., suggests the

°°ré.defi°it is the 3epletéd ﬂigrbstriatal'dopamihe fract;“-“"

" then. canSequently many other pathways become dlsturbed.
'.All dopamlnerglc pathways are aftected to different degrees
and in addition the noradranerglc, serotdnlnerglc,
Z;GABAerg;c and cholinerglc pathways are varlably dlsturbed.
. The place and 51gnif1cance among the classical -

"neurotransmltters of the neuropeptides remains undeflned

1.5 Natural history and therapy of Parkinson's disease

Ever since HorniekieW1cz and colleagues establlshed that )
the prlmary chemlcal defect ln 1dlopathi¢ Parklnson‘
disease is striatal-dopamlne defmczency tHornlekiewlcz, N
1966) it is logical to attempt to replace dopamine or 1ts_
-precursor levodopa centrally to treat the disease. While a
 reciproca1 relationship exists with acetylchollne, central
nervous systam dopamine is also 1nf1uenced by other
catecholamines, GABA_and serctonin. Theoretically all
drugs used to treat Parkinsons's disease either stimulate
dopamine releasa, inhibit ita_breakdown, faCilitate_the:

stimalation of the_aapamine'receptor or adjust cerebral B
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neuroehemistfy'in suCE a. way.eS'to faciliﬁatesdopamlnergic“:'
aetivity; ‘No alternate drug enjoys the impact that the |
"dopamlne precursor 1evodepa haq had on the therapy of ldlo".

" pathic Parkinson's disease.

Astute clieieians'iﬁ the nineteenth denturyedqcumehfed'thq
Sourse of the illness, but iimit-ed- epidemiologi&%-*‘edhﬁiq'u'es
'_at that time, make. dlrect comparison with today's patient
.1mposeible.. Slnce one ethlcally could-net compare ran- -

..: domised groups with and without 1evodopa today the best
method we . have is comparlecn with well doctmented pro- __'
'grQSSlon studles_befnre the-Wldespread use of-levodopa '

(p:io:ftq{lssyj_and prosPective.stu&ies_thereaftef..”

cruci&l_t@;ﬁhis issue.ie-the qﬁeétion'of vhen in the

&isease course:1EVaaopa'has'beén introduced -to.wh&t.dumuu

:latiVe dose and ;Einally what the influence of adjuvant

- dopamine aqon1sts or monocamine "B" cxidase 1nh1bi ers mlgrte.

be.

The most impartant theraﬁeutic strides in fhe treatment of
idiopathic Parklnscn's dlsease have been 1evcdepa, dopamlne
agonists and potential neural transplantatlen. One could
thus examine the . natural histoxry of the iliness _
pre=levodopa, post—levodopa and at some future date, sub—
_analyse the postflevodepa period reviewing_the impact that
additional dopamine agonists and tranepiantation will have |

made.
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' -that" Stressful and anxious eventa were notad. aaath

_ fram exhaustlon, bed scres mr intercurrent resplratorv

10 years from diagnosis uay be expected (Brain 1955).

.._32 |

1.5.1 L PreuléVoddpa'erﬁ

-'In the early nineteenth century-Parklnson began to lelde

the disease up into Yarlous stages and Charcat, Buzzard and

Gowers ali stressedfkhe 1neV1tabla proqressmon and daterio~ o
Jration of the. disea$e (GoWerh '1888)1_ "Paralyala agitansn
'does nct directly cause death, the adVanced age of the R

 subjects renders its duration and its 1nf1uence in shartenu-

ing 1ife ﬁifficult to determlne ;;.“ the longest case ' 

_ observad was "10 yaars, but known for 20 years bafore

'1nfactions was nnted (Gowers, 1388)

Brain emphasised that the Parkinsonian syndrome {both idio-

| pﬂthic-and'post-eﬁCEPHaiitichisfalﬁéys:pragreSSivé; haﬁihg_'

different fateé_of'progressibn; but an aﬁefaga-liféQEPah of

S ¢

Schwab (1960) and Hoehn and Yahr (1967) recently put the

'natural_histofy of Parkinson's disease_pre-ievddqpaxintq

best perspective. The gioomy'prospect of inevitable
ﬁfoqressicﬁ,:a bedriddén'state by 7*# years,'cdmpléte-dew_
pendency upan others and Einaily death frcm resplratory
1nfections and malnutritlon on¢j affected sone patlents :

(Schwab; 1960)‘_ whWab showed a subset of patlants able to
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: _work 25 years later and suggested dlffering rates of _
'patzent progresslon Prognostlcally akinesia, memory 1oss, |
-_indlvidual personality, dmmlnished drlve, depresslon and
b11ateral signs wmthzn the first few years suggested more

gsevere-dlsease progresslon. Neurodegeneratlve lllnesses |
have an irsidious onset with slow progression, hence it is
'difficult to date the onset of 1d1opathio Parkinson' .

. diseese.- Tremor remains the most common presenting com-
"plalnt (?0%), pre and postelevodopa slmply because it is
.'notlced by patlen s and thelr famllles (Mjones, 1949}. |

What is often overlooked but emerges with close
_ :-questlonlng, 1s bradyklnesla, oramplng, malalse and _

N llethargy, loss of dexterity, deterioration of handwriting,
“_reduoed fac1a1 expresslon, 1mpa1red balance and posture, B

'depre551on, speech dysarthrlas.and sleep dlsturbanoes.
'_These symptoms are more dlffioult to measure objectlvely.
Reoognltion of these assoolated findlngs leads to 1noreased

”awareness and earller diegnosis_and treatment today.
The natural progression_of uhtreated-idiopathio Parkinson's
dlsease was reported by Hoehn and Yahx in 1567. -

(Appendix II) ' -

 STAGE 1: Unilateral findings with ﬁild-diseese'ﬁ

Symptoms begin in one extremity;'usualiy theldomiﬁant_uppers

limb followed by the ipsilateral leg,_proceeding-to the
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.eppdeite eide of ﬁﬁé"edy;"While'the illheselmeylinitially
be notlced fer 1—3 years unilaterally patiente eventually
= deveiop hllateral symptoms Electroth510loglcal stuales-'
- ghoyw slow1ng on the clinically unnotlced side years before
signs and symptoms energe. s

RO B

- STAGE 2#'Bi1atera1'§iseeee;'with_axial involveméent

- Both sides of the body show bradyklne51a or tremor but
postural reflexee remaln preServed ' While aeymmetrlcal
51gns remaln, axls, face, flexed trunk, SlDWlng of gait and |
diminished "a55001ated" movements relentlesely progress

over the next 3-6 years

ST&GE 3- Dlsequllibrium, b11atera1 parklneonlem signs and

: modera’te d:l.seaSE

progréssian oTcurs deepite thefapy pre-levedope this stage
.was_more'eaeily-idéntifiable by the feeliny of unsteadié
neee, sﬁecifically upon turning; Retrcpuleien, latero—
pulsion and anteropulsion with festination, free21nq and
start hesltatlon‘all appear. This stage takes 7-10 yeare

~ from the onset of yisibie eiinieal signs to develop. Most
patlents, while found to have uncertain equillbrium, remain

functlonally 1ndependent.
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iSTAGE 4z Disabmllty in dally eet1v1t1es, and severe
B 'illlness | ' ' '

.._‘ _‘ - G

_ Once dreseing, bathlng or feeding become dlfficult the -
:generallsed and now advancad dlsease 15 considered :tage
.'.4. Withoute1evodapa.thls.stage-takes approximetely.;ﬂ '

 years.

'_:STAGE 5, Bed or chalr bound patlent W1th advanced

Park;nson's disease

lethln 14 fears most patients denied levodopa w111 be :
tetally 1ncapacitated.. Whlle many survmve a furtheg 10-20
_ years 1n thls state the danger of - pressure necrosls, '
infection, nutrltlonal lmhalance and dehydratlon will
'threaten their lives (Ford: 1960). |

_The mean rate that an expectea indlvidual would progress
from stage 1 through 5 would be 3,6, 7, 9 and’ 1 years respec—:"
"t1VElY {Hoehn and Yahr 1967)i- This reeults in 28% o
| patlents ‘being lncapacitated W1thout levodopa between 0~5
yaars{ 61%_¢n 5=10 years and 83% wzth dlsease duration: |
.10—15 years. While 1eVOdopa cannct prevent dieeaae progres~-.
sion it clearly has affected the. number of incapaeltated '

pecple. Today-only.g% are 1ncapac1tated.with;n 5-yea:s,_:.”

Jd




'22% 5-1ﬁ years and 51% 10-15 years follaw up’ KHo&hn and

'-Yahr 1967) h_f

5'1  0n1y two &ﬁhﬂ Ty anflchallnarglcs and amantadlﬂe, have had -

any impact upon symptom mcdiflcation, especially tremor,_
'-befnre leVOdopa. Thesa drugs while not prolonging 11fe,
_;changing morbldmty or mortallty (H&ehn and Yahr, 1967) did'

'fproV1de a degree Of Symptomatic relief‘v

";*HLJSgQ”? ffﬁ_"”]'f'i””Aﬂticholiﬁergibs“

- Belladonna alkalo;ds were 1n1t1a11y employad hy Ordenstein .
.(1867), a student of Charcot; and W iI the 1ntroduction afi-
| :1evodopa was the prxnciple drug emplnyed to treat '
= parkinaonlan symptoms.: After atropzne and hyoscine
'_(natural alkalo;ds) synthetlc antlehollnergic drugs were
-_1ntroduced in the 1940'5. rhe-pharmacokinetlcs of trlhaxYe '
phenidal (Artane), show a half life of 1.7 £0.2 hours |
(nccmal controls) but more recently 3.7 0.3 hours in

patlents Wlth dystonla (Burke_gnd;Fahn, 1982)5 It would

hence appear thatlantichblinerquS'Sﬁnuld'be givep.ﬁour to _ .;_

six hourly.' The méchanism df actibn invﬂkéd'is-the-
blockade of central muSGarlnlﬁ acetylchollne receptors :

{(Duveison, 1967) Uhfortunately no douhle blind studles
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.are reparted evaluatlng dlfferant antlchollnerglcs buf

' L overa11 they have decllned in popularlty as

" aﬁtlwrkinsonian -agenta. Antlcholinergj_cs are. Wldej, y used -

. to. allevzate tremor (Lang, 1984), but the mpst eﬁfective

\,response has ‘been 1n the‘allev1at1on of rxgidity (Strange o

- 1965) and pastural dnformity (Parkes et al.,_1974). -

Aklnesla, in contrast aoes not respond wall to.‘_

ig-antlcholinergics Once Lnitdated antlcholinergic drug

| _w:.thdrawal is d:l.ff:.cult (Hughe.s et al., 1971, Horrocks et.
«al;, 19?3, Goetz et al., ;983); Long térm antlchollnerglc':
”1administrat10n may 1ndube acetylchollne receptor hyper- '
_I'sens;.t:wity (Ruberg e’b al., 1982) in the cortex aiﬁ} A _
”_.strlatum whlch may be aggravated by Iavodcpa administratlonﬁ

-(Welntrauh et al., 1971, Duvaison, 1967)

_Neuropsychlatrlc 51de—effects make this group cf drugs 1333_ '
) attractlve. Since chollnerglc systems mediate memory
'(Davies and Maloney, 1976) antichnllnerglcs may aggravate .
'.any ccrtlcal chnllnergic pathway or receptor deficit
already present in parkinaqnian patients (Ruberg-et al.,l
1932;'Whitehouse et al., 1983). Acute confusional states
'_(De Smet et al., 1982) added o memory dysfunctlun-and
delayed recall.(Syndulke at al,,-lgslj-ara alarming and
éontfaihdicate these druqs in patieﬂts with énj.préé-'
existxng 1ntellectuax~dec11ne. The place these drugs have -
in nonwdemented and younger gatlents is uncertain boi -

current thought is to use anticholinergics enly when other"f_
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' drugs cannot be used (Yahr, 1986).

'Chollnergic agonlst drugs have likeW1se preved disappoint-gr
'ing but were theoretlcally trled to diminish levcﬁopa gom~f
plicatiqns (Mille:r:f l974, Riawans et al.,_1975, Barbeau et

ai } 1‘ Q)

'-m.s 3 . anantadine

-..f.
o .

- .
TR
}

H

n;}The beneflt of amantadine hydrochlorlde in idiopathic
' :Parkinson s dlsease wak damonstrated but its mechanisms of
ctlon sLxll remains to be determined. {Schwab ot al., '|
1969). Evidenqe that amantadine augments striatal danrmlne
release 1ncreases ‘gell relaase of dopamine and poasibly |
4mcreases dqpamlne-syptheszs_ls_;ncomplete (qukes,
© 1974). Anticholinergic side effects such as dry mouth,
constipatidn; urinary_réténtinﬁ'and_viSual ﬁagusiﬁg diffi;f
~culties ali suggest rholiﬁergiﬂ ﬁécﬁéniéﬁs (Sﬁhvab'eﬁ alag
' 1972)._ Acute overdose may be reversed by physostigmlne_' |
fCaséy,_1978). Amantadlne, in contraat to
Lanticholinergica, 1mproves all’ features of Pafkinaﬁn'$ 
disease and.furthermore potentlates anticholinergic ;
'_merovementw It probably has a mlxture of dopaminerglc aa_

well as chollnerglc effects (Lang; 1984)
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1.5.4 . - -:IPoet-'lévodoﬁa_ eS:a_. _1_1._"
ICot21as (1967 and 1969), wae eo.impfessed with the reeulte  ”'
of levodopa that he euggeeted ﬁhia therapy might halt -
':disease progression. The 1mpaot this compound made upon-
olmniolans in the 1960'5 made levodopa ile most important :
| lelestone ‘of the oentury regarding therapy of 1d1opathic

Parkinson's dieeaee.g

Levodopa treatment reqlmens by Birkmeyer and Hornvklewicz
- (1962), were oonfirmed by other centres (Barbeau, 19625
Calne et al., 1973; Yaur 1975) but reality set in once o
levodopa complications a; peared (Barbeeu, 19?6 Marsden andoJ
Parkes, 1977)« Loss of 1evodopa responSLVeness, involunw _
“tary movements, dystonia and on-off motor fluctuations .
.became major problemew The conseneus-wae, however, that.
'levodopa response was dramatlo, improved quality of life
and prolonged life epan to >14 years from the time of
diagnoeis. In Spire of this 1mproVed quallty of life the
dlsease continued to progress relentleeely. -Controvarsy |
- regarding cbeeIVQd versus expeoted mortallty rates occurred
ranging from 1.9 (iweat and McDowell, 1975) to. 6.79 |
(Markham et al., 1974, Huenter et al., 1984) in different .
studies. Barbeau subanalysed akinetlo and severely _
affected patients with idiopathic Parkinson's diseaee on 6

years of levodopa and reported an obeerved to expeoted



mortality 'retin of 2 to 4. Remey Hoehn, using similar )
.1 methods to their earlier ﬁtudy, compared the proqreeeion"of?_e1:
_ patlente with 1dmopathic Parkinson's disease, but now onf'. [
: 1evodopa from 1968 1982¢' Uexng elmilar epldemiologlcaL
| toole she showed a delay in Hoehn and Yahr etage 7'_" ?'57'
o deterloration by Bﬁs years in most treated patients withéey
;reduced mortality faotor of 1, 5-3, thereby approaohing i 
normal mortallty. However 29% of patlents on 1evodopa had
i inVoluntary movements after 3 yeare (Hoehn, 1985).- stern

oand Herdle serially observed 178 patients (1969—19?2) on -
.i 1evodopa therapy found that at six year reV1ew, an overall

'_mortality ratio of 1 5 1 (Hardle, 1984)._‘

Subanalysis of thoee not able to tolerate levodopa for more |

than a years was 2 38 to 1, but those toleratlng 1evodopa

- all s yeare was 1 to 1. Hence the most recent data

- suggests that those patients Well controlled on drug ther- |
 apy Bhould haVe a normal llfe expectanoy (Shaw et ala,

1980} . Continued follow up - aftnr 12 years found an .
olnoreased mortalmty of 2. 59. (Curtie et al., 1984) Henoe _
.levodopa, if tolerated, proteote for 1-6 yeare but benefrt

lessene thereafter,



' oin the adrenal medulla, mesenoephalon and other

Ls5 . 4 . Devodopa.

 'Lavodopa (L=3, 4wd1hydroxypheny1alanlna} is a naturally

. pathway that con?orts L—tyroolno to noradrenalin. 1he '
'"'onzyme tyrosmno hydroxylaso synthesises endogenous dcpamlne
dopamlnerglc sltes. Endogenous and oxogonous levodopa are
*_ converted;to dopamihe by the_enzyme Lﬁaromatio amlno—aoid |

; deoarhoxYl%se'(Laﬂaﬁpj-'(Eig;;.z)} usually shortened tdf\

' __doﬁadecarﬁokylase; 'ﬁevodopa may alternafély'bo'ﬁetabolﬂﬁed_'

- by COMT which J.B found in liver cells and erythrocytes. | N
- coMT and monocamine oxldaso are two oentral nervous tiasue
enzymas rosponslble for dopamine breakdown. Two forms of

' .ﬂ3°f-namélj{ﬁﬂb-ﬂhﬂ-ﬁnd nB“;.eﬁist} Utilisation of mono~ !
_olonol antibody techniquos iﬁ man have shoﬁﬁocyﬁosolio MAO ?3
wan in the nlgrostriatal dopamine contalnlnq neurones, ;
aerotoninergio and glial cells. The same reglon contains

' MAO-type "B", but rather in the mitochondria (Denny et al.,
1982; Levitt et al., 1982) . -Monoamine oxidaso type “B" io-
‘specifically inhibited by deprenyl while the MAO A" is
inhibited by clorgiline Heikkila et al., 1979; Pisrce and
Roth, l984). Bfain COET is exclusively found io gliai. |
cells (Kaplan et al., 1979). The breakdown products (Fig
.1.2) of dopamine are DOPAC, S-metho3ytyraﬁine:and HVA.

Central dopamine'is stored'in'dopamino vésicles; réleased'
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frem the dopaminergic presynaptle terminals activatlng the

'jJD~1 and D-2 receptors,'

Fbllowing'oral'leﬁodopa-adminiStraﬁion,-pﬁrkihsonianf9yﬁp—' 7

toms are 1mproVed WLthln 30 mlnutas.  Improved tolerance cf_ﬁ ”

IQVOdOpa occura once oral preparatlans are camblned With ] '_'
m’-decarhoxylase inhlbitor. | |
44Tﬁsdpharmacnkinetic problems of levodopa could be sub—'

'mad_into extracerebral and intracerebral aVents..

RALLY 1evnd0pa is absurbad from the proxlmal :

_ 'Qn?eSuine (Sasahara et al., 1931) usmng a saturable o
5'stereaspe¢ifbc amina-ac;d 1ntestinal cell system (Wade et |
- al., 1973) Meals that delay gastrlc emptying reduce and
.fatard plasma 1evels of 1evodopa (Nutt et al,, 1984}. -' _
Antichoi;nerglc_drugs potantiatg_this.delay-(Fermaglich,[”'
1972); 'The:diatrihutipn of 1evbdcpa is'hiphasia, as with
mbst“drngs (Nutﬁ-eﬁ'al.; 19§5), it_iéﬁessenﬁiallf'ali freé -
. with little protein binding (Hinterberger and Andrews, |
1972). Levodopa then crosses the”blood-hraiﬁ:barrier"via-a
gtereéspécific, satur&ble,:bidiredtional;.néutral.amihdadid
trénapdrt system (Wade aﬁdiKatéman;.19¢Sj;-sTha amountgof "
1evoddpaithat.crosses into the brain'is a function Qf{SE:ﬁm'
| levodopa and other_amindfacid cqncentratiohs'(?ardridgei |
19?7).' Levddopa.competes with.other-nEutra1 émina4acids o

and simultaneous ingestion may cause transient



 gc1in1ca1 deterioratlon, in splte of &dequate blood 1evodopa

'levels (Nutt et a1., 1984)

'Biotrénsfafﬁatlbh of'levbdopa'édcursfat:mﬁltiple'éites, -

including the intestinal WUCOSA. 'Aé-much'ad'BO% of*thé-?-

oral dose is decarboxylated wulle being dlgested in tne ’

_liver, kldney and ather tissues (Rivera—Calimlin et al.,

19?0{ Tyce, 1971, COtler-et al., 1976, Saskhara et al., _-”

E 1981)._ E-methylatlon (u51ng COMT) occurs mainly in the

liVer i ultlnq in 3~0—methy1dopa which has a: 1onq half

'11fe-nf >15 hnurs (Sharpless et al., 1972) Accumulatlon of
'fEBﬂO-methyl—dcpa bcours with constant dosina whzch has a
' muah greater capaclty to cross ‘the blood~bra1n barrler
 (WadePand Katzman, 1975). -O—methyl-dopa has minimal
| éhtiparkinsbniah:aétivity’but may prcduce side effeqts.
'Eighty percent of levodopa wili“evéntualiy appear in the
 urine, the majorlty (75%) within the first 24 hours (Morgan

_at al., 1971). The remalnder is excreted in the faeces

(Tyce and Owen, 1979), oxidised to melanin or is trans-'
aminated in mitochondria (Fellman and Roth, 1971). L—AAAD

inhibitors called “decarbéxylasé inhibitors®, dO'not'pen- 'f

etrate the braiﬁ and peripherally inhibit conversions of

levodopa to dopamine.  This_al1owsZ80% teduction of the -

oral dose giViné an'éQHivalént central benefit and simu1~_ 
taneous reduced peripheral side effects (Reid et al., 1972;
Mars 1973). Decarboxylase inhibitors ieducé gut;biutréns- :

formation and thus improve bicavailability (Nutt et al.,
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_1985)” One problem'is*tnat higher'peak 1e¢od¢pa doses
. poour which may lncrease ‘the 1ncidence of dyskinesias and |

 psych1atric disturbances o

INTRACEREBRALLY, levudopa 15 convarted to dcpamlne 1n tha = 
_striatum, 45~ 90 minutes from ingestion. Dopamine then acts
:upon postsynaptig strlatal dopamlne reueptora to ﬁraduce

-Ijmotor effects (Shoulson et al., 1975, The rate and extentg_'

:of conversian Qf levadopa to. dopamlne and the rata of 1n— .

activatlon of dopamlne dlctate the efficacy of any glven

ulevodapa dose- Striatal L-AAAD is located in the nlgro-.”_ - _u:

"” 'str1ata1 termlnals and Wlth the advance of Parkinson's

:_dlsease the cuncentratlon of thls enzyme decllnes |
 .(Hornykiew1cz 1975, Melamed et al., 1980) In advéncéd
Parklnson 5. disease the decline of nigrostrmatal 1nput not
_only affects anqagenous dopamlne prnmotlon but patlents :
:also_experlence 1ess~effective_respnns;veness;tp exogenoﬁs.

-fleVodopa;

Since'levodopa is conSidered fh; best drug to reverSQ'the
symptoms of. idlopathic Parklnson's dlsease and restore ,
expected llfe span to normal (Yahr 1976; Diamond et al.,

. 1976) the question arises as to when to introduce it° (Lees
1986; Fahn 1284). It has been. suggested that due to antl—
cipated 1evodopa-related_side-effegta that levodopa he |
de;éyed until the fuﬁctiogal'needs'of the patient_war?aﬂﬁ
the risk and then only using the 1owéét‘possiﬁig]d¢se5

{Calne 1986).
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1.6 Complications and limitations encountered with

; longterm levodopa therapy

'__if'ell remeined'weli'feéarding'efficacy’ef-levedcpa-in tﬁe'_ :
_'1ong term we would requlre nelther new medicatlon oz '_
different therapeutlc-strategles. Recogriised complicatlonsﬂ.'

e of 1eng term use have emerged (Hareden 1976 1977) w1th the..
o most +roub1eseme being moto: fluctuatlons and unpredictable.f'
'_fallure to respond to. regular levodopa doses. Mﬁtor Eluct-

"-uatlene take many iorme,;

'_WEAR1HG~DFF (END—OF-DOSE) DETERIORATION

As many - ag 50% of patlents on levodopa for 25 years

deVelop end—pf—dose_deter;orat;on {Maraden and Schacter,

© 2981; Fahn, 1982; Marsden et al., 1982). Mobility follows |

chahgés in plagma levodopa levels which improve by 15-60

minutes following ;ngeetien of levodopa and within'lao

_minutes-gradually wear off. - FluctuationS'emerge as_ﬁhe___

duratlon of action cf 1eVQdepa decreases., The 1ikely

_explanation far the wearing off phenomenan is the progress—'

ive alteratien_of_cerebral pharmaeok;netxcs_of-leVOdepa

 (Spencer and Wooten, 1987). The prerequisites of this

phenorenon are advanced idiopathic Parkinson's disease or
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-rapidly progr3531ve parkinsonlan syndromes such ae young |
oneet parklneenlsm or MPTP—lnduced parklneonlsm {Langston :
and Ballard, 1984) Wearlng aff correlatee with temporary |
“ fal1inq hlocd levadopa levele {Shouleen et al., 1975) and
"may be repldly revereed by D—z agenist apomorphlne in— .

' jection (Duby et al 3 1972, Stlebe, 1987 and 1938) ‘or con~
tinuoue 1ntraveneus 1evedopa 1nfu51on (Shoulson et ai;,

| '-'1975' Nutt et al , 1984) .

o Idlopathlc Parkznson 'S diseaee progresses in splte ef

'effeetlve therapy. What therefore is dlfflcult to separate
”ie natural disease progre551on frem levodopa—related |
'adverse effeete. It 15 helpful to examlne suspected
levodopa elde-effects To see whether they occurred or were
: reported before 1evodopa was utlllsed, An abeence of these?‘
'7-phenomena in the pre-levodopa era would suggest thelr
eccurrence 1s related to treatment rather than 1llness
:progreseion._ Motor fluctuatlone sueh as dyeklneelas, |
.onwoff fluctﬁations and some neuropeychiatric psychoses’
were not reported befere the introduction of-levodope_and'
eheﬁde they may well be.uhiquerte the deterieraﬁing levodopa
treated state or dlrectly attrlbuted to the drug.

Freezing, dyetonlas and eVen wearlng cff phenemena whlle
they may be aggraveted_by levedopa, may equally be part of
expected diSease progreeSion._ Increaelng nlgrostrlatal
decompensation morphologzcally, etrueturally and : |

blochemically would suggest a given dose of levodopa will



~be progressiVely less effeotlve. _The rate of'deterioretioh

' varles amongst patlents. It is observed that whenever and _7-

Cat whatever stage levodopa is commenced most patients w111'
-eventually experience loss of effloacy : If this was-due
only te avallabie nlgrostrlatal dopamlne levels then those

_more severely affected patients would develop wearing off

“'sooner than the petlent wlth mlld ldlopathlc Parklnson's

_'dlsease, relatlve to the 1n1t1atlon of levodepa therapy._:

o

bThis is not so and all patlents regardless of severity at

the onset of 1evedopa adminlstration appear to run into f

_'_wearlng off problems at betWeen 35 years fellowing

-1evodopa initietlen._~00uld levodopa itself then be

| 1nfluenc1ng the deterioratlon? Peetmortem studies of
.:ﬁreceptor'sensitivlty in the 1evodopa treated state suggest o
e'down regulatlon of strlatal dopamlne qeceptors cempared to"

_elm;lar untreated indlviduals.- Levodopa may blunt the s
_phy51o1ogicel compensatlon to the ultimate detrlment of the:
sufferer. Furthermore exogenous 1evodopa when broken down,
'may stimulate free radical damage of the nlgral dopamine B
cells which may further aocelerate striatal dopamine |

.-deollne (Agid et el., 1973)

Clear cut 1evod0Pa'related side#effectSiSuchras osoilieé
'tzons in motor performance and dysklneslas are more of a |
therapeutlo problem. Involuntary movements_may become S0

severe as to force levodopa dose reduction with commensur-



| o ..

| . ate worsening of -braay:{ine'sia - Patients eventually rém'ai:'x_-
" r1g1d throughout the day with a few scattered perlods of
mobllity assocxated with excessive dysklnesias Inltlally :

and often the flrst to appear are BYSKINESIAS, thereafter |

" '[*oschLATIONs mw MOTQR PERFORMANCE

e . . . . : : . s

:j At least threa dlfferent typea nf dysk1n351as are
".recognlsed'—" ) ' ' '
-V A peak dose
'.b}-: biphas;c

¢}f "off" period dystonias _  -

' -pEAK DOSE DYSKINESIAS affect up to 80% oL Parkinsonian B
7pat1ents on levodopa for » & years (Lees, 1988) :.
":The dysk1n351as are - chorelc or choreo-athet01d, correlate
'W1th-maximal plasma-and presumably-central levodopa;lgvels.
and begin 20~60 mlnutes after the.prev1ous dose. fhESe -
.1ncapacltat1ng muvements affect the. head ‘and neck upper_
llimbs,_less commonly the legs, “trunk and respiratury
- musculature.  They become more generalised and-often are _
worse on the side that. developed symptoms initially. Thej’
typically get progre551vely nore severa with tmme and of
longer duraticn. Patients toletate these dysklnetlc | '.
periods-well because the less acceptable alternathe is a
fiaid-akinetic state.in which thé'patieﬁt'cannot moVe.'
_EVentually, however, a reductlon 1n levodopa becomas

mandatcry.



;BIPHASIC DYSKINESIAS are less common- (15% of patlents
after 6 years on 1evodopa} but more r351stant to. therapf.
.':Theoe oecur at two-(or-more).phases 1n-each interdose;perl-.

od Wlth an intermiss:on of mobllltY be*Ween._ Thésé’ﬁoveA*'“5
.'oments are usually ohorelo hut may be dystonlo balllstlc or 
- _even,myoc1Qnic._ They bear no. oorrelation to levodopa serum'

_1evels, are not predlotable, may ocour throughout the body .
: and occur more frequently in the young onset idiopathlc |
;”_Parkinson s dlsease sufferer.'“ﬁooa31onally another dose of'
'-llevcdopa may help and the mechanism, while unknown, nay he.ﬁ
due ko a central dopamlne receptor state fluctuation in

"advanced' 1ness.

i
e

MbTOR FLUCTUA&IONSﬁmay‘take-the-form df“end—of-dose:or'_*yf'

wearing off deterloratlon already dlsousaed whloh wmll L

. respond to an increased dose of levodopa, combinations wmth_i

dopamlne agonlsts or the addition of mnno—amlne ngn enzyme
inhibitors, Hbre difficult to manage atre rapid on-of £

fluctuatioﬁs. Another observatlon; possxbly a varlant of:
on-off, are the "yo—yo" osc111ations which rapjdly ocour f

= w1thin a few ma.nutesr resemblinq a series of false starts.

. SHGMENTAL REsPONsIVENEssfhaé_also been rarely reported

' whafe a par£ of thé'bodyIremains3immobile-and anotho: part

_mobile with or without aocompanying dyskinesxas. Oniy'the'f
on-off motor fluctuatlons are partlally treatable by

regular 1ntraVenous levodopa preparatlons,-subcutaneous oxr
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slbw féLgaseflevodgpa ajministrépiqn.

lng scenarios may be noted°
Colay

om

o cgmmanly betueen six and ten years ‘on, &cvadepa the fallaw-

o o . e _ _
A steadlly increasing dose 15 requ1red to maintain-
moblllty. S | o '_
The duratlan of actlon of a sxngle dose decreases,y'
sometlmes accompanled by a prolcnged 1atency to

onset time.

-Eventually dyékineSias-accompanying the mobile "':: S

perlods, followed by on—ofﬁ motoxr fluctuations and S

f,a less predlctahle response to levodopa.

Levodopa (albeit less ey rectlve w1th time) remains

useful therapy.' Even in advanced idiopathlc o

. Parklnson s disaase some beneflt wlll be ohserved.

Eventually ;n splte_of successful_therapy patlents o

become chair and k=d bound, Indiétinct”épeech{.

":inability to write and eventually total inability__

to dresgs, feed and bathe:indépendently will occur.

The longer the duration and the higher the overall &daé of -

levodopa therapy the more frequent and severe are tbe

" ¢yskinesias. Onue these motor fluctuatlons prnsnnt ‘a much

lower dose of 1evodcpoHW1th ¢r without dopamlne agonlsts _

may perpetuate them._-:
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IWhile not fully explalned the answer R-3 dyskznesias and
':on-off, prabably lies in the altared striatal dapammne'.

 ‘receptor status. Years of exogenous levcdopa not only

regulate dOpamine reﬂeptors but make them unpredigtable in

;:thelr reapnnsﬁ to dapamlne. Whlle peak dusa dyskineaias
 may relata to serum and CSF dcpamine levels, clearly bi—

”[_pnasic_dyakinqsias dq not.. camman;y patlentz_who.deveiap

wearing off eventually develop unpredictable on-off motor

Féilufé'ta respund to levbdopa'may'present*With:ragular~

-;q-failure of afternomn dosas, randam aosa failure or pro~ L

f.zgra551ve global fallure._ Erratlc doss responses must. be

approached from exploration of dafective ingestlon,

'gabsorptiqn, metabolism and finally excretion mechanics.
'_-HiQh'ﬁrotéin~diet~'malabsorpﬁion'anﬂ*othef'drugS'cbhcomi-'f 

_tantly adminiatered often turn out ‘to be the culprlts of .

erratic levodopa fallure (Wooten, 1987)
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1.7 .deamlnfe.recep_tor agcfn"ists

'1;7.1"';' _'“-Dopamina  D-2 receptor agonists

Levodopa efflcacy decllnes Wlth tlme.--SinCE.thiS effect is

due to a cnmblnatz.on of dlseasa pragreaaion and to levadopa '

3effeats, alternate deflnitive tharapy is required. Three

-options are ‘to. incorporate a monoamine "B“ hlocking drug to

boost 1evoaopa response; to modlfy the levodopa dcse, or

finally ta stimulate the striatal dopamina receptor._
'Dopamine aqonlsts eqpec1ally the D-2 dopamine receptor
_ type, pqu;ﬁe the best alternative ta date (Lleberman et .

"~ al., 1987 and 1930).

The main pathology in idiopathic Parkinson'a_disease'is SNa
dbpamine-cell depletion with-dedneasing nigrpstriatal affer-

ent input (Bernheimer et al., 1873) into the neostriatum.

| This encourages dopamine postsynaptic receptor multiplicat~

- ion and increases strilatal D-2 . (and D-1) receptor affinity

(Ungerstedt et al., 1971). Direct stimulation of these
receptors provides a sensible opportunity to correct
striatal and basal ganglia function tﬁéreby correcting

parkinsonian symptomatology.



*_Theoretlcally the beat opportunity to utilise dopamina

receptor agonist drugs is when the. receptors are still-‘f'

eensitlve to endogenous dopamlna hut not so senaltive that

dopamzne, levodopa or dopammne agonists ‘produce unpleasant
: side affeats thought to be mainly D-2 mediated (Rinne et3
al. 0 1985)

- Studies u51ng oral apomorphlne (cOtzias et al., 1976, _
B corsini et al ’ 1979), plrlhEﬂll (Dourlsh et al., 1983,
'-chase 1974, sweet 1974), n*propylnorapomorphlna (Cotzias .
' and Papavasillous et al., 1876) were all limited by unacﬂ_
o'captablo side effects, Dther erqol;ne derzvatiVes showod"
minlma; efficacy namelyQCF 25397,-CQ 32084, CM;29712
o (Téychenno 19773 5irket~smith_197s and'ninne,_less)f

The.introduction of bromocriptine chrrodi et-al., 1973;

Calne et al., 1978 and Toychanne et al.; 1986} proved most

useful as ‘adjunctive therapy to 1ovodopa (Lees and Stern, '

1978) but may also be employed de-nova in mild disease

' (Lees and Stern, 1983; Rinme et al., 1986 and 1990) BT to

help smooth out motor fluctuatlons (Loes and Stern, 1931).

Diffioult, sometimes painful dystonias may respond WBll to

bromocrlptlne (Le witt, 1986; Lander et al.,1979;).

' xn_the~early.stage3-it may be sufficiént ta use dopémine'

agonists alone but eventually all'patients roquiro addi—

tional levodopa therapy (kinné et al,, 1990). Aaside from
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_”the advantage of delaylng the - intrnduction of 1evadapa and .
'tive in that while 1n "high enough dosage it produces

'allows smpather-drug peaks whlch are thought to be nore

physiologically beneficial to the dopamine receptprs

'_ _symptoms at approxlmately 10—45 mg/day oral*y (Lees and
_Stern, 1981, Lxeberman, 1980 Teychanne et al., 1986) _
 When wd introduce dopamine agonists remains cantravers;al.

"_Two schools af thought EXlBt. If the notion that 1evodopa :

- 1nduced fluctuatlons and’ end~cf~dosa unrespons;veness is -

" ment (Fahn and Bressman, 1984; Meunter ét_ai.,.1984; Rajput'

et al,, 1984} Melamed, 1986;) then alternate drugs-such as

'_early:dépamine,agbnisté, anticholinergics or amantadine ;

should be given for as long as possibletto- delay“these'
complications, The possibillty that levcdopa could aggra—*

- vate the &lseasa progression would strengthen this

argument. In contrast it is argued-that one should hot '
deny the most‘éffectiVe therapy to patients in thelr produc-
tive years. .If it could be ‘shown that dopamine .agoﬁiisﬁs;
espacially when employed wiﬁh 1evbdﬁﬁé, deiayé thé'emerﬁ'_'

gence of levodopa complications then a césa'fbr ear1y use

- of dopamine agenists could be'made; 'Dopamine'agonisﬁs-ara

not without risk. Emesis, nausea, malaise, nrthostatlc

hypotenslon, neuropsychiatrlc slde—effects commonly oceur

Vhence drug related adverse effects,_bromocriptine is attrac- :

-dyskinasias, the lcnqer half life of ‘the drug (180 mlnutes) -

-(Chase,-lSSG};' Brdﬁacriptine monotherapy-alloﬁé nohtfoi of

'related-ta overgll lavodopa dosaga-and-duratlon pf-treat-- .
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-With:bromocriptine'(Le witt, 1937) but”rafer complicatioHS“;

of dlgltal vaeoepasm {Wass, 1976) wmth llmb gangrene,

peptic ulceration (Delpoea, 1976) anglna, infarotlon, Skin

eereactione-(erythromelelgle, pedal oedema,-vasculitzc

f_reshes), retroperitoneal and pulmonary fibroeis (Demonet ot

al., 1986) have all been reported (Le Witt, 1987)

_The synerglstie mechaniem of aotion of bromocrlptine and ._.
';_' 1evodopa orlglnetee from enlmal obeervatlons (Goldetein et;

'-51., 1985) Bromoeriptin-'e effecte are entianced hy the |

5preeenoe of dopamine in the nigrostrlatal eynepsee. Lf

B mdopamine ie not present in nerve terminals, for example in

" the rodent treated with reserpine or alphamethyl-para :_

otyroeine, bromocrlptine w1ll not produce characteristic

postsynaptio dopamlne agonlst ‘behavidurs. deamlne with

dopemlne agonmste may change the receptors conformation in

_suoh‘a way that the receptor becomes more reoeptive to

etlmulation by conVerting the D~2 dopamine receptor from

"the low to the high affinity state. Bromoorlptlne cannot
: differeotiate between 10w'vereus-high"affinity reeeptor_
 states and will only in combination with dopamine,

'etimnlate the sz receptors (Goldsteln et al., 1988). . The

reeultant beneflt eepecially upon tremor, M bromocrlptine'

plus 1evodopa in man Wlth 1diopatnio Parklnson's d1eease

was better than 1evodope at hlgher doees alone (Rinne et

" al., 1980).
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: Dopamine D-2 reeeptor agoniet evaluaticn is diﬁf;eult as

some depamlne egeniete are partial agonlsts, some antago— |

enlste to the D-l dopamlne receptor, some are active age-':~

Fnlete en normoreceptlve dopamlne receptors and. some aet | -
' -on1y upon postsynaptic receptore,}while others aet both pre e_5
- and pestsynaptlcally.f Furthermore ‘the dcpamine receptor -

- pepulatlan ﬁhanges with disease progreee;on, dependent to a

degree upon Ehe reeidual sNe depamlne cell populatlen._
,

' Only well cantrolled aauble—bllnd, random croseever and o
placebo matuhed etudlee can anewer the queetione that

remain regarding the etage and dose of dopamxne agonlet to

emplny." What is emerglng however, is that 1ow dose ,“

e dopamine agonlsts Wlth lov doees levedopa produce the beet '

_;j .comb1nat1on (ﬂareden et al., 1990} Generally 1evcdopa

should be 1ntroduced once deereaeed functlonal mobmllty

*'e.interferee with quallty of life and the dose - requlrement
.inereaeed tc 400-600 mg{d ' Thexeafter bromoczlptlne should
.be 1ncorporated into the treatment regimen. increaaing the
'dose to 10-20. mg/day/po. Comb;nat;on trlele, 1neluding.a.
_group who receive deprenylufﬂu:egeen end-Nerth'Ameriean
fsﬁudy greupe)-are in prmgress.” Followihg lts introduetion 

in l972 bromocriptine hae ‘been the most. widely etudmed

dopamine agonlst drug.
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<

. Calvines  Lysergic acid amides . 8-aminc-ergblines -

o IR

CFlg1s

-S_tructure_-of dbp'a-mine -agb_nist drugs - o : .-.__"‘ '

Clavines o  Lysergic acid amides Ba-amino?ergalmés'

R" = aliphati . R" = substituted cyclol
: - {ergopeptines) . -

Methergoline - Methyserglde - - Bromooriptihe . . Lisuride

" Lergotrile . Methyl-ergometrine.  Dihydro-ct-ergokryptine - CH 28-717

Pergolide -~ Ergomettine Dihydro-ergotoxine {1) = 'GQ_ 32-084 -
 OF 25997 | (Ergonovine) - | T

(1) New hon-propriety namas: co-dergocrine (BAN)' srgolold mesylate (USAN}

 Table 1.3

List of the dbpamihe agonlst d rugs currently available
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1.7.1.1 o fBromccriptine

' Bromocriptihe-pharmacokinaticsswill ba usedwaS'the-,
{ pratotype ‘of drugs in thls group, other dopamine agonlsts

'-:(mable 1. 3) are caasldered in contrast to 1t.

| '.Ingesﬁéd' 6ra11y, the. eicgot d'efivétives; inéluding- :
'bromocriptlne, are absorbed in the prox;mal small

filntestzne, thus are best taken and tolerated with meals.
'Whlle gastrlc ccntents and. delayed gastric emptylng w111

) retard.bromocrlptlne;ahsorpt;pn,-adverge 1ntgstinal_effect5u'

such as nauééa and vomiting are“baSt'avbided-on-a full~'”.

_stomédh' Once absorbed the drug has & half—lzfa af 4

hours.' Bromocrlptlne is partlally protein bound- and is
thus mainly in its free state, biaavailable in serum and
ab;e no cross the blood braln barrier in proportlon to the
sarum concentration. Blndlng of agonists takes place |
directly at the central D-2. dopamine: receptor sites {and
central D-1 dopamine receptors) to render its-anti~
parkinsonian'Effects. The combined effect_of peripheral

DA-2 blood vessel receptors which facilitate vasodilatation

‘and central vasomotor centre affécts Wilizdrop the blood .

pressure. Metabolism oCours 1n the 1iver where the drug B

is detoxlﬁled renderlng 0% of tha metabalites preSent in N

~ the urine Wlthln 24 hours.
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' 0ptima17dbee is dependant. upon the stage.of Parkinson's
'_ dlsease and pat;ent tolerance._ Today the Efend'is'lo—zo-

: mg/day overall dese, in 4-6 d1v1ded doees commencing wmth

small anremental doses of 1 25 2,5 mgflz hourly._ngher

doees, >30 mg{day-have 1ncreas=d dose related side-effeets;”
-.and marglnal addltienai antiparkinsenian heneflt ﬁevodepa :
f  may be introduced when requlred (Teychenne et al., 1986) | |
T.Dieadvantagee of. bremocriptlne include lte expense, 1ower C
-maximal efflcacy than- 1evedepa as menotherapy,

:-_ldiosyncratic siﬁe effeete and dose-related adverse _

effects.

. The majerlty of side effects related to bromocriptlne may

'ebe overeome by either slow bulld up of therapeutic dose or
“eby a doee reductlon (Le Wltt 1987) The commonest side--
'effects encountered are gastre—lntestlnal (nausea,_”_.V

_ vemlt;ng{_malalse and anoregie) but neurepsyehlatrlc

(hallucinations; delusicns} obsessions, paranoid psychosis,

 mania, confusion, vivid dreaming, anxiety or restlessness)

or erthostetic hypotension frequently limit use of this.
dreg. Other side effects desdribed include drowsiness,
epneﬁipatien,'faeiguef dry mouth, ligﬁ%#headednees,
diplopia_and_feilure to aeeemmedate;iieeomnie,-nase; '
etuffiﬁees,_pelpitatione; abdeminal eremping;;hai? less;-'

diarfheea; angina ana ﬁYOéardial ihfardtion;.intestinal

"bleedlng, Raynaud's and digltal gangrene, face puffiness,-

- oedema, and a varlety of mOVement dlsorders (aleep myo-~-.'
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-clonou p dyklnesias, painful dystonla, blepharospasm or

_hlcdﬁb“f (Le Witt, '1987).. _Pretreatment w;th_domperldone

:often improves lntestinallcompiaints (De Béno et ai;;.1976}
'.fQuinn'et“ai;, 1981)" orthostatic hypotension nHay respond

_.tc dosa reduation and gradual drug build up with time.jf

Whllasthsoretlcqlly pass;hle, cardiac arrhythmlas, suddéﬂ‘

"&eath:and'myoaérdiai infarction'a:é rare3and_¢ften"oddur on
j-an:i@iosyncraticxbasis.(ﬁanner et al,, 1955;_Kurian'eﬁ alQ}“
- 1986), - Skin féshas maf'pccur'(eryth:omelaigia}:viclaqeoué

”  capillary hetwérks; ankle 6edema and vascuiitiﬁi wiEthigh'_
 doses and are cften reversihle upon drug withdrawal (Elaler

.'_et al., 1981, 01anow et al., 1986) Retroperltoneal
'(Demonet et al., 1986) mediastinal and pulmnnary f1bros1s,

while described with other ergot compounds, such as methy— -

sergiﬂe, have rarely been reported in chrdnlc bromocriptlne

use. Over the last decade many studles have been cdmpletad~

'with bromocriptine alone and in comblnatlon w1th_1evodopa.

‘While controversial a few 1nd1cations for bromocriptlne

appear widely accapted*

~a) To reduce established levodopa complicdtiODS'(suah-
as paingul dYstoniaS,’dYskinesiaé, end-of~dbsé detefiora-
tion or Yon-off® motor fluctuatiahs; (Lleberman et al.,

1987; Kebablan at al., 1979, Le»Wltt et al., 1983)

'b) To allow lower dose 1chdopa'administratién'but-
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'obtaln sufflcient anti—parkinsonian beneflt (Lleberman et

- al,, 1986, Lees 1978)

e

¢} Initially in early therapy of idiopathic Parkinson's

_ 1diéeasé” as'monotharapy to"deiay théniimifatién df 1é"Ddopé
(stern 1989, Le Wltt and calne, 1982; Rinne, 1987 and 1990,.'"

'StaalMSGhreinemachers et al., 1986, Rascal 1984)‘

) Theoretical indicatlonﬁ that requlre confirmatlon awe.

) Bromocriptlne 1n comblnatlnn W1th levudopa to delay }

1_the onset of 1eVOdcpa-relared s;de effects (Lleberman 1976,

Rinne, 1937, Stern, 1986)*-~ f

i
b

e) High dose bromocriptine as monotherapy instead of

lévbdbpa wiﬁh moré-severa_diseasa, (Liéberman.ét al., 19793

 Peychenne et al., 1978). - .

1.7.1.2 . Legotrile

‘This semlsynthetlc alhalomd of the ergot group, is D2

dopamine receptor sefective (Lemberger, 1974) and when
employed up . ta 20 mg/day demonstrated encouraging
_angiparklnsonlan actxvlty (Llaberman et_al‘,_1975), .
Hinimal-dyskinesias wvere seeh and:further stﬁdy usiﬁg:&
mean of 49 mg;day orally. showed improvement in half the

patlents treated and was able to reduce 1ev0dopa require- _
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_:Teychenne e* al. 1973] Unfortunately hepatotoxlcity

V_halted further human studles.

ments by 110% (Lleberman et a1., 3979) | 'nental-chaﬁgea'vf--

| 51m11ar to bromocriptlne were noted (Klawans et al., 1973,

fe

it

.73 0 Lisuride |

 Lisur1de, a D—z dopamlne receptor agonlst w1th selectlve
:D—z receptor postsynaptlc act1v1ty and some D~1 receptor
:antagonlsm, is a semlwsynthetic‘argot alkalold (Cote et
: al.; 1979).- It 15 more potent than brcmocriptlne also"
acting as a s—hydroxy-tryptophan receptor antaqonlst.-
'ﬂLlsuride has been tested alone (Le Witt et al., 1982, . |
| Agnold et al., 1983; -Llebermanuet al., 1983) compated with -

L levodopa (Le Witt et al., 1983; Parkes et al, 1981) used in -

combination W1th 1evadopa to reduce levndopa dOSe and
slde—effects (Lisberman et al., 1983 Lang et al., 1983,
Obego et al., 1986; Ulm, 1983) and compared_wlth bromo-

crlptlna (Lisberman et al., 1983) Lisuridé;'héiﬁgdwatery

;'saluble, may be adminlstered 1ntravenously to alleviate

'motor fluctuatlons or dysklne31as as well as dystonla

(Parkes et al., 1981, Qulnn et al,, 1985 ) and myoclonus -

_(obeso et al., 1986).' Side effects are 51m11ar to other )

| doﬁamine'agohiats“but the neuropsychlatric cempllcatlans

are alarming (Le Witt et al., 1983) Lisuxide,
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' administered 0.05 to 0. 15 mg/kg lntravenuusly shows effects.'
.Withiﬁ i5 mlnutes and beneflts that last 3—3 hours (Parkes :
.'et al., 1981) - Oral admlnlstration-lnduces prompt cllp;cal
 respansé which parallels blood lisuride levels (Le Wl tlét'
'fal.,qlggz-anq_lgas} Lisuride 15 completely absorbea buu
' haé a §ignificant-degradatlon due o the hepat;c First pass_ '
;3effect, Wthh reduces ‘the absorptlon by up o 80% (Burns et .
el 1981) . The half—llfe of llsurlda 1s 1.5 to 3.5 hours -
' :and 90% of lts metabolites appear in the urlne u1thln 24

-"hours.

. Terguride trans-dihydrblisuridé a modification-af
*_1lsurlde, w1th slmzlar potency but longer half-llfa, has
-also beep tested as. an antlparklnsonlan drug (Wachel, S

'1983)

1.7.1.4 S Pergolidas

Perqolide mesylate 1% a potent semisynthetlc ergot |
'alkalold, with mixed D~1 and D~2 receptor agondst acﬁ;vmty.
~ and has;a half_life of 6 hours (Goldsteln et al., 1980; <
.Lemperqe:.et al., 1980)._ The dosg range is 0. 1—? 2 mgjday, 
_brally in'dividq- doses,.and may be used as monotbhrapy ord
~as an adjunct'tb_levodopa:(Ilson et al., 1983,_Lang_et al.,.

- 1982; Lieberman et al., 199¢). ' Compared with
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'bremocrlptine, pergoeide is more poteht of equal ox better :
 eff1cacy, hae szmilar eide—effects (Le with et a1., 1983;
Lieberman et al.,-lgasj and 11ke bromocriptine the-effecte,
_while addltlve to 1evodopa, are not sustained beyond a

_conple of years (Lleberman et al., 1987)

1.7.4.5  Mesulergine

The’ g~alpha amino ergoline and selective Dnz receptor _

.: egeniet cQ 32~034 was glven to animals (Marketein, 1983)

~ and humans (Burton et al., 1984; Pfeiffer, 1985; Jellinger,
1982). Doses ranged from 2-60 mg/day orally. ﬁeSuleréine'
“has been withdrawn due to rodent teet;cular carcinogenie

effects

 1.7.1.8 ; CQA 206-291

The ergot derivative CQA 206~291 (5R (S—alpha 8—-bheta -
loealpha]~N-N~diethyl-6-ergoline#8—yl) sulfamide hydro*
chloride is chemically similar to ite predecessor

mesulgerine, the active metabolite of which is CQ 32~ 084.
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'CQA 305-291 is aatlve upon p-2. dopamlnerglc and 5~HT2 sexo—"
'tinergic receptors, using rat striated SliCES and |
.dlsplacement of [3H]sp1roperzdo1 and [3H]clan;dlne_
| pactlvely (Jaton and Enq, 1937) Furthgr évidenqe.gf

_D~2 adtivity comes. fromv.

a) Electrically mediated rat stfiatal acetylcholine
release folIOW1ng cQa 206-291 and inhibitlon of dopamine

'effect upon acatylchnllne fallow1ng CQA 205—291.

b).Ianeasad striatal level of HVA after . CQA 266—291
:_adminlstration, a SLmilar observatian having been reported_
w;th nesulygerine. - |

e) Unilateral §OHDA rodents which showed contralateral
~ turning follleng CQA 206-291 simllar to apomorphlne. Thls
Was complately inhibited by the D-2 antagonist sulplride
(86% reduction) and 1ess go by the D-1 antagonist SCH 23390
- {31% reductinn) “No apomorphxne like sterentmpy wa

induced in normal rats.

-d) CQA'206~291'reversed the_MPTP-induced-parkihsonién '

faaturea-of.squir:él monkeys ..

@) Finally prolactin secretion and lactation was
inhibited less potently than with meéulgerina but more

potent than with brqucriptina (Jaton et al., 1987).



Evidenaé”of D~1 dopanine reczptor activity is contro-

versial. Biochémically dopamine-stimulated adenyl cyclase -

was not influenced by CQA 206-291 or CQ 32-084 but SCH

23390 unexpectedly agfected CQA 206-291'indﬁded'radént- |
" rotation, a feature suggestlng some D»l receptor effact.  -
.fCardiovascular effects in volunteer studxes show decreased

nrthostatlc hypoten51on and nausea campared with bromo~

 eriptine.

cQA 206m231:is'weiliahsorbed,;with'greatef tnéanO%fgfﬂthe 
~oral dose EntéringrfheIhlbddsfféam, 'a significant first
,.pass hépatic effect is‘obaervéd; Thé halfﬂiifé is'approxi; .

mately 8.6 hours, termlnal half-life of biphasic peak and
| excratlon occurs in the urxne (50% 1n 24 hours) and up to

30% ln the faeces.

fha'pétential of coa 206-291 in animal models has led to
preliminary studies in healthy human voluntgers, The dfug
was ﬁell tolerated tb 0.5 mg orally (single dose},-without
nausea'or'paatﬁrél hypotension (Spector, 1986); Thera=-
._ﬁeutic indications are etill to be defined in idiopathic

| Parkinson's dlsease, but following bromocrlptine experience_
Mde novo™ 1nitiation of therapy in early Parklnson's (Hirt |
and Gugerli 1988 Roscol et al. ' 1988) and addmtional to
1evodopa aa adjuvant therapy (let and Notter, 1987, Luef

et al., 1988) have been recorded.
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 cQA 206-291 has antiparkinsonian activity ih advanééd-idio- 
: _pathic Parkinson‘s disease (Temlett et al., 1988 and 1939,'-:"
rabre et al., 1988) - | |

_'1.7._1.'7__' . {(+)-PHNO o
_(+)~4~propy1~9-hydroxynaphthoxazine ((+)—PHNO} ls .

_ structurally dlfferent from other dopamlne agonists (Flg

: 1.3) and _nuuﬁxg dose for dose is the mast pctent D-2

' -_agonisﬁ avamlable today (Martln et al., 1984}. (+)~PHNO 1s

exquisitely postsynapti¢ D=2 dopamlne receptor selectlve in ___'

a). it'inhibits in vitro [3H]apombrphine and
[3H]sp1perona bindlng to rat striatal homogentea. It
also has some J—HTl receptor and alpha-z adrenoreceptor

' aet;v;ty (Martin e* al., 1986)

b) Hypothermia and postural changes in unllaterally

lesioned mlce have been reported.

'”q)_Rodent stereotypies,iqnawing,-1ickihq-and-snif£ing;

otation:in'unilaterally lesioned énimais similar'to apo~f

norphine, is also blocked by prlmlng with haloperidol, but
not reserpine or alpha~methy1-paratyr051ne. This suggesta

"PHNO is a direct acting postsynaptic dopamzne ‘agonist drug.
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' d) Enuresis occurs in dogs.

| e Failure to st;mulate retlnal canp, sugqests 11tt1e.r,"
opel activity..__

o 'f):"-Rapid' _i:"éi'reréal of parkinsb_hismfin the. HPTP+tréated
- common marmoset waé”OBServéd:(Jeﬁher at'al,, 1986; Nomoto .
et al., 1987) when glven orally, 1ntravenously,_1nter~f |

fiperitoneally, subcutaneously or transcutaneoualy.

Skin or . parantara) potancy is 7 times greater than. oral ,
- potancy suggesting h slgnificant hepatic metabolism. Wlth
-?the “firat pass" effect fnllcwing 1ntestina1 absorptlon )
'(001eman et‘al., 1990) A Animalé VQmitaa and became hyper-
~ active conflrming the potent D-2 receptor effecta ‘also
 7found in human idicpathlc Parklnson s dlsease sufferers |

(Coleman et al., l987).



B P { JE

-:1,7;2 '_ _ _:-Dppamine p-1 receptor agonists. .
1.7.21 SRR3R

: 2 3, 4 5, tetrahydro—7 8-d1hydroxy-1~phenyl—ﬁ-3-benzazaplne

B ;(SKF 38393) 1dent1fled by Pend]aton et al., 1978 is a selec~

ﬂ?tlve and unmque D—l dopamlne agonlst (Setler et al.,

1978) In vitro studlea suggest le dopamine receptor_"'“
a gonlsm in. that cAMP in homogenlsed caudata was stlmulated
by SKF 38393 Less cAMP was 1iberated follow1ng dcpamlne,

g compared tc SKF 38393 . The effects of dopanmine and SKF

' 3839@ were not addltlva and fully 1nhibited by dopamine
antagoﬁlsts such as chlorpromazine_anﬁ hulbocarplne (Setler .
étﬂal,, 1973),"Pharmécolqgidﬁll?'sKF 38393-is-a_pa:tial-
égoniét;:-Dbpaminé'turhévar studies ih.s#riatal_ahd 1iﬁbic'
; Struptures_saggést.that apqmérphine_(D~2:actinn)fand ﬁot'

| SKF 38393 (D-1 action) alters the rate of depletion of -
' dqpaﬁiné-dnqa_tfrosiﬁe hydrqulase-is inhibited. Basal
dopanine levels are unaffected. In vivo studies show no
emeéis'infdogs, dose re;atéd contralaterai;rqtatibn'in
-_unilateral 6OHDA ratﬁ simiiar to. apomorphihe;-the' absende-'
of stereotyples, 1ncreased rndent prolactin release and .
finally that SKF 38393 has patent effects on’ the renal
a:tery_(Pendlaton;'lQ?Si settler;et al;,_lgvay;,;ﬁu:ther—'

-more pimbzide (a potent D-2 antagonist_but weak D-1



_-antagnnlst) (Pendleton et al., 1978; CIement~Carr1er et
al., 1974) had no effect in blockihg rotatlon behavmeur or
'upon the renal Vasculature of unilaterally 6OHDA 1e51onad
~animals. lelted clinical studies exlat ut11151ng SKF

38393. chpleted studies show dlsappolntlng results in

 human idlopathlc Parkinson's disease. The MPTP-treated

prlmateydld_not*respgnd_prédlctably ‘to SKF 38393 (Nomoto et
-fai.;'igss- Braﬁh.et aiy;'lsav)- Metabolites of SKF'38393  
- may 1nhib1t D-2 receptur expresslon (Nomoto et al,, 1985,

o close et al.,1985, Temlett et al., 1988; }

. 1.7.2.2 0 oy 208-243 - |

A.recéntlf mﬁnufacturéd D~1 recéﬁtor'agphist Cé'208~243.:
(Markstein éﬁ.al;, 1987) has all the exp¢ctéd biochemical.
Characteristics'of7a ﬁ—i'selecti§e agonist.. cyY 203-243

displaces [°H) dopamine’ binding (a D-1 and D-2 marker) in
rodent striatal slices in micromolar cpncentration while
diSplacing [3H] spipérdne (D—z'seléctive marﬁer) in nano-
molar dmounts. CY 208-243 étimulates'cyclic AMP'formathl

ion. gelsctive D-1 activity 13 sugqaqted by the ohserva~

tion that striatal dopamine turnover or’ electrlﬂally stimu-

 lated acetylchollne release remains unaltered.r CY 208-243
does not produce stereotipy, emesis or reduce serum

prolactin (Markstein et al., 1987; Temiett_et'élg; 1988)



B but does produce potent contralateral turnlng ln
unllaterally lesiconed EOHDA rodents. leited studles in

man (Temlett et al. ,_1989) suggest that D-1 agonists may

B have antiparkinsonlan effects in advanced parklnsnnlan

_.ipatlents and even produce 6yskinesias thought to be D-z  '
n'rﬂﬂePtOT mealated (Agid et al., 1933, memlett et al.,

- 1989).

| Y 208-243 will not be studied further due to hepato-

. toxicity in man (Lataste, 1937;'persnna1 ccﬁmuhidatibn}

'_,~The impetus of subhuman primate data and the early human

data have 1n1t1ated development of other drugs W1th 51m11ar

__._'chemical structures ta facllltate exploratlon 1nto the -

--antiparklnsonlan effacts of other- agents that mediate thelr

activity by ‘the D*i dopamlne receptor,

1.7.3 Thefplaﬁe_of_dopamine agonists in

- idiopathic Parkinson's disease

All thé'dbpamine D~2 receptor égqhiSt &rugs, have aﬁti-'”
;parklnsonlan eff;cacy. Table 7 4 ranks *hahpotency,
arranged accordlng to biocheyical data, of some of‘the N
=agents avallable today ‘The drugs are best employed in
:comhination with lower dose levodopa to alleviate : .*“‘“T*i
Eluctnations in advancad-disease-and possibly nde noyo" aSSI._ N

| primary therapy. . 0vera11 levodopa dose is: reducad by up - .
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- Table1d

r

: 'Spectrum of the dopamlne agomsts rarlked accortlmg' -
i to thelr D-1 and D-2. potency _ :

| ."._'Mnsm Dz, LEAST D-1 AC'I‘IVITY

. (+) ~PHNO .
~LY 171555
CQA  206~291
LISURIDE
. PERGOLIDE -
HESYJLERGINE- |
CF 25~397
. ' - CH: 29-717 :
. "AHINOTETRALIN 5, 6—d101~{i)
'_AMlNOTETRALIN 8, 7~dial—(+}
e APOMORPHINE—R-*(*) e
- N~PROPYL~APOMORPHINE
" DOPAMINE
| 3=PPP-(+)
 SKF 38393
CY 208—243

T m‘:sse D-—l, LEAS‘I‘ D=2 AC‘I‘IVT‘E'Y
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to.a third when these ddpemine'n—é'reeeptor agonlste are
‘used in cemblnat10n¢

Dopamlne agonlsts may only sustain
meaningful antlparklnsonlan benefit for 13—24 months.
Reasons advanced for dimlnlshlng efflcacy are.

a) nlurnal fluctuatlons complicate patient evaluatxon
and unless in hospltal w1th dcee monlterlng are evaluated

by “on-off“ diaries whlch 1ead to variable results
(Lieberman et al., 1937) SR
b) Peychological factors and placebo effects are most
notable early, with new therapies.

e) Ergot dopamine agcnists are malnly hepatically metab-
olieed and patients may change absorption, metabolism,

clearanee and overell pharmacoklnetzcs with tmme.

d} YDown-regulation" of postsynaptic D-2 dopamine
receptors which become less responsive with disease
progression.. -

e) Endogenous dopamine decline may make dopamine
agonist efiect;less effective with time.

£) As the overall potential to respond in advanced
idlopathicherkineqn's disease is limited, comparisons in

Y
surveys should adjust results to the time period for which



© the population has suffered the illness.

_Finally thE'low incidence-of'dyskinesi=u; dyétdnias and'

- possibly the reduced chance of 1evodopa enhanclng disease

prngressmon have establlshed the place OF dopamine aganlsts

'_ in the currant therapy of Parklnsenls dlsease. =Test1ng of |

novel doPaane agonlsts such as delayad releasa forms, ;Gng

'acting dopamina agonists, or uransdermal applxcatlons w111

':take place 1n the future._.’

© 1.8 New dellvery systems |

1.8.1 - 8low release Jgvodopa compounds ..

, Eafly~ih the”progression'of idiopathid:Parkinscn's diséa§e'

'_ordlnary preparatlons of. 1evodapa sufflce and, it is only

after 51x to ten years therapy that levodopa related prob—
.ams.emerge.- Motor fluctuat:ons have been shown to raspnnd
to- intravencus infusions of levodopa (Shoulson et al‘,

1975 Hutt et-al., 128 Hardie et al., 1984 Qulrn et al.,

- 1984) Wthh has led to the suggestlon that 1evodopa admlnls—_ :

tration in an "unphysiclogical" manner may . eventually S
damage dopamlne receptors.- To 1mprave receptor sensmtlvmty
slow autlng and slow release formulatlons are belng

deV1sed.
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At 1eest two siow release methode have emerged, an entexlo

’-e.ooated oral oapsule and a skln patoh. Recent ev1dence o

.shows ‘i:.hat with both Madopar HBS and Slnemet CR 3 4 and 5
(all enterlo coated formulation) the ideal of onoe or tw1ce
:dally medication is 1nsuff1c1ent for most patients -
(Duvoison, 1989) A oomhlnation.of normal Slnemet w1th the:.'
slow release formulation 1s ueually requlred heoause the

'"1atenoy to oneet is too long after ingestion of the slow

B release tablete (Bueh et al., 1984, ‘Quinn 1939} - Many

patlente beneflt, eepeolally those who euffer nocturnal

'akineeia and dlffioulty turnzng when recumbent.g I

. 1.8.2 o 'Transcutaneoue'dfugs an&?ekinépatohee

N Novel routes that avoid tablet taklng have been used in theS.
"therapy of motlon 51ckness, angina peotoris and - |
'. hyperten51on ‘by utlllszng the skln and subcutaneoue'fat
"sump" (Price, 1v981; Shaw, 1980, Armstron, 1980, Lyrenas,
1981), Common to all these drugs is thelr llpld-water
solubillty profile, a factor which has made_the usual
;antiparkineooian drugs'uneuitable; The:oopeﬁioeiogoniet_
(+)-§HNO hao ohanged'this einoe it is weter andJlipid
eoluble, not 1rritant to skln and a potent D~2 seleotlve
dopamine reoeptor agonlet {Coleman et al 1989) "

Applicat;nn of (+) - PHNO in a_plaster fixed-to-the_skin of

T




L

.ﬁats (Graﬁdésfyefez;ét al., lsasjfjprimates fpdiemah.etfax
a1;,-1989)-§hd;han EColeman-et ai., 1989);a11 ﬁﬁpw.abébrpﬁ__z

lﬁion of the drug_aﬁd imprové@énts.in_parkinsonién'sﬁaﬁué;'

Ad&aﬁtéges cf'the tfanécutahéoué routé'ﬁf édﬁiﬁistration
_:are that the hepatic “first pass" effect upon 1ntastin¢11y
I.absorhed drugs is. avoided allaw1ng more ponant ': 3
'antlparkinsonian effects which, if slowly released, x:'.ould '
; potentlally alleviate many levodopa related motor

: fluctuatz.ons. : Hence patlents already recelvn.ng bene.fit

~_*from 1evodopa may be supplemented-wlth (+)-PHNO to smeoth.
- out inevifable motor fluctuatlons that sometlmes parallel

serum 1evodapa 1evels. o

1.8.3 | . _Subcutaneéus;ap?morphine_Zf

- - ) A | i

The mlxed D*l and B 2 dopamlne recaptor agonist apo—

morphlné, has been successfully employed to treat levodopa.

3 dependant parkinsoniaanatients who develop motor fluctuaf

tions espeqi&llﬁ “Onéaff" phémdﬁenbn_(stibeilééj}ilssé; |

Pbewe et al., 1983);. - " -

_ _ : o

' Elther a subcutaneous infu51oﬁ,_v1a a contznuous pump.or -3

portable 1nj90tlon, pay be’ uséd perlodically to preveﬁu

| noEgT perlods (Frankel et ax., 1990) ' Beneflt in urinar;~-

| dysfunctlon (Chrlstmas et ar;, 1985), “aff“ pe*mod pain and

dystOnia (Frankel 1990) and biphasic dyskina5135 have
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also been reparted (Duby et al., 1972) Thafé-Is a'éhort :

- lag betWaen apomorphine injectlons and rlslng blood. and

carebraspinal fluld drug levela, indlcating the drug

crosses the blood-braln barrier very ‘well. clinically the

'._apomorphine also appears to have a long half-llfe Whlch

allows_mohlllty long after serum 1avels fall (Gaucher et

al., 1990). How exactly this dopamine agcnlst works and

whether the dopamlne receptor actually needs to be
stimulated continuously is unknown Apomnrphlne is well
tclerated and no 51gn1ficant drug tolerance occurs.
Reversible neuropsychiatrlc side effects hoWeve.r are

common.'

1.8.4 o ' Polyméric brain implants =

Folldwing the demands made”upon researcheré from thé
1mpetus of dopaminergic Lell implantation techniques,
rasearchers have begun looking for alternate sources of
cell lines or art1ficial dopamine sources to be implanted

within the brain. Dopamine'cppblymer matrix devices.may'be

one method of'deliVering dopamine into the ventricular

cereb:nspinéi £luid or pareﬁchymaily to the_striatum itself

(McCrae etaal., 1988;'Freese-et al.,_1989);

This technigue has only been employed in rodents but does

PrDVide a useful theoreticel basis for further development.
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'1.8.5 . Nasogastric and intravenous infusions

_Developed_aé a ﬁpre-physiolagiqél and regulgrly_adminiaw
tered levedopa dose regimen the teChniques'of"intravénous
but also nasogastric leVodapa adminlstratlon are 1mprac- .

tical to employ routinely. chever patients with motor

. fluctuations will clearly be better controlled by infusion

 pumps The attraction of dopamlne agonists administered in
.thlS way ((+)~PHNO, llsurida and apomorphine) Etlll naed to:;
 be devalgped.tq_their full potential. Fluntuating mqtor
responges (eépecially '!'«'.m---t;a.n‘:.f“_-_'.};:1_'1;2-.1;11_.3_111«?.11_?::1'1)'E ére thol:_lg‘hﬁ___td _
| be due to altering striatal dopamine (both D-1 and D-2
 récéptdrs)-sensitivity. .Chrbnic-intermittent 1evbdopa
”administration commonly causes . alteration in these .
.receptnrs. In: addition hlgh proteln meals, erratic bowel
absorption{ de+ayed gastrlc_emptying and altaratlon of_
sefﬁm’pharmacbkinetics may all aggravate the sentral |
dopamine receptor fluctuations (Nutt, ;§84).”-Long'term_-
continuoﬁa.and slower raieasé'dbpamihe adminis#fation is
fhought_ta be more physiological than chronia-ihtermittent
oral therapy.(Mcuradiah et al,, 1989). Problems w1th long
tarm contlnuous dopamlnumimetics are still emerglng, such
as neuropsychiatric sideueffects_and drug toleranqe-w1th
less effect sefially'of simiiar drugy dosﬁge;' A furth&r
possible site of levodopa or dupamine agoniat.administtaf._'

tion would be their administration into the CSF directly.
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1.9 'Tia_hspjahtatioo In idiﬁpat'!:‘l!c"'lﬁarklhs_on’s dis_e'ase_.' o

oThe concept of transplantatlon has been dlscussod over the
__last century (Dunn, 1917, Weiss, 1950) . Dopamlne produc:ng
scall implants hpgan 1n 1979 Wlth ‘two research groups .
. show1nq that dopamina oells surv1ve and function in rat
"models (Bjﬁrklund and Stenevi, 1979; Perlow et al ' 1979)
 The notlon that placement of catecholamlne producing cells
| may functlonally and behaviourally ohango parklnsonism was
tested in rats wmth unilateral 6OHDA n1grostr1ata1 le51ons.

(Bjarklund et al., 1980, Freed et al., 1980' Dunnett et

"f_al., 1981 and 1983 Sladek, et al., 1988), nonhhuman

'_prlmates (Redmond ot al., 1986, Barkey and Kmng, 1986) and
'finally in man w1th Parklnson's disease (Backlund et al.,
1985, Madraso at al., 1987; Hltchoock et al., 1988} ' TWo.
_sources of dopamlnerglc tissue are used - the patlent's
adranal medulla or fetal mesencephalon etal tlssue was
shown to grow (Freed et al., 1980),_send out axons across
damaged neurologlc tissue (Arbuthnott et al., 1985 Mahalik:
'et al., 1985; Freund et al., 1985}, excrete neurotrans~.
mitters and neuropeptides (Freed et al,{.;aas}_whlch become_
metabolicaliy activo {Schmidt et olo, i982§ Rose gt'o;,,:=_
1985; sﬁreckerjet-al., 198?)._Due.primarilyfto eﬁhioa; __'
difficuities in_obtainiﬂq_fotal.material fhe emphasis was
plaoed:on adranal_médullary cell transplantétions (Fread et

al., 1981 and 1983; Madraso et al., 1987). Over 200
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‘adrenal transplants (Lancet editdria£§,;1938-199Q)'n&ve :*
‘been perfdrmed ih man with idiopathic Parkinson's disease.

‘Review of &ha literature suggests that the technlque bears”

S a 10% overall martallty and does not- demnnstrate objectlve :

evzdence~of benefit~(Goeﬁz et al., 1989, qladek et ale.,
_ 1988, Allan et al. 1986 Landau,_lsso) Hence adrenal
.transplants have been enthu51astically supported over
;evaluated in man, but sadly show no evidenae of. sﬁccess and

. thus should be abandonad

Althaugh less than 20 fetal mesencephalic transplants have
:’heen carrled out in man, exparlmantal fatal tissue trans-
-plantatlon appawrs mnre encouragmng. The procedure has
significant ethical 1mp11cations (Mahovald, 1987). Animal o
data has utzlised the 60HDA nlgrostrlatal lesioned rat
(Ungerstedt et al., 1970) and the MPTR-treated primate _
.-(Burns.etAaL¢, 1983) to address the issues_ﬁnquved in cell-
gfnﬁth, éﬁrvival,-interac?ion and function. With'(Lund et
al., 1987; Mason et al., 1986) or without immunosuppression
human fetal cells*areuﬁot rejected,.up to 9 months (Widnef
et al., 1989) énd grbw in different species,'such as human
cells in rats or rat cells in mice (Brunden et al., 1983);
MasenCephalic fetal cells, unlike adrenal cella, do not -
require nerve grcwtﬁ.factor for long térm.survival"eveh
attempting to send out axon terminals to contact other

intr1n51c cells (Krieger et al‘, 1982)
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stereatactic technlques (Backlund et al., 1985) compared
with ‘the open procedure, expasing the caudata nucleus

(Madrasaa et al., 1987) needs to be reflned but is safe and -
feaslble._ Praof of functional, e13ctrophyszolog1cal ot in
| _ggg_improvement in hu an IPD is not currentJy eV1dent

Studles report temporary 1mprovament (LGdvall et al. ,_ o
1989 Madrassa at al., 1987) but 1ong term data beyond two |

year fallnw up remalns dlsapp01nt1ng.

o Re—evaluatlon of animal data and 1onger follow up of those -
Patients already successfully transplantqd is requlred .
'-befare-further transplants are initiated (Lancet, 1938}

' The overall verdlct in fetal transplantation is cautlous - 
:nptlmlsm (Lancet e&itorial, 1987) but remalns very o

'controver51a1 (Hitchcack et al., 1988 Landau, 1990)

~ since we do not kno% the suspected environmental toxin that
cauées=nigra1 ce117toxicity-ahd_méﬁtfﬁéurologiats.tdday'do_
ot sdvise experimental striatal graft.impiaht_Surgery,:the -

_best.phafmécclbgical'managément of idiopathic parkinson's

 disease remains the only practical choice.

Levodopa probiéms have created a need to explofe.thé role

” of the dopamine_agonist-dﬁugs and to dreéte ﬁgll_taleratedk
potent compounds that are both D-1 and P-2 specific;-BettEQ
-dafinition of the réle of morcamine inhibitors, slow |
:eléase preparatiphs, transcutaneous and subcutaneous druq

delivery is concurrently being sought.
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 CHAPTER2

THE BASAL GANGLIA AND DOPAMINERGIC PATHWAYS

24 Anatomy
Anatomlcally the basal gang;iglcbmprlse é groupfof subccr~ .
 tica1 grey matter masses ‘Their interccnnecting pathways |
| are derlved from tha embryonic dlencephalon, mesencephalon
as well as telencaphalan and consist nf the caudate S
'_nucleus, putamen (the comblnation referred to as the corpus .
._ striatum or naostriatum), globus pallidus, substantia |
_nlgra, subthalamic nucleus, parapont;ne_reticular
: for’ma‘t.:.ioh;’ var:ous 1imbic"c6mponenté "(c..:ingula‘.t'.e gyrus ’ -
striae term;nal;s, nucleus accumbens) and the amygdalo;d
.nuclear-complax. Lentiform nucleus refers to the putamen
exﬁefnailf and inner globus pallidus itself subdiV1ded into
an eﬁternal'ségment (cbe) and internal segmeht (é?i) The
central structure of the basal ganglla is the striatum.
The strlatum recelves input from most areas of the cerehral
cortex, the midline intralaminar thalamic nuclel and the

subatantia”nigra_zoha compacta (SNeg).
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ﬂ'FUﬁCTIONALﬂY~ho§e§sr; ﬁsineod ﬁo ekpoﬁd the above nuoleioto'"
-inoiuds parts of the ehbryonio diénoephalon ahd'messn- |
."oephalon, because ths subthalamic nuolel, substantia nlgra
pars oompacta (Sﬂg) and pars. retloulata {SNr), thalgmus,
pontlne retlouldr formatlon, raphs nucleus and superlor
ﬂhcolllculus all interconnect 1nt1matesy wi h the anatomic
basal ganglia.i The varlous pathways of ‘the functional )
| basal ganqlla Fig. 2, 1 oould ‘be broken down into. |
. a) striatal input (afferent)
| b)) 1nteroonneotlons S |
el striatal output (effersnt) systems

. (Mcher et al., 1987)

's Cortlcal struotures, suoh as ‘the supplementary motor oortex_
.(SMA) or Brodman 5 area 6, of the frontal lobe ars also
:-1ntegrated and orucial to normal functioning of this extra~_

yramidal network of nuolel. A motoroact_begins w1th 1dea

formulation or praxis in the frontal oortsx. Fibre grcups

 wikhin the oorticostriatal traots targat the nsostrlatum or

oorpus striatum. The tract is masslvs, glutamate mediated
neurochemioally, excitatory to striatum and somatotyploally
arranged. The striatum receives less slgnifloant input |
from the midline thalsmio nuoléi, the cehtfomedian and
intralaminas'nuolai.and two bfainstem nuclei hamely’the
raphe nuolous ohd ﬁarS'reticulata These three afferent
traots to the striatum a¢o rss@sotlvsly oalled |

thalamostrlate and mesenceph&lostriate traots belng
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© MAJOR PATHWAYS OF THE BASAL GANGLIA

.~ Fig2t.

“The major pathways of the basal ganglia:
(a} tnput circuits (strlata! afferents)

{b} processing circuits E :

{c) output circuits (striatal efferents)

~ {See page 86 for detailed key)
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-:mgu're 21 -_M'ajor__pathways- of the _basa'l_ganglia; key

A Input circoits to the basal ganglla plus the nigro :
strlatai faedback_loop _ :

| B F'rocessing circunts within the basa[ gangna. |

C. Output circuits of the basai gang[ia

1. Gorticostriata!
2. Nigrostriatal
KR Thaiamostrlalal
4, Raphestriatal .
-~ B. Striatopallidal -
- &, Striatonigral - :
S Pallidal-subthalamic-pallldal
8. Pallidonigral
8. Nigrothatamic
10. Nigrobralnstem =
11, Pall idothalamic
‘12, Pallidohabenuia.
: 13 Pallldotegmentai :

P

-1

CBNG:

Vi
VA
I
CM:
C8C
- RFr
CG:
R:

. GPE:
GPL;

cerebral cortex -

caudate nucieua

. putamen :
_external globus. pallidus

internal globus pallidus - -

- subthalamic nucleus
substantia nigra; pars compacta S

substantua nigra, pars reticutata

- ventral lateral thalamis nucleus .
- ventral anterior thalamic- n*w!eug,/
Intralaminar thalamlc nucleus: -

centrum medianum thalamus

- sliperlor coflloculus

reticular formation’

- central gray ..

raphe system

o aqueduct of Syl\?ius
_ (Mceeer. 198?') '



' heurochémi¢ail§_alsd.mediated-by glﬁtématelfxim ét"ai;;_' |
1976; MeGeet et al., 1977)..The thalamostriate are probably. .

mediated by cholinergic imput (Carpentisr, 1981). The all.

"impoftantinigrostriatal ttact is known to contain'

:::dopaminarglc termlnals (Beckstead et ala, 1979)

 str1atal complex contalns many dlfferent neurones the '

_ commonest are the medium spiny neurones nomprLSLHg 80—90%
 'of the cells, whlch whxle utlllszng GABA (Fonnum et al., B
- 1978; Nagy et al., 1983) also ccntaln other neurotrans— _
.';mitters [Graybiel and Ragsdale, 1933) - Axons and dendrites.

' ffrom these cells racaiva 1nput from the dapamine cantainlng '

- -nigrostriatal tract.- Large chollnerglc 1nterneurones,-~

z'ca1Med large splny strlatal neurones are also tound in the |
.fstrlatum (Phelps et al. ;. 1985). Smaller somatcstatln and
neuropeptlde Ymcbntaining interneurones are less ccmmonly
observed (Di Figlla and Aronmn, 1932} Recently
"st;iosomes" representlngnlslanda\of dopamine cell'
pépﬂlatiuns“are_dsmonstratEd'in the striatum (Graybiel et
al., 1983)., Functionally these striosomes selectively
'receiVe_recipfocal input from fhe SNc and frontal corﬁex
(Gerfen et al., 1982). The remainihg “matrix'naurones"_
stain differently to Qtriosomes and'receiva input fromISNr
and ventral tegmental area (VTA) (Jimeng and Graybiel,

1985) . collectlveiy the informatlon ‘thus far transmltted is_
funnelled and converged thrnugh the interconnactlng |
patbways frnm the caudate and putamen via- striatal efferent

tractS-malnly from the median apiny heurone fleld_through
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| ihhérnalzgidhus ﬁéllidus-hnd pafﬁ*téﬁiculatahbf'fhe'”' |

_,substantla nlgra are the tWO major cutput zones of the: o
.hbasal ganglla netwark._ Tha subthalamlc nucle1 connect
reclprocally (Kltal, 1981) W1th the internal globus |

) pallidus but do’ not. recelve input from ‘the external globus

= pallidus {carpentier, 1981).  The neuroehemmala within

__these nuclei are numerous but 1nclude GABA, (Fonnum et al .
' 1978), acetylcholina (Agld, 1937) and other neuropeptldes
(Grayhiel 1990,-¥cung and Bar~{, 1983) : Finally cutput
'_from the internal glohus pallidus and pars reticulata

- Eoccursr via GABAergic 1nh1b1tory pa“Ways, called ansa and _

o fasclcularls 1entlcu1arls. The subthalamo-thalamlc

;fasclculus connections to the ventral nuclear tier of ‘the
-thalamus are - 51tuated prlnclpally in the 1atera1 and |
_anterlar thalamus nucleus ventralis (VLO)._In additlon a'
h="com " system of - flbr&s #rave:se the 1nterna1 capsule to
connect basal ganglia to tha thalamus (Wehstar, 1990)
Thereafter the thalamus radlates to the pre-frontal motor
_ cortex and via other tracts to the krainstem (Yoshlda et
| ai;; 1966) *Thé'nigroéﬁriathl dapémihefgié tracf cohnedts
SN¢ to the caudate and putamen thereafter through GPe to
'the GPi. The SNr also projects to tha thalamus_h 
'(ventromedlal thalamus) and brain stem (superlor colliculi
and rehicular formatlon) The strlato-palllﬁal complax

influences the mator cartax, leas directly the brainatem

 and the sp1na1 ‘cord motor apparatus.
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rAnalysis of thls 1ntr1oate networﬁ suggeats that 1nfor—._
matlon from the frontal oortex is ﬁ:pi_ay transmltted v1a
.amany modlfying stops to the strlatal "small splny “eurones“
._and then vla 1nterneuronas hack to the pyramidal system. |
:The cumulatlva strlatal signal Whlch arrlves at the'_
'thalamus 1a balanced by add;tlonal lnput to adjacent but
odlfforant thalamio nuclai from tha oerobellar hamisphares.r;
A dellcate balance is thus sat up to ggvern overall o
:thalamio influence upon the pyramidaL systea and thereby]
'axecution of movement There 15 ne knoWn important direct
output below the mesoncephalon to the motor systam:‘ao the\.
thalamus must 1nfluence tha pframldal systam via ascendiﬁbk'
systams to the cortex. Mora oomplax than the above motor
;and axtrapyramlﬁal network 15 tha influance of the llmblc .
ayatem, whzch governs mood, affeot emotlon ‘and stross. _
Intrlcate connactlons exxst_batwaen tho mesolzmblc areas .
.aod'ﬁha.braihatam, nu6iéEé“aooﬁﬁ$ans, hYpothaiamﬁo'aﬁd o

other'cortioal and suboorfioal-strtCtﬁres; Inoluding'the

' fbasal ganglla, these structures ase oollectlvely referred

to today as the mesolimbocortlcal radlatlonsa_ While it is
'olaar that the oontrol of movemont is one of many functions'
of the br 5a1 ganglia, exactly whlch component of overall
movoment is still controvo*slal For exampla bilateral ' 
'destruction of tha cauiate nucleus does not always affeot |
movemant 89vera1 p%bgeo— tions from tha basal ganglla to
the cortex occur to areas which de nat appear 1nvo1ved with'

movamant gontrol. Currently it is thought that the. basal -
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- effects may 1ntluence the sxgnal ushered by the collectivo
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ganqlia integrate "higher centree“ {euoh ae eensory;
:':cognitive, limblc and motlvation) to the motor system _
(Everts, 1981). Whatever output the oortex and thalamusli_
induces upon the striatal spiny neurones {Which make up 90%

"of striatal mioroarchitecture), oonourrent dopamlnergic

- pigmented neuromelanin containing dopaminergic cellr of Ehe:;
'SNc lS cruoial to striatal funetion. Dependan‘ upon-exectly ﬂfa

Where this dopaminergio influence is focused dominant

’onol of medium spiny neurones (Smlth and Beiam, 1990)
Idiopathic Parkinaon‘ﬂ dieease is the prim N examp]e of
e fioient nigrostriatal dopamlnergio tract, consequent upon--3
- cell death 1n the subetantia nigra pars compacta. The
'result of excessive inhibitory input into ﬁhe thalamus 1s -
' rigidity and akine§1a. Replacement 'eth the o |
neurotransmitter L-&opa corrects this state and explaine
| why the- afflicted’ patient notices tremendous‘benefit ae E
3udged by 1mprOVed execution of movement. additional
- dopaminergic pathways originatlng from the.ventral-'
tegmental nucleus situated medial to-the_midbrain‘
substantia.nigra?;influenCe the’veriops_iimbio nuclei,
inoiuding nueleusleocumpens; laterel'hypotheiaﬁﬁs and
selected areas-of'cerepral cortex. _While.hot_di:eotiy o
'respohsible for movement these sYsteme inflﬁenée-motiﬁetioﬁo
to move and may be responsible for excessive sideneiﬁeots
due to levodopa and other oompounds when treating the |

deficient nigrostriatal output-state._ Additional input
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o from raphe nuc191 [serotun;nergln) and locus aeruleus o

| '(noradrenergla) 1s also present.

2.2 Physiology

.;Any hypa hesis concerning the true functlan nf the basal
'f:ganglia must incorporate what is cllnically established in
.Parklnson's dlsease, Huntinqton's disease and elmnmco—-'
"pathologically correlated case studles (Marsden, 1982). .We”_:”
"know.frnm 1esiuning;experlments 1n;anlma}s and-pathalogy"
'1 caSéﬁstudies-in man, thatfdefects in”the béséi'ganglia'are
assoclateﬁ with disorders. of muscle tone and diminished -
.movemant. Exactly. whxch part of the basal ganglia machin-:
.-ery:and hetwark.ls rESponsmble?for speclfic.abnorma;itmes,
_rEméins_elusive. ?pr’example{ large deStructi§e legions,
ﬁsﬁally:bilateral, aﬁe.requiréd:to ﬁreducé-braﬂYkiﬁesia and_
figidity in primatesQ: Smailg'éacurately placéd_lasioﬁs-
.I1eave no motor deficit- tLeei.i9a45._OVérall weakness is
not a characteristic of disturbed basal-gangiia-fﬁndtion
but speed, plahning;'sequénciné,.fluidity'énd exécutidh of :

movement are all affected.

-'Alexander et al; deSCribed at least five ﬁarallal-func«_ :
tioning loops pzssing through the basal ganglia."They .

subdivided these speciflc functlonlnq loops as:
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&) A motor circuit, projecting to the
“ | | : Sﬁplomentary moﬁor:oc iex’ (SMA, Aféa’s;_:_f
o S;.'fjf:; " An ooulomotor clrcult, projeotlng to
T ffrontal eye flelds (Area 8y -
S ¢1- ';¢"ngn anterlor clngulata clroultfrooéiving B
| | input from the hmppocampus, amygdalold and .
o 1imb1o systems ' .

a A dorsolateral prefrontal projection.

e) - A 1atoral orbitofrontal prafrontal

projeotlon._'

"Know;odge'io 1iﬁi£gd in.the iattorofhree'oatego?ies_aSr3
'rosearchérs toﬁded~to concehtrate upon'tho motor'pathWayS'
':(hiexaﬁdér et al ; 1936) clearly many basal ganglia func~

-tions exzst outside the domain of motor physmology o
:_(Alexander et al, 1986, Marsden, 1932) Many_modelo_of the

'basal ganglia havo been proposed.

It.is poésiblé_that-the idea to move begins in the fﬁontal
'oortex,_along_with integratea input from tha'sonsory motor
cortex, premotox cori:ex__and-_ posterior parietal ll-_ob.e,_ all o‘f
which are mediated through the.striatum.-gwidoséread :
cortical-impulsés are directed subcortically,.focused
through the thalamus and diraoted back to the supplementary
motor cortex. It is known that patlents with frontal
oortioal atrophy, whatover the aetlology, exhibit symptoms .

Qf-slGWness, slow thought.process and ;nmtlation{ aPraxlas,-:
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"-and may show “paratanlc rigidzty" (Gegenhalten) whlch is
-remarkably simllar to parklnsonian symptumatology (Everts f
‘and Wise, 1984) Specific degeneratlon of the frontal
'_aortex is not a 51gnif1cant pathnloglcal fzndlng in

'_:parklnsanian pat;ents and_hence_the defecﬁ_that causes _
.:bradykinesias'must.residé'subcortiéallyf probably in the_ 
'-basal ganglla. 'Whah cémparing Ehe-subcortiéal bésél_

qanglla wotor control mechanisms w1th those of tha | -

cerebellum, two strlking dlffeanCES energe. - Firstly, _  

__'there 1s 1ittle direct sensory 1nput to the basal ganglma a
in contrast to the two ascendlng spinocerebellax tracts

that ascend the spinal cord and 1nf1uence the cerebellar

hemlspheres.s_Furthermore, extensive projectlans conveying

 joint sengatioﬁ, frcﬁ tendan,-muéalé'ané skiﬁ’feeéptbra
ascend both the posterior_ddiﬁﬁnéfand spinocéfébellar ::

. tracts-tq_influéhce the cerebellum. - Secondly, the cutput

~ from the internal'segment of the'glbbus;pailidus, while
targaﬁing'the thalamus in the same'ventrdﬂlatexal'and;'
ventro-anterior area, remains separate frnm'tha'eérebellér
. input which is destined for the primafy motor cortex.
The:e.are specifiu'cerebelléspinal'pathways, sﬁéh as the
retiduIOSpinél-and veSéibulosﬁinalspathWajsg wﬁidh iﬁ :
_ addition'ta'ﬁhalamicﬁinfluéhca may quify motor output.
The cerebellar connections have more dirgctfagcess:ahd-' _
influence upon not only the primarfjmaﬁbr cortex,'but also
" the brainstem and epinal cord éomﬁaréd with the baégl'
ganglia. Why'thia rélatiohship.axista-iS-unknéwn, bﬁt'the':”

dual cerebellaf-and _
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" _basa1 ganglla 1nput allow speclfic control of the pyramldal'_ e

'_output and ‘specific execution of motor actions’are

'carefully gcverned_and checked continually. -
2.2,2 Cllnlcal evmdemce of normal
basal ganglla functlon _

'_ Early this centufy Kinnier wllson began askxng questions

' regarding basal gaﬂglla such as‘-What is the origin of

" motor ecntral and what components of thls aomplex system

| braak down in Parklnson's dlsease? Marsden suggasted 1n

1981 that evidence stlll pnlnted to the functionlng basal

"ganglla (as oppoaed to anatomlc) as the origln of motor

contrul and hypotheSLSed ‘that the basal ganglla are respon-
alble for the automatic executlon af 1earnea motor plans
(Marsdgn, 1982). To understand the implicatlons of thla,
'6ne.is in#iﬁéd to do battle w1th the physiolugy of just how
we movel In 1dlopathic Parkinsmn's disease, however, motor
slowness overshadows any defecf in sensory, cognltive,
1nta11ectua1 ox. perceptual findlngs. While patients maY
'complain of burnlng, uncomfortable paraesthes;a, and some-

times even pain, no objeqtive_sensory deficit is -

 demonstrated. Some patients show evidence of dEmEntié. The.'

ma]orlty of idiopathic Parkinscn‘s disaase patients remaln
-intellactually intact, as James Parklnson hlmself suggested

n...the senses and intellect bemng unlnjured“




 Based upon the obeervation that akinesia (bradyklnesia) is
fundamentel to the- dlagnosis of Parkinson's dlsease Whlch
 _.13 a qood example of abnormal funot;oning of the basal
:-oganglia, comparison of parkineonian pati-nte mith normal
.oontrolf” rovides a useful platform to analynw tae Varloue;'

components of movement..

Conoentraflon upon normal basal ganglla funotlon 1n 5

'oontrast to the parkineonian patient WllJ simply draw oom—

| f'pariSons, squestlng where movement breaks down.  Humans -

"move ‘in many different Ways and each movement may be broken
"down into automatlo, repet1t1Ve ot voluntary components
"'whzoh may be slow (ramp) or raoid (ballietio)
':Elertrophy51o1ogy has demonstrated that each movement
gorequires- . | ! - _ )
- a) the ldea (inherent thought or automatio etimulus_'
_ responee) N
b) the peroeptual judgement
" @) memory of. the sequence -
) plan of - action
e)-executlon of the motor plan
' fJ-oheok1nq of the movement ‘with modlficatlon
L) stopplng the movement or repetlexon (Hersden,  _

1982).,

'_concepte.govefnihgeinitiatioﬁ of movement will not be dis-
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cussed further but may be relevant When ccnslderlng
'."paradcxlcal klnesla" 50 well kncwn in parklneonlan_."
1ﬁpat1ente. ‘Movement depends upcn the degree cf'practice'c#.
Zdegree of memcry cf the mctcr plan, whlch eventually
beccmes aufcmatlc‘ What ccmprlees the "autcmatxc“ part cf.
vcluntary mcvement is still contrcvereial (Phlllips and

Ecrter,_1977)._

:;:ﬁaiiistic (repidiy'ekecﬁtedj mcvements-afe ehcrt laefing,
energetic and the stimulus will halt long befcre ‘the 1imb ;
:achieves Lts ch]ectlve.- Marsden refers to thls as

. “cpen-lccped" type programme in that it ia preprcgrammed
and cccure 80 fast that nct enough time transplres fcr 1t |
;tc be checked cr regulated by perlpheral stlmull. EMG's --'.
show agonmst ccntractlcn, then ellence while the antagonietc
muecle flres and flnally the agonlst 1ncrementally fires -

again (Hallet and Harsden, 1979)

Remp (slcwly.execcted)_mcvemente ere slow, continually
ccrrected hyffeedback_ccntrcl and in contrast are;called
"ocloged-loop" movements., Most movements wili'haye_the
cheracteristics of ‘both ramp and baliistic mccemept' |
' characteristics, but the former are typically mediated via
the basal genqlie and the latter via thegcerebelluﬁ
.{Kcrnhuher; 1971) . Memory and learning enter intc'ﬁhe'
equation since people will corract movements faster than

their initial attempts when following a target or visual
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trajectory upon an oecllloscope ecreen‘ Synergiet mueolee,
}.prepare a platform from which a movement 1e exeouted
5ynerglete are oruclal to the execution of halanoe and f':
actione : Theee mueolee are aleo thought to be centro‘led
_by the baeal ganglla (Purdon-ﬁartin,-lQG?) Purdon~Mart1n '
"ealled theee eynerglet mueeles the "proxlmal poetural |
.flxatore“ . EMG' recordings show theee muscles to anticzpatetm
a given movement and if defeetlve deetablliee the '

"foundatlon from Whlﬂh a gmven movement is executed.

- vStructure of movement may be broadly subdivided 1nto plan— B

' ning the motor program and. execution of the plan (Allen end -

o Tsukahera, 1974 Har:den, 1931) Once the aetion is

'.concelved "where" '“when" end "how" te act to achieve the“"

"taek must be internally programmed‘. “When“ 1mp11ee tlming,.

- "where" involvee planning and "how" 1e'ofuoialﬂto-baea1 N

ganglieﬁfunotioming Learned automatic pathwaye are thue !
.utlllsed 1n a fashlon eimllar to a computer Whlch WRUNS - THE-
.PROG ", Funnlnq the proqramme also 1nvo1ves flne
_.control modlflcation if needed and finally terminatlon
- once aehieved,”_srooke modlf;ed Allen and Teukahare*e_
concepts whereby the programme plan executes an idea
'thtough the eombined'imfluenees.of'the'baseifeenglia,'
la‘EEral lcerebelium and fromtal efs"societiom'.corte'xﬂ whir'h ie_. '
_ canVeYed by a eignal to the motor cortex whereby movement
'may'be finally execu zd. The oerebellum (egeciflcally the

1ntermed1ate cerebellum or pars intermedla) then modifiee
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. execution of the mcvement by 1ntegrat10n of peripheral pra-

prlocepthe informatlon. It has been prcposed that motor

proqrammes exxst as a-"set: of structured commands“ estab~.

=  llshed and. memorzsed before a movement beglns and nay allow

the entlre Beguence: to be performed w:l.thout pern.pheral

ﬁeedback" (Keele, 1968; Brooks 1979; Traub et al., 1982,)
2.2,.2 _?arkinscnls'diseasé_and abnormal
C | basal-gahqlia'functionu

' Having put forward various 1evels, that if defective would

slow down movement, ‘what. can parkinsonman patlent studies B

tell us regardlng the 1n1t1a1 decision to move, during. slow =

" ranp moyementa-or_fast balllstlc.movements?

Marsden argues that the'prepafatioﬁ'for_movemént is normal

and minimally slowed. 'Evidehce for'this,comas from-a study
of the'réadiness potential recorded over thé’frgntal‘cortex
- {Beritschafts~potential) by surface EEG fecdrdings..An'EEG_

spike,; which is found by_computerrlinked back averaging, is

maximal ovér the precentral frontal area and contralateral

to the limbs that’amtively'_mové;.:This EEG spike.is not
reCQidad following.passivé 1imb ﬁoveﬁeht.?Whi1a éome have
found delav in the timlng of this potentlal (Shlbaski et
al.,-lS?&)-most researchers have nqt_(Marsden, 1982). All
reports agrée that thé-amplitude_df the readiness potential

is reduced in idiopathic Parkinson's disease (Traub et al.,
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-1980}; Ihitiatidn'of'mOVEmenﬁ ie'apparenEIY'slowéd in

L parkinsanlan patlente,'vet ‘this. is discrepant With

'_obserVatlons by Wllson wha eugqested 51mple mGVements were

.e'not segnificantly slowed (Wllson, 1925). .Further breakdown a

-_of 1n1t1at;on of movement lnto "reactlon“ time and

“execution“ tlme becemes necessary and the euggestlon 15

' _that hoth aepects of tlmlng are prolonged, often e

| 1ndependent1y (Everts et al.H 1931). Mavement executlon
'ftlme 1s more can51stently‘prqlonged and cerrelates wzth the o

"ak;ne51a obseryeq_ellnlcallg¢4EVegtseet_al.,_lgsl).

e_~stud1ee utllleing EMG‘S of varleus synergiwtlc muscles
f'examining the correlateon of aganlst and antagonls; muscle R
"'movement reveal normal patterns 1n 1dlopath1c ParkinSOn s i.
' ﬁlseaee ' Studles of this aepeot utilising reclprecal inhi~
bltlﬂn and H reflex etudles 1n the forearm ‘show ne differ-
e ence between normal control and 1dlopathic Parklnson s |
dlsease patients. 5ynerglst muscles etablllee pat;ente;
. eutematically sihce sfnerqietemuSCIe activity ie-nbrﬁal.ih:.
parklnsanlan patients, they are unlikely to be of major |

1mportance_to the striatum (Wlleon, 1925}. Perhaps the

globus pallidue ie:the centre for peeturai ¢Ontrcl-ihtegra£—-_: 

ing kinaesthetic, labyrinthine and visual infermatien;bﬂt _"

this hypothesis remains to be confirmed (Martin, 1967).
2.2.2.1 o ciesed~100p:(51ow, remp)_reflexee_'_i_

Slow movements are reasonably accurately executed in-
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packlnsonian patlents since klnaesthetic 1nput, esyec;ally ;
| visual perceptlun,'ls not disturbed. _Stretch-reflexes _ |
:(both-H reflexes and tendon Jerks)-are ﬁbrmal-butVtOnic :
V1bratlon reflexes are 1ncreased in parkmnsonlan patlents ;
. ”"Lellan, 1973} ' ExteroceptiVe splnal polysynaptlc |
'reflexes-ellclted by-percutaneous electrical stimull,
’1nVc1v1ng excessxve IA afferent input .are - exaqgerated
:I(Rondet and Metral 1973}. Slnce parklnsonlan patients
"'ihaye diff;culty;relaxingr th;s flndlngr;g thcught +to be-:.
'” e§uivaient]tg cheSs alphAanmma linkage-(Bufke; 197ﬁ).f  
‘Long. laﬁency séretéh“féfiexeé {ﬁhillips, l§6§‘ Mar$den-atf
o al.,_1973 and 1982) have heen saggested to repxesent a _.
._transcbrtlcal stretch reflex. Tatton and Lee (1975) flrst“
__showed abnormally 1ong latency stratch reflexes 1n
"parklnsonxan patients compared with normal cqntrols,

especially when studylng ramp- compared to relatlvely normal

'.hallistlc mpvements (Mortimer and Webster, 1979, chan et

‘al., 1979)
2.2.2.2 OPenuloop:(fast, ballistic) ref1éxes_

 This is where the crux of parklnsonlan motorﬁaeglclt and
Vi

dlsahillty re51des. Whlle parklnsonlan patlanh¥ﬁmay com=-".

pensite Wlth slow. ramp movements they cannot rﬁrrult wlth-_--' o

ball;stlc mechanisms accurately._ Many authorsahave deman— _
strated this (Wilson, 1925 Flowers. 1976, Haliet et al., |

- 1977 and 1980} with parkinsonian patlents “sl@wly creeping“'

BN

Y
b
it
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'rtoward the requlred posltion at a slow, eteady, aodurate
._ra*e in. contrast to that observed w1““nrapid movement |
'fspeed EMG'e show fallore to generate the requlreu lnltlal
_'auonlst buret 1nduoinq further agonist burets, Whlch o
:olnurease weth tlme. Slnoe the 1n1t1a1 agonlst burst is e-
'-though+ to be the one that develops W1th praotlse znto an
accurate movement, i 1s not surprisinq that parkineonian

patlento are slow to start balllstlc movemente. In

o aciditicm, c:li:m.oal observations show they are delayed 1earn-

- ers and oannot perform multlple taskis; (Sohwab 1954 and T
'1964) &tudy of patments who euffer from “on—off“ motor
'fluotuatlons very: clearly demonstrate that when "off“'

| aklmetio and rigid, they reoruit agonlst muSGres elowly and-

. _1naocurate1y. ' The ‘same patient on therapy, moblle angd "on“"'

_performed the same task quicxly, accurately and employlnq ﬁ'

o

' ;the correct 1n1t1a1 EMG rL pued burst of - aot1V1ty (Marsden--- 3

at al., 1977) . Marsden summarlsee thls oonoept by hypothe-
. @ising that ‘the defect could be one of MOTOR PLANNING with
perceptual judgement anﬁ motor execution relatxvely
intact.' Mbtor plan, as distlnot from motor programmes'
which are oonourrently linked by a hlerarchlo wotor controll_
system, is abnormal in Parkinson' s dlseaee Ln that the |
parkinsonian patient cannot execute simultaneous or
sequential programmes Marsden concludes "the autometio:oe
: executlon of 1earned motox plans® planning is "automatic“
(beoause the basal ganglla normally functlons euboons~_--"

clously), "executlon" (1nd1oat1ng +he basal ganglla
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' sequence of motor prugrammes tc achleve the end motor plan)'
-gQand “learned" (hecauee of the e€”ecte observed with careful-”'

_.prectlse) {Marsden,_lQBZ),
2.3 Microphyslologic evidence of normal basal gangila funcfion.
When one takes the phy51clcg1ca1 concepts one step further

_and examlnes the mlcrcphysielegy as a cellular leVel

emattere become nore complex since we rely upon electrical

lstimulatlcn technlques and 31ngle cell recordlngs emplcylngg.mﬂ-u

- mlcroplpette technlque. HOWEVEr'lt is . stil@-relevant to’
;study cellular phys;clogy cf the target zcnes frcm the

;-sfriatum to learn hcw the strlatum itself functlcne lei—

o tatlons in technlque a51de from accurate anatcmical

'placement, are that one cannot know exactly W1th1n_wh1chg

cell the plpette tlp is placed. Since*et leastl9 dietihct.

.'etrlatal neuroﬁee are preeent on golgi 1mpregnatlon studzes .

-_and more. than a dozen neurctransmltters 1dentified (Bclam,-’
1990) it wculd be 1mportant to be sure from whlch cell one
was recordmng. Celle are classified. acccrdlng to tnelr

51te, size, dendrltlc splnes and lmmunochemical Ghar“

"acterlstlcs (Table 2.1)« The mcst commen strlatal cell, 15“ o

tue medium siéed; densely spined neurone that contains
GABA, substance P and enceﬁhalih neerotreﬁSmittefs. o
Larger, cclinergic(Fspiny celle_are.rare'ch Golgi pre-

_paratione'but“cnly found in the Genﬁral etriaﬁumzeqd'eeﬁd

- projections to the substantia nigra. ;Intefneurcnes,;utiL -
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Table2] |

© OUTPUT NEURONES ~ .. ° - . oo
“Medium size densely '  Giobus pallidus -~ " . - @ABA 2. .
' Substantia nigra = Substande P i

Targe aspiny
 INTERNEURONS -~

. Cholinergic neurons
IGABaérgid heﬁrogs. '

' Somatostatin neurons’

(iu%.l%'?) s

P

Di_ff_e'r_ént.;fyp'eé of identified nelrones in the neost'ri_étuﬁ'm_ DR

 Projection sités _ h?Neﬂrotfansmitﬁers

B

‘spiny neurons | .
T . Other striatal =, . - Enkephalin -
| n.é-_%q_ns I ST B

Tnewrons . gee o _

AT
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_'li51ng GABA, acetylaholine and scmatostatln neurqtrans~'_

' mltters fﬂrm several morphologlc types on Golgi '

preparationa. These cells are thought tc connect medlum :

’ _sp1ny neuranes-to one anather and thereby ampllfy-in a
' forward and’ co-ordlnated way an impulse travel;xng from_f_
'_striatum inwards to globus pallidus. Pipette probes are.
1statmst1cally 11ke1y to reach the:nedium, - splny, GABAergic
'neurbne v1sua11y,but_oby;gusly dlfflcult to_cqnflrm.
| Inputs from thé cefebfal-cartex terminate-upoh many cells |
'including the medlum, spiny cells, anamlnergmc lnput froﬁ |

. the SNc synapses upon the. same neurone pool.. Evidence
' suggests the inhihitory 1nfluence of dopamlne accurs more"

| -critlcally upnn uerﬂrmtlc shafts and. the cell soma itself o

on strlatal neuranea while cortlcostrlatal 1nput is

dlstally received. upon dendritlc boutons which set overall

striatal tone (Nleaullar et al., 1933, Smith, 1991).

_Data.that has emerged should Qefinteﬁpreted'withzthreg '

cautionary points priof.tovaﬁbeptance of resultg that

follow (De Long et al., 197%9).

Firstly, one supposes that the récprdinq micro-électrpde is

‘in the medium, spiny cell. Only if-corréctly placed-will-f'

it then reflect the main traffic thraugh the strlatum and

| globua pallidus. Secondly, neurones in areas of the pasal

ganglia show a less than precise rélatiahship-td specific

@ody wovements. Hence one ¢oﬁ1d cannulate'the*correct'céll
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-and perferm an actien but get no impulee because that ceLl
-only responds to some ether actien. Thlrdly, epeciflc :

: dopaminergia 1elande w1th1n the majorlty of chollnergic and

GABAergic strlatal neurones have been 1dentified (Grayblel
:.et al ! 1983} | Should a mlcrn—electrode enter one of theee:

- "strlosumee" in the strlatum it wculd predomlnantly reflect' :
_'nlgroetrlatal dopamlnerglc contrlbutlons and hence 1nvali~ -

edate data aequired by this methode

"Microphy31ologlcal studies suggest a strlklng dlfference
between £he input centre (striatum) and the output centres |
(GPi or. SNr) The output zenee intrins;eelly haVe a hlgh

level of spentaneous act1V1ty w;th sustalned hlgh frequencyj'

,sdisuhargea (De Lan, 1979}, in contraet ta-the input zonee :

”_such as tne putamen Wthh is electrically silent at rest
but shows Lntermlttent eleetrlcal bursts which correlate S
eIW1th contralateral limb movement (Crltcher, 1984) Only 50%
of neurones in the putamen or. globue pallidus fire anﬂ
 _d1fferent_ce11 pepulatione ere-thoughg_to exist fer

; extension versus £lexion eqressja_joi;t.-igi:ectien'of:
_movement is prEServed within the striatum wﬁile'a large
reserve of celle are net routlnely employed for eimple .
movemente Timlng ef these impulses is ‘not tightly
controlled but a marked 1ncrease 1n cell firlng occurs at
the onset of the mevement. More cells a:e_ree;uited_when
an eppeelng force is appl;ed;-'Ineeummary, seﬁe celle .

monitor initiation of movement, some direction and yet =
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othere amplltude ef a giVen voluntary movement, once
“electrodes read “down—stream" in the eutput zones (GP1 and
- SNr) there is centinuel electrlcal transmlseicn towarde the

"thelamue While the 1npulse ig not eterted in the

:_striatum, there is a behavioural preparatlon that equeste;g
electrical evidence W1th1n the putamen that allowe adequate '

epreparetlon.for mpvement, This hae been termed a “motor o

- seth3hwhi¢h'seeﬁs to prime the system in antlc;pation ef a
-giVen movement (Everte, 19843.“ Thls was neatly shewn nn a
prlmate mcdel, tha miero—electrode placed w1th1n\the _
«putamen. FQllOWlng an auditery signal the anlmal would _

| gneed to meve a lever'to ebtaln a julee reward. Putamenal

.' activity, which cerrelates w1th obeerved 1imb mo?emente,f,

= 1ndicates the “metor set"_neuronal activity. Thie priming

:eactlvzty dlminlshed ence the s1gna1 was repeatedly net

fellowed by the usual jumbe rewardm Thie euggested the

enimaA 1earned not to expect a rewerd and the putamen celle a

 were eet back to basellne resting state.f Somatotopic

‘orientation of neurones has been suggested with the SNr

carrying head and neck fibres and the'GPi:eer?in§ the arm

medially and the 1eg'1eter5119'(ne'Long,'1979)*”'pu£ameﬁ

celle while thought aleo to be somatotyplcally repreeented -

are more difficult to separate by these technlques. '__ =

'__Hidrestimulation'of these ereae'hae3produéed Canlictihg_f{

reeults, but while stlmulatmng the caudete preducee no

contralateral movement, stlmulating the. putemen eometimee |

V4

o
N



07

produces electromyographically detected contralateral mova~ ”

ments (Alexander and De Lgng, 1985)

24 -Ngrn}_al qopamihergic'-pathways __ -

u--Dop&mina'ﬁas.firsﬁ'démonstrated microsaopically iﬁ-Statage

VESlGles in parlpheral tissue, not initially neurcnal cells_ :_

T e,

bu%kiather Wlthln perlpheral mast cells (Falck et al.,,-v
1959) Later dopamlne w@g demnnstrated ln nerve cells of

- snalls {Dahl et al., 196 ), mammallan retlna (Haggend l,_,
1963) and in strlatal pro;ections frcm the mesencaphalon o
(Andén et al., 1964, Bertler et al., 1964, Dahlstrﬁm and

. Fuxe, 1964) and . 11mb1c forebrain (Andén et al., 1965,..

1966). : . . . ” :

NEUrqﬁréﬁsmitté?s:and:théir fecéptpfs.may Bé_di&idéd_inta'
three broad supgroups (Mgceér:ét'ai;, 19§7>.ae?enaing.¢pgnf'
their-fédegtbr-mechanismﬁ and biochemizal charadteristics_L
'fTablé 2. 2).' The- amlno aald neurotransmltters have mno— B

. phoretic receptcrs that 1nstantaneously act via 1onic-
membrane channela._ Examples of thase in the basal ganglia
are glutamate (excltatory) o GABA (lnhlbltory) ' The_ 
second class of - neurotransmitter exempllfled by adétYl—
choline (excitatory) oy dopamine (1nhibitory) take 1onger
to exert thelr 1nfluence begause they act: v1a a second |

nessenger system, such-as CAMP or CGHP. ,These_seqond
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R I

* Neurotransmitters and recaptor types in the brath |

ryansmitter Type .

- cancanﬁfaﬁioﬁI ﬁanga1*
. (hanomoles/gn tissue)

M&jp: Receptor Type

I I '_."-_hrﬁin'es

' ;*éé§tid¢s

.;Eizepmr ‘I'ype

e-14 % 10%
_A-28 -
- 19“3'to'10'6:"'

ftocué'.ofr.a¢tioﬁg_-'

unknawn o

1onatrapid -

metahntrapic o

-a

uTypic&iLRaqunse'_”
-‘Time [&ac)”-

-ar-s,

:ionbtxbpid_

:.“Q”géﬁotrépic

metabotropic

- mambrane ion channela

- seconﬂ messeﬁger

MRNE

*-transcription off specifmc

. 10"3
- 1072
103 - 10G

i (MeGeer 1887)



: meesenqers are within cell cytoplaem, hence pceteynaptlc o
~ and mnore generallsed in functienal BPECIfiGitY._ Examples__.

"cf thie ere the dopamine D~1 receptors which are. linked to

_depamlne specific cyclic AMP Least is kncwn cf the -

:_;peptlde ena genotrophlc cell receptcrs. slgnale that occur eff-'

in the reglon of cell nuclei prcduceimessenqer ENA (mRNA).

which transcribes specific'ceil'ta celi-eignaisif waévér:-.*'

"_the 1mpulee takes a 1ong time, becauee preteln manufacture

'_egﬁgequlred and thereafter cyteplaemlc mRNA preducticn. :
.ﬁkﬁmples cf theee genotrcphic claef receptere are the |
E steroid receptorer and. 1n the bae (1 ganglza the endorphlns,_ 
1.gankephalinsf chclecyetekln, semastatln, oxytocln cr vaso-
preseln whlch ccntlnue tc 1ntr1gue workers in the fielc

(agid, 1987 ‘McGeer 198’?)

' Table 2 3 presents the current concepts of theee neurotrans~_;_'

-mitters lelded intc the three subtypee described, L

: 1ncluding QVerall input and eutput of basal ganglia nuclel :

themeelvee, Many of theee ‘pathways influence each other

dlrectly or. 1nd1rectly and indeed nore’ than cne chemical

- may be present_ln_similer cells. - Hence cell death 1n one

'aree'will nct eﬁly're&uce 1cce1 neurochemmcals preduced at 1-

' ethat site but may influence, V1a thelr synaptic termlnale,
 other areae even indirectly affeeting dlfferent neurctrans-, '

mltter eubgroup systeme._f.-

_Crucial to our understanding of dopaminergic pathways has .
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Tahle 2 3 Neurotransmltters ef the basal gangﬂa

 ;Transmitter

Interneurnns [ 1 oor

:;achykinlns {sPp and SK)
cholecystokinin '

~ somatostatin .
Oxytooin
Vasopressin
Neuropeptide ¥
IB~236

Neurotensin.

© Paths between_nuclel
mype 1. < = o ' ' o
~.Gutamate[Aspartata ‘Cortex to . CP, SN .
o Subthalamus to. GP, SN’ _
h .Tegmentum to SN - L
'GABA. . {CP], CP to Gp, SN, EP -
- Gy to EP, CP, SN, (subthalamus)
EF to thalamus, tegmantum, o
habenula, .
. Raphe to CP- :
NAG to GP, (SN} .
. 8N to ¢P, thalamus, -8uc,
. tegmentum, midbrain =
. (Cortax to SN} o L
o Type T __ EE S
4~Acety1nhallne- - [CPY, VnGP Lo CP -
: _ - - GP to QP
Y _Tegmentum to SN .
'{_,quaéﬁenaline__ __;  LC to cp, SN
Adrenaline ) . Le'to CB, (SN) |
 Dopanmine B 'SN to CP, GP,. Spinal cord,
SR amygdala, olfactory system,
subthalamus, Raphe to CP
'Sérqtoniﬁ . 'Raphe to CP, Sﬁ _ o
 Histamine ] * Hypothalamis to OB ¢
‘Type III R
nynorphin h . CP to GP, SN, EP
Enkephalin CP to GP, EP, SN

CP to GP, SN, EP, VHGP

Cortex to CP
Amygdala to CP

- .contra, SN to CP
“{NST to SN)
(IcP) - or P to 7).

[P}, (Amygdala to cp)
EP to habenula

Hyppthalamus t0;SN_H '

_(Hypothalamus to SN)
”-T[cpl - |

(CP or CP“to ?)

 eP} ana EXE
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::beén'the“dovoloomeht'of'suihably Sensiﬁiﬁe-hishologio'éhd .

traéor~techniqueé-' Immunohistochemioal stains can staln

- W1th great senslt1v1ty cateoolamlnerglo (inoludlng

dopaminergio) colinerglc, serotonlnergic, GABhergic and
'qlutamate oontaxnlng cells, axon pathways and termlnals.ZQf-*
: These CQmprlSE not only’ the olasslcal eell body neurotrans—’

mltters but in addition many neuropeptides (CCK 8 -sub—-

o stanoe P, VIP, somatostatin, enkephalln, neuroten51n) all

of whlch may be ind1V1dually stalned. Retrograde tracer
;_studies with immunofluoresoenoe can trace out pathways,

ffrom these cell hody grouplngs.

"_Dahlstram and . Fuke-(x964)“de50rihed:the Al'to'3125dopamine

”-fand oatecholamznerglo cell groups to which others, Al4 16,_:" |

na.va ‘been suhsequently added from rodent model data. ‘I'he s

_1argest assembly, name]y the AB As and Alo oell groups,- e
_zare the mesencephallc dopamlne cell systam,_equlValent to.
the nlgrostrlatal tract oriqln in. man, Whlch llnks the SNc

(dopamlne cell bodies) to the strlatum (axon cell

terminals) The dlencaphalic oell system (Group Al to- 314),

‘links the splnal oord, mldbrain, hypothalamus and pmtumtary -

| gland but is much’ smaller contalning only 10% of the number'
oF dopamine cells compared with the-nigrostrlatal-tract o
(Bjorklund and Lindvall 1984), Dopamine cells and thexr';o'
projections comprise 80%; the remalnlng 20% are mainly h
'noradrenerglo. Three quarters of theso dopamine cells are

_ _1ooatod in the mesencephalon -Transplantatlon_advanaos |
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'“iBVDldithfeetal”stﬁdiee have pfeducedddataatheﬂ.ie-:
.:eompatlble Wlth the propesed existence of 31milar pathwaye.-
in primates._ one important dlfference, namely the | _

;meeoeerﬁieal dopamlnergic pathway Which llnke the mldbrain_j:d*
"'depamlne cells to the meSQcortex, 13 hewever found (Parent_ .
'eet al., 1984) The much 1arger cerebral eortex j
;(telencephalen* n men cemnared to other primates and
'=deepecia11y to- lewer anlmals, identifies an.evolutlonary
| .trait of mammalian deVelepment and adaptatlen, Thie
estreeses a cruclal difference that should be rememhered to .
':avoid erroneoue eonclus;ens when extrapolatlnq rodent data_
d  5 prlmates, 1nclud1ng human prlmates._ Centrel - |
::eeretbninerglc systems remaln comparable despite
.-phylogenetic advances (Olson and Sieger, 1972), the cell
bodiee of Whlch ree;de_ln the meeencephallc and pontine
| ﬁaphe nﬁeieiﬁwhich in turh'sendeesceﬁdihg exbnS:tO”
'1nf1uence the ascending forebrain (% o descending axons to _

influence the spinal cord (Steinbuech 1984,.

Memmalian.central-meneaminergic'eyeteme are'highly eemplex'_
and widely cellaterallsed Single cell bodies may thus
o ianuence widespread areas eXertlng diffuee influence over'
'many different neuronas (Parent et al., 1984)i "The |
: relatLVely lnexpeneive'rodent mcdel has been w1de1y'
reeearched to etudy dopamlnergic pathwaye and mechanlsme.

One may thus indiv1dua11y examine the fellowing.
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2_.'4_.1-, topog‘raphlcal anatomy of DA cell bcdles - S
.42, _:Elbre tracts. contaj.nmg dopam:l.ne. ' |
o "2.4:_.3._ dopamz.nergn.c terminals from f:Lbre tract '
' | ' '_'proi}ections o .. .. .. . | _ | .
L 2.4.4. dendrztic f:Lelds of m.gral dopamlne c:all
| f _._bodles o e |
2.45 functlonal integratmn of dopamine neurones
o and t:r:acts.__"- o |

2.4.1 'I‘opographlcal anatomy of dopam:.ne cell bod:nes

> _--Rev:.ews«aria rodent atlases {Dahlstrﬁm and Fuxe v 1964,

o Fallan and Moore, 1978; Swanson, 1982 : ijrklund et

fal. ; 1975 and Halasz et al. , 1977’) speciflcally sta:.ninq
: aopamine. cells wi'l:h tyrnsme hydraxylase 1mmunocyto- o -
- chemlstry J.ndmate tha,t the majo;;ity of dcpamine cells

' "'res:.de in tha 1atera1 SNe (AB region) with little overlap

: '__-to a8 (pars 1ateralis) and Alo (ventral tegmental) areas.

‘This collectively is called the MESENCEPHALIC DOPAMINE CELL

; _saﬁafate from the'meSéncephalic cell systeﬁi 'thére are féui'

- _cell body origlns of the DIENCEPHALIC DOPAMINE CELL SYSTEM

(Figz 2)

 a) - The w;ggg (mz) wh:.ch pro:,ects to the L
- g pltultary and hypophyseal complex. o

-

b)  The caudal diencephalic gell group (All) in caudal -
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o -Schematlc rapresentat:on of the dopaminergic systems of the brain
- (a) mesostriatal’ _

by mesohmbocortipai
(c) diencephalic

Key: a:

-ACC: :
- AN

CE:
CP:
H:

Chk

[

‘MCG:
‘ME:

nucleus aocumbenﬁ _

- anterlor cingulate cortex

amygdaloid nuclet’

entorhinal cortex

nucleus caudatug-putamen -
hypothalamus

. lateral habanular nucleus
nuclues locus ceruieus
mesencephalic DA cell groups

‘median eminence ' :

- . OB
- PEC:

C PO

SP:
- H
T:
tu:

S

olfactory bulb -.ﬁ: -
prefrontal cortex -
pituitary gland . -

piriform cortex

preoptic area

septal area

sping! cord

{ateral septal nucleus

. _thalamus
tubercuium clfactorlum :

ﬂ‘
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) .-'Major dopéminergic _s._yétem_s"o’f.-tha brain, their celis of origin.'ahci._'their-_p'ro]ections :

.
~ System _ Cells of origln g _
1} Mesatriatal system Suhﬁﬁ&ntia nigra DR (A9}
. : tegmental areéa ' - {AlD) .
: T retrorubraI nucleus SRR vt ) B
: gro]ectlons _ _ ' _ S 5
1¢a Striatal araas, particularly
}\ﬂ -
_'globus pallidus Lo L : (AB)
. hc.accumbens o (Alﬂ, {AB] medlal F3:)
nc. caudatus—putamen e o {as)
_ _anteromedial part. (Alo [latera; partl)__:
_ olfacto: tubercle : . {AL0 [latera] pa< 1)
- interstitial nucleus of ‘the strla terminalis (ALO0) -
islands of callzja S _ _ (AB, tth]) Vo
.subthalamic nucleus = -  - : N (A@}; -
g : R
System oL Cells of orlgln
Projectlons . _

2) Mesol;mbo—

;TVentral tegmental area, 11mbic and

~cortical substantia nigra, retrocortmcal
- system _ . areas’ and.rubral nucleus B
) ng;egtions | ' |

: Limb and cortical areas partlcularly

: olfactory bulb

. (AL0, medial A9)
anterior olfactory nuclei
lateral septal’ nucleus
piriform cortex

amygdala

- (ALD [medial ‘part])
(A10, medial A9)

- veantral entorhinal cortex {Alo gldteral part], (A8]) :

‘suprarhinal cortex

{dorsolateral 2l0)

pregenual anteromedial cortex (Alo [madlal part])

supragenual anteromedial cortex - : 39)_'”'

peripheral cortex and temporal. association cortex -
. (lateral BAL0, A9)
lateral habenular nucleus ~(medial A10)

locus ceruleus

(A10, medial A9) .

(Al0, medial A3) °

(ma Asj S
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Table 2.4 (continued)
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 Projections .

System . .
) .
+ . Diencephalospinal |

4] :
‘_ZPer1VQntr;cu1ar .

~ systen

L

_thalanmic. -
systam-.“

e
- Tuberohypophyseal

Periglomerulaxr

‘dopamine neurons’

Retinai dcpémine_
- system

Olfactoky bulb

Darsal and posterior -
hypothalamus,zona incerta,
caudal thalamus (All)

‘Meéenceﬁhalic:periéquaductal )
. gray, periventricular gray
of caudal thalamus .

- (a11)

 zqna incerta;'périyentricular
hypothalamus (All, Al3, Al4)

- Brcuate and’ perlventrlcular
3 hypothalamic nuclei :

mz and A14)

' Malnly in the 1nner nuclear

layer of the retlna

(A16)

~ Spipal coxd

Periagqueductal gray, -
.. medial thalawmus and. .
' hypothalamus -

= Zana 1ncerta, anﬁé- -
rior medial préoptic

and pg;ivertxicular

'1ﬁhypotnalamus, SEPtum ?f

ff! LT

Madian amlnence, pér S
“hervosa and  pars

-_mntermedia nﬁ th@
:pltultary :

E Dendritlg'processég"
Jinto olfactory

glomerull

.Lucal dendriﬁiQ; .

projections = - 'y
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 Subdivisions i_n_‘ 'ddp'aﬁ;inergic p'roj'ec_ﬂon systems fromth’a--méséncephéno_ cells

'lsvstem

lorigin

- Perminal .aréa.

| :NigrOStriatal system (GJ

v.“ﬁ*mpsostriatal system {n}

dorsal part

| ._;_vantxal part |

| Mesolimbic system (o)

‘Mesolimbocortical
-+ system {n) :

$ubstantla nigra .

'Substantia nigra f: 
 -Ventral teqmental areﬁ:

A

Ventral tegmental area

: Vantral tegmental areai
. Medial substantla '
-.nlgra.

s'Nc}éaudatua~putaﬁeh :
¢ . (doprsal striatium)

'ENCLcaudahﬁséputamen'

A{dorsal striatum) =~
Ne. actumbens, tﬁberculum :
olfactorxum, bed - :
. nuecleus of the stria
. terminalis (ventral
striatum)

Nc accumbens, tuhar*

‘culum 6lfactorium,bed
c nacleus of the stria
tarininalis, septum,

. amyg&ala
Saptum, amygdala, pir1~ :

form, entorhinal,pre-~
frontal and anterior
cingulate cortex,

- habenula and limbic
brain stem regions
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'periventrlcular caudal thalamus and pasterlorw

| -dorsal hypothalamus..

(A13) found in

"'the medlal part nf zona inserta, ventromedial to

the mamillothalamic tract and:'

4 The' foét;ai 'Qei‘ivent;iculg; Qj.l g roﬂp (A‘l@")
- -scattered in the hypothalamus frqm anteler

"comm;sure to median eminence.- ”__fﬁm\_
'The OLFACTGRY BULB and RETINA comprlse the flnal an& xeu-

”i_'cently descrlbed aubdiVL51on (Alﬁ) uf DA cells bontaxning”*

comparatiVely 1itt1e endogenous dopamine. L
2.4.2 : Fibre_tracts-containing dopaminé e

Two main catechniaﬁinargic (CA};.ﬁracts ﬁhe_haradrénE£Qig.i:-
central tegmentél tract (including?the noradrEngrgiﬁ dorsal
 tegemental bundle) and the dopaminéiqic dorsal peri~
'ventricular system are found in the'braihstem. ’Medﬁlla, 
pons, mesencephalon and dlencephalon flbre bundles ascend
and descend, finally assembllng to form three output
projectlons. |

a) nlgrostrlatal pathway

. b) ventral periventracular system
¢) medial forebrain bundle (Ungerstedt 1971, 
Llndvall and Bjﬁrklund, 1974)
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é)w_ _ o Nigrbstriatal_dbpaminergic;tractf(NST) :

-:The Da fibre tract, sﬂ crucial in the patbogenesea af all

| parkinsanian models, connects sNe to the striacum {Anden et
| 'al.,_1966, Ungerstedt 1971, Llndvall and Bjﬂrklund, 1974,
Hok£elt, 1974 and Nuta et al., 1974). Fibres run ‘from the
1atera1 pars cnmpacta (A8}, ascend medialfg, collecting a
few VTA (Alﬂ) axons along' the way, to aharply turn rostrally

_:and form ‘the sz flglds cf Forel '1ncorporate-tha suhstantla-

o glnnommnata, dorsclateral to the medxaz forebraln bundle.

'They sklrt ‘the subthalamic nucleus, bend sharply above the

erus cerebri then rostrally 1nto-the internal capsule

_passing the globus pallldus and eventually fan cut 1nto tha o
“ _tha1amus (VLO) The most ventral flbres of the nlgro-* ’ -

striatal traci aontinue rostrally in frcnt of tha anter;or_'_'

- commisure alony with tha’mediﬂl forebrain hundle to the

limbic system enterlng the ventromedial caudate-putamen o
complex. This allows topographical ﬁistribution af 11mbs
- within the striatum - '

‘b) ~ Ventral periventricular system

This system ascends and probably descends dnrsally along the' ”'

perlaqueductal grey matter 1inking medulla oblcngata to
diencephalon. In additmon ventral projeatlons to tba hypa~

thalamus exist. The function of this tradt is unknown.'
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| I e Medial forébrain.bundléffﬂFB}  ”

T

. This ﬁixédfnoraﬁfeﬁeﬁgic aﬁ&:dopaﬁihergic'1imbicfpathw§y '
  cdhne¢tﬁ the;fefiCulgrxféfmatioh.cf the brainstem'to'th;  _.
" aiencepha1bn and'télehdephalbn.“ Dopamine flbres fram MFB f  
. run close to the NST then divide into 1atera1 and medlal :
' }fihre$, Lateral fibres go to the amygdala, plrlform,' :

s périrﬁinal ccrtex-and entorhinal cartex. Medial flbres

which are tha bulk of the MFB cantlnue rostrally, |
?”terminatlng in nucleus accumbens, olfactary ﬁub&rcia,

. diagonal banda This follcws the septum over tha external'_ 

'.&"capsula to the prefrontal cortex. Passibly a portlon of .
"thls tract also prngects into the head of the |

'__-caudate—putamen complex. '_'
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7.4.3 - Dopaminergic terminals from
;fibfe tfact.prqjections

‘Considering the cell body as the origin of a pathway the

"fbrain‘s_principalgdopaminergic tracts could be subdivided:

"-—.-i::;;n.ﬂl..

'a).:;A mesencephalic system (to striatal, llmblc and'

- cartlral areas)

b) A:périventricular'system.(inf;uehcihg thé_shdgt B
| diencephalon connections, but also long descending

projections)

cf ‘The short dlencephalon neurones (tu hypethalamus :

~ and hypophesis)

We wiiluonly_pursue in this discussion those dopaminergic

_ projections,affectiﬁg the atriétum, 1imbic system and -
gortex - the meéuteleﬂc&pahlic system (Tablé*2;4_and Fig
2.1). Rodent data (Bjérklund and Lindvall, 1984) primate
daﬁ__:-a (Battista et al., 1972; Garver and _51adek_,' -._:19-:}'5) and
human. data (Nobin and-BjBrklundw 1973; Pickel'é£ al., 1980;
Pearson et al., 1983) collectivaly sugqest the hypothesised

mesotelencephalic diagrammatic systems.'



o122
:ué.443.1 o " The mesolimbocephalic system -

'_Previously the nrgrostrlatal tract (AQ arlg;n) was sepa~

B ratad from the mesollmbic tract (a10. ariqin) but since

' their target areas overlap a new termlnology 15 deman&ed.
_;_Bjarklun& and his colleagues suggest the:

Mesostrlatal system S _ o

- DORSAL part SNc to caudate-putamen (ie. dorsal'
mmhhm)_ S _ o
'quNTRAL part VTA to accumbens nuclem, olfactory .
‘ftubercle, amygdala and the bed: nucleus of stria '

-;termlnalis (i.e, ventral striatum)

Mesol;mbocortlcal system R
. NTA to septum, amyqdala, plriform and enterhinal
cortex e |
"Medial SN o prefrontal, anterior cingulate |
'cortex, habenula and llmbic brainstem (Bj&rklund

and LlndVall 1984)

Hence conceptually the nucleus accumbens and olfactory

. tubercle become part of the neostrlatum (Heimer and Wzlson,

1975) more speciflcally part of the Ventral-striatum;
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Rﬁﬁr°grade radiolabelled;traéefs piaced’in'the.caudate-.

'_putamen appear not only in SNc (As) hut also to a lesser

:degree AB and A10 areas Topography 15 maintained along an

.5_ obllque longltudlnal axls throughout the atrlatum from f..-

_ rostromedlal (SN and VTA) tn dorsal (striatum) and caudo- '

| 1atera1 to- Ventral {Veenlng et al., 1980). Hence the AlO

fVTA) cells and adjacent (SNc) AS also radlate to tha maln o

uf-tq_the dorsal strlatum {Nuta et.alf,-197s; swanspn, 1982),.:n

'2;4a3.3 - L 'Hésolimbbcortical_SYStem

~.Tha olfactary bulb receives medial As and ‘AlOD 1nput
(Fallon and Moore, 1978), the septum originates from Alo

_fcella (Lmndvall et al., 1978), the piriform cortex and

: finally the amygdala from medzal-A9 and Alo areas -
(Bjsrklund and Lindvall, 1984).

. The DA innervatlcn of the entorhinal cortex comes £rom cell:
bodles in the VTA (Alo) (Llndvall et al;, 1974, FUxe et
al., 1974). _H;ppqcampal innervation is as yet:uqﬁdentlm
| fied;. Thé'néocortiéal:pﬁnjaetidns are C6mplek bﬁi bidn |
chemldal studies (Thlerry, 1973) and hlatochemlcal methads :
haVe shown the frontal neocortex DA innervatlon mcmes from |

threa origins:
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o a)y anteromedial

' h)fT' suprarhinal and’ _ _ o
o) supragenual syatems ' ”_(Lindvall'ét-al.,_1978),

All three begln ln the Alo ventral tegmental nucleus -;fhé : 
._projectlon field tio the frontal cortex coincides exactly |
“w;th.affe:ents,to theufrontal-cartex (prafrontalncortex)

“_frcﬁ'thg.ﬁediodorsal3tha15mué (ﬁivaa et al., 1975; -~

;Bjdrklund et al., 1973) Horse fadish peioxidasé (HRP)

retrograde tracer studles from the prefrontal aortex ter- o

|  -mina1s.;n prlmates,_suggest the VTA and SNe as the cell
" body origin (Porinc and Goldman-Rakic, 1982).

' proéraphical'Erfangemeht'frbﬁ'éhé'ﬁeﬁﬁrai'ta dorsal
frontal lobe correlatQS'WLth medlal (VTA) to 1ateral (SHc '

_ medlan part} mldbraln calls,

2.4.4 -  Dbendritic projecﬁiqns of

' the nigral dopamine cells

Specific stainlng of dopamine cells shows DA in the cell
body, axon, axon terminal but also in the dendrites of the'
dopamlnergic pathways (Bjorkiund et al.,1978, Geffen et
al,, 1976) Dendrites of SNc cells have 1onq, slender
dendrites that ramify harizontally‘ﬂlthln the SNo- and
ventrally to the SN (Ramon_y_cajal, 1955). -App:oxlmataly. 
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'30% of total depamlne is found xn the SNr origlnating from

-na few scattered cell bodles hut malnly from dendrltic prec~¥'J'

'  esses (Fahn, 1976* Cheramy st al,, 1981). Dopamlnergic-

nmgrostrlatal tranemi531on may be xnfluenced hy effeets
'upon these SN dendrites in a number of different ways. 5

This_ls rev;ewed;(Chegemypet-al., 1981),-but-in summary: =

ey Dopamlne released from dendrites may tanically
| _'inhlbit depamins cells themselves. Thls negative's
. feedback ceuld reduce cell flrlng of the spec1f1c '
.'_scell and also surroundlng nlgral cells (Korf
- '-:1976) o .___ | .. o
'}'b)  H'nendrltic dopamine may mndulate GaBA release on
. ._str;atonlgral-efferent_fibressfpray et al., 1975,:'
Reubi et,ai., 1977) or.GABAerqiq inteﬁnegfehes_-e
| (Van Der Heyden et al., 1980). o
j7c;fe .Dendrltlc dopamlne may actlvate SNx efferent

neu*enes «

This phenomenon nay either be direct or indirect via
attenuatlon of GABAerqic flbres (Weszczak and Walters, _

| _1983).

These mechanisms would facllltate “crnss~talk“ between

nigrostriatal neurones on the two sides of the braiﬁ

suggesting increased depamlne en one side would reduce the f.f"

'contralatera1~dopamlne release. Dopamlne 1s stored 1n the- -

dendritic network in rough endoplasmlc retlcular (in
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centra,st to veslcles elsewhere) Release of depam.ne, : |

"_mvo/va.nq mn channels and synapt:.c juncta.ons, may not

B -"Iapfa/ly to dendrltes themselves (Wassaf et a.l. . 1981 H cheramy )
: et al., 1981) Non-junctmnal release of dendrltic |
- c“lopam1ne hence could resul’c. ina prolonged :mfluence

.mc:du'l auJ.ng the BN ( 20~40 m:r.nute.s)

2.4.5 R Functlonal integratmn of dopam.ne

‘ neurones and tracts -

Tt is easily apprec:.ated that the core depammerq:.c pathway

_cormect:mg SNc to. the neostriatum (dorsa;i striata.l complex) o

may influence and :mdeed :Ls crucial to w:.despread global :
" control of bra,z.n funet: on. 'I'he tetal nunber of these -
- '__dopaminerg:l.c cells has been estlmated at 800 000 (McGeer et B
_ al.,' 197'?) in man. Lesa.ons of those spec:_fm dopam:_ne -
c..ells, their strlatal afferent or efferent conneetions or
depletion of thelr neurotransmitters preduce a mode‘L _
showing an akinetic, r:.gld:.ty, flexed pestyre and somet:mes-
- resting tremer. Rodents in add:.t:.on show. catalepsy,
sensory inattention and in -extrems bilateral states,
ad:.psia with aphagla (Ungerstedt 1974; str:.cker and

Z:Lgmond 19'?6 Robb:.ns and Everett, 1982) o o

Ph'armacological interventieri and 're:s;:onsivenes-s promotes
the v:.ew that the mesencephalm dopamme system act:s as & -
“1evel-—settmg" cr "permlsswe" :Lnfluence upon the

pyram:.dal system and ult:.mately behav:;our response. R
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jstri&ﬁal3oontro1-rémains pre;eminent:in thisisyétem aﬁa-
7-remoVal of dopamlnerglo lnput produoed inhibltmon of normal :

'__stria# 'S influence (stloker and Zlgmond 1976)

';Medlcatlon to restore this ;nput in 1e51oned anlmals

IV_rostores most symptoms and ‘a hope of the futvte could 1ie o

. in a successtul graftxng of dopamlnargmc tmssue 1nto the :

'braln to restore most the balance whloh has been upseL in.

“'n_ldlopathio Parklnson's dlseaso (Bjdrklund et al., 1981, o

. - Dunnet et al., 1982). .'._;f;-ﬂ SR 35 nl

o 25 ___Bas;;i' ganglla research _}qb‘ject_iue:s of the ﬁ:‘!uté_ ;_.
*In.Understanding basal ganglia functjon.has been furthered by
--1ntegrat1on wlth known clinlcal observations folloW1ng
_degeneratlverllonessoé suoh as. Parklnson's or Huntlngton's
'dlseases. While no pathology affeots all tho basal ganglia =
'equally, Marsden has argued that the parklnsonlan patient "
'is the best human example and the MPTP-primate parklnsonlan |
model is the-best anlmal-model we-have today to-learn the _' |

physiology of the y al ganglla (Mhrsden, 1984). Further

: consideration of the human with idlopathio Parkinson s
 d1sease and Lhe MPTP-treated primate model of parklnsonism f
will be dealt wzth in separate chapters.. -

‘Assuning these modéls-aro;thé-bést avaiiahle today, what -

of
i

specific symptomatology should be examined? Parkinsonian
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L tremer (typlcally 4Hz, restzng type) may be 1nfluenced hv

\"

ether types ef tremor and furthermore is net a censiste”-fem_'”

| 51gn in the MPTP—treateﬂ prlmate.. Defeets 1n-the ventral '

i tegmental area and dentate rubral thalamlc tracts produee '
-.31m11ar tremors.- Doubt ahout the perlpheral splnal, supra—y .

| '.spinal or eombined mechanlsms of tremor meke it an un%ikely:_'

_ candidate o further explore physiglogy Qf the haeal ﬂ]f'

quanglla. o

ee~R1gidity whlle 1nvariab1y present in all patients and

'-';f“anlmals with parklnsenlsm, reflects releese of hyperactlve .f:

i :__ spinal pathways undoubtedly influenced by. both the

_cerebellum and basal ganglia._ Hughlxngs Jackeon referred -

'7; to tremor and rlgldlty as positive symptoms due te the '

-releasenof dletant mechanleme onee dieinhlbmted-by the
damaged-baSal ganglia.- The two. majer negative symptoms
'releaeed by abnermal baeal ganglla are:

a) Bisturbed=posturel'cohtfol meehanisms.:

) Bradykinesia and the inability +to - eXecute normal

- veluntary movements.

_Henee'future study to learn how c¢he normal basal’qanqiie

oPeratee should coneentrate upon these two aepecte, eepe~”:f

-eially aklnesia, Whlch are 1ike1y to yield the most
_lnformative eluee when studying the parklnsonian patzent.--

Bradyklne51e correlates well wlth biochemical parametere

T . L
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such as strlatal dopmmlne depletion (Hornyklew1¢z, 1966,:;
Rinne and Sonnlen, 1972 Bernhelmer et al " 19?3) Henoo
bradykinesia may wall llnk clim.cal observatlons w:.th eleo—.: :
trophy51ology and ultlmately cell bio;ogy in the ”_ .
parkinsonian stata. Unfortunately bradykine51a remalns.ifo
", dlfflCUlt to- quantitate accurately both clmnxcally and in

| behav1oura1 models. . Aﬁ”5;o A ;_;;_;ﬁ-_ﬂ.  :;;--o1§f

- 2.6 Conclusions B

Havmng con51dered the anatomy, blochemistty, physiology ot

the normal and abnormal hasal ganglia, then thoir inter~

aonneotions, it would appear that bradyklnssla should be _

- the main ;eature upon whloh to judge the functioning oE. thé

basal ganglla.u Breakdown 1n normal basal ganglla funotion _f?'
oocurs in’ IPD mainly in the ahllity o run aoourately and |

automatlcally well reooqnlspd and memorlsed motor plans.-

The basal ganglia are anatomloally prinolpally the locatlon

of most of the dopamine receptors in. the brain. ; -ﬂMT”“"

Consdderatlon of thesa dopamlna reoep ors,lthelr place,
functlon, number,_type and influenoe upon the ‘basal ganglia :_
and the dopamlnerglc pathﬂays that 1nf1uance them Wmll now

be . consuit ed. .

E U . ) . . ) R . o
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 CHAPTER3

' DOPAMINE RECEPTORS |

3 1 History and current classitncaiion ot
the ¢ apamine recepiors

.  ;In 1960 loss of strlahal dopamine in parklnsonlan patients_
'5‘-"was.reported _(Hornykiewicz, 1961; Ba_rheau 1960). The nexﬁ
‘step was to determine where dopamine originaﬁed;'upon which
receptor thi_s _classical néui‘dtranqmitﬁer. was warking and

' what influence dopamine had on striatal functioning.

A decade after th& ﬁuccessful use of levodopa (Cotzias et
'al., 1967), the differentiation of two dopamine recepturs,:
namely D-1 anﬁ D=2 ocecurred (Kebabian and Calne 1872;
Seeman 1974 and 1975) '.Thé D=1 dopamine receptar; linked
to adenyl ¢yclase may today be measured by its ability to
bind a D-1 salective l:l.g‘and such as [3H] BCH 23390 |

| (Billard et al., 1984; Hess et al., 1035}. The D-2 |

| receptor; unlinked ot possibly negatively coupled to adenyl
cyclase (De camiili et al., 1979) is measured by displace—-

ment of [%H)dopamine by (3H]ha1oper1dal (Seenan et al.,
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1975) and more recantly by spec;fla binding af [BH]

-splpEIOnB, a: D -2 selectiva marker.

_ Receptors are macremnlacules, usually prote1ns, whlch are
leither 1ocatad upon cell mambranes, or w1th1n the cytoplasm

or cell nucleus. The dopaM1nerg1c receptor-is a membrane_

-.-:situatad protain, which when stimulated, transmits a

ghemlcal=51gnal that results in an electriqal or a chemical _
_~impﬁlsa;whicﬁpgrbpagates.mgsgages.to uther Qellé; _Hiﬁuﬁé |
qﬁanﬁitiea uf.the-neurdchemical_ﬁubatance'wili;Cauae_é:Celi
'to respcnd in & prec;se Ways_ Dopamine aganist-drugs;.iﬁ3;
fﬁsuitabla pharmacolugical dosage, simulate the llgana
molecule, endpgenoua dapamine, at thesa receptgé s;tes to

'glicit.the_same-poatsynaptlc receptpr_cell_:esponse_

N Dopamlna receptora are one of the most widely atudied
receptor populations in the human brain. Huntington'

. disease, sahm?ophrenla, tard1VB-dysk1nesia,-Gilles de la

Touxette syndrome and even. altzheimers dementla have been o -

studied as they all shate an abnormal functinnal dopamln— -

erglc component (Seaman, 1987) .

Althaugh dopamlne receptors respond to other chemicals,
they remain most sensitive to dmpamlne and least senamtlve
to other neurotranamltters and catecholamines. Drug |

effects thought to be receptor medlated lmply the drug

_ _should express its efflcacy in the dcse range that

currelates closely wmth concentrations used to elicit a.
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-blochemical or electrical ig_giggg brain responSe, othar—':'
- wiae nther chemlcals which are only effectlve at very high '
.dosage, would 1nappropr1ately trlgger receptor response
thersby transmltting 1nappropr1ate messages. In = o
Parklnsonis disease degenerating nigrostrlatal depaminerqie”m
' systems physiologlcally compensate untll nore than 80% of
_ dcpamine cell S - in the SNc. dle, thereafter parklnsonian L

: smgns occur, “in parallel with the decllne in strlatal
:'dopamine Striatal dopamlne decllne suggests the. str1ata1
' postsynaptlc dopam;ne receptors must 1n some way be -
'.respcnslble fcr parkinsonlan symptomateloqy._ The adapt1Ve f
_mechanism that ‘results is medlated by receptor changes both
pre and postsynaptlcally, especxally 1n the putamen

'_(Hornykiewicz, 1979) 5. Flrstly presynaptlc depamine _

- turnover rate in the parkinsonian nigrestriatal pathway and

‘gtriatum becomes aacelezated, as_sugqested3by 1nareased
HVA:dopamine ratios (Berﬁheimer.et al;,'igﬁst However
this eompensaioiy response is-limited andsstili-reQuifesf
- endogenous dopamine prodﬁction from'a_steadily degenerating
cell popﬁlation within the 8N¢. Hence in advanced |
idiopsthic-Parkinson's disease increasedndepamine_butput

cannot be a major ¢ompensatorY'inf1uenceQ'

_Secondly and more 1mp0rtant, is the upregulatian of postw _'
synaptic dopamlne recepters (Lee at al., 1978, Guttman and
~ Seeman, 1986}. Postsynaptic dopamine receptors_may-adapt

in one of two ways. They may either increase their semn-



'sitiVity'fqﬁélitative) or increase their number

{quantitative). -

Lﬁdﬁgmiﬁgzrecéptdr'reSe&rch'ﬁaé'coﬁplicated by.the prpyosed
'fexiéﬁéﬁcé-bf_bdthfﬁnfﬁ andzn—4'dopamihe recépfqrs (Seéman,”
1980 and 1982);- Consensug was readhedfwhen it begamé'éppre— |
'fciétedﬁthat_the .D+1.and Drz.receptoréfwere able tQ'pperaﬁe ;
'at different affiﬁity statps (Léef'énd'Creace;'1994i'seemah

- stoal., 1984 and 1985, Grlgoriades amd Seeman, 1984)

'-Labaratory subclass;ficatlon of centxal dopamlne receptors o

Cis prlncipally_pharmacological and-baﬁed_mainly upon the
doncepﬁ of'differing senéiti#ity'to*é&nGEn#?ationg:a£  _

_ dapam;ne agonists and antagonlsts Binchéﬁicéily drugs:
- such as dopamlne, spiparane, scH 23390, ‘sulpiride and many
others, are easily: radmolaballad ta provide good rad1o~|1
ligand dlfferentlation of the various types and lccatlnn of
'dopamlne receptcrs | o
Evidence suggest;ng £wo receptors was crystalliaed by
Kebabian into two main subdivzsions (Spano et al., 1978;
Garau et al., 1980). The D=1 reaeptor regppndad to
dopamine by increasing synthesis of cAMP by stimulation of
dopamine sensitive adenyl.éYclasa fxébahian'eﬁ-al,, 1972;
.Browh ahdUMérkman; 1973; Iversan,'1975) ' Thezanzyme |
dopamine-sen51t1ve-adeny1-cyclase is found in inaects,
gastropodes, prlmates and the human brain (01ement—cormxer

et al., 1974). Human caudate nucleus sllce&-contaln,th;s-
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enzyme (Kebabian et al., 1972) and therefore 5tr1ata1 post—:e

synaptic receptors can regulate the enzyme adenyl cyclase.~

While dopamlne was the most patent catechnlamlne actIVe at -

| this receptor s;te, other analogues were examined.f :t. :

fbecame clear that there was more. than one dopamlne f L

- receptor. Firstly apomorphlne, known to be a potent D-2- and_,_"

:n-l dopamlne receptor agonlst, Was thought ta mimie the

f”effects nf depamlne and was teeted -an. the strlatal syetem,

'--}preducing only partlal agonist effects. Apomorphine fully

'antagonlses dopamlne receptors in, cell free homogenates

(Kebabian et al., 1972) and intact. cell preparatlons (BroWn;"

 and Makman, 1977)

:SEcandly, known'central dopamine cbmpetitive'ahtagonistS-'

* whilch are a characteristle of many antipaychotlc druge, had

variable effects dependlng upon themr nhemical conf1gura~ '

- tlons.; gllnlqally-aetive_eompeunds were.potent dopamine

'antagoniets, while-struatural isomers of the same'cempounds

were inactive both elinmcally and biochemieally (Mlller at

al., 1974). Finally, the 1mpression of in v;vg |
depaminergia functjon analysed in behavmourally 60HDA
 rodent models precluded dcpamine sen51tive adenyl cyclgse ‘
in the brain as the only enzyme which medlated strlatal
dopamxnerglc effect. At least two dopamlne receptore, one

of-wh;ch vas linked to CAMP, Were-propoeed._Thereafte:

Varioue axperiments_suggested striatal-depaminergic'effects -
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.'thet were pot llnked to adeny1 cyclase. These reactions
.hecame known as D-2 mediated dopamlnergic effects
Prolactln, for example, was released from pitultary S
._preparatlons thhout changes in cAMP (Mar, 1976 Thorner,
. 1977), apomorph*ne was shown to mlmlc the 1nh&bltlon af _
sr;dopamine on . ,ne p1rw o MacLeod et al., 19?4, Smalstlg
et al., 1974) and these effeots were, antagonised by |
selectlve dopaminerglc antaqonlsts (Maouood and Lehmeyer,'
..1974 caron et al,,’ 1973) Further eVLdence of a "non—cAMP '
: dependant dopamlne receptor" came from radlolabelling of
.° agon1sts and antagonlsts of the dopamlne reoeptor in the
":pltultary mammotroph (Calabro and MacLeod 1978r Creese et _:'

._h

al., 1977)

Cholera toxln was utlllsed 1n experlments to conflrm that o
:'cyclio AMP had no role in dopamlnerglo receptor releese of'
'prolactln.- Cholera tOX1n actmvates adenyl cyclase in

:. pltultary cell cultures Ln v;;; elther stimulating or

maintaining prolactin release. Decreased prolaotin woulds

'oocur if the mechanism was 11nked to D=1 dopamine ' -

receptors, thus cAMP is unllkely to be responsible _

(Rappaport-and Grant,\1974) -A'known dopaminergic medieted.

pathwey utlllSlng prolactln lnhlbltorY factor is released .

from the hypothalamus to inhlblt prolaotin release from i

'pltultary_mammotrophe._ Thereafter D—2 receptors were :

iooked:fof-in the'striatum. The dopaminerg;c nlgrostrlatal f

E_pathWay is destroyed in the rodent by 1njeoting '

-hydroxydopamlne (6OHDA) lnto the V1cln1ty of éhe SNG-

,.’f
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P::'ESYnaptlc nlgral reoeptors are de.stroyed and postsynaptlc .
strlatal receptors beoome eupersen51tive, but the level of :
'adenyl cyclase was unaltered 1n the SN (Kebabain and stoof,
1976). or strlatum (Krueger et al v 1976) _e D-1: receptore
.f'_ere thought to - remaln relatively unaltered folloW1ng GOHDA -
| rodent nigroetr;atal leeioning; Convereely klenlo acia _
'le51ons af the striatum, known to’ destroy etriatal neuronal._
 ece1l bodles whlle sparing the dopamlnergic cell termlnals';'
cause 51gn1f1oant loss of strlatal dopamine sen51t1ve _'
'adenyl oyclaee w1th normal etrlatal dopamine conoentratlon o"
"}(Hattori and MoGeer, 1977, Di chiara 1978) Neither the
'autoreceptore of the nlgral cell bodies nor the strlatal X
,mterminals are dependent upon adenyl oyolaee (Kebablan and
~ Calne, 1979), Whlch together form a. subpopulatlon 'of
'dopamlne receptors now known as the D-2 type The above..-
ideas, derlved from lesloning experlments, were
_oonsoiideted by additional pharmacological ev1denoe to

suggest several types of dopamine receptors.

Pharmacological observations that several antagonists were
not egually effective opon the_differeot-doﬁemiﬁe_reoeptot
tissue populations were reporﬁed (Meltmeyef et.el.,'1978;
Calaf 1973; Yamuohi et al., 1977, Bunney et al., 1975), fok o
example metoolopramide and eulpiride do not effectlvely N
blook striatal adenyl oyolaSe (Spono et al ¢ 1978;
Roufogalls et al,, 1976, Perlnger et al.,1979). Dopamine

has variable displacement potencies . in different tiesues,__5
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1néﬁoma1ar aopaminé concentrations are féqﬁiréd iﬁfthé" |
fanterior pituitary and- hlgher concentratlons are effactlve 5:

in strlatal neurones (Iversen et al., 1976) In contrast

'__dopamlne recaptcr- 11nked to adenyl cyclase are. stlmulated

-:hy mlcromolar quantltles of dopamlne in +he strlatum o

'(Kebablan and Greengard, 1971) and 31m11arly mlcramolar

"”_:-concentratians Qf ﬁapamlna are required to stimulate bovine

7 parathyroid hormane release (Brown et ‘all ,_1976) . The

'parathyroid gla.nd has become the standard:.sed D--l dopam:l.ne '

" *receptor pharmaaologlcal model anu source.; Apomorphlne,

1ike dopamlne, 1s a potent D-z agonlst (Cannon, 1978) When -

_sympat&atlc presynaptmc terminals (Stalnsland et al.;_1978)1"

and. aut$receptors af‘the nlqrostriatal traat are examlned, :
'}they are mostly D-2. receptnr type (Iversen et al., 1976)
': Apomprphlne, as 1t 15 not a pure D-2 dopamine receptar
.agonlst, may even demonstrate antagonlst pharmacalogical
.effects upon D-l_yeceptors such as dopam;ne_stimulated:
_adcumglation'cf:E§MP in'bdvine pérathfrdid'ﬁrepﬁraticngQ
Striataiddopamine'redeptofs,;aimiked D-1 and D-2 populétinn3
- may show apomorphine agonlst responsivanels at low B
'concentratxona but oVerall antagonistlc activity at hlgher o

cnncentratinns (Kebabian et al. ’ 1972)

' _Pharmacologlcal studies utilismng many drugs thus conflrm
the existence of more than one dopamlne receptor subtype'; .

(Table 3. 1, modlfled from Kebabian and Calne, 1979)
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Dopamlne agonists such as bromocrlptmne, 1isuri§a and
: legotrlle are potent D=2 agents and hava antlparh@nscnian
| pxopertles._Hlah concentratlons are: needed to mxmﬂp'

;f L
'dcpaminamlmetlc D-1 action by accumulatlng cAMP Bramo- .

crlptine inhlblts striatal D-1 receptors (Markstelﬂ et al*"y-°

'19?8).' Haloperldol, a. butyrophenone, ia a pntent anxl—
;-psychotla agent and dcpamlne receptar antagonlst, It iS a

_ potent p-2 antaganlst yet algo has’ some D-1 acflvity sthn..

T hy 1ts abillty to weakly antagonise adenyl cyclase.. oth@r _

\.'\

 aﬂt1psychot1c agents, for exampla Ois*fluphenthixol (a e
_thloxanthene) and (+)butac1amol do not dmsplay such dlffeﬁ".
| _ential dopamine reﬁeptor affzn;ty and hence are more D~2 ;
:: _se1ect1ve (Clement-Cornier et al ' 1974 Karobath 19?4,

Althiﬁd method_bf'inﬁastigating\ddbéminé-redeptgis caﬁé

Hffom radib1abé1lihg.bf ab§amihé:andfdopaminé feceptot~.

'.'iigands.-'TﬁeseVmetﬁqu'have'aléo chéiaéﬁétiééd;n-z'and D-2
_ recéptprs.':Tritiated_Spiperone.is the Chdicﬁ_labei'of,tkg-'

D-2 striatal receptor.~ The D=1 fecéptor.lébels . | |

- 13H]- 2-f1uphenthixol and [3H]p1flut1xol (Hyttel 1978

and 1981) previously used have recently been superseded by

[%HiSCH 23390 which is highly selective to the D—l

receptor-(Hyttel, 1983* Iorio et al . 19839- Seeman -5

emphasised the point that receptors are better defined by

- their rank order of antagonlst potenczes. Receptors are

thus not def.ined by the type of [3H}-ligand which

_ attaches but rather by the rank order of antagbnlst whxch



'dlsplace the agonlst attached to the speclfic nnceptor (Flg'
. 3. 1) (Seeman ‘and - Grlgnrlades, 1987) adlollgand
' ngmsplacement studles.suggest D-l receptor sites are-
characterised by ylcomolar conuencrations of £3H]SCH _:
'23390 and also by minromolar [3H}dopam1ne and
3'[3H]5p1perone concentratlons.' Very Jow sensit1v1ty to- “
3H]su1p1r1de or other substituted benzamldes such as

. [3H]metoclopram1de is noted.'

- In contrast to the D=2 receptor, the D*l receptcr has a

g much hlgher afflnity fnr drugs asaoclated with tardlve o

'.asyndromes. They have plcomolar sen51t1v1ty for splperone N

:and elther nanomolar afflnlty for dopamlne (low afflnlty
":state), or mlcrpmnlar_affinity for dqp;mlne_(hlgh,affxnity ,* 
';sﬁéte)}79pi§efdﬁe; a dOpaﬁiné Déz recepﬁcr.antagohiéﬁ' but'a:
"not SCH 23390, D—l selectlve antaganist equally recog-.:.

'nises the low and hlgh afflnlty state of the D-2 receptor..f

Dopaminef_being_ﬂnSéleéEiVe, cannqt;différéhtiaté thé.fcur-
 types of ré;:eptor status. = It has only Sgen with _trié
32velopment of selécﬁive dopamine receptof anﬁagdnistsiuthej-
'sélactive D~1 markaf béing SCH'23390 and p~2-ﬁarker béihgf -
'su’lp:i.'ride; that biochemic'al differentiation of léentral o
dopamine receptors is better underetood (Seeman, 1987) it"
remalna unclear w2 r° the dopamlne receptors are | |
 anatom1ca11y and mlcroanatomlcally 1ocated or what
'functlonal 1nter-relationshlps exzst between the different E

receptor populations.
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| - '_-The two major dopamme receptors their charactenstlcs and
_'thelr high versus low afflnlty states (from Seaman 1987)
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' Speeific probea that 1abal the Dﬂl and pnz dopamine '
recep" nr at a nallular 1eVe1 do not eX1st but radioligand

:' receptar assays ‘utilising the various selectzva agonlst and -
antagonist radiclahelllng drugs may indicate the anatomicalg
areas where receptor populations are found. COmblnlng this-_

'mtechnlque with Speciflc anatomlcal neurotaxic or mechanlcal '

le51on1ng methods has the potential to ccnfirm ideas

'*_qoncerning receptar aites in the nervous system. For

' example, dopamlne is found in the striatum, as suggested by
jfradlollgand faﬂjdopamlne radlollqhnd uptake 3 Leslons_'
'“that reduce nlgrostriatal transmlssion, such aéiﬂPTP or  [

1ntran1gra1 S—OHDA, produce hoth B-l and. nﬂz dopamine'_“

receptar hypersensxtlvity wnlch increases strxatal ﬂeceptnrvzb

~r95ponslvaness to- endogenaus dopamlnm.:-*”
o '-a;M-_ ”_-:'_' a -.-ﬁ-y, ~J;““1
. . _  f

Increased [3H]dopamﬁne~uptake or 1n¢ngased antagmnxst 2

dzsplacement, when 1ncubated with dépamlne, ia.aeen in

%3whi¢h destroy.the striatal cell bodies and aamesdopamineu.
receptofs, créate substaﬁtial D=1 linkad aden§1:§yc1asé:

| luss but do not dlminish stiiatal dupamlna (Crease 2t
al.,1977) | - A

The pOSSlblllty thatfthere is more than one type of

| dopamine receptoryroperatlona1 at’ different aﬁfmnitzes, '

| complicatsa the 15%&3._ The avast altuatlon of strmatal

Lo .

" ﬁ striatal slices Canersely 1esion9, such as kianic agid'_'f
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dopamlne receptors remains unknown.'-cloning'of'fhe-nﬂzeehd7
other receptors, utilleing molecular hybridieation -
technology, may lead to ‘the deemgn of probes which
accurately determinee spe¢1f1c reoeptor sites (Wooten et

'al., 199o)
8.2 Evaluation of dopaminereceptors

3.2.1 Biochemioal“réoeptor binding studies -

D-l and p=-2 braln receptors ar$ 1dent1ca1 to depamine recepb
tore found ‘on per1phera1 blooa veseels, DAl and DAz “This
thesis - however w111 be conflned to dlecuseion ef the cen-
_tral nervous systeme dopamine receptors popamine regep-
tors are best defined by the rank order wmﬁh which egoniete
inhibit the attachment of a radiolabelled ligand which com-
petes with the agonist at the receptor binding site (ie:
compatitive antagenist agent) (Seeman and Grigoriadies,__
19887). Dopamine is more-potent-then noradrenalihe,fwhich
in turn is more potent %han eerotonin, at'thiehsﬁecifie
‘receptor site. While noradrenoline_ahd-SErotonin'may inglu-
ence bél and D-2 recepters they.onlyldo so at very much o
higher cor¢entrations. Bindmng of [3H]ep1perone to o
anterior pituitary mammotrophs is 1nh1b5*ed more readily by

dopamine than any other oatecholamines or serctonin (George



144

et al.,'iﬁas) “To emphasise this palnt then it 15 not S0

" Tmmch that the [3H]11gands bindlng ability 1tself {in this

| example [3H]spiperone) but moxre accurately the degree to_'
.whlch the agonist itself (in this example dopamlne) '_
displaces the reggptor'spaqiflc xadiolabelled_appagqnist,_-
ﬁrain'sﬁriatal slices;=doﬁtaihing hoth'dopaﬁina-anﬂ~ |
3serctonin receptors will bind [3H]spiperone at both
:neceptor sites. Frontal cortex preparatluns blnd |
 _ [3H]spiparona but this 15 much more diaplaceable by

" gerotonin than dﬂpamlne agoni-ts (Leysan et al., 1978)

"' _wuu1d be an apparently simple matter Wlth preknawledge af

e speclficlty of the ligand along with the receptnr
agonists and antagonists, to accurately quantltate the
"combined receptor numbers and . affxn;ty in any glven tissne
sample. It was noted, hnwever, that the indxvxdual receptor 

may functlon in different affmnity states. The dopamine

- agonlst ADTN ({+~)}~6, 7-dlhydroxy~a~am1no~tetralin)

.'-displaqes the D-2 maker_[sH}spipernne_;n three d;ﬁtin¢t-' -
phases (Seeman, 1997)1and=h¢nce the DP-2 (high):éhd D~z
(1pw}.affinity_state'was proposed instea&_qf_ﬁézzand D-4
recepta;s respectivély__(SeEﬁan'andfgrigoriades,'198;¢¥ -
gokoloff et al,, 1985). Th. same ﬁfihcipla épplies tbfgj'

analysis of the D-1 receptor {List;andeeeman,~¢932; beff

and Creese, 1984) and even the_beta«adxgnoreceptorf(be Lean o

et al., 1982; Sibley ahd Creése}ilséa);_'The'propasedVD-s |
receptor could be correlated with the D-1 (low) ﬁffihifY

state (Fig 3.1). Since the dissociation constant (K value).
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 1d1ffers by three ordars af magnitude wmth dopamlne }T.
" d1sp1acement betwaen the hzgh and 1ow afflnity D~2 receptor 2
H states, one should examlne the radmollgand displacement
uresults far spiperone {D-z speclfic and K valua af zsanm 1n'
_' hoth recePtor affinity stataa) and SCH 23390 (D—i specmfic,
 'K value of 250pm in both statea) -(George at al.,.1985, :
B :Hamblin et al*, 1984) _ Slnca ﬂopamina is not specific foxr
_ ' D*1 and D-2 differentiation a rank order proflle eould be :;m'.
:_ ;estimated includlng all the widely employed dopamlne e
. agon1sta.' Ratlos of D~1 over n-z ¥a salectiV:ty, only
- conslderlng the high- affinzty receptor states are shnwn in |
Fig 3.2, New agents could be plotted 91m11ar1y with f_ﬁ .
-:(+)-PHNO.balng most highly D~2 saleativa and CY 208—243
 ”moat D—i salectlva recently avallable (Horn et ali,1975*'

Horn at al.; 1985} Setler ot al.; 1978; Marksteln et al.

'€ '1986). Mathodologlcally the absolqte density af dapamine 5f.

"receptors may be estimated by hlgh SPeed ce hfugation
techniques_generat;nq 11 90og ﬁorces,_emplaylnq |
'téflonaglasssrather'then pd1ytroh hoﬁogehisation beads;
'.Wlth ur wlthout filters (List and Seeman, 1986, Seeman et
al., 1984). NDH*ED&GIflG binding to cther raceptors needs
'congideration (aceounting for 10—20% error) but hlgh speed
'centrifugation and fat soluble [3H]1igands reduce theSe |

errors.
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a2z Hlectrical methods
Elecfrical observations in the early seventies suggested
two diffsrent daQ3minergic_effécts_éadh of whiéh could be
.seléctiﬁely'hlﬁcﬁed (séruglEr et al., 1974‘.Heiss'and.
n };ﬁ6yéf; 1974}#_ 00015 and Van Rossum suggested twc dopamine _
receptors baaed on electrical evidence, namely DAe - |
(axcmtation) and DAi (inhlbltlonj responses (CQols and Van N

Rossum, 1976)-

 Inconsistent results and a paucity of ditferent tissue
2  cultures_and anatom;cgl-éites téétgg, aig ndt'facilitaﬁe
|  wi&éspr§ad'a¢ceptén¢éﬁﬁf p-1 and ﬁQé'ddp&ﬁiﬁé'fécéptéré”:
;until pharmacological data-stréngthened~the55'bbseran'
tions. Single neurona extracellular cell recardinqs *rom
3the substantia nigra (Bunney et al., 1973, -Aghajanlan and .
BUnney, 1977) and more recently from the outPut zones or
‘the SNr and external glohuq palllaus (Carlson et al., 1984;
Walters et al., 1984) provide useful data on collective '

basal ganglia output and functlon.
,Substantia_nigraj(SNc)_dopaminé-cell-stﬁdiés

_Nonselectlve dOpamlne agonlsts such as apomorphlne 1nhibit.'
_ $Nc dopamine neurcnes (Walters et al., 1979; Skllbol et
al., 1979{ an affect.unaltered by 1e51ons of-tue_nigrg-{_-

striatal pathway (Baring et al., 1980). _Direct;idngel_
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phoretlcally applied dopamine or apomorphina also reduces
"‘:SNc cell firing rates (Agha:anlan and Bunney, 1977} This
'inhibitlon of SNc dopaminergic cells refleqts dlrect | |
‘blockade of the_dppamlne_autoreqeptqr_in tpg_sﬂq The D-1
 _agbnistszE 33393 énd_aﬁtagonist SCH.233§§;did not-affeqt
8Nc cellzfixing3ra£e whiie LY'l?iSSS,.a pgtent D+2 ééled-
.'-'tiye”agonist-ahd other”Df2_agohists_such-as pergolide or .
-1isuri&é, inhibitea'SNc electriaal-ce11~activ1ty; The

;ef»ects of apomoxphlne and’ LY 171555 were comp]etely re-“

 versed by subsequent use of h&loparmdol (Carlson and

'Walters, 1987) . This mode1~sugqests a BNc-autoreceptor
_ghat ia D~2 medlated and provides an ac»urate modal to :
evaluate kncwn pharmacolcgiaal agents..

Globus palligus (and SNr) cell studies

SQiédﬁing cells to study "d¢wnstrQamﬁ fréﬁ thaxddpamine
3.réaéptors.épd the]aﬁriatum, giveé cdileqﬁive hasa1 ganglia
outpuﬁ informétiOﬂf'_Modification of this pollective output
| méy be.influenced_by a direct dopaminergic stimulus to the
external globus pallidus (Lindwall and Bjdrklund, 1979).
Direct application of dopamine to this area has 1ittle.
‘effect on more then half the ceils caﬁnulafed'(Walters énd |
_ Bergstrom; 1934) The remaining pallidal cells are either.
*stimulated or 1nhib1ted, by about 20%, from basallne | _
"recordlngs, hence the direct dopaminergia path is probably

‘not important. D-amphetamine and especially apomorphine
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attenuated GABA'B effects in the pallidal cells (waltﬂrs et

al., 1984) Rodent pallldal cell flring rates to D~ ;

. agonlsts (apamorphine, 1isuride and pergollde, ny 171a55
iand LY 141865} are increased, blocked 13 o reversed by
l_ha1nperidal (Walters et al.,- 1932) In-contrast the D-1 .

agonist SKF 38390 had ne effutt on palxiaai cell firlng

' .rates (carlsen et al., 1984)

.fIt was abserved that while apnmorphmne and LY 171555 had
aimilar SNe dopamine autoreceptor effects’ thay differad in-:
f_thelr effects ‘upon pallidal cell. firing rates (Carlaaﬂ et
:';al.,31934)afsmhls concep* --Y.invnka a;fgnctxanal intqkac-f
 -tibn af 3;1 5nd=D-2 redei. 8 in ﬁha'striatum:ta achiéﬁe- |

_maximal pallidal output (ﬂﬁilmanfet~a1., 1984 Malloy and
waddington, 1984, carlson et ali, 1984) The -1
 antagon1st SCH 23390 had mlnimab effect upon pallldal cell. o
output but did attenuate apomurphlne 1nduced stimulant _..”
effects. Pretreatment with SCH 23390, before apomarphine,
siqnlficantly reduced the expected apomarphine induced

increase in pallldal cell firing.

In summary there is fairly convincing eV1dence that a f'
functlonal interaction may well exigt between the dopamlne 
sz and D—z receptors as “Judged by electrical pallidal
-output studies utzllsing the rodent model.
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©3.2.3°  © Behavioural methods

'_Knowledge of normal and 1951oned behaV1aural patterns in

radents, mlce, primates and other anzmals often serves as a

-,~useful test battery to safely test drugs thuughL tu be

-active antiparkinsonlan agents, prlor to thelr introductlon ff_"'

' to human atudles. Whlle it is not possable to directly

':ralate behav1oura1 drug effects on: dopaminergic syﬁtems and'_”

”rtheir receptors n viga, multlple Ln V1§g methods snpport

'the observed behavloural pattarns - The advent of PET scana~

o promises to integrate the in v;tro hypqthesis forwarded

'with what is- observed in animal mcdels 1nc1ud1ng ultimately.
"ﬁan. Reviews examlnlng the methodolagy and- various an1ma1
'models are Well described (Fog, 1972, Kally, 19?7, o

| Nlemegeers and Jansan, 1979 CQétall and Naylar 1979,
I?ycock, 1980 and Arnt 1987) Thls sectlon w1ll summarise

* pehavioural 1nf1uencea upcn dopamlnerglc systems and y"

' scrutlnlse the results of admlniatration of dopamlne
agonlst and antagonist drugs - carefully. Accepting tw¢
types of dopamine receptor (Rebabian and Calne, 1979) along'
w1th the concept of pre and postsynaptic dopamlne receptars

(USdin and - Bunney, 1975, Langer et al., 1979} ex&mination

.~ of the motor affects of these models could be apprcached

~under -the following subsectlpns~ - B - q B L

a) Test models utlllsed to study dopamine madiatad

behav1our.



 :5} jiinegional differentiation of hehavioural
| .affects.'f]-- ?.'  . '_ﬁj_“ |
| a)-_;f;iﬁteréctions of-multipie dopanine receptbrs;;

__'utilising normal versus abnormal behav;oural

dopaminergic aystems.

- :pdpaminaﬁmediated-behaViqur

-:strlatal 11mbic and cortical dopaminergic systems all
Dcontrihute towarda motor dontrol.; The rodent madal,
ut11151ng specific naurotoxins and 1esxon1ng techniques,
| provides a useful model to assess increasad or decreaSed

dopamlnerglc system pathways.
--fincrgased dopamine.fu@ctiqnal-pathWays

Dopamine receptor agonists which are_ceﬁtr&lly'écﬁivé-praé'
duce diVerse7m6tor manifestatibna;"Biphaﬁic-laadmntor |
activity (decreased at low dpses, increased- with high
doses) which is not salective to prasynaptic or past—'
'usynaptic receptor functlan occu:s (COStal,et al.! 1981,f'
Ungerstedt et al., 1983; 19857 Bradbury et al., 1984).
Stereotypic 5ehaviour'(sﬁiffing, £eafihq,fhead!mdvemehts,'

LA
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'-.lickinq and bitlng) ensues with 1ncreased agonist daaage
(Costall and Naylor 1975, 1930). Mlce develop lesa markedf 
stereotyples (COstall et al.,_lsszj, but readily cllmb the
' cage~{Protias et al., 1975), exhlbit yawnlng ‘behaviour -
'(Mpgilmeka gnd Kl;mek, 1977, Eamada and ?arukawa,-lBBO)_ 
*offen with penilé7erectioﬁ'andrgenitai grOOming, Emésié {'
however may be produced by dopamlne D-2- receptor _  '  |
"stimulatlon out51de the blocd-braln barrler, speclflcally
tha area postrema (Harding et al., 1985, Martln et al., o
-.19821.' Sexiial behaviour, food intake, rewggd_related_ .
:  ta$k§}'sé1f étimulaﬁion of specifia brain:aréas;'self
ﬁ-admlnlstered drugs (Fihlger and Phillips, 1979) and drug
| _discrimlnation {Cleaert et al., 1976, Nlelsen, 1985)
'-I represent uther hehavioural dopamlnerglc tracts lesa well

defined or speCLch 1n-rodent ‘models.

The most useful rodeén t model is the comblned unilateral
_brain lesion and the clrcling behaviour that results
(Ungerstedt, 1967; Pycock, 1980).--Whi1e-turnin§ nay be
proaduced in.naiVe rats (Glick, 1985) the unilateral brain
lesion exaggerates asymmetry and rotation SPhgerstedt,

' 1971). oOver the last 15 years two rodent'mbdels have been
tested widely. Lesions of the substantia nigra or mediaﬁ
fdrebrain bundle with 6-hydfoxydopamine (suoﬂnﬁ) produce
damage to striatal afferents specifically the ascendinq |
nigrostrlatal tract but also the mesolimbic tract,

culminating in contralateral rotation. This phenqmanon'is '
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'accentnatpd'by doﬁaminé ééoniSt'ﬂfugs.dpefatinq-ugehasﬁﬁér?;_
sen51tive dopaminé receptors in ‘the denerVated striatal :
‘side (Hngeratadt, 1971, COStal'L et al., 1976) Bopamlne
-freleasing aqants Quch as amphetamines,'stzmulate thefnormal
.;strlatum mcre then the . 1esmoned szdﬁ resultlng in lpsi-
lateral c1rcllng GUngerstedt 1971, Oberlander et al.,-:

."-1979)._

JﬁtiliSaﬁidﬁ'of'a-différent IEBiohing.techniquéf:that'Of
strlatal klanlc ac,n, by eleéErolytic leslans or destrucd:f-_:

tlnn of the SNr, causes apontaneous rotatlon towards the

fipsilatera* smda mediatu by preferentlal aépamlne stlmula-T :

tlon-of the non~le51ohed strlatum (COBtall and Naylor,
' 1975, Marshall and ungaxstedt 1977; Schwaraz at al., 1979)

Hence the cmrcling rodent model is very useful to study

- 3dopaminerg1c nlqrostrlatal pathways whlch may ba damaged 1n

selected areaé and responds in time to known drugs 1n a

_ predlctable fa§mlon
Degreased dopaminergic fﬁnctional pathwaya

Spontanecus.béhévioﬁr1isfdepre55ed.foiibWihg’dqpéminé'aﬁ-':
tagonist drugs, but béhavicural restﬁsés-éia éimilariyi.-'
ISeen with inhlbltlon of nigrcstrlatal input folloW1ng
_G—OHUA, alpha-methy1~p-tyr051na or MPTP. Aklnesla and o
catalepsy occur in rodents, which are rEVersed by o

' _antimuscarlnlc agents which possess extrapyram;dal effects'
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(Arnt et al ' 1981) Condltioned behavioura anludlnq

B aelected avoldance, reward levera, selif stimulation

reactlons, apha51a, adipsia and sensory neglect.may a11
- _occur thh depleted dopammne pathwaya (Ungerstedt 1971). 
.'3egiongi’differentiatiun-bﬁ behavioural effects o

_ Specific fOﬁal leslons in the braln f011QW1ngtelectro—

' .coagulation, phys1eal transectlon or ehemlcal ablation, is

.":1_ona method nf studylng the effects of damage to call grcups .

:-3includ1nﬂ the fibres that- pass through tha area., Another

-method i3 to inject drugs intracerebrally and if repro— )
_.duc1ble and accu:ate, these druqs may stlmulate or inhlbit
f'cells locally. Both techniques are limited by prchiems. 
-uch as lesinn site conflrmatlon, accuracy of imjectiqn ;'
site and the dose needed_lntracerebrally_':Thlsaxequires
.compéfisan wi£h-what physidlcgicaily crosses the blood

brain barrier and is. thus active (Arnt, 1985). -

'-'_ Loqcmoﬁbr_and.Stereotypic'activity'~

offthe3mesolimbos£riata1 and nigrostriatal dopaminergia .
pathWays only the nigrostriatal ﬁopaminé path is iﬂvdlvéd
in sterectypjcfbehavioural'patterhs;.:Evidencélfor.thisz!”

‘occurs from obserwv.iions following the administration of -
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_1ntracerebral drugs at differant atereotactic.sites {an,_
f1972, Jackson gt:al., 19755 Costall and Naylar, 1976} but
ﬂalsa fﬁllbwiﬁg B~oHﬁAf1esian studies combmned with systemxc"
_ apomarphlne or amphetamine {Asher and Aghajanlan 197&* Ij-‘{
_Kelly et al., 1975, COStall et ala, 1977, Iversen ¢977)

Hesolimbncortical ‘pathway analyszs is be .e* aSSessed hy

3 .
studyinq rodent locomo*ar actlvity. Leslens;oﬁ the nucleus

"accumbené alcne are insufflclent to reduae mobllity iﬁ ;: h};:ﬂ”:"'

_'contrast fo comblned mesollmhic and striatal leslons (Flnk ﬁ' R

: anﬁ .Smith, 19607 Winn and Robhin?, 1935) Hypekactivity e
“””andépral sterectypies nay . fall N high drug ubSEh of i
f dapumﬂne or dopamine agonists (uaﬁkson and Kelly, 1984}._'
"As seen in the section wn dopamlne pathways, tha mesolimb1c$ 
and nlgrostriatal systema are linked fuﬂctionally whlch

_'conﬁpunds behanoural expression.
‘circling behaviour

:Striatal-iﬁfluancé regulates postural symmetry and rota-—
ﬁiOnal behaviéﬁr (chack, 1980). Unilateral'ddpémine,pathr"'
'way-ﬁanipuiation wi1lfaffeqt rntatibn Whilé;the1nuq1égé
adcumbens'amplifiés tﬁe pd§tﬁra1'biés {Keily and Moore,
1977} Py¢ock and Marsden, 1978). Intréstriﬁtéi'iﬁiééﬁiOn.;
of-doﬁaﬁine (Sétier-et al., 1978) or ﬁériphefél admiﬁistraF 
'tion of dopamine or dopamine agunists in a unxlateral _'
G-OHDA n1grostr1ata1 lesioned rodent produces strongex drng "

induced contralateral circling compared'with quptaneous'3 "
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behaviour. No obvious difference is detected when inject-
 ing the étriatﬁm_dprsaliy to ventrally (Arnt, 1987).
cirdling bEhavibur is not restricted to striatal

"_dopamlnerglc pathways gince high doses of dopam;ne agonlsts'

' _produce contraiateral rotation after injecticn not only

into the striatum but also into the SNr Ln normal anlmals
.'(Andrews and WOodruff, ‘1982 Kelly et al., 1984) In the
_unmlateral 6~0HDA mndel dopamlne agonlats admlnistered 1nto
_:the str;atum, accumbens, amygdala,.ventromedial thalamus,-
:_Supé#ior.colliculus; periaqueductai grey matter; 1ate:él"
habenula,_ail'prcdﬁéé circlinq;ﬁehaviours cstarrfand'_'_ -
summerhayes, 1982). No firm evidence ﬁp'date,exiats'that _
Tﬁhe striatuﬁ_éloﬁé topographica11y-mediates_dopamine.' N
.ﬁediated-bircliﬁg. Whatever the limitaticn,.tha overail:jd
.mpdéi.of dépamine-mediated circling remains_useful-td_

assess péripherally'administered'drug behaviours.,
Catalepsy

The striatum is thought to be important for cataleptic

properties of dopamine antagonist drugs (Fog,'197z; Dunétan _,'

et al., 1981) even thdugh emploYing relatively high doses
of drugs. It was therefore surprising that ={=)sul iplride,

- given into the striatum or nucleus aceumbens in sufficient
dosages to prevent apomorphine—induced stereotypies;-dld
not produde'cataiepsy (Schul-XKruger andﬁarﬁt; 1987}. This

suggests dopamihe striatal receptors are blucked, since
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separate striatal or nucleus accumhens 1esians do not prowL
'3'duce catalepsy whlle comblned lesions do (Koob ek al.,- |

1934)

"Canditiohed BehaVibur

Jackson showédftﬁaﬁ'avoidance reaaﬁibhé ihduced by alpha'
”_methyl-pntyroalne were reversed by dnpamlne applied alther 2
”Ttn striatum or nucleus accumbens {Jackson et al., 1977)
: Dopamine antagonlsts admlnlstered lntrarn*sbrally to the
_,atriatum, ‘septum or amygdala produced avc;dance raactions o
"but admlnlstratlon in nther areaa were ineffectlve (Sherman
et al., 1982) . Whlle the nucleus-accumbans is a major
nuclaua, how SpECiflc tha stimulu- must be and whera |

-_exactly is not ye* known.,_

 Adipsia, aphagia and animal aéathfiﬁ tﬁe bilaterai'ﬁmoﬂna.
rodent with bi11teral severe sensory neglect. is ‘ohserved

' fnllowing widaspread bilateral nmgrastriatal dopaminerg;a'ﬁ
_1esmona (Ungarstadt, 19?6, IVersen, 1984, Schultz, 1982).
‘Hence practically, the bilateral 6~OHDA rodent model is not

‘a useful one,_s;nce-anlmal maintenance becomes impaasibla»



-Behavioural_eﬁidencaupf multiplé dbpéminé.récepﬁprs |

'“_Whila the'aopﬁmine'receptor.behaVibﬁrél.thenfy preceded "1
 _hiochem1ca1 and . eledtrical data (CGQIB and Van Rossum, :
.'1976, CQBtall and Naylor, 1975), pharmacologlcal and bio—- 2
l-chemzcal data facilitated morr logical 1nterpretatian.

'Dysklnesmas 1nduced by intrastriatal-dcpammne ar dopam;ne B

'agonlst appllcation were antagonised by most dopamine

s:'antagonists including plruzide, oxmperomlda and toaprlde

1(005tall and Naylor, 1975 - and-19793 All D-z dopamine
'-aganists (D*Z) praduced dopamine induced hyperactivity._
To allow maanlngful interpretation of this data further
consideration of D~1 and D—z behaV1our should subdlvide
agonlst or antagonist effects into normal normosensitlve |
g dopamlne receptors versus abnormal, hyparsensitive &Qpamine o
- receptors. ' Abnormal receptors vccur in Jdiopathic |

: Pafkinﬁﬁn's dlsease,.las;0ned animals ahd MPTP models, 

Dopamine agonists, normosensitive recepﬁcré

Apomorphine influences bbth'D§1 and.Déz_dopgmine receptors
'_(Seeman,- 1980; mtel, 193’0)’5:::1 cannot evaiua’te- dis'cr.im—*
'inatcry functions of these receptors.' However 1t is very
useful to study overall dopaminergic funetion eapecially in
unilateral circllng models. | | |

&

.Selective D-1 and D-2 agonists are more informative.but

while many D=2 agonists exist (Arnt and Hyt el, 1985) min1~”."



| ﬁ&lzdaﬁé isaavailable_fégardiny'sélective D—llégqnigté.f' 
Data frﬁﬁfSKF 38393 (Setler et:al.;llgvsj and'more-recently
- CY 208-243 is 11m1ted {Marksteln et al‘, 1987) The re1a~
tlve potency dlfference betWGen dlfferent drugs make compar- |
- isans dlfficult, but Table 1.4 and Flg 3.2, indlcate :

estimates of various D-1 and D~2 agent potengles.

The D-1 agonist SKF 38393, while able to induce contra-~

'; 1atera1 clrclzng in 6OHDA rats, does not, aven at very hlgh  o

'doses, produce steraotyped behav1our (Setler et al.,-_
,1979). This, plus the ohservation, that it does not cause
'emasls ded researchers to. define its proflle as Dwu salect— -
'1ve (Drew. et al., 1982). SKF 38393 is veak behavxourally |
since its admlnistration produces no deamre to explore'-
(c°stall et al., 1981, Martln and Bendesky, 1984), clrcllng
'is absent in hemlsectional rats (Arnt, 1981) and SKF 38393
falls to inhibit the d15cr1m1nat1Ve ﬁtimulus prnperties o
induced by amphetamines ;n_rats (Nie*sen, 1986). In
primates, self adﬁinistration of cer§bral S£imuli was not
maintained folidwiﬁg SKF 38393 adminiStration, an
cbservation which occurs with apomorphine admlnistration
(Woolverton et al., 1984). In contrast we know D=2 agonlst'
actians, inhibitpryaandastlmulatory, elicit pradmctgble_
behaviourai patterns. Apomorphine is most'ﬁidely}studied -
along with levodopa which similarly has both D-1 and b-2
agonist properties. -ngmo&riptihe; 1isuridé;_pergpiide; |

(+)3PPP, LY 141867 and LY 171555 are all predominantly D=2
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active_&ebeﬁinomimetib agents;_” s

' Central to “hle dlscu551en is’ the functlonel and behaV1nur~"‘
-'al role of. the D-1 receptor alone or in combznatien w1th
*the~D-2 reeepters.= SCH 23390, a speclfic D—1 aﬁtaganist,
attenuated the" cenfral effects induced by SKF 38390 Ln rate-}

'-g(such as sniff;ng, rearing, grooming and increased .

1ocomotien) suggesting that the D~1 receptor must play some

 xole in th1s behaVLOur, ‘until recently thought to be all

 p=2 medlated. Metoclopramlde blocked only rodent rearing

L ﬁ_~and locemotian (Molloy and Waddington, 1987) ‘A Specific

'e behavioural role is pDSSlble £or the D=1 receptor hut
qurther data is required (Waddington, 1983) The D-
__receptor is mume llkely to exert its’ influenca lndirectly
' jupon.the D-2 receptor. -Perioral redent dysklnesiae were
- also induced by 0-1 (SKF 33393) and D-2. (LY 141855)
.'agonlsts ana blocked by a D-2 receptor antagonlst, euch ag’
| 5p1perone or sulplride (Rosengarta et al., 1983). wacuous
~‘chewing behavidur wae'reperted in aged rate} whO'pfesumably_-'
have less D-2 receptors, compared with-yduhg7ahimale after

 SKF 38393 (Malloy et al., 1985).

When examining tﬁe 'D;i fecePtOi'__'inhibition ‘of '?}-52.: o
behaviour, SKF 38393 did not inhibit maximal sterectyped
‘amphetamine or apbmorphina4induced*behevieuf (Arnt,_1987)Q

'SCH 23390 doea'not'influence_b—z mediated behavicur et'loﬁ -
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doses hut in MPTP—treated primates may'well dc sQ when

greater dosas are usad (Temlett et al., 1987)-

intracerebralfadministration_of’SKF'asSQS produces typical
dppamihe aqonist:responses_suchfasrcontralater31 circ1inq B
" in unilateral 60HDA rats (Setler.et;al.; 1978; Gower and

-_Harzott, 1982). Adminiétratidn”df'SKF 38393 into*the-

- nucleus accumhen$, stlmulatas locomatlon (Friedman et al., h

19?9},.1ncreases cllmbing behaviour {Costall-et al., 1984) o
' aﬁd5prbduces_strhng cdntralatéral circling in naive mice .
© (Biziere et al., 1985). 1In summary SKF 38393 has'a strong'

'laqonist profile when cantrally admlnlstered._.-
-_ﬁopgmiﬂe'antaQonists, ndrmosensitive-dopamine receptors

ﬁ~2 Selectivé.antagoniSts (bﬁtyrophenones}:diphehyéu.
butyrophenanes and benZamidesJ (Hytell, 1980) and mlxed D=1
”and D-2 antagcnlsts (thioxanthenes, thiepins and. _
phenoth1321nes) (Hytell 1978 and 1981) hava been known to
produce antlpsychotia and behavioural effects. Most of -

~ these correlate with D-2 receptors espedially;the!anti-
stereotypic, caﬁaieptid'ana-aVoid&ncé*iﬁhibit6r§ réactions

(Creese et al., 1976; Wiemegeers and Jannssen 1979; Seeman

1980; Arnt 1982; Hayashi and Tadoro, 1984). D-1 selective

antagonists, SCH 23350 and SKF 83566, (Hyttel 1983; Iorio
et al., 1983; O'Boyle and Waddington 1984; Armt 1985)

recently introduced, also had behavioural effects similar .
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to thaee pfé&ioeSiy thoughﬁ'to*be D-z'seecifid}'ﬁEspeciaiiy _ 
'interesting as the observatlon that SCH 23390 blockade  ?}
.(comparable to spiperone) of n—z aqonlsts, using pergolzde,
-.jLY 171555 or RM 24213 induced circllng ol stereotypic
-behav1eur (O'Boyle et-al.,-1984 Arnt, -1985 and~1985) _
; _This was confirmed with SKF 835660 (O'Boyle and Waddlngton,z
._1984, Arnt 1935) Metillty experiments in rats separate -

SCH 23390 from epiperone, where spiperone but not SCH 23390e_'

'.ereversed the sedatlve effect of apomorphlne and 3-PPR (Maj

Iet al., 1977, GeSSa et al., 1985) euggesting a lack ef D-
'receptore controlllng dopamlne release (Hyttel, 1984)
= While the D-1 and-nﬂz-receptors are-fpund_togethe:,in_the -
_"braiﬁ;.wheie.aﬁd'hew they influence enefanetherrand'their
- u1£{mete 6ut§ut ie'ﬁefiedted.by]é'fuheﬁioﬁal-bﬁ;*end_ﬁfz_“
1nteractlon._ intracerebfél admiﬁistt&tibﬂ of SKF 38393;'
 8CH 23390 and F(h)Bulerlde blocked spontaneous elzmbinq |
ebehaV1eur cf mxce following SKF 38390 (Arnt, 1985), antagon—.
1eed roden+ stereotyplc follow1ng apemorphlne (Coetall et |
~al., i984) and £inally c1re11ng mice behaV1our;1n-re5ponse
to-SKF_38393._*Su1pi§ide biocks*loeomotar'stimuiﬁtion
indheed-bf SKF 38393 applaed to the nucleus accumhens. .:
(Freedmae et al., 1979).- EVldence suggests that D=1 and
D=2 reéeptcfs-fuﬁction eimilarly but iﬁdepehdently while
manlpulation of either subpopulatien of receptor W111 |
1nf1uence the other.. Each receptor may be ind1V1dually
1nf1uenced, the best behavzoural expression muet represent

some ‘unknown functional synergism that exerts ultimate
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if-t_f luence 'of; basal -ga.nglia output.
Abriormal dopamine receptors .

‘Barjy vork on SKF 38393 induced contralateral circling
.'béhaVi¢“riﬁwith 99#51 efficacy té'apbmérphine,awas reprq?ff :
"'dﬁﬂéﬂ*$§=SKF-38393ain SOHDA rats with"unilatera1 1esi6hé:.
administered elther parenterally or 1ntrastr1atalxy th.x_

ﬁ(Setlar et als, 1976) " While 1t is known that varmousu

g striatal reaeptor pcpulatlons occur in strlatal

dlfferentlatlon, this phenomennn was orlglnally thought to =

fbe.predqmlnantly.nez mediated. . SKF 38393,;& selectlve_ne;_3

_aqonist' was therefore félt to'be aéting upbn'récaptbrs
‘that had "losth their D-l specmficity (Costall at al.,_:h
'1976). However in tlme SKF 38393 was shawn to mediate its
"éffects upon.the supersen51tive D—1 receptor (Setlar et
 &1¢, 1976, GoWer-and Marriott, -1932). Thls hypOthESlS was -
strengthened when SCH 23390 Selactlvely blocked all the SKF |
- 38390 induced rodent circllng but did not alter those
changes produced by LY 171555 or pergolide (Arnt and,
'Hyttel, 1984 énd'1985} Haloper1d01 and pzmoz;de Were
1neffect1ve in blocklng SKF 38393's circllng effects (Gower
and Marriot, 1982). Partial antagonistic effects_aga;nst
_'apcmorphine;folchinq'SKF-38$93 was obéerved; (Herrera~--“ _
Marchitz et.al.,_1934;-3rnt and HYttel,:l9B5).a Bipnasid;% 
peak'fotaﬁion'ﬁﬁttern was né#ed_foilawing apoﬁorphine,‘bf

which only the second component of the_hiphasic résponse_'



: _Wae abeliehed by SCH 23390 (Coward 1983' HErrera-Marchit&'

and Uhgeratedti 198&) ~ SKF 38393 also. affects the aecon&' o

.._phasic peak suggestlng it 15 the 1atter peak that 13 D-l

'medlated with the former peak belng'primarlly a Dw2
_'phenomenon {or D-l plus D-2) .. When selecthe D-2.' )
' antagonlste were applled to the observed behavioural

'feffecte of SOHDA rodentsj followmng D-1 and Ddz.agonlste,-

'_there was - a 500 fold dlfference bet ae observed 1nh1bition .

= of pergolide or LY 171555 1n contrast to SKF 38393 (Arnt
:and Hyttel, 1984).- Apomorphine was partially inhlhited by
o -2 antagonists, especially the first peak response

L .(coward 1983; Arnt and Hyttel, 1%5}... Haloperidel '

'inhiblts apomorphine—lnduced circllng but thle depended

o upon Whether they were “high epontaneoue retators" (who did | =

."not respond) or “1ow rotators" who responded (Fenton et

“al., 1985).-

Theseireeulte may;be'expleined}ﬁy'twe'separaﬁe'nél ehe D?2
reeepter site eyeteme both produ01ng 51m11ar clrellng
resulte (Arnt, 1087) Multiple_studles-have conflrmed _f'
behaV1nurel speclflclty effSKF 38393 upeneﬁ;i.fecepters
eempared ﬁith pe:golide.er:Ly i?lsss (Afﬁtf 1§87)5 It_is L
uhknewn:Whether'D—i'and D-2 reeeptofs'are.present:in" -
.parallel within the same system or whether different
.__ anatomical receptor sites ultimately medxate the same final
:result The poesibillty that the D—1,and D—z_systems;_ |

function in parallel'arieesgirom evidenee te.suggeeti-z
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a) The maxzmal effect of mlxed D—1 and n-z recepter'
“ aganist apumorphmne is. not greater than the D—
“'receptor agenist SKF *8393 alone (Arnt and

'**Hyttal, 1935)

- b)-Smmilar neurOnal substrates which medlate redent

clrcllng in both. normal and supersensitlve

'1str1ata1 receptore suggest a smngle output

:_Q_j ”5network is selectively 1nf1uencmd by both D—l andei'

D-z receptor inpnt elther separately or in

‘combination. - _:_n

s

. Differential time courses may exist regarding D=1 and D-2

receptor hypereeneiti?ityte“Dopamine?efﬁecté;are'maximal_2”

_ days following rodent séﬁDA3le910ns; epomofphine:2~4'deYa, g

but SKF.39393'6r Déi-effectstare'maximai onldaye“gﬂll
(Arnt 1987} - The time course of 8KF 38393'3 maxlmal

effeets post lesien correlate with increases in D-2

_receptor den31ties-(stannten et al., 1981) but-not with D-1 - :

' receptor density (Hyttel et al., 1983)._ Early3n—1t£daptive f

: effects, before D-l receptor hypereensltivity occurs, may |

 be D-2 receptor medxated. ‘The long term effects ef D~1 and .

"_n-z antagonists have not been ‘shown in rodente but_D—l

reéeptbr‘dehsity with normal D~2 density may begin to

increase 3 weeke after treatment wlth scH 23390 (Creeee and :

_Chen, 1935)
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Dopamlne presynaptzo (autoreceptor) and postsynaptlc"'

receptor dlfferentiation E f;

o_When;itfwas.notédothat_gt_}ow doéés_ﬁoﬁamiheJag%nisto\__
'_ldepreékﬁfztocomotof.aotiﬁity'and:élactrioailoell firing".
(Carlsson, 1975, Skirbcll et ale, 19?9 White and Wang,:'
lf1984), the exlstence of dopamlne reoeptors in different

"aff;nity states or sitos was proposed. The possibllity of f:

";'dnpamlnerglc sedative sxde—effectv and the cnincident

't'discovery that these samo receotorq medlate control of

-f-dopamine aynthesis 1ed to the roncept of “presynaptlo"*

-_-dopamlne receptors (Shalaby and,Spear,_lsao, Arnt, 1983)

-:jThese receptors are better 1abelled "autoreooptors", slncot .

3 they exoxt postsynaptlo effects as woll (Arnt, 1937).:-

3-13—hydroxy—pheny1—nwn—propylplper1dene (B-PPP) was the

'initlal autoreoeptop agonistug%th‘minimak postsgnaptlc_ .fj

| effect (Hjorth et’_oi-.-',.".-lga.i',{x_,ﬁ'aimiﬁ_-e;t al., 1981). Drugs
: ofithia gfoup-ate easiiy differentioted ffom.poétsyQoﬁtio
D~1 or D-2 agonists in rats sinoe.they'do.not'producé :
'stereotyplo or circling behaviour 1n normal rats and 1tck

-reversal of reserpine and methyl paratyroslneuinduOfd

aklnesla. Blochemlcal clues suggest they are D-2 receptors o

'w1th a hlgher sens1tiV1ty to agonists and llttle resPonse i
to SKF-38393. One should-ha careful to avold stimulation

.:of alpha-z adrenoraceptors Wthh also produce motillty

1nh1biti°n (Dallnl—stula et al., 1979). ' Concomitant use of D

a selective. alpha—z adrenoreceptor antagon;st suoh ast

.
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eldazexan in experlments aVOids this pxoblem (Bettmar et
“eial., 1983) Few dopamlne antagoniste have heen shewn te' o

i-reverse apomorphlne-inducea drOWEinESS but sulplrlde and
spiperone may do. so (Haj et al r 19?7 Sumnere et al.,.

'1981, cOstall et al., 1930, Arnt et al., 1983) Whlla

_5ulplr1de preferentially blocks pastsynaptlc dopamine
freceptors, meteclopramlde and . mollndone bleck the auto-

_'.receptore {Alander et al._ 1980) - Interpretation of theee

ieresults 1s made dlfflcuilt, by the. necessity of a critical

:edcse range ‘that needs to be employed so that cniy

}eautorecepters but not postsynaptlc receptors are affected

_.(cmstall et al., 1992 and 1983).: Yawnlng behav;our 1n

. naive. rats may be the beet model to test autoreeeptors, but

__then enly with alpha—z adrenorecqpter hleckade [Gower et

_al., 1984) fnllew;ng dose reeponse studles (Protlas et al.,

" '.1983 SGhult-z s 1982} Behaviouxal effem:s of autoreceptors |
R _partlally mlmzc those of neuroleptic drugs, potentlate :
neuroleptic drugs to some extent when concomitantly
employed at high deses and should simulate full dopammne
"agunist drugs (Arnt 1987).. '

The Eupersensitive'striatal reeeptof'medels:shéw %erkedi.
cehtraﬁateral-tﬂrning fmartin et al.,'lQSirsArnh,}ieazgi_g..
Qberlander and Boieeier,j1933} fOilDWin§.3fPﬁP§_.SinCEj

| contralateral'turning'behavioﬁf’ie thought-to be a.poet--
isynaptic phenomena, this wae surprising ae 3—PPP in hlgh

| doses antagonlsee the nermal peetsynaptic D=2 receptor"
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(Arnt et al., 1932' H]orth et a1., 1933; otbn_rj'auté-

'5 Jreceptcr aganlst drugs only stlmulate normal rats ‘to turn _
_centralaterelly {Arnt, 1984}._ Since the dose required for -
fthe abave is slmllar tn that produczng hypomotility, eme51s:

'*ean& yawning, the suggestlon has been prepueed that post~ '
| synaptld reaeptors in the GOHDA lesioned animale change ani:_fe

.becb%e szmllar to autoreceptore v Antagonlstic studles Df

3-PPP 1ndueed c1rc1ing, usmng D—2 selectzve antagonlsts

:jindicate typmcal ‘D-2 respon51Veness (Arnt 19&2, _f_ |
*fchristensen et al.; 1934) Thus instead of distincﬂ pre iﬁ'”

f

.'ﬁand postsynaptlc n—z recep*ors & single receptor able te

'_echange its afflnlty has’ been propased (Carlssgn, 1933 Arnte; 
.and Hyttel 1934- Clerke, 1985) Endogenous dapamlne cculd.
lthen dictate the functlonal state, or tone, of the D-z

”jreceptors (Erlksson et al., 1983; Arnt ‘and Hyttel, 1984).3-“

.3 The etate of the auLoreceptor 1n 1ong term neurolept sf

treated amlmale has been called into questlon as n hh ;ong ﬁ
term dopamine depletion they may become functlonally |

inactive (Arnt, 19&7) BehaV1oura1 models ao pruv;de a test

__hed against which many druge and hypotheses relatlng to

: dopaminerglc systems may be tested Progress in the

inderstanding of dopamlne receptors, thelr subtypes, .
dlstrlbutlon and thelr functeonal interaction is dependent

upon 1ntelligent appllcatlcn of these available models.-

_ chclusiens derlved from rodent data are increasingly being"

tested in the MPTP-treated prlmate model (Glodstein et al

1984). Recent deflnltion of selective D1 and D~2 -
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' compounds hﬁs validated and tested the responae'of these

:behavioural mndels, in partlcular Lhe 60HDA cxrcllng rodent

" wh1ch continuea to provmde usefnl palnters to the -

'functionmng dopaminergic components of the basal ganglia._ oo
':The intrlqate functional linkage between the D—l and D— |
receptors in the normosensitlve and hypersensitlve state

:*.remanns undeflnad. The dlffarent functiunal states ‘of the o

2]-9-2 receptora contlnue ta intrigue sczentists and the

';autareceptor versus pastsynaptic D-2 state needs further
work to understand haw-the D*Z receptor iunctlons.  Flnally
u':the relative interacticn batween dlffereut dopaminergic |
.lpathways such e cortical veraus limhiaf is also-lntegratéd

. and the feedback systams (which may anolVe autoreceptors)

"-form a cell measenger natwork starting ;rom a dapamina

':call_in_tha SNq,_axerting-lts influanae upon the whole

o basa1 gang1ia, ingiuding_reqeiving:ﬁeedbé¢k'upqh'itselﬁ.

3.2,4 '-Hisﬁqiogical'and:anatomical'&isﬁfibutiOn of

dopamine receptors

Kebakian suggested at least five possible raceptor sitesﬁ"
(Fig 3.3) (Kebabian and Calne, 1979) . | |

a)  Cortical neurones prbjecting to thé'striatuﬁ
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Cortex.

. '__-.striﬂ&amm, D1-

T .

-Sohematic representation of D=1 and D~2 receptor Iocalisatlon on the rat mgrostriattal '
system. (a) Although controversial, D-2 receptors appear to" be located

presynaptically on the glutamatergic fibres of the corticostriatial pathway. (b) D-2
‘receptors are jocated presynaptically on the dopariinergic fibres of the nigrostriatial - -

pathway. (c) Both D-1 and D-2 receptors are found on the intrinslc nelirons of the -

striatium. (d) Both D-1 and D-2 receptors are iocated on the cell bodies of the -
* pigrostriatial pathway (SNe¢). (e) The vast majority of the D-1 receptors of the SNrare -

| located presynaptically on the GABAergic fibres of the striatonigral pathway. |

noo
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b} _oﬁutoreceptors in the etriatum, regulatlng | |
) _neurones funct:onally and 1dent1;1ed by tyrosine .

_fhydroxylaee | | | o |
@ Intrinsic oaudatefpuﬁamen_interoeﬁronee, glgo_? o

D=1 type

': 9-1 tvneg* (degengant upon_dopamine sen 1t1 e CA

.:d)f" Autoreceptore in the substantla nigra (SNc), also.
ez type y | _ .

.;é)_-j Striatal neurones that project haok to the |

substantia.nigra (SNr), (etriatonlgral pathway)

In séverai animal epeciee,_man included the ehriatal Deli
reoeptor appears to outnumber the D-2 receptor by.a faotor
of 6 to 1 (Hyttel and A;nt, 1986) . Dopanine reoeptors ape._-
- not found in a homogenoue dlstrlbution'in the-etfiatum but
_rather a complex compartmentallsatlon hee been proposed.
Hlstochemlcal technlques suggest strlatal stx;oeomes which
oontain high densitles ‘of dopamine islands within a diffuse
acetylcholinesteraee rich stainlng background (Grayblel and
Ragsgate, 1978). Further ev1dence of discreet zones by o
autoradiographic demonstration of [3H]epiroperlaol o
1abelling of strlatal D-2 receptors, showing dlfferent'
striatal zone densztles has been reported (Joyoe et al.,.
1986). The hypothesis that the dopaminergic and | o
choiinerqic striatal interconnectione inf*uence_one another

support what is known and-obse:ved in the treatment of



-_.barkinsoniah péﬁiénﬁé,_whénreﬁplayihg:bath'1evbdopé:and'”
'ahtichoiinergid ﬁedidaﬁions; bbth_of_which have §§¢itive
'and'independént antipérkinsdnian_éffects; The micro-

- ahatomicai{site qf:dopaminé.recéptarsuiéfunghqwn; but.
'~poé§ibiiitié§ inclﬁdé the striataliinﬁérneuroné, medivm. '”t"
-spmny neurones, axon termlnals of the cortxcnstrlatal e

: projectlng neurones, the dopamlne termznal of the cell body

o oar finally, the.prasynaptlc autoreceptors.

;While D=1 and D~2 dopamina receptors are characteriaed by
radlollgand atudles the combinatlon of hindlng markers to
. _receptars and hlstologlc analy51s may ‘be the best metho& to":
.elucidafe where on the cell, which cell aubpopulation and
1n whlch basal ganglia nuclel the dopamlne receptars - |
;re51de.. Autoradlography may quantify receptor denslty 'f'.
further and also be helpful in Ldentifylng anatomical :
.1ocation~, While the D-1 and D—é-receptor anatomic lucatipn
" and even déhsity has been charactarised using'many’af théée
Itechnlques “the exact cytoplasmlc 51te and wh;ch striatal

cell eludes detection (Palacios et al., 1988)

| In:thé'létézlsso's aensitiVe-hiétoChémi¢31 techniques £0#'
1:f_visﬁalisétion.df'dopamiﬁéréic sfsﬁeﬁé'(réviewad.bf Mob#é
and Blom, 1978)‘énd reéently récéptbr ldcaiiaatioﬁ'utiv '
lising the light microscope became a reality (Rerhar g«t’
al., 1986). Labelling of.aopémihefrécéptoré in #ivoztgeihéf

et al., 1986) énd'in xit;g”(Palacios.and W&rnsley;'iSQéj_
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'and rodent 1dent1flcatlon of the D—2 receptor u&ing the
[3H] 5p1perone liqand ;g“g;gg proved dlfflcult (Kehar et
- al.; 1978; Klemm et al., 1979) and the in vit;o teahnlque '

with autoradlography was thaught more practlcal (Ybung and

':_'Kehar 1979)

ZD—Qiredéptor distributibn“f

J:,;Quantitative autoradmngraphy suggests that the D=2 dopamine

. )\
_%aaeptors are predomlnantly located on the 1ntrins;c

““rlatal neurones (Trugman 1936) - Dopanine receptors may

:"_ne visualised via the llght mlcroscope and autcradiographlc

. téchn1ques (Young, 1979) cGrtlcostrlathl pathway 1e510ns._
produce strlatal neurone degeneratlon with nc effeact: upon
DVera¢1 D—z receptor den51ty In uontrast, str1ata1 |
lesions which destroy 1ntrinsi¢ ¢ell bodies whlle sparlng
afferent narve_termlnals,:result.in_a-larqe decrease in
striatal D-2 receptof density. cirgumstantial'evidence:
exists that the D-2 receptor is at least found on the
intrinsic striatal neurones. other1states_may still exiat'
and Qpplication of a specific anﬁibody or=protein'directéd

against the receptor siﬁé is eagerly awaited;'

Autofadiographic techniques,'labélling thé'nnzzréceptor
with either an agonist or antagonisf;_shawidensitiés-

greatest in the caudate-putamen, olfactory tubercle and
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nucleus accumbens ‘in rodents (Palaclos et al., 1981,'

Gehlert and Warmsley et al., 1985) The aubstantia nmqra

(SNc and SNr), ventral tegmental area, olfactary bulb (Nock

. et al 1986' charuchinda et al., 1987; Palaclos and payos,..'

1987), intermediate plus 1atera1 pltuitary (nghtman et

al,, 1932, Payos et al.,_1985) also contain D-2 xaceptora._.

A rosrrocaudal and. ventrodnrsal receptor gradlent has been
observed (Dubols and Scatton, 1985) The globus palli&us _ 
and,thalamus contaxn very few dopamine receptara hut the .

[

fﬂL\ 1':t.-ebral cnrtex, hlppucampal formatlon and even the
. u;erebellum contain signlficant D=2 receptors (Gehlert and
”'-___Wa;mslgy, 1985), Radiolabgls.may”cnly mark_high_aﬁfinity
' .D—2 récéptors and dué-td'ﬁériﬁblé'deﬁsitiés utiliéiné
difﬁerent agonlsts one needs to xnterpret radiollgand _

: reaults with cautlon._ In postmortem human braln tissue,'
high D~2 receptor densitles are fcund in the caudate- '
- putamen, nucleus accumbens, olfaatory tubercle, anterior

pitulta:y;and.lateral glqhus.pallldus_and with less.density :
_iﬁ_thegsubétantia niqra;(SNQ) and hippoqampﬁslccampa_et
al., 1959). : | I

'~ P~l1 receptor di&tributian o f_;_  .
-D“i'aOPamine receptor radiolabélléd'markets'shb#”ﬁign.néi

‘densities in the caudate—putamen, nucleus accumbens, olfac-if

tory tubercle, entopaduncular nucleus, SNc,; ENx and globus
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'e'pallidus._ bverail thare is a'mhoh hiqher'denSiEy,'indioeta'”

_eing numerloally more D=1 compared with D—z receptors 1n the }.'

. rat brain. The oerebellum,'ventral tegmental aree and

_amygdala ehow no D-l reoeptors (Duboie et al., 1986, Dawsone__
.et al., 1986, Kebabran et al., 1986, SaVasta et al., 1986)
Humen D-l receptors are found in high ooncentratlone in the
._caudate, putamen, olfactory tubercle, nucleue aooumbens,

| mediel globus pallldue, subetantia nlgra (SNo and SNr) and,'e__

'foae expected, in the hippocampus and severa1 cortlcal o

f'areas. The deneati 1n these areas is much 1ower and

_7nonexlstent in the human medial globus: pallldue, pitultary
r'and cerebellum (Cortes et al., 19289). | Humen postmortem

bra;n slioes have qonfirmed observations that a life long

dimznutlon in D~1. and. posszbly D-2 receptor density ocoure,;'-'

;indicatlng age related dopaminergio system degeneration
'(Mceeer et al., 197{4 Palacinos et al., 193&) |

In oonoiueion, the.autoradiogrephic techniquee described

are helpful but do not allow sufficient cellular resolution,

'_to further delineate the epeolflc cell upon whlch the

- dopamine receptor is eituated. Inferential:studiee using

known 1eeioning techniqﬁes.are'heipfull -Kianio aoid;ihtraﬁ-'

'_striataliy will kill striatal neurones and deplete p-1 and
eD—z"reoeptOr densities euggeeting'theserreCeﬁtore could be;
‘sited upon ‘the cell body or dendrlte of 1ntr1neic etriatal

interneurones.



176

;Trugman found with striatal klanio acld that all D— )
"reoeptors disappeared, in contrast to only 5% reduotion
' reported using membrane-blndlng assays (Schwartz et al. ,:-13

19?8 Trugmen et al 1986).

B Seoondly, Sp&lelc leslons of the medial forebrain bundle |

and interruptlone of the strlatonigrel traot (electrolytio
'1e51ons} cause decreased striatal and niqral le receptors,
'however no decrease in. strlatal dopamine receptor den51ty

:_ occurs folloWzng rodent décortication (Trugman et al.,_-
_1986}, Thie oorrelates with bioohemlcal-studies (SPano et. .
eal,, 1977) whloh show depleted SNr adenyl cyolase in experl--

: mente lesioning the deeeending striatonlgral pathway. D—_:;_o.
'receptore in_theHSNo.are-leee_affected-by_strletal'or__;:-
_o mediel‘fofebraiﬁebundle*leeiona but diﬁinieh3followin§" '

'6~OHDA in the SN known to destroy dopamlne SNc cells and
Tascending nigrostriatal tracts. Hence D=2 receptors_exlet
in the $Nc and are-probably.1ooated_upoﬁ'the,dopaminerdio._
-eell booiesq- Limited stfiatal D=2 reoeptofreffectsaseen
with medial forebrain lesioning and striatal lesions could
be explalned if the D~2 receptors are looated in the nlgro-

striatal nerve termlnals and not the etriatal neuronee.

Ultimately, better:michSGOpic labelling-with.neW'pfobes
such as a labelled monoclonal receptor antibodies or
genetic probes for mRNA and.greeter-meﬁbrahe megnificatioﬁz

may possibly define the exact cell housing the &opamine_
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” receptors. Furthermore the potentzal of combinlng probas,- 1

marklng receptors, utlllsing 1mmunocytochemical markars of

- neurotransmitters, may 1cca1xse the area of commnn Stalnlnq

 jand thus awggest pcssible functlonal neurotransmitter

linkage vithan single cells (Ruhar 1981)

_-3;2,5]5 {=;'Confirmation_OELrécepto;-location by

-ﬁ;paaitfdn_gmiséioﬁ'ﬁomngraphyf_fn

_f in vigo pasmtron em1551an tomography (PET) studies have

- demonstrated radlaactlve tracer uptake conaentratlen féglann'_

”:_ally-within thg braln 1n a number of neuroloqic lllnesses o
:(dalne et a1;, 1935)’ The most prbmlslng radlc-lsotepe
| gtudies utllised haVe been [13F]f1urodopa (Furian at
nal.,1975) fa subanalyse the’ presynaptmc dopamine systems

'and powtsynaptlc dopaminergic fun¢tion using the neurolept

'11ganﬂ 3~N—methylspiperane (NMSP} which binds tc D-2 recep- 3

- tors (and serotonln receptors) (Wagner et al., 1983)

- Nonspealfia binders such as Elsthaloperxdal- (Walch et
al., 1983), tllc]chlorpromazine (Comar et alq., 1979) or
| '[11c1raclop1de (Farde et al., 1936) may also provide 7_-- 

' useful data.
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_Dreeynaptic-receptere g[-}

- .r;u;adepa_ (FD) ;'.-nerma'liy. accumulates in the etriatﬁm | |
felldwiagrintravenous_adminietratiqny” énimal medeluetudies
: }shbw-reddced.étriatal'SFﬁ aecﬁmulatien'fdilowihg'reserpine'.
.dand high afflnrty of D—z markers fer the strlatal dopamlne"
'f:receptor systems.r In man, semiquantltatlve interpretatlonn-

' _comparing ratlos of strlatal versus cerebellum or cortical'a--

:'act1v1ty, both Of which centaln 1ow D~2 dopamlne receptors,_ d:'-

-_shew a nermal age related decrease in striatal FD uptake
{Martrn,et al.,.lgas) " This COrrelates Wlth the substantia _”"
”.ﬁiqra.celi deeline:with ager(McGeer et al.? 1977) Hemi—li-'
f:parklnsenian medels are useful as one can compare the :
strlatum on either side in Lhe same anlmale that prov:de
'necropey speclmens. 51x patlents with unllateral
Idparkinsonlsm shewed 1ncreased [18F]FD in the contra— B
Iélateral strlatum (Garnett et al., 1983 and 1984, Martin et f -
:al., 1984 and. 1986) D;minished striatal FD perdentage o
'_uptake on the-;psrlateral striatum, sdggeeting-reduced |
endegehous dopamine'release was noted (Lenders et al.,
1986), indlcating physiologlcal cempensatery mechanlsms
that subclinically reduce dopamlnerglg 1nput in an attemp*
to mask the 51gns of dopaminergie 1neufflclency on the ;;
opp051te side. The loss of_FD uptake;;s especrally;_nhd
decreased in the pqstefiof etriatﬁﬁ;'wtieh primarily'
represents the putamena_ Patients sufferlng fron motor

fluctuations, partlcularly the ton~-off" type, showed



_ rapldly reduced striatal FD radioactmvity following their
'_ueual levudapa mEdiGathhS (Lenders et al , 1986).
e-Possible interpretatlen pf thls may be that - “on—off"

"patlants have lost theix dopamlne starage capaclty. While

'iboth non-fluctuatlng advanced parklnsonlan patiente and

| those suffering "on—offﬂ motor fluctuatlons ehowed reduced o

eqverall.stglatal FD_uptake, it_was the_xapih;ty_pszﬁ¢- _
_displa;semant;--bf._le_'quop;; (Sinemet) that identified the o
 “an;eff“e$ﬁbgr6ﬁp of peﬁiehte (Lende%e-et.ali, 19$6)~5”:
-'Dietary amino acids alem reduce FD uptake in. healthy
subjects suggestlng amlno aoid 1nterference with 1evcdopa
:'"czosqing the hlood—braln barrler (Lenders et al., 1986).,

" MPTP and Guam dementia pEtleﬁ+$ also show dlmlnished

striatal ¥D uptake even though they'may stlll be

'-'eubclinical in thelr parkinsonian symptomatalogy (Calne et o

al., 1985, ‘dart:l.n et al.i,' 1986).--.
Postsynaptic dopaminergic receptors

The postsynaptic dopamine receptors and pathways may be
Studied-by spedific D—l'and D-2 selective ligands, the
'speciflclty of these markers ls a major lzmitatlon at

present. -While bloohemical markers such,as SCH 23390 and

sulpirlde EXlSt, they have not yet been successfully radio—f_'

1abelled (Sedwill et al., 1986) Ideally the 1igand must -
cross the blood—brain barrier successfully, be eelective to,

the receptor but riot influence ;t,-be-a%stinguishahle by -
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 PET ‘spatial aneiyeie'end yield féw~metabo11£eé"cwhich maY-f._f”

retain the’ radiolabel and give falee enformation) and

'flnally should be eleared rapidly from the blood (Young et

| ald,;BBS); Hence the llgand-eheuld enlyzeccupyrlfs%‘of-the t__-
i 're'éeptbrs-,-- e’heugh' to id‘e‘nt‘ifif them by PET teehniquee“ 'but'--

, nat more than w111 dlsrupt or 1nfluence normal receptor

'fﬁnctlonlng. Ne firm or repeated data has emerged regard—'
-lng postsynaptlc dopaminergic function. as determzned by
;PETL but in future this teehnxque will prQV1de a useful

;;method of examlning-receptor dynamics in v;gg (Mailman et
';-['al R 1984, Malloy and Waddxngton 1984 Carleon et al.,_'

"3f1934)

8.3 The plate and relevance of 'dopa_inlne receptors -
- In human idiopathic Parkinson’s disease

Since the clinical features and ’na-i-.ufal-- pr‘o'gréss"ion' of Ipn"

" in both the untreated and levodopa treated etate is now

well described what, i enythlng, may be dene to allevxate
or prevent the dleeaee? Aetiological aepecte of nigral
dopamine cell death continue to be researched and until

| better understood the disease w111 contlnue to appear.'
'_Hence effeetlve lonyg term therapy is demanded and since _
pharmaeeiogical probleme themeelves dictate different treat-

ment strategies many varyzng opinione exlet.

!
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One such cptzcn is tha dopamlne receptor agonists.- Elnce
at lenst twc different dopamine receptors exist ;n the-
'basal ganglia, selective drugs wculd h*?a to be eValuated

' -as to what spéciflc antlparklnscnlan properties they

"'possess. Indeed should any dcpamlne agcnlst not be purely'-

D-1 or ‘D=2 receptcr specific then the degrea tc which it E

' affects the nther receptors WQuld be crucial tc best

rjudglng its individual effzcacy. varlcus methcds mentlonedc'

f 1n thig chapter allow 1n V1trc 1nterpretat10n cf dcpamxne -

f'receptor stlmulation‘ cheVer it is only behavioural data
 from rodents, ut mcre rel;ably, qate, from prlmates and
jhuman IPD that allcws conflrmation of. drug efficacy anﬁ

3._tclerabllity. Gnly once thls is shown can a dopamﬂne

:receptcr agonlst be tested in. subjects with incapdcltatlng _

Parklnsonism.:_a‘n” ."_ Lo e SR =

;"_"-1 L FT

'There are. at least threa reasons why ‘the dopamine agonlsts '

- stand a gcod chanca»of success., Flrstly, it is phyalolcglc- 

ally reascnable that stzmulatlon cf these striatal dcpamlne
rECEPthS_Wlth 1eVDdoPa=or any agonist, will lnL#latE_the

intércaliular'secchd messcnger system tc successfully

'-1n1t1ate basal ganglia influence. Thts prlnﬂ*ple chemically'

normalises nigrostriatal 1nput 1nto the system._

'Secondly, sora dcpamine agonists do not requlre endogennus

. or exogenous 1evadcpa o be effectiVe ant1~akine+i¢ agents,”']

With.steadlly.falllng_endogencus levo@cpa inzthe braincdue
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 to the inavitahle parkinsnnian proqresaian, drugs that
require 1evodupa ta be effeatha w111 declina in potency
with time.-Any-drug_may potentiate_intrinSLc 1evodopa
'_ chemical dYnamicS-but those that can aéﬁ independéntly of

. _leVbdopa are theoxetlually more attractive, Furthermnre,-'

. since 1evudopa metabollam nay pravxde toxlc products that
' may.pe:petuate furthar'nigral call dec;ine,_these;agents :
. that'fuhction away from the nigra may be a better choice.

~ Bny drug or matabolic action at the nigra should, if

" anything, prevent zurther damage by sequestering or -

-detoxifylng harmful free radicals.

Thirdly, the dopamlna receptor is only one of nany.
'clasaical neurotransmitter sysuems in IPD that is
affected. ‘Becoming more apparent are the 1nterconnactions
betﬁeen thege central chemlcal cascades within the human
and animal brain. affect one system, (in EPD malnly the
dopamlnergic system) and with time cther non~dopaminergic
'systems will also become abnormal, Hence attempted
correction of the dopamine nigrostriatal system will
influende not only bther dapaminergic but also other )

| non—dopamlnergic pathways.

‘Manipulation of the dopamine receptor populations-with”"
dopamine agonists is tharefore physiglogically appropriate,
stands a good chanae of working in human IPD and has

already been successfully-applied in MPTP primates and man.,
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':7New drugs fanllitate development oﬁ novel agents that may
:with experimentation be found ta revolution:se the '

 management of the illness, °
B In this thesis, one. of the aims is to review the benefit of
a novel D=1 selestive agent CY 208~243 by axaminxng it o

'-alone, in comhlnatlon Wlth other known reaeptor agonists

'“ and antagonists and finaily with 1evodopa itself.

:’I/J"
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 CHAPTER 4

N-methyl-4—phenyl-1 2,3 B-tetrahydropyr‘dine - N
THE MPTP-THEATED PRIMATZ MODEL -

H : : . . ;

' ‘The. neurotox:.n N-methyl-4-—pheny1-l 2,3,6 t:etranydrupyrldn.ne o

_{MPTP) has praduced tha alosest animal model currently
'_avallable to human idlbpathlﬁ Parkinson's diaease {Jenner

" and Marsden, 1986), While the MPTP-nan—human primate-mnd»l

is imperfectr 1t has allowed reSearchers to pursue enV1ron~'fT

mental texi¢ insults that.may, in-g susceptible person,

_*produce parklnsoniam.

 Betwaen 1977 and 1982 young drug addicta were aacldentally
exposed to MPTP, contained in new "synthatic heroia". A ?'
| short cut in the produatxon of thas designer drug by syn* };_
thesis at oo high a temperature, contaminated the drug |
'with MPTP resulting in a parkinsonlan syndrome affecting
young adults (Davis et al., 1979, Langston et al., 1983,
Lewin 1984)._ As manv as - 300 young Cdlifornian adults nay o
have been exbosed to MPTP- by inadvertent 1ntr&vanous drug
abuse (Snyﬁer and D'Amato, 1935) e j;’
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‘This chapﬁer'examinés.the'cﬁrfent'beiieﬁ addreésihg-tﬁe'

ﬁéchanism-Of’action}'Bidchémical-cohéeéuences; anatnmical '
selectlve damage and flnally the behavioural changas of the :
MPTP-treated an1ma1 model. Speclal attentmcn 1s gmven to
'”tha marmoset prlmate mode] ain¢a this momal was. primarily

used to study the dapamlne agonists, in thls thesls

41 Mechauism of action of MPTP

After MPTP admlnlstration, a purtxon oﬁ Whiah crossas the

_ blood brain barrier, a hlghly toxic Water solubla : '
pyridinlum an uept’ f1~mathyl—4 phenylpyrxdmnmum} may be f:'
idetected both 1n par;pheral and brain tissue, MPP+ haa a |
- long half-lifa (of 48 - 100 haura) and 1t continues to
-_ina:aase_;n the subatantia nigra for up to 72’ haurs,_thexe*
after diminishing iﬁ.cohdehﬁraﬁion;(xfwih, 1935)-"Tissué
concentrations of MPP* fall more rapidly outside the

blocd braln barriar. Gther cyclic tertciary amides are

_ blodegradable by the P450 cytochrome system in hepatocytes,
but it WOuld appear that once MPTP iﬁ cnncentrated in :
-mitachondria (Sznger, 987) it is converted to MPP+ by.

way of z,semynpf (Pig 4¢1)-(Ch1ba,_1984)a_ The enzyme

MAO "BV, converts MPTP to 2,3-MPDP*. MAO WBM is found in
abundance in hepétdéytes,-brain asﬁfodftééland qlial. _
cells, Minimal MAD - "B" ig found in dopamzne selective _E

nigrostriatal cells.
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~Periphery o
|MPTPI. or— —

- ‘Paripheral MAQ

' Etood bratn barrter

Glral cellé

ngrostrlatal dcapamlnergic o anamlne transpnrter L

_ 'nsurdne N S
Binmgwit [} 0 - _ | Stqrage."\mslc!e'
. neuromalanin | . [H uptake and releage |
- subsequent release [ | ] .
5 o Uﬂ
| Mitgchondrla 1 | yonibntonof
Ak af NADF _ Yyrosine -
_ (hibt ﬁlﬁﬁfﬁ . H - | hydroxylssednd | .
| reductah {Complex 1y dopadanarboxylase _

'F:g 4 Metabol'i'srﬁ. of MPTP within the brain

Pttssib1e scheme of MPTP toxlcity

. e
STud

{a) MPTP is metaboliseti by gut, liver 'and blaod-bram barrier (BBB) .'

MAO. MPP+ does not cross the BBB, First-pass metabollsm renders
oral MPTR much less neurotoxic than parenteral adminstration, -

{b) Glial cells containing MAO “B" convert MPTP to MPR+, (MAO “A" .
oxidises MPTP much more slowly-and nigrat MAD A" concentra- _

- tions ara very low compared with MAO "B",
() MPP is taken up by a specific dppmaine transporter protein.

(d} MPP¥ Inhibits Complex | in vitro. New evidence suggests that thisls

also crlticai in vivo. impaired csliular respiration producss esli death,

(e) MPP+ is taken up Into dOpamlna storage vesloles and stfmulates.'.

veslole reloase,

{fi MPP* inhibits dopamine syntheslsing enzymes; together with {e) '-

_ this causes acute dopamine dopletion,
{g) MPPT binds with nsuromelanin, which may act ssa storage pool.

MPDP, 1-methyl-4-phenyl-2, a-dihydropytldinium, NADH, reduced'

nlcotinamtde adenine din ucteotide.
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* The selaotlve MAG “B“ blockers, paragallne or solegiline,3-:-

- ara able to blook the MPTP insult (Heikkila et al., 1984

' and 1985) yeet has been shown to enter dopamlnerglc o '

'j:_neurones, via the dopamine uptake system (Javioh, 1985},

nwith simllar but COmpEtithe affinity to dopamlno, resultmf

_1ng in seleotlve dopamlne cell death._ In rodent strlatal

-aynaptosomal preparatlona MPP+ 1s taken up by dopamine

oells W1th the same afflnity as dopamino‘ Uptake of I-IPP+ -

:19 smmilarly ravarsxble and oompetitively blocked by MAO
wpn uptake 1nh1h1tora._ Pharmacological rank order uptake
of blookers is 51mi1ar.for both MPP+ and dopamlne. Thls
 ';data squests thoy are taken up in a 51m11ar site and bg a
| -simllar meohaniam.- Evmdanca auggests that while MPTP
 '1tse1f (and 2 3~MPDP+) is not toxlc, MPP+ is hlghly
 toxic to dopaminergio nlgrostrlatal cells (Flg 4 2}
'Recent studies suggast MAQ an enzyme aotzvity is present
in cells in the substantia nlgra, hut not in suffio;ent
. quantlty to explain the seleotlve MPP+ accumulation. At
.least part of the Mpp* aooumulation is thought to be

~produced by glial cells. MpP™ is then released-to damagef

nigrootriatal dopaninergic cells. Mppt may- firstly be.

‘taken up by dopaminergao striatal terminals and

retrogradely transported to the cell body situated 1n the -

substantia nlgra. -

'Alternatively tho toxin may dlreotly destroy the oell body o

in the suhstantla nigra. on reachlnq the dopaminorgxo .
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cell,-mPp+~inhibité”Anp—stimulatea oxidation of
 NAD llnked mltocnondrial suhstrates (Nicklaus et al,
-1985) K An erergy'dependant carrler of positlve ions cancen—_'

trates MPP+ Withln the mltochondrla, well above the '

.'t}COncentration requlred to totally 1nh1bit NADH dehy—

drugenase-(Ramsay, 1986) . While MPTP, npnp+ and other-'
"'4—pneny1~pyrid1nea also inhihit HADH oxldation, it is the

accumulatlon of MPP* that mqkes it the. most llkely toxin

E respon51ble for: dopamlnergic cpll death.j

.'-The postulated mechanism of cell death is that MPP+ is
4:cnncantratad in mxtmchcndria and subsequently inactlvates
NADH*llnked camplex Iy the camplex raqulreé for mmtochonH

'"drlal resplratzon. This leads to interference in mitochon-

'-.'drlal cell energy metabullsm, depletlon of ATP and altered

_calclum homeesta51s w1th1n cells (Vyas et alg, 1986).._NADH _
- inhibmt;an_causes 1nh1b1tlon of oxidatlve phosphoxylatiah"'

and depletion of ATP supply, which is cytotoxic.

Slmultaneously MPP+ synthesis by glial cells creates |
‘excessive free radlcals ‘which alter oxidative stress in the
'-enVlronment flnally 1nterfar1ng with membrane 11pld peroxl—
| datlon (Rossetti et al., 1988) . Free radlcals such as:
superoxlde, hydrogen peroxide; heavy metal 1ons 11ron and
zinc) may all damage mitochondrlal complex I or neuro-
"_melanln containing nigral cells (Dexter et al., 1939). Onae 2

nigrostrlatal cells die they cannot regenerate.'
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. Natural attritlon of neurones, with age, mey in tlme com—

: _'pound susceptibility to MPP+ ALl primates_are.euecep—'

tible to MPBY, wmle-some. non-primate laboratory animals:

o (especlally the rat, but also doge end cats) show

demenstrable reelstance to. MPTP Horeover while strlatel
depamine ie redueed in- doge and cate, they remaln resistant
“to. MPP*, and thelr parkineenxem may not be permanent._
 _Redente not only reeiet MPp*'e toxic 1nf1uence, but alse
do not deplete strzatal dopamlne and do not show chrenlc .

':nigreetriatal eell 1oes or moter dyefunetlon

e._As HPTF is peripherally metabel;eed and creesee the f N
"bloed—bxain barrier in similar rates in primates and rate,”
.'the species difference is thought to be due to longer -

.retEntion, aceumulatlen and toxlc insult of MPP+ 1teelf
in the primate bralna Thie hypethe51s 1s eenfirmed by
1enger retentlon ef radzolabelled MPP+ in the prlmate eemw"f

pared with the radent brain {Irwin, 1985) Thie finding
may be related to prlmate neuremelanin whieh is ‘absent in f

lower enlmal Spe¢125¢

In'eumﬁaﬁY'it'appeere that'MPP+'ie'lethe1:£e epecifie_ _
dopamlnergie substantia nigra eellular etructuree. MP?+ 
needs to be accumulated by the presence of MAQ “B" a

prccese whlch may als° require eellular neuromelanin.
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‘8.2 Neurochemical consequences of MPTP

hThe bloohemioal oonsequencee of MPTP's neurotoxic 1nsu1t |
:have been recorded in the rat (Chieuoh et al., 1984, Boyce |
et al., 1984, Bradbury et al., 1984), mouse (H91kklla et |
.al., 1985), dog (Parlele at al., 1985), cat (Schneider et
'_-al., 1986), frog (Barheau et al., 1985) and 1imited infor— '
tmatlon exlsts in the prlmate models.ﬂ . |
_The common marmoset shewed diminlshed dopamlne and 1ts f*

major metabolltee HVA, DOPAC 1n the oaudate, putamen and

'nuoleue aooumbene, 10 days followzng the acute insult (MPTP o

3'1—4mg/kg/day for 4 days), but by 40 days the nucleus
'aeou%bens had reCovered dopaminerqlc funotlon Dlmlnlshed _'
oaudate—putamen dopamlne, HVA and DOPAC in the rhesue and
'squlrrel monkey, reflecte diminished input from nlgro—
etrlatal dopamlnerqic pathways. Normal dopamlne in the |
”ventral tegmental area and nuoleus acoumbene, is thought to.
refleot normal mesolimboetriatal dopamlnerqlo pathwaye
_(Burne, 1983; 1985 and Langston, 1984) The greater the
dose of MPTP adminlstered the greater the caudateeﬁutaﬁen':
reduction 1n dopamlne and dopamlne metabolites (Jenner, tt
':1984) ' Trltlated dopamlne uptake in eynaptosomal str1ata1
reparatlone was reduoed at higher MPTP doges. ‘No Speclf1¢
3H]sp1perone binding to. the oaudatenputamen was found

'aoutely after & ‘weeks when the animals were behavaourally



'stahie parkinsonlan medels._ Nbreplnephrine, seretonln f”

(5¢HT), 5-hydroxyindole acetic acid (S—HIAA) were mlnimally_em'

changed 1n the acute stages, but normal when analysed
._1ater. No major neurepeptlde changee lncluding _
:1Leu—enkephalin, Met-enkephalln, substance P and CCK 8 were o

1 observed.:..

4.3 Histological changes found following

'The predominant hlsteloglcal flndlnq fellonng MPTP admin-j'-7'

:istration is cell body loss from the substautla nlgra zona_""

'feempacta. ThlB predomlnantly affecte dopamlne (AQ) eelle,
whxle some cell less aleo occurs in the ventral tegmental '
area (AlO) HoWever the medlal SN is not as eeverely |
affected as the 1atera1 substantia nigra. Locue ceruleus;ﬁ
':subetantla 1nnominata and’ raphe nucleus remain unaffected.e
| Tyr051ne hydrexylaee (TH} lmmunehlstochemlstry remalns a .:,
: ueefnl marker ef dopamlnerglc cells and shows ‘histologle
cell 1oes. other cells which do not staln for ‘TH haVe also'
been shown te be *aqed in: tbe substantla nigra._' |
Immunohlstochemleal markers ef suhetance P met-eneephalln,

dynorphln and neuroteneln levels remaln normal follownng
MPTR admlnletration Eeslnephlllc incluelans have been e'
noted in celle of the SNc (Ferno, 1986) The presence ef |
Lewy bodies, so important 1n eetablishlng the pathelegicallz'

: alaanSLS of human idiepathlc Parkinson's dlseaee, remalne _:
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elusive in the primate MPIP-treated model (Forne et al.,

44 MPTP' Behavioural effects In the prlmate and especiany _' s
the common marmoset model

{_.-\\

_;Evidehce thaE'the-HPTP modei'is'valid muet inclﬁdezbehavﬂf

. -ioural 1mprovement follow1ng use’ of drugs that are known to o

_haVe antlparkmnsonlan acth;Ly. The redent, cat, dog and
 amph1bian species are poor modele for MPTP-lnduced hehav~--
ioural analyszs, therefore attention has been focused upon -
non-human prlmates. Anlmals ineluding the rhesus, |
squlrrel, cyanmolgus, Afrlcan Green monkey (vervet) and
eommangmarmoset.mnnkeys have been.studled.beheviqurally.
khesﬁelana.equiﬁfei=ﬁdnkeye'showeaean-acute_ﬁehevieural]f
‘syndrome followihgrfhefsecona'an& subeeQﬁent-dese ef HPTP, ~
-_cbﬁprising a sﬁuperose state lasting up tc3one;hourl' |
(Langeﬁone 1984;e§urne,'1983).=:Afﬁe;'repeated'Mpmésdosee
peréisteht'motor deficits and behavieural Signe.emerqed and
animals remalned aklnetlc, flexed, rigid Wlth decreased o
-appetite-and vocalisation. LeVodopa and brdmocriptlne

' feﬁersed these'behavioural effecte. ¢ommon marmosets
similarly developed parklnsonlsm put in indivxdual anlmal '
eusceptlbllity varied. A doee tltration, according to the |
animal age and response from day to day, was thus employed -

to render all animals equally parklneonian._ Most-anlmale_'



| required a eumuletive doee of 7~10 mg/kg 1p T eVer 3~5 daye-ﬁ

-._(Nomoto et al 1986} | Aeute reactione stmllar to thcse 2

descrlhed 1n the rhesus specles followed the second and -

"-._' subsequent. doees of MPTP.' ThlB rendered the aninfl

;unetable,'sleepy, prostratef sometimes dyetonic and ueual?y '

unrousable for up “to one. houre. Subacute motor deflCltS

'Fe.subsequentl§ occurred after 2~ 3 doses pf-H?TP, in the form

ii

of bredyklneeia, rlgldlty of 11mbe and trunk, flexion, 1oeee _

"_:ef vocalisatlen and sometimes a postural tremor.. “The f

'1an1mals requlred assisted feeding in thle stage.; chronie o

'moter deficits, Whlch remalned ‘stabie up te Elx nofiths

N :appeared after 51x weeks (Temlett et al, 1989 Appendlx . Lo

'_V)-f This was 1ndicated by a return of eppetite, with

g bradyklne51a, fleX1on of ‘the trunk and sloi climbing |
.behaviour or perch etability. Balance remalned unstable,
the anlmale lacked co-ordlnatlen but could eump from perch

to perch when stimulated. Varlable &egrees of recoVery

 _have been obeerved and generally the younger the animal ehe

quicker the motor recovery (Jenner et al., 1984) The jie
MPTPutreated marmoset responds predictably to known drugs
'euch as levodopa, n-z dopamlne recepter agonlsts and
antagonists when admlnlstered by mouth subeutaneeusly or
parenterally (Nemcto et al, 1987) anﬁ hence they provide a
_good reference agalnst which new &ruge may be teeted Not .
_only mey the animals’ posture ang balance be aseeseed but
thelr : erall motlllty may also be objecfively megsured

using photecelle and computer aselsted reeerdings.
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The rodent:mcdel mayeempiby a unilateral nigrcsﬁriatel
'lesiou and consequent rotating behaviour, first. spontanew
ously and then fnlloW1ng drugs that 1nf1uence dopamine
release. Similar behavleur has been reported followmng
unilete:al inte:carotid infusion of MPTP in primates (Calne
et e1,'19a9).'.Primatee'develeping'retating Behayiourt are
thoﬁght.to'represent striatal.imbalanee between the

- affected compared with the the normal side af the braln

' (Kopin, 1986}

_fHo& eleee is the MPTP-treated primate model to hman idio-
'petnie Parklneon's disease? This questlon is relevant if
we. are o rely upon MPTP prlmate data to refleet moter
behav1our in parkinsonism._ Neuropathological StudlESzghOW
MPTP to be very selective to the substantia nigra _
" dopaminergic cells. In-human Parkinson's dnsease, but not
in the MPTPwtreated primatee, the loous ceruleus is
abnormal. Aged animals especially treated Wlth long term
low dose MPTP may chow MPTP damage of this nor-adrenergic
pathway'(Kopin, 1986; Mitchell, 1985). However selective
| damage that occurs acutely followinq_npwp—treatment is not
pathelegicaily eimi;ar to IPD. No firm eVidende 6£ Lewy
bodies, so important to'the_pathoiogical cenfirmation inl_
human_illness, has emerged. .Histolegieaily, eosinophilic
"Lewoid'hodiee" were reoently'repotte& in'hﬁmen MéTPw
indueed_parkinsenism, but they remain absent in the

. MPTP-treated primates (Forno, 1982). Squirrel monkeys,
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especialiyfagad'onés;*on long'term'MPTP:tfeatmeﬁt,'éhnw

” _eos1nophilic inclusions in areas ‘where. Lewy badias may be

' expected to be found._ Perhaps ‘the chronic administratian__a_
of MPT? over many yaars may produaa a model that hatter
'apprqximates the-human and_ylelds the vital neu:opatho~
' ldqidal_markers of Parkinson's diséésé:thus ﬁalidﬁtihq the

 MPTP animal model.

_ The MPT?”Primate'mcdéi'inclﬁdihg the ¥PTP~treated commoﬁ“

| marmosat used in this th9315, whlle the bast model of human

'  ié1opathic Farklnson's aisease available, remalns

'1mperfact. While biochemically ahd behav;ourally Very

o aimilar ta ‘human idiopathic Parkinson's dlqease,

'-histolaglcally human Parxmnsnn'a disaase is in contrast .

more widespread in its cellular insult. -
4.5 MPTP's televance fo human Idiopathic Parkinson's disease

Accepting the limitations of the M?Tﬁ-treatéd'mcdél'of'"'
parkinsqniam?'it-is ati1l thé_béstfmodai'availablé'and has .
‘Blready answgred many pathoganétic'machénismsﬁparticularly_

regarding clues to nigral cell death.
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_eCaut4on in extrapalating data derived fram MPTP primatee ie'
'zunderlined by the fact that no Lewy bodles haVe been seen
in the acutely 1e51oned mc:uie:l.ar Thls patholaglcal hallmark |
ig mandatory in human “idiopathle“ PD. Wlthout the Lewy__
.' _bady one thlnke of the patient as sufferlng from one or

:another fnrm nf "parklnsonlsm" and not IPD

- esecond1y, the MPTP neurotnxln ig very specific in the
"damage 1t causes to the nigrostrlatal eyetem This analngy
'doee not, follow in human iPD, since patients are wall khawn
 ta reveal degene:ation of other dnpaminerglc and .
non—dopamlnergic pathwayei Hence the MPTP—madel is too
.-eelecteve, but thls may be an advantage. Much of the neurdff;
chemlcal nightmare that encempaeses IPD. ie becauae of

.varlahle involvement in other central areas.

'So, provided:ene'bears'in mind that'the MPTPétreated-'
"primate is an acute and selectlve model one may utiliee to
~ maximum advantage the prlncipal ‘defieit in IPD - namely |
degeneration in the nigrostriatal eyetem._other-side~
_effects'df new drugs may oniy emerge:once finally_Emplbyed
_ih'man'with IPD. ThiS'nelicy is follewed routinely in"'
science in any event, researchea employlng data derived
from parkinsonian animal experiments as a prerequlsite to
human testing. The MPTP primate has simply added ' an f.
exciting new dlmenslgn. One suqh new possibility is the

testing of novel drugs and componnde. Anothe:ﬁis the
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posslble benafit of 1nfusion af chemicals, mesencephalic or’

adrenal medullary cell implants.'

'j“Tha MPTP prlmata model was ﬁound a reliable predlctor of

' ?;;potency of -known. compounds, hence Wda used to test unknawn

"-poLentlal ccmpounds that showed in vitro promise. Finally -
when’ statlstlcally successful in the MPTP- primate the .
g experlmenta allowed sequential ethlcal testing in humans .

Wlth IPD.

with time one suspgots ‘that the ﬂPTP-treated primate will :
become mare widely amp&qyeq'bcth because it is a useful
-'testwged far tranaplants anﬂ new drugs but also ta find

'clues in tha aetiolmgy of Phrkxnson's disease. . a"'
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‘CHAPTER 5

 AMsOFTHESIS

While levodopa remains the most effective drug therapy
.:feveilaﬁleetoday in iﬂinpathie:?&fkinédn*s?dieeaSe, the
| ”ﬁajereprebléﬁ'te emerde_hae'beenfthe edVeﬁse:eﬁfects"'

- thought te'be.mediceﬁion'releted. To eVerceme.the*meter'

'_fluctuatiene and dysklneeiae aSSOClated with long-term’

.=g1evod0pa is an impertant objective ‘and 1f achieved weuld

. allow more effective levodopa therapy. ‘At best pharmacen

fetherapy ramains palllative, Ultlmately intraeerebeel trans~ |

plantation of depamlne produclng cells may attempt o, cure o

'f the illness and bayond that 1deally one weuld_hope to 1“
identify.the aetiolegical faetnre&that produce the disease.

-'Until this ie dene we remain confrented with, and _ _

| challenged to, determine ‘the best pharmacelogical approach -
']in the management ldlopathlc Farkineen's dieeaee. The rele o
: of dopamlne agoniet drugs in addreeelng theee 1seuee '

_-centinues to be 1nveet1gated.

'in determining the fele;ef*dopamine'ageniste.ih'the tﬁerapy' ;
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CHAPTER S

.Auj\_n's OF THESIS

.:While 1avodopa remalns the most effective drug therapy
'avallable today in 1d1opath1c Parklnson‘s disease,. the
major problem to emerge has been the. adverse effeots_

' _thoughtwto-be,mgdlgat}oo related. To overoome the motor_ _'
rluotuotions ahd'dyékinesias'assoolated wmth 1ong-term_;
-%iévodopafis_én“iﬁooftant'objootive'aﬁd”ifIaohievodZWouI&_-
':oilow'moro affeotivezlévodopaoﬁhérapy. 'ﬁt-beSt pharﬁacoe'
therapy remains palliative. Ultimately intrace;ebralftrans#_
'plantotion of dopamiﬁe_producihq'o91ls ﬁay_attémpﬁ'to_ouré

" the illness and beyond that ideally one would hope to

~ identify the aotiological factors that produoe the disease.

.'Until this is done we remain confronted with, and
_challenged to, determlne the best pharmaoologloal approach

- in the management 1dlopath1o Parkinson's dlsease. The role'

- of dopamlne agonist drugs in addressing these issues

continues to be investigated.

In determining the role of dopamine_agonisté_ih the therapy
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‘of idiopathic Parkinébn's'diSEaSE;'Bdth:humansfsufferihg
"from the lllness ana the MPTP-treated common marmoset model
of parkmnscnism were analysad. The thesis lB divided 1nta_

three subsectlonS"

a) Initmlly the wall ‘tested drugs and their limz,tatlons
'_.encountered Ln trlals will be reviewed. Bromo- Griptlne waé
employed as adjuvant therapy to. 1evodapa to evaluate whathar '  
one could malntain clinical stability and reduca total : -

'1evodopa requirements (chapter 6 tr1a1 1}

| 3 1on§ aating_1equ¢§a pompﬁﬁnab_Sinemgt_¢R4y'was_then] o
'-ttQSted;to.a53esé poténtial,bénéfit~affering-the sﬂriétai"
. receptors a slower and more physiological continuous

'dopamina_reCQPtor stimulatioh'(Chapter 6, tria1'2).:

.:b) Primatea lasloned wmth MPTP, will then be employed tu
--evaluate nQVel selective dopamlne agonlsts. The need for

‘these drugs. is apparant because l;terature review shows that

while many dopamine D2 agonlﬁts exiat few are aelectiva . 
'and 1ittle data exists utlllsing p-1 selecfive campounda

-(chapter T experlments 1 ta 5)

'é}-'Finallyi those compounds'thatfshbwed.promiseain the_:
'MPTP-treatedﬁprimate:expériments;lware then.applieduta_”
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_: man suffering from 1diopath1c Palkineon'e dieease (chapter

f.a, trlale 3, 4 and S)

-'All the experlmente performed utilislng new dopamlne

' g_agoniete will thus be eubdivided lnto those appllcable to

‘the nonﬂhuman MPTP»treated primate model and those

H'Texperlmental compounds utilised in man

5.1 _-A'nim_al experlments e

'_Thé role of the varloue dopamine receptors in parklnsonlsm

were teeted by employlng varloue D~1 and D-z eeleotlve
dopanine receptor agonlste elther elone, in combination

with levodapa or in_oomhmnetion-weth eaon other,

Drug naive marmosets were 'treet-ed-' with ‘the neurotoxin MPTP,

stabllleed and once- consmﬁered eufflcmently parklnsonlan
they were tested agalnet known drugs to confmrm 1evodopa

- responsivenese and valldate the model.

Thereafter known drugs (1evodopa with carbldopa, Y 171555,

bramocriptine and apomorphlne) were administered to

demonstrate a dose—reSPonse curve to each 1nd1vxdua1 &rug. o

Once these known drug effeots were reliably raproduoed to

oorrect parklneonism ' unknown oompounds were employed.-
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CY 208-243, a partial selective D-l dopamine receptor ,i*

agonlet was employed to eseees the functional centrlbutlon B

: _of D-l dapamlne etriatel receptors in MPTF parklnsonlem.

.:Whlle D—z selective agonlst drugs are knoWn ‘to correct
 -parkineen1en featuree, 1ittle 15 known of the D-1 receptors:f
role motor mQVement. A new . agent, (+)—PHﬂO, a petent D=2
agent, wae edminietered to assess efflcecy and doee |

:responsiveness in the MPTP—treated przmate

: Thereafter (+)~PHNO wae edminlstered in comblnatxon with ey . -
-208—243 to inveetigate the functlonal interactlon betWeen
'fthe D-1 and n—z reeeptnre. Flnally 1eVOdepa wae empleyed

"elbne, in veriable doses ‘and eomblnatlons Wlth o4 208- -243

'.;er (+) ~PHNO to. aeeees the effect of D=1 or D-2 . eelectlve L

”'f_ agents upen levodopa induced motor reepense.'a-e-

"'.It was clear from ‘the llterature that 1evedepa elone, while-

benef1c1a1, produced prcbleme in the long term.

_ Bromocrlptine adjuvant therapy euggested that lew dose

'levodopa could be maintained and. theoretleally reduee fluc~_
__tuations and dyekineeiae. Hence, theee druge alcne, in o
- variable dose and aombinatione were teeted behaviourally, o

_to establish clues to the best drug combinatlon._ --

_Suppdrting bicehemietry ahd histopathology, where relevant,

will ke utilisged to eneure the model was suitable and . could S

'be cempared w;th exieting data in the marmoeet and other .
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- primate;MFTPntﬁeatéd'models.

5.2 Human experiments -

“l Animal'data suggésted’these new-drugs sﬁaﬁld-be further

1nvestigated 1n man With 1dlopathic Parklnson s Glsease._T

. _fThe known profile of natural progressxon and the lnfluencej

: iof-levodopa-therapy, all nece551tate that;newpd:uqs he__ o

 deve1oped to better treat the 111ness.: The.main theme l_
“ 'addressed 1n.thls the51s is the role of selective dapamlne-f
-aganlsts An human Parklnson 8 dlsease.- speclflcally what
-:place do the D~1 agonlsts play 1n human illness ‘and how -

| .mlg‘ht they :r:educe levodopa s:.de-‘effectsf Furthermore does
.'-the D~1 dopamine receptor agonist have a role in imprnving:f
known beneflt of D-2 agents° Hence the followmng exper-f- |
1menta1 phasea tested many new and differing experimental
'.ragimens dependent upon the stage of develcpment of the o

'dopamlne agonist.

_ Bromocriptlne was 1n1tia11y employea in patlents with

idiopathic Parklnson's dlsease, to assess the ahllity to
reduce overall 1evodopa requirements and- thus clrcumwent
levodopa related Dr other potentlal problems. The thimal - 

dose ‘of bromocraptina was sought. wmth concomltant lEVGdopa :

dosage reductlnn, while keepzng the patient stable with a

- -cnnstant or 1mproved Parklnsonlan motor status.-m

e
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,Slnemet CR4 a slow release levoﬁopa compeund, was"

'thereafter teeteﬁ in man. The aim was tg releaee 1evodopa
::Eelowly utlllelng an enterlc ceated matrix te maintain the
H serum drug levels and mnbrrity Followlng & theoretical

eslnemet CR4 bene it suggested in the llterature, the .

kN abllity o reduce drug fluctuatlons that cccur W1th

._lntermittent conVentlonal levedopa will ba tested. Patients

with unacceptable'motor fluetuatiene w1ll therefore he

| 'htlanalysed, initially on thelr usual levodopa dosage then

]_following a change to the 1ong actlng compound alone to |
establlsh motor benefit ‘dose frequency neceesary and e;de-

' effecte.- o

fA new D—z agenlst, CQA 206-291, wae administered to a group'; .

~of patlents with severe 111nese and "en—off“ fluctuatlone-'

| 'f(Chapter 8, trial 3) The efticacy of CQA 206-291 was

_;teeted.at,serlally 1ncremental dosagea-Once-safety of the
drug is estahlished a further study will be conducted in._

two further groupe of patlents.

CQA was given in’ combinatlon WIth existing Jevodopa S
_'(Chapter 8, t*ial 4) The beneflt and optlmal dosage ef CQA _
'206-291 was seught to allov reduction in overall 1evcdopa
xequlrement. Thie eeparate, double blind placebo matched :
trial, ubili~ing CQA 206—291 was initiated in patlents w1th

_moderete idiopathic Parklneen s dieeaee..Those petients

with less than optimal levodcpa;therapeutid-resPQnSe



..WhICh comblnatlons, uhe flnal arbltrator should he human '

: __;,V,.

 _:such as~wearing off or dyskinesias,'on malntenéh u}L_&ﬁwﬁm
o levodopa, was selected to evaluate drug effiaacy, Tﬁf %7;“' ’

"tholerablllty and saftey.-

'.*'_ 7The D~1 partlal agunlst, ey 208-243 was thereaf ter em-'ﬁ "
  p1oyed alcne, in advanced 1diopath1c Parkinsonls dlsease ;:.
*:patients, W1tﬁ-"on—aff" fluctuations, (Chapter 8, tr1a1 5),i
: :to aasess the uverall éfflcacy of D—l agonlst.druqs. since "”

- the’other D-1 selectwe agtbnlst SKF 383937in man 48 . .

| “fun1mpressxve the henefﬁt af thla new cnmpound W111 be-f

ﬁeﬁted_ﬁpﬁnzpatlﬁnts fnllow;ng_leyadopa drug withdrawal;7

'*iffMultipla drug trials utllising selective le, n-z and mzxedf':

-JD—l plus D~2 agonmst drugs were tasted in patients w;th

ldlopathlc Paxklnsen’ﬂ disease._ While the anlmal model mayf 

well suggest whm¢h dopaminé agonlst druqs are uaaful and.an

L_idlopathic Parklnsan‘s dlsease patients.. . Lo
': Bromocr1ptine, as an- adJunct to\lavadopa, in attempt to
  reduce overall levo&Opa dasage, was felt would limit
 '.adverse effects, waever brombcriptine cannot be taken by
"lall patzents, since side—effects and a weak antlparklnson— .

'1an aet1v1ty was noted and is well descrlbed.;
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o Tﬁeéé3dquS,'a11”5hown.tb'haVe*tﬁgraﬁﬁutic;effidaéy 'hﬁﬁé e

*bﬂan reported and publlshed (Appendlx III to VIII} and this

_"_thaasia :E:Lnally set‘.s out to 1ntegrate these reports and

o  discusa them éollectlvely. E
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CHAPTER 6
INITIAL HUMAN STUDIES -
*\:lno'
6.1 Trlal Bromocrlptlne as adluvant to iavodopa therapy o -
(App dm!u) L _ o | L
Ei* - "  . Bnonocnxpwxﬂn' | o
611 .  Methods

Fcfty-two-ﬁaﬁientQIWith idiopaéhic'Pafkihsbn's'diseaae'of
eithér sex (Ha'maie and 20 female) aged 30-?5-Years (médian_
64,8) ﬁere studied as outpatients after giving informed
consent. All wéfe moderately severe Hoehn'and Yahr stage 2
=~ 4, off medication and'demﬁnstrated stabie'lavodqpa respon-
. sivenese for aﬁ 1335£ 2.moﬁths prioy to'recruitment; .Thair
disease duration was 13.4 (SEM 2,1) years and at the start
¢f the study levpdop& dosage (plus peripheral deuarb03y1ase'
inhibitar).rangé& £rém 300-1750 (mean 640) ﬁg.per day,
orally. Paﬁients continued taking'anticho;gﬁérgics and
amantadine throughout the study'periad. ~ None had:preﬁiu

ously been on dopamine agonists (Table 6.1).
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Table &) -

~_ Patlents and thelr personal attributes at bfd:hacrlpfiha"-iriél entry,

b LEVODOPA plus. . PLACEBO
- _ BROMOCRIPTINE ., . . .

: .Numbar S > -
Age (yea:a) B 64.3 . - 65.3
- Sey (M3F)i- U S 13:9 0 7 Br10 .
. puration of ' T e
lllness Mean: (yrs) - 3.4 00 0 . 13.3
. sEM ;"'4 e e 2.1

o Levndopa requ:..remant (mg/day) ' TR
« - o oMeanm 46693 . . 822.%

s tﬁﬁ_ﬁw"_w_{5“;f1:69,9'-'I r

4

 SmoRing h&blt ‘smoker . - -+ 3.
g e Bxesmoker - R0
'ﬁ '-"_' "Never . - he o

i .
I

woR

. __Hoehn and Yahr Staga II _ %.   §:' o -
e B 2 5 e S S 1
v 2 SR

Noo

w0 . T to ’ N ) L . . . o

SEM = Standard Error of the Mean

Ear

SSIn

e o
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. Phase I of the study wao oonduoted double-blind keeplhq
'the 1evodopa dosage constant with the addition of .

broﬁgpriptine (Parlodol) gradually inoreasmng the dose from

2, g’to 20 mg per day over 5 weeks (nﬁzz} or placebo matched S

“ﬁ5g_;n—18) in ;dentloal 1ooking'oapsu1es over the sams pErlod. :

,Those patienta whoir upon unblxnding, had been randomised to
) reoelvo placebo, then underwent an additional 51x week

' huild up of bromocriptlne so that at the completion of |

-phase I all patlEﬂt& WEre receivxng 20 my per day, in four o

'3 egually divided dosos‘ Two patients Who could not tolerate'
”the bromooriptine progresszve bulld up could not enter the

: next phase of the study.

‘Phése IT of the atu&y Was.obon'parollel inoai1 patiénts
(ﬁé4&); the objective being to reduce 1e§odopa.réqpifeﬁeh£s
aﬁ'meekly'inteﬁvoié until the bromocfiﬁting.ah _Boﬁodopa
oombinaﬁion'failéd-to controlﬂsymptoms'andiﬁeduoéﬁobjeotivea
'garkinsonian'écores. Thareaftar*the dose-of-tﬁe'dopamine |
agonist oould be increased until the patlents' symptoms and
signs of parkinsonism were once agaln controlled. anqe : |
stahilised, further reduction of 1evodopa and when ﬁecéou
sary inoreases in hromocrlptlna was initiated over the. six
Week.periodi The averall objective of this phase was'to
reach the greatest tolerated bremocriptine dose. (up to 50
fogg/day) with the 1oWEstzmatche& 1évodopa dosage that kept.

- the patient stable and mobile without unacceptable side
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effeets. All patient- were Feen at weekly 1ntervale, in
-eunpatiente having previeuely been 1nstructed on how to

take their medlcatien at heme throughout the week.

nt“the'beginning'ena eﬁd'of“ﬁhe stu&y'a-camplete“hietery-
_:end physmaal examinatinn was undertaken by a phyexeian,""
cheet x~rays, urine and bloed teete were performed. Eaeh '
_'week the same researcher aeeeeeeﬂ the patients and rated :
‘them according to the Hoehn #nd Yahr stage, Webster,
'.columbia and the North Western Univerelty disability ecales
1n*the5mo:n1nge. In addmt#bn'the patients were asked to
keéﬁ diﬁriee and endeuraged*te report how the week pro?

| greeeed regafdiﬁgeeide~ef¢ed£e,”involﬁnﬁary'mevemeﬁte7and“
1overa11 edtivitye vital eﬁgns; adverse;readtiens,'cdmpli?-
ance checks and other conc.mitant medication was noted

througheut'the'pEriodc

- Full peychometric.eﬁeluations-tookrpiaae initially and each -
.fortnight in phase IT of the etﬁdy. Psyoholagical teete'
uSed 1ncluded the Beck Depression Inventery, voeabulary and
similarlty eub—teste of the Weschler Adult Intelligenee
Scale, Bentons Cohtrolled Word Association Test, Rey's
Audiﬁery:Verbal Leerning Test; ﬁey'e Complex Figure test
and the'Mini Mental state'Examinatian. An'ekpended vereien
of the Mini Mental State Fxamination (maximum eceée'of'BO}
was used at the beginning and complet;on of eaeh phaee of
the trial. o
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.'.statlstlcal oomputationo were performed on tho Statistical

Analysor system (SAS, Version 5) on an IBM malnframe

computer and regardad signlfioant at the 5% 1eve1.

Associations upon tfial entry betweon levodopa plus

-bromooriptine orsus 1evodopa plus plaoobo groups were .

assossod by_orﬁinary chi sguared analysis.'zxntragroup

| oomparisoﬁo-of patient status ai-beqinniog'Versué end'of ”

the double»blind phase employed the MoNemar Chl squared
_test for non—independence samples w;th the ¥i tes correction
for continumty,_ The Fischer Exact Test was amployed for
-sparse 2x? tahles and for larger contingency tables the

| Mante1~H tost of signifioanoe was used. Moans _'

' comparisons by the paired students t-test for paramotrio

| data and tlme tronds for vital signs, dosage roqulremonts .

and mean disabillty scores were analysed by Covarianoe aud

multiplo reqrosslon N , = N o .";-

" 6.2, Results
'boubiéQb;ihd oromooriptine.Versua placebo natch

The two.randomised gfoups wefe oomparable_in'poroohal'
attributes and pa:kinsonian}diSability-status_asﬁjﬁdgea by
tho.four ra£ing.sca1os'at the onset of the studyi;lsimio”
larly 1evodopalrelatad_oomplicaﬁions Aﬁa olihicol_status__

were analysed in the groups and were comparable (Table'ﬁ.lj
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At the completion of Phase 1 of the study, one group (n=22)

-w%sfon their ﬁsuai'1evodn§a'pius'brdmocriptine'20mg'per‘day{':-

and tha other (n—lB) their usual levodopa dosage plus '

_ placeboa Two patients in the levodcpa plus bromocriptlne :

'group vere withdrawn due to unacceptable postural hypotenw__

sion and mental confusion which resolved once the dopamlne _

agonist was withdrawn.

| Analysis7of the two Qroups. the levodopa plus 20mqsbramo~"

ﬂriptine ve sus these on 1evodopa placebo,'clearly showed

the beneflt of the dopamine agonlst. The Hoehn and Yahr
.scale did not change dramatlcally, as judged off '
'medlcation: but the major featurea (bradykinesla, tremor,

'ﬁrigidity and postural stability) individually and also when

the c°1umb1a or Webster scores were accumulated, showed a
statlstlcally valid difference in the scores. Hence bromo-
cfiﬁtihe'coﬁpared7with placebo was effective as an anti-
parkinsoniah.aggnt_when added to Stabie 1ev6dopé in o

patients with maderatély severe IPD.

More dyskinesias were also noted, as one would expect, but

Mon-off" motor fluetuationé and'freezihgiremained_

statistically constant; However what was surprising'was
the observation that while dyskinesias overall were more

common in intensity, severity and in multiple body area

 these did NOT correlate With.pragrESBiVe d. %a increase.

For example dyskinesias, while worse on bromocriptine at
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.'week 2 (dose of 7 5 mg/day) got better overall to week 3: ; o

' (dose of 10 mg/day) and were worst at weeks 4 and S (dose;f b

_ squ.mgf@ay). ;1 ' o
o S

.'Dyéﬁofiés'wéfe stable in thé piadebb-group'thrbughéut

follow-up, but were reduced in- ntensity and frequency in

tha bromccriptine group _(Table 6.2).

0pen phase build—up bromocriptine

wmth 1evodopa reductlnn

_.The.ohjeatiVQ'of éteadily:nH &ing*up the bromacriptine |
dose (20-50 mq/day) whlle raduc;ng levodopa by 25% to 50% .
__ovarusix_weeks,; was accompllshed 1n the majority of
-'p&tiéhts_whiie maintalning a stable parkinsonian status

(Fig 6.1, and Table 6.3).

_Whiie clinically stabie_regafdihg'parkinsonian Qtétus the
_optimal 1eYodopa plus bromocriptine CGmbinaEibn bccurréd_at
app:nximately 30% 1evudopé reduction, to a mean of 640 mg
per day ié§bdopa and 28 mg per day bromocriptine (Table -
6.3). _Neufopsychiatric cemplications (n?ay, symptomatic
postural hypotension (n=7), and worsening'dyskineéias (n=4)
were the most'cqmmonly encdunterad-side_effedts ﬁn'tha drug
combinatioh ali-mf'éhidh_&isappeared as the overall dose of

levodopa was reduced (Takle 6,4)-
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- '__Table.'6.2'_- |

_'Oompncations af therapy in. patients taking . !evodopa plus bromccriptine {A) at
| basehne (week 1) and at the end of the double-b!ind perlad

Number = . n=22 - n=1B - op=20 ¢ n=18

Dyskinesia - Absent. 55 . & . 61 73
o fo . Present - 45 0 0 347 S 039 . 27

o mild - e8 73 o &3 - 86

_ . Severe 32 - 27. . .17 - L&

' : ' by.stqnj_a .H\\\\M I&bsent o 72 : 70 . | o 7Q _. s :70*' -
T rmxz;:\gnt 28 30 80 - 030

Freezing - Absent. ,"J. 55 63 - 60 74
_ . Presémt 45 7 37 oAb 26

On-off  Absent 90 93 94 - 93

fluctuations Present. 16 .. .. 7 - & = . 7
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Table 63
‘Levodopa dosags {plus PDI) versus bromocriptine in the open phase of the trial. ~

Ty
A

Week = Mean (Range) . . Mean (Range)
| Levodopa (mg/day) - . Bromooriptine (mg/day)

_sadj._'12502;7505' ";_f_"1_5_f;"'

[~

T T

U ST S SR S VRS

526 (0-1625) . 26 (20-35)

o
o
B

» | 8 "('21'3_6-'-1500) 28 . (20-40)
'F@'9 - _.;499' :itb~125ﬁo) S 30 ,'-_._;2quéo)_-
i?ip- . 466 .'_(e—léso) L "___; 33 (15-48)
L11 423 ¢ (6—;2501.' 3 (15-50)
12 383 t_(Onsvsy _   '_ . 37  | _'ff'(lsésoj. 
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N N
e e o o o

- - suitoseq .Luam ebuByy o

- ,:.:‘.j'___ria'l week .

o

g Fig61

'S\ine from baseline with

Mean. percentagé. build up of bromocri
reduction in levodoixa from week six

Rt
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No patlent had to be W1thdrawn from the etuay durlng’ghase .
I ‘due to persistent side effects._ Slde effects o
_.attrlbutable to bremvuriptlne dosage 1ncrease (dlZZlness,
_postural hypoten51on and-mental confusion).disappeared with
time, bﬁt in some instances "1imited-'1':ii_ef m‘aicimal _gés_age' -
'_achieved}"'ﬁdvefse'effecfe'Weféfencbuntered 15 25'patients'
_:(11 male, 14 female) at a mean of 802 3 mg per day (10 o
*mg/kg/day) levodopa plue PDI in comblnatlon Wlth 18 4 ng .
..per day mean bromocrlptlne Twenty twa patlents of the
- same group that ulk im*tely developed side. effeote, when
| 'reanalysed at maxlmal levodepa reduction and bromecrlptlne
| ncreased to give stable parkineonian rating scores, were
.'.free from’ 51de effects (p<0 0001) These patlents-whd a
"could tolerate doee limlting side effects (n~1?) were.
.1ncreased ho >40mg per day bromacrlptlne with reduction 1n |
' levodOpa pLus PDI to 432 mg per day. Thle-overall occurred
_wlth-a;BE%ﬂleVOdea dose reductlon. No . 51gnificant
additional beneflt, however, above that obtalned at a .“
_-bromocrlptine dose of 26mg per day was ObserVed. Therefore.'
for all patients in this etudy, whether they expeV1enced
51de—effecte or not. the optlmal deee of bromocr;ptine was.

- on average 26 mg po. per day

Numeroue psychological tests were employed on the eame day_
as the rating scales. were used to assess notor statue No

_elgnlficant mental status dlfferences could be detected at
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o

-’Ad\serse effects in patlents taklng btamacr;ptlna and levodopa in
) the open phase of the trial SR S A

. TYPE OF - T NUMBEROF

I

CEVENT SEVERTTY  PATTENES - EVENTS .

- HYPOTENSION S wzia 8 6

_Moderate - . 5 . 6

_DIZZINESS LooMe oz e
B ' f3f‘“ Hodafaté'£h;_ ';15'”  'f.5 f'

HALLUCINATIONS =~ . Mild =~ - 2 . 4

. severe .. 1 . a3

‘conFustoN . .omMiza - 104

" Severe 2 1o

OTHER (Navsea, Vnm;tlng, syncope,

concentratlon difflculty, :;.:-'4  ' 'f 9
dry mouth, 1mpa1red haian::e '_ '

. and 1ncreased 1;b1do.

4

D



the end of tha trial compared to the baseline assessment._  |
;Hental etatus paralleled stable Totor status throughout the .
| study (Table 6.5). Gaod preservatian of vocabulary, vergnl

- fluency and memery was present: hut d;sturbances in the '

constructlonal function as measured bv the Fﬁv Complex

-Flgure Test con51stently occurreds-_'

6.1.3. - . Discussion of bromicriftine

.- -

b, L
ki \.

7;fThls study ehows, as haVa others, Lnat the eomblnatlon nf
bromocriptlne with leVOdopa allows malntenance of cllnlcal

.ratlng scales reflectinq parkinsonism.e The optimal bromo—'hﬂ

- criptlne dose was 25 mg, po. dally, alloﬂinq +39% redumtlon

in overall 1evodopa requzrements.' Although brcmeeriptine S
may be. tolerated to as mach as 150 mq pe. daxly, thiu etuuy
suggests llttle addltlonal benefit: beyond 25 mg dally, 1n .["

.thlE group of moderately severe IPD.

‘As expected adverse bromocriptjne_sideweffects.werefdese N
related but were often transient and the patients devéloped
tolerance to eideeeffeete and usually they diéappeafed Wifh};

reduction of dos¢. Bromocriptine, hoWever;-clearly rédﬁces_.

those 51de-effeets theught to be levodopa relafmd ':Whiia*f
dysklneslas are more common cempared to placebo, a deee |

dependanp increase in severity, frequency and bedy aree
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Table 6.5

‘to compare outcome with the end of the trial (n = 40),

F
. ki
. !

|

Méan_'scd?:é- o 64'.4*_-:_,,;”' L e |
C(sEM) . (2.4) | (1.4) ¢

Mean score out of ma&zii:aum_ of 80

~ o : :

" Mini-mental status scored at weeks 1 and then 12 in all pafienfs |
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'faffected could not be demonstrated. fndeed petienfe?whilei-
. often develeplng dysklne51as 1nit1a11y with bremecr1pt1ne _}
'bulldup dEVElode tolerance to them and Were better toler-
:ated Wlth time.- Dystoniae, lncluding early we Ang. |
'edystenie,'were impreved on bromoer1pt4ne compared with
| placebo when added to stable naintenance 1evodopa. Even
when admlnlstered in high desee bromecrlptlne di& not
-result in biochemlcal, haemahmlogic, urlnary ar EEG abnor—

malit:.es neceseit_atlng s_topp_:l_._ng the drug.

1'fiﬁ35lyfﬁéurepsychiatrie'sﬁabiiity'threﬁgheut-the trial on

bromocriptine was ﬂoted.' Thase abnormalitles detected in

"';:all phases of the study were prlmarily dlseolutien ef con-

et.etructlon w;th preserved memory and verbal funetion skille,_

'_"which reflected limitations induced by Parkineon'e

'dlseaee Slnce 1nd1vidua1 dlfferences 1n mental etatue _
oeeurred it appears advieable to inelude Mlni-Mental state'

: Score in the preeent rating scales.

A recommended dose of bromocriptine (25 mg po. per day)
with a 30% 1evedopa reduction in moderately severe IPD
patients appears to malntaln mobility with reduced risk ef

1evodopa slﬂeweffects.

Thls etudy was published in the South African Medlcal

Jeurnal (see Appendmx III)
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| _6 2 Trlal 2 Sinemet CR4 (Iong actlng Ievodopa) replacement -
ol levodopa therapy (Appendlx IV) :

SINEMET c’R’4
6.2.1. - . Methods .

fTwenty patlents w1th IPD were treated 1n an open label
'etudy to aSSeSS the beneflt of SLhemet CR4 (Merck, Sharp
uand Dohme, Montreal,-Canada) 1n moderately advaneed dlsaaﬁe.-

(Table &. 6;‘ ‘Thirteen male and 9 female patients,'aged

. 46~76 years (medjan 64), Heehn and Yahr stage 2-4 off o

; medlcatien, with a durat;on of Parklneon s dmsease 1. 5-40
:years (median 14 3), all on 1evedopa plus carbidapa |
lff(slnemet) 350~ 1375 (mean 706). mg/day total dose, were
entered into the study once informed consent was obtalned=
None were on dopamlne agoniet drugs. Whlle all were'
_.receivinq eptimal 1evodopa when' entered, many had developed
:'variable motor £luctuations (wearinq—off-in'20,;dyskineeias
in 13 and "on-off" fluctuations in 5); that reﬁﬁired addi-
tional therapy. Bach Sinemet CR4 tablet coﬁteins_goa_mg
1evedopa and 50 ﬁg earbidopa;'suepended in a poiymeric
matrix, designed to releese 1evedope oéer 3-6 heﬁrs inzan
attempt to preduce stable plaema levels felloW1ng oral |
ingestion. Since the etudy was open labelled the dose of
CR4 was adjueted throughout to obtaln maximum benefit whlle_'ﬁ

stabilising the CR4 cempound for the usual Sinemet. .



~Table 6.8

.:\22§ :

* Characteristics of patients entered into the Sinemet CR4 trial and baseline. -

Patient Sex
M F

e

e
sk :
7
_kq_
1e
OH M
.Cp '::F :

68

Age
.z.t?rs}.
3,69 .
70
74
"L_4s:_,

54- )

69
64

69

67

.(y;s}. :
2 S 800

S 2 400
1

20

T 40

C20 .

Disease Levodopa
durat’ dosage

15 2,000

550

2 1000

350
S350

600
15 700
500

10 - 400

" other

(mg/day)

‘Benzhexol - -

drugs = - T
”;-(mg/dayy
{6)

'ﬂAmantadine-_{2003f 

' hman£adine_'(2dO}

;;Biperidin::.'

" Dissipal (150}

Amantadine ' (200}

g.Bromac:iﬁtiqa.(B}_ ; ;;'

Amantadine (200}

Bromocriptine(22)
(8}

- Bremocriptine(30)

_Bxtane

§ Amartadine ¢200).
% Bromockiptine(10)

B

.%Artane -

{150}

(4)

Bromocriptine(10)
Amantadine = (200)
Artane (8

o
- amantadine  (200)

(10}

L Amantadina--(EoO)
. Dissipal
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© Table 66 (continued)

‘other

Disedse Levodopa |
-]drugs“

durat- dosage -

Age.

pat-  Sex Aga
(yrs)

Clent

injelals (ng/day)

:rhm

NH.

{.LLVR

BW

Lome

6t

DN

mo

55

'35

65
-
58

Cva

I

18

jlo :.

14
10

20'_ 

1z

lon(yrs) (mg/day)

24 500

- 780

1378

'f7su .”
1200

1250

. 1125

400

500

- 550

600

Amantadina
Bromocriptine
Artane -

_ Artane

Bromocriptine

- Amantadine .

Brnﬁncriptine

. Dissipal

" Bromocriptine
_Amantadine
. Axrtane

ﬁmaﬁta&iné
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.Thie study. had'twe'phases.- h four week baseline perlod
'whereln the patlent's ueual 1evodopa and other medlcatlons,.
amantadlne and or antlcholinerglcs Were contlnued _ Durlnq

| thlS perlod patlents had routine general and neuruloglcal
'l_examinatlons, ECG's, urine analynls, biochemlstry and full
-_bloqd count and were finally :ated utillslng the Hoehn.and

| Yahf and.North Western'Univereity“ scbfing scales._'Diariea'
:_w1th a modjfled DS saore whils “on and mnbile durlng the

?}day were completed by the patlents._

'Thereafter the patlente entered a 52 veek treatment phase R

here they all ‘had their conventlonal 1nemet changed for .l
the equivalent dose of the slow release CR4 compcund. The
edose of CR4 wae then altered at weeks Ly 2 4 8 12 24 36 and
"52 to allow malntenance of, or improvement upon thelr basee
llne scores. All other medications were contlnued B
_unaltered, the CR4 was admlnlstered three tlmes daily with
meals and pet;ents_were asked to complete_d;aries.on at :

least one day of the week throughout the trial.
6.2.2 o ‘Results

over 12 monthe only 11 patients of the orlglnal 20 Were
- able to complete the study and remain exelusively upon the_ o
'CR4 treatment. Hence 45% of the group requ;red_return_te

cenvenfional ie?odppa'the#apy. fTWo'ﬁatients died-of unre—_7

- lated causes, ene from cn acute myocardial infarctien (at"



-week 22) 1nd one from pneumonla and septlcaemia (at week
') Three had a poor therapeutic response and were
:-eonverted to thelr usual sinemet at 12 Weeks.- Four mofe, |
whlle experiencmng some response, could not sustain benefit]
- and required an addmtlonal qulcker aoting levodopa between--af

i

_ 24 and 50 waeks., T

_statistically while these 1a-batishts'cou1a be oompared at
12 weeks to. basellne parameters, only 16 could be examlned

..to 24 weeks, 14 to 36 Weeks and 11 to 52 Weeks.

fl*ﬁoosignifioaﬁt'chaﬁges in the,Parkinsoﬁ‘s{#ating_scalesﬁaf .
:_asfjodged b& their diaries:over:the-sz weeks ﬁeriod sas-;'
| note&'in_sﬁite éf_fhe faot”thafsihoreased'atﬁehfion_ana o
_ ﬁrial piaoeho-effec£ made most feel best at 12—24 wgeks.oﬁ
'LCR4. In the 11 patlents who completed the trlal, whlle
seplng patients stahls by lnoreasing overall CR4 dosage
-and deoreaslng 1nterval of drug admlnlstratlon,_ |
slgn;floantly fewerfdoses were reguired (Table-ﬁ;?). This".
résulﬁe&*in a mean reduction of 4.3'to 3 levodopa doses
each day, at 3 months, but was unfortunately not sustalnad
(p<0 08) & Mbreover GVExall levodopa dosage beglnnlng at
495 mqjday increased to 705 ng/day CR&' after the year, .
indicsting a 14% ircrease in levodopa requirements. One
| obser&ation of conoefn'is that from week 12 Eo 54;the;:.
duratlon of CR4 long—actlng 1evodopa efflsacy &eollned from

7. 89 hours to 5.74 hours. o
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_ Details of 1 1 patients wha completed the full yes.r convers‘on

b

T i-rom Sinemet to Sinemet 024
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. 3é5éf
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) .
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. between doses -

Ve

RRTRCE VI S

| 10.27.

.3,9;”

| 624

700

PWOMO ]

+ (hrs)
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~ Table 6.8
Dosage of Sinemet and/or Sinemet CR4 Baseline for 52 weeks oil all patients.

Patient | . . WEEK
Initial =~ | = SN

- R R 24 36 B2
' Baseline | .~ SINEMET CR4 (Leveodopa only) -
Sinemet '} E P

:im. 690 -'__r-'.séo : 600 600 600
Rs. - 1000 .f’- 1300 - 1300 © . . 1300 - 1300
AR . ._'4ho : _. ‘l .,;o_b'j 300 660 ' o 'eoo_ :
Af. - 850 ) | 700 -f 700 f-yﬁifdp' ,;_'fdo
 CK_.'“ 1000 | 1200 1200 #Eod]i"' iz00
sz{ 380 . | 600 600 o 'SD'Q:_.--_.. _."_6'56 .
S ge aso 1 se0 so0 . s00 500
kT 600 - B0 600 ”_f'fféoﬁ"_ 600
-Jff”LG_;'? 700 5}:_-' 1000 _fJ-  1060_ _f 900f:1 '.9oo' _
- on "_;sod' ol sen .  :500 o ' 5¢0' _f_sod_ )
ep s00 | 500 o BOO :' f5bo: 500

' Mean j-saéggf_  5_ C727.3 _1 73$;4__   936;4' :-740,9_
L aM 500 '_pgbo ) 900 800 -~
‘DO . 750 '. B 900 '_ .“'.-." - - - o _— '
e 1375 | - e [
TR 1200 1800 -_'__'1500" 1200 - -
HM 1250 N
fasw 925 -*_";_4..; . .:_', e -
OA" 450 1 so0 - &00 . - I
' chf . GOOIT - '. - ' o . '._ .- e-
6 . s50 | - .soo . 800 1000 = -
DN 600 | see i.aocz-- S R

MeanS'_813;é. : _ 957,i ':: 930 ;“- '.1b33-3 :.Nilf:“.
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f.When‘questiohedv 6n-comp1etion.bf'the etﬁqy} of.the 11 .
. patlents who completed 52 weeke on CR4 only 4'preferfed'"

the slow release formulatlon to conventlonal Slnemet.

6.2.3,  ~ © . Discussion of Sinemet CR4

'-fjAdvantagee documented were the reduced number of -

 §“61k1nes1as, wearlng—off phenomena,'"on-off“ fluctuatlons

._and peak dose aystonlas reported by . some patlents who f
' experlenced levcdopa related problems. Unfortunately this

- Wae often at the expenee of mellltY¢ Mbst notable Wae the'

IS benefit recorded nocturnéﬁly - all patlents reported 1n-

'_creased ‘and malntained nocturnal mobility in bed ‘and rela-:;_'

tlve ease when qettlng up at n;ght.

SOme adverse effects were reporteu by patlents on cR4 alone o

: and when taklng thelr usual levodopa plus carbldopa
reglmens._-Dnse relatéd slde-effects attributable to Cﬁé
' werefneufopsychiatric (ﬁ&i;ueinatioﬁs'and'cthuSion),'peak:'
'.dose dyekineeia and aYStdhia;_maihly earlf-morning ih'ﬁype,
: constlpation and, in one. case, hypersomnolence. The major
_problem noted by patlents was the slower action’ of onset._
-N_Upon taklng thelr early morning dose, patlents took longer '
to become mobile, which was'interpreted by theepatlent as
‘the CR4 tablets bein§ "1ees potent". .'Moreovef Single-dGSe”'
fallures were nat unecmmon (60% patients), especially those

-'patlents with duratlon of illness 1cnger than 8 years.



6.3 l:i_m_ltaiions of current epproa-éhes iﬁ_ th'e;ap_y, 1 Y

| -eLevodopa‘_*ha vest successiul ana leng tested compound 1n.
eman Wlth IPB has at least two marketed long ectlng |

prEparatlons. Medapar HBS (1evodopa plus benzarazide) and; a

-;Slnemet CR4 (levodepa plus carbldop«; are. avallable,. aVe S

-theoretlcal attraetlone in that they stlmulate depamine_

'-'receptors in a slower more eustalned fashion, but are.

insuffxclent therapy ln many gatle?ts. In thle theals the"
.long actlng Slnemet CRﬁ ehewed that not all patlents o
,tolerate the sw1tch frem conventlonal release Slnemet but
' 'mcre 1mpertanzly cutline that 1t has a. s;ewer (but
expected) onset of action and requlres more dally levedopa B
- in total. . w:?”-ﬂ_. o 7;  'e; .
| A selected group of patients, partlcularly those w1th
nocturnal akine31a undoubtedly benefit. Since the sustainedﬁ
release preparat;ons-phy51nloqica1ly reduce eerum levodopa o
.  peaks, Many cllniciane today choose the long actlng o
preparation from the start. Still to be evaluatecl is the -
postibility qf;reduced.motor :E’.-T.u_ctu‘_':vt‘.:|.oms§.ant:_l-d},:fs:_l_c_;l.-ruas:l.ars._E
A probiem stili-preeeht is the §§¢t that ﬁefé ﬁef'lese.:
_overell 1evodepa is:required-foe'mob llty. Therefore 1t was
clear that while 1evodopa remalns the mcst useful |

antlparkinsonlan agent it is 1ueV1table-to run-lnto'
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o
i

_1evndopa related sideﬂeffects soma cf Whlch may he delayed
. by adjuvant bromocrlptine utlliqation. The slnw release 3"'
't*armulatlon of 1evadopa such as 51nemet CR4 llKEWl&e is o

theoretiually .,.ttrac:t:we but is no'l: su:l.‘table in all

n~ ﬂpatientS.h

- _Wlth these problems af pharmacotherapy in the background a

f”search for novel dopamlne receptor aganlsts Was lnitlated,-

ff__elther D—i, D—z SElEEtlvé or'mixed D-1 and D-2 The

":stlmulatlcn of tha masostrlatal but not mesolxmhlc dopamlne

:_receptors, appeared to have the best chance cf be1ng 8.

-__‘successful ant;parkinsanlan drug. Novel dopamlne agnnists EE

were aVallable, namelych-208*243, (a D-1- sele&tlve partlalf"”

_ gonlst) and CQA. 206~291 (n-z selectlve). They were testad

.. f1rst in’ the MPTP—treated prlmate model then 1n maﬂ with

:'_camplicated advanced IPD. Research in this theals theﬁ
:addressed two main issues 1n the dopamine reaeptor agonlsts

- _that were found effectlve and safee

Firstly, the drug efficacy compared with levodopa and
bromocriptine was examined."Secondlf; varibﬁs combinationé L'
of D=1 select1Ve and p~2 selertive agents was examlned to
. detect any 00351b1e functlnnal 1nteract10n between the

Evarlous dopamine receptor subpopulations. Always in mlna
wag the potentlal benefit of belng able to reduce overall
levodopa malntenance requlrements and where posslble even

to find an agent patent enougn to be used as monotherApy to -
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replace 1evadopa. Bromocrlptine is safe, :.s best used as '
adjuvant to levodopa rather than ge nevo, and at a mean .
uﬁose of 25 mq;day, in d.w:.ded dcsee, However many pat:l,ente

. leee the B_nlt:.al synerglstlc benefit dernred and requ:.m
reumcreasing the levodona or chanqing o an alternate k
dopamlne agoniet. AR ,x}h S -

" .
.--.‘II:I-._-’ -

" "Wh:u.le ether D—-z aqom.sts are aVaJ.lable tlz.surlde, PI;INO,
'_apomcsrphme and 1eqetr13,e) some at‘e D-1 and D-z seleqﬁ:\;ve : B
.. (pergola.de and mesulgerme) Ncne has been as w%de'iy testéd« 7 o

" as hromecra.ptlne and many are bemg 1ncreaslng;l3; empleyed N

: {lisura,de i pergelide and apomm:ph:.ne) in clin:r.cal prac:tice. -

.' :'_'Mcist of . these cho:.ces af dcpamlne agonlst s*lmuiate S
'multlple dopamine receptors, making analyels of the:l.r .

| '._"inalvz.dual bEHEflt dli‘f:\l:cult to J.nterpret I-Iany new R
_.-'compounds developed J.n ar J.mals Were never released for | '

'humém trlals due to tox’-"lty and safety IIP.straJ.nts ._ S

(meselgurine, leagotrile and PHNO}

R Hence theee eelective and nnvel aq‘ents were chasen to teet
1:111:131 safety, then drug e::.flcac:y and opta.mal dosage At a
1a1:er stage ad;juvant use with liWodopa of CQA 206—-291 and .
"in the J.ong term the hopeful reductwn in 1evbdcpa related

. motor fluctuatmm was sought. - Chapter 7 descrlhes the |

'prmet_e wo:.-];__and- Chapter 8 the subsequent human trials.
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 CHAPTER 7

~ NON-HUMAN PRIMATE EXPERIMENTS

71 Preparation of the Model

' Adult qomm¢n;ﬁaﬁmoéeté.fcalliihrtx;aaachus)ﬂqf_either'sgx{.
agéd qéé_yéars, welight range_zsouqﬁs Qrﬁmé,-receivad:MPT?'
(2 mg]kg.sé;; &ail?lfor §*5 dags)TtQ'g ¢umu1ativé dusé;of.
_104;;o.s ﬁ§)kg_sc.; untii.thgy'were“peiéistently"parkinsonu_
_ ian'{Fig 7.1) . ﬁPTP.hydrdﬁﬁxorida (éeaéarch Bicchémicalﬁ '
Ine.) was dlssolved in sterile 0.9%. sa*ine and filtered
through a 0. 22um bacterial fllter the day of treatment.
‘Pollowing the second and_subsequent injections,_the anlmals
became tremulous,'figid, jErky, snmetimes de#elopihg
dystonic pastures and became unaware of the outside
environment. ' This effeat usually lasted 60-90 minutes, Ce
thereafter the animals becane nore alert and responsive to
stimuli. Repeated injections produced persistent matcr _
dEflcits characterised by marked bradykinesaa, flexed trunk
“and limbs,_rlg;dlty,_pastural imbalance and perch

 instability, reduced spontanecus vocallsations and .
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-Phatograph -of fhe usual cage in which the

ptimates were kept individually or in pairs, When |

" housed together both’ animals receivad MPTP-’
treatment simultaneously R o
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someﬁime: a pcstural trem&r. Resting tramar was rarely
'obserVEd and than only in same of the animals. Hydration'.
and nutritlon was supported by syrlnged oral fluid feeds
'plus Mgzure "marmcset je11y" food cubes.and fruzt_were |
_aliowEd'§é 1ibitgm.'After_three*weEks the primates wérg- 
_:anéiagéin ab1e to_feed_anﬁ grbom thémsélves as they E

: recbverad from-tha acute'MPTP;effects;"Bétwéen éix'waekg'

"-_and sxx months post—treatmenu the anxmals all remamned

parklnsonlan and suitable far the study of the efﬁects bf

' 'the adminlstered druga. _ngnty four.anlmals were treatad_

with H?T?'in 3 groups of 8 each. Thé hest ia'animalsIWere'
"selected and,used in the experiments as those- gﬁﬁsistantly--*
3 park1nsonian and following treatment, respnndad predlctahly :

'to 1evodapa plus decanhoxylase 1nhib1tor.- o

7.2 Assessment of the :Modé!

Individual animals were placed into a cage identical to
that in which the paired animals were normally housed (Flg
7.2). The cage, in a separate noiseé and dlsturbance free
.environment was fitted with 8 infrarad photacells. Four
_Were focueed horizontally across the floor of tha cage,
along each of the two perches and 1 Zrom front to. back of
the cage above each perch (Fiq 7. 3) Thls photaceil

arrangement allows anzmal movement ta be
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“-monitared'iﬁ all directions. 'nbtility counts. were”acbum-
ulated over 10 mlnute segmenﬁs after 30 minutes L
';_'aaclimatlsaticn, for at least 180 minutes follmwing drug ;7'

-admin;strat;an.

. A clinical appreciation and Séoﬁe-ofgﬁqtbrjdefiqitsfwas_.

o obtained'by dbserver'ratingfuf Videotapés anﬁ'récofdéd

: thraughout the experxment and subsequently analysed. ‘This o

‘was dcne s6 as to 1eave the animal undmsturbed and the ”
' 900ring was dane both from behind a one~way mlrror and upon
-'~_review of{ b video data. The_follawing-compqnents.qf
fbehaviour were scored: o e | |
e o L :_ _' '3 EYES |
" Attentlon focused tGWard the camera, amount of

' blinking, oculomctor chements an& alertnesa

o Nexmsl o

S . BOSTURE

 Trunk, limbs and tail, undisturbed. =

xmmﬂ;'.,l” .;'_ -_ '  5
ﬂ Abhbrﬁal_trunk  _' ':   -  B
et s
" limbs = - “'-+; 
 'f1e2ed]cn'the flbér_df-thé.paéa' . 4; 



'_overall animal motllity, undlsturbed

| . a

i

BRADYKIHESIA

 -Normal : ,  “ £*Tﬂ  ' .

:- Mi1d slow1ng

LV S - :

.Hoderate bradyklnesia '
;.fAkinetic S s
| ' VOCALISATION

hﬁRedhcéd .  :':  _.: . : f_ o 'ﬁi ".

BALAHCE

_ﬁhén;placed on'a perch

'_Normal '_._"-5 "m'_ I
__Unstable S

" Spontaneoua falls 2
- ~ TREMOR
Absenﬁ _ .   . | ' - p

Present SR |

'-FUR CONDITION

S Indlcatlve of the anlmalsl abil;ty to grnom and faed

__-themaelves

= ;._i f’
Wormel . . o

pirty . - RN
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:Assessmeht of these items would sco?é'a nofmal'marmoset- 
0 and a maximally dlsabled one 13. Whenfmultiplé L
_scorlng took place follcw;ng dxug admlnistratlon the

1owest score was taken

7.3 Drugs .'ah"d solutions |

R | o | |

' N-methyl 4—phenyl 1,2, 3, s-tetrahydropyridlne hydrochloride
{Research Blochemlcals Inc ), was diSBOlVEd 1n sterile 0 9%
normal sallne and administered subcutanegusly on .
consecutive days {2. mg/kg sc 1 untll tha anlmal was ;

'parklnsanlan.

‘LDopa - |
Léﬁopa'for injéctibn (é.o'mifL—Dopa ampoﬁlgs 5_mg}m1;-pH"

© 2,5; Hoffman La Roche, Basle) was mixed with 0,5M sodium
phosphate buffe:.(0,364~hl;-pﬁ-7,4)_aﬁd.aquecﬁs éqlﬁtidn of.
10% Tween 80 (6;364 ml; pH 6,5). The £inal pH of L-dopa
was 6.0 ._an'd ‘the fipal solut_ion-filtered..'thrcﬁgh a 10..,2 um. }
bacterial filter to maintain sterility. Oral pretreatment
with the decarboxylase inhibitor, carbidopa (12 S'ﬁg/kg po;
alphamethyldopa hydrazine, Merck, Sharp and Dohme) sus-

~ pendedl in 1% methylcellulose, 30 minutes bafora the L—dopa o

{do=age range 3,125 to 25 mg/kg ip.) was admln;stered..__
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(+)‘PHN0 | o . _ o
(+)—propyl~ -hydroxynapthoxaline, (Merck, Sharp and Dehme)
was dissolved in sterlle 0,9% saline and then adjusted toc a
' pH 7 0 befnre 1n3ecting the animale Wlth this D-z eelective-
Idopamine agonlst.f subcutaneous doses (2—} ug/kg)_Werei“ B

employed.

o zos ~291- | | ) _
'fi][SR waeta B—alpha 10-a1pha] N-N~niethy1-n—(1-etny1~s- .
methyl~ergollne-8-yl) quphamide hydrochlcride, (Sandoz .
'e Inc., Basle) was dlsselved in 0, 9% sterlle sallne and |

| *ladmlnistered (0 1 -1 mg{kg s6.}

'_fSKF 38393
Z,3, 4 5—tetrahydro—7 a—dlhydroxy-luphenyl-lﬂe ubenzazepine _

.hydrovhloride, {Smith Kllne and French) was dlseolved Ln

;sterile 0, 9% saline in a darkened eontalner that wae warmed _

and shaken (pH 3. SKF 38393 (10-20 mg/kg) was admin- '

1stered 1ntraper1toneally.

ey, 203—243 | | |
.( -)= (GaR) (12bR)-4 6, Ga 7, 8 12b) hexahydro—7~meth11ndolo :
(4, 3—ab)—phenanthrad1ne, (sandoz Inc., Baele) was mlxed :
IW1th an equal welght of tartarle aCld and dlssolved in.
sterile o, 9% Sallne (pH 4 0) and suhsequently adjusted with-
0,1 M NaOH to pH 5,5. e |
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"SCH 23390 f

.1 chloro~2 3,4 s-tetrahydro—s-methyl-s-phanyl-lH- _
 .benzazepine-7-a1 hememaleate,_(Scherlng) was dlssolved in
sterlle 0,9% saline, shaken and warméd to allow dlssolving-
of tha powder base (final pH 6 r5) Animals recelved SCH
'23390 (2. mg/kg) sa., whlch Was admlnlstered one hour prior

to c¥ 203-243 {1 mg/kg 8c. )

'Sulplride L

= su1p1r1de (Delagrange, France) was dissolved in a mlnlmum B

'"viquantity of 2% sulphnric acld and dlluted to volume W1th

' aterila 0; 9% sallne. - The flnal Sﬂlutlcn was adjuated
'  uslng 0,1M Hcl (pH 7 D} Sulplride (10—20—mg/kg 1p ) wag
adminiatared Qne hopr-prlor to CY 208?243 (l_mgjkg BC.) . B
_Appendix . IX, shbws”theichemicél-stru#tures.of.thé o
: cbmp@ﬁngs_emplayéd'iq.this.theéis. _ o

AR

7.4 Experimental controls

Where- poasibla the animals rema;ned undisturbed throughuut
" the period in the photocell motility cages .The.day_befqre '
all’ drug_expexlmentSathe same_animals.rgce;véd}véhiéla 
-cdntrolfinjectians._'Drug vehi¢1E-was_admiﬁistéred'at-the
' same pH, route, volume and timefiﬁéé:vals when multip;e :
_injéctions were'adﬁinistered' Thé animals weré'nat-fed
_fduring the monltoring period, but.wera allowed free access

to water bottles filled prlor to their intrcductlon into
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 “-}the monitoring cages. An acelimatieation of 30 minutes wae e; 

N 7usua11y allewed to settle the anlmals Fallowing injech'

tlons the monltoring of motility began within 10 m;nutes L

o

T

'-and V1dea~recordings were made contlnuaily.____
. o f

'7 5 Fafe ot the animals and thelr histopathology

CARR |
The mcrtallty wzthin a month of MPTP-treatment Was 10% °f a,;T

: _':greup of 24 anlmals.: Three animals-Were killed due to

signlflcant morh;dlty considered to prejudlce the anlmal,;-

" bpetween 3 and 6 months- and all the brains subjected elther o

' o biochemlcal cr perfusea with cold 4% paraformaldehyde,

| '-_for hletelaglcal and’ immunocytochemlcal abegysis. The

. 5
_remalning animals, when they recavered, were given a second

MPTP-treatment w1th a v1ew to ultimately transplanting the o

e-animals w1th fetal meSencephallc dcpamxnerg Fo tlssue in a

'separate experlment. Upon the second treatment the animals*-
became parklnsonlan very much more qulckly requzrlng only 6.

_ mg/kg MPTP. After the experlment 2 anlmals Whlch develcped'

‘a "waeting synﬂromeﬂ were anaesthetised, perfused and
thalr brains fixed 1n 4% paraformaldehyde, for hlstologic
' verlfication of the MPTP primate medel.;

”;-Upon rapid removal of the marmoset brain, the braln waa

_flxed in 4% parafermaldehyde at room temperature fer 7 to

Lol
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10 daysQ 1 to 2 days in sucrose'solutions.to*maké-firm;l
then cut into coronal blocks for cryostat seotlonlng of

f40um thick sectlons.

.o“Fig ? 4 shows the photomicroscopic pietures of tho SNc of a -
normal q?ntrol anlmal(No. 129) (Fig 7.4 a), an MPTP—treated.'
: marmoset (No.107) with severe dopam;ne oell depletlon (Flg'
 }7 4 b) of the SNc, and finally (Flg 7. 4 c) following _
re-treatment with MPTP on partlal reGQVery (an1mal No 157)
'5A11 theSe sampleﬁ Were stainad followinq the dopamlna c |
'oagonlst experlments, utlllslﬁg antl—tyroSLne hydroxylase -
'_o'polyclonal antlbodles (Eugene Tech, USA} employlng the-'7'
| fSternberger indiract 1munocytochem1oa1 technique : |
(sternberger, 1.979) D |

7.6 Génerﬁl | rine't_hods |

all animals qlven MPTP were allowed 34 months to xeoover
the acute syndrome and once stablé were.mo;1tored regardlng_;_
'_9pontaneoua movement.l This was compared to the pre-MPTP .
treatment status. All anlmals became profoundly bradykin—
etic »*t wath assistanoe, malntalned hody weight and _
hydratmon* Regular animal waigpts and veterlnary oheoksj
were demanded by the UK oode of animal eth:l.cs and when, in’ |

con
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Fig 7.4 (a)

Photomicrograph of the substantia nigra of a control marmoset (No. 129} stained with
the polyclonal antibody tyrosine hydroxylase (Eugene Tech International Inc,
Allendale, New Jersey) and the Indirect peroxidase-anti-peroxiduse immunocyto-
chemical technique.

Magh'lfi'cation x 100
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Fig 7.4 (b)

Photomicrograph of an MPTP-treated marmoset {No. 107} showing substantia nigra
dopamine cell depletion particularly in the SNC anatomical region. SNr and VTA
relatively spaced.
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Fig 7.4 (¢)

Photomicrograph of the repeat lesioned MPTP-treated marmoset (No. 157) followlng
the second MPTP treatment {2mg/kg ip over 5 days), Notice the severe cell depletion
in all areas of the substantia nigra including the SNe¢, SNi, SNr and VTA.

B T R . B e T R

P

Magnification x 30
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' sultion-with'tha-veterinary surgeon, it was cansidered :
merciful, the affected animal was euthanased, ‘usuelly by
perfusion of cold heparlnlsed saline, then 4% paraformalﬂ

dehyde fcl%qwing-lethal_barhlturate.anaesthasla._

'Experlmental animals Were usad throaghout a perlod of 9
months (in 2 divlded groups of 12 each)a All anlmals were.
_'hqused together but studied in vehlcle control situatlons
and fallowmng drug administratmon in special monitorini
cagas identical in size to their usual cage, but. separated
in a monitorlng laboratory. ﬁﬁpeciai:care waa taken-with_
 'trdnsport of the marmosets.sa'asfnqp to'ﬁﬁdg1y upSa£.thémif
f g;thqugh h§nd1ing p:;miﬁas'inevitably disturbs them. Once
_piaaé&_in thelmonitoring cage the animal‘was'alléwed to
settle'dbwn;_the éamputers_éat'to run with tha_video tapes
éﬁd.£ﬁe?animhl_was-injected'with the spediiia_test |
compound. . Aftér a further 10~30 minutes the e#périment
begah-with data recordings diﬁided_intq segments (usually S
of.lo-minuﬁes) within aach h6ur.6f'each.£un, whigh lasted
4~5 hours in total. All teste took_placé in £luorescent
light,.dﬁylight conditions, with the aﬁimals allowed free
access £a_water throughout.-'They.were taken back'ﬁo_ﬁhe
houéing.agea ﬁfter.experiments and_fed once again with
“frult rewards". In this way the aﬁiﬂala-rapidIY-peéaﬁe
acauétamsd to individual researchers - the'diﬁfefence.
clearly_manifest whén another researcher attempted to:

" handle the animals. The animals had 24 hour a day super=



vision when necessary, with awnormalﬁléahbur-d§§.and isz
:'hdar'night cycle. When sick, the animal raceived continual
zparaoﬁal attentibn.- No animal Was aver allowed to dle of |
' haglegf;"Ethicaliy-and practically anlmala_WE:e_kzlled at |
ﬁha*ahd-Of?thé'ékpéfimaaé; hut'many'wafe'in such condition
'a_that they were stable and useful MPTP~treated prlmates fur. 
the embryania transplantatlon programme that paralleled
l”this_wqu.; Only one an1ma1 died "unexpectedly" one night -
| “and at nect apsy was found to have a malignant ‘tumour of the
bQWei'With Parltoneal apread. Only post brain removal in |
'.4% paraformaldehyde fixation was posaible and thaxefore |
z’lmmunucytachemistry avaided. The brain, hcwaver, was usad

for routlne.hlatalogy.

-.All'ahima;a were allowed to rest batwaeh aaperimenta. The
intaﬁvai'varied,batwean'selo days. All animale in a-s?eé ;
i'cifia ekperimeht'had their control'run comﬁlete& (with
Veh1Cle campound) ths day or two precedlng the experlment.
No statistlcal dmfference was preaent between anlmals
: Whether or not tested with vehicle control proceedlng'an
akpérimEnt,_evan-Whén rarely studied twice in one week.
Clearly the_anihals were equaliy'diatufbed'whah'given'_
- vahicle once, twicé:o# evén'following'aﬁ aative drug. hli”.
N animal alarm-settled'within 5 minﬁtes, heénce a period pf.io:
'ﬁinutas_waa allowed foilowing tha éxiéfbf-personnel frbﬁ‘ "
| the monitbring room. The accldental entry of reaaarchers -
f into the 1aboratory~was kept to a mlnimum, b&t the V1aeo

".f

e

¥,
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frocordlng oaptured this and compensatlon was allUWed to
_'ensure stablo and comparable env;ronment over the complete -
"period. All experlmants took place betweon Tam < 2pm on

o”choaen dayo.-

 7r; -All data was reoorded but interpreted blind to the atatus-

_of the drug and whero possihle the video was. rated hllnd to

~ reduce obsorver bias._

7.7 Experlmen! 1+ Effects of L-dopa and (4)- PHNO on

MPTP-treated marmosets ' .

17 7.1 o
Mbthod of the admlnistratlon of L~DOPA and (+)—PHNO to

. MPTP- ~treated marmosets.

Twalve naive marmosets were placed in the photooell |
- motility oaqes, v1deo-taped, ollnlcally rated undxsturbed

:and then given vehicle subcutanecus injections (1,0 ml o, 9%

o sterile salino); left to acclimatlso for 10 mlnutes and

th21r motility monitored for 130 minutes., Six weks fol-
'1owing the MPTP-treatment the same animals were re-intro-
duoed into the motility cages followzng L-dopa or(+)eBHNo

~vehicle injections, allowed to settle and similarly i'atod,'



:;'video~taped and thelr 1ooomotor act1V1ty monltored for 180
-tmlnutee. All vehlole oontrols comprzsed the exact drug
 '1njeot1on mixlng comﬁoundo except the qctlve drug 1ngred—
ient,_at the same volume, PH . and. route to be adminietered.-.o
.A;l ap;mals were acol;mat;sed-to.the-teot.cage-enV1ronmont

for at least 30 minutes prior to injection treatments. -

B Elght of the most parkznsonian animals were. selected to
:receive L-dopa (3, 125, 6,25 or 12 5 mgjkg 1p ) and after a.
week's reat (+)-PHNO (2—4 ug/kg SC. B Animals were treated ."
w1th oarbidopa (12 5 mqfkq po., alphamethyldopa hydra21ne) |
'_suepended in 1% mathyloelluloee, 60 minutes before the

"]_L~dopa a&mlnlstration._ Locomotor aotlvity wao monitored 1n :

10 mlnute eegmente and computer stored over 180 minutee.

'.Ratmng an& scorzng the-animale took placo from a dietance'
_and directly from the videowtaped at a later stage, 40-60 T f
ninutes following drug admanieqéation. Videoutaped rating
thereafter was elso completed ﬂ%d the dlreot assessment

plus video—taped rating: eoore was used to. calculate the

;deqree of parkinsonism.
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7;7.2 _ _ L .
Results of. the administratlen of L—depa and (+)-9HNO to- :

MPTP—treated marmosets. (Tahle 7. 1 and Fig. 7. 5) v

ftddemeterwadti?ity'wes'Sithfieently reduceﬁ in'ﬁhe photo-

. ‘cell cages follewing MPTP-treetment (Flg.7 5) and animals

-;exhibited ebvious akinesia, poer balance, flexed posture
- nd dxmlnlshed vecalisatlon (Table 7. 1) Immedlately prior_-
to the admlnistration of any drugs all 12 anlmels were |

'_videentaped, scored and plaeed 1n the photocell recordlng .

a cages and these assessments were slmllar te recordings at T

the cempletion of the expermment. Admlnistratien ef L~dopa_7'

:'vehiele and (+)~PHNO vehlcle hed ne significant effect on
notor. eetiv;ty er dlsabilmty scores. Administratien of
_serially zncreaslng de-es of L—depa {3,125; &, 25 or 12,5 -:
: mg/kg 1p ) plus oral earbmﬂepe (12, 5 mg/kg) rapldly

reversed moter defleit, induced locomotcr hyperartivity and

improved parkinsenlan saores, up to 4 hours. simllarly,

-adminlstrsteon of (+)-PHNO {1, 2 or 4 ug/kg so. ) revareed :.;_...:

'motor deflclts in the’ MﬁT?-treated animals, which lasted up

to 2 “hours, showmng dose dependant increased mabillty (Fig‘ |

7. 5 and Table 74 1) _ Behavieural changes fellow;ng Ledopa-
and (+)- PHNO were identical but nausea and retching

felleWed enly the (+)—PHNO admlnistratlan.__f
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: '.__Table 71

: 'Tha effect of pnor MPTP—traatment and the subsequant
administration of ievodopa - pius carbidopa, {+)-PHNO or SKF
38380 on the motq_r_d'isability scores pf_ common marmosets.

Tré_atm_a‘nt_ 'statigs" R o "Seore R Ban.ge

C MPTP{(n=8 . 28£02* {118
+l-dopai{n=8)-. 3608 - 288
o+ (H-PHNO (n=8) - .  56+1.3"™. S 24108
-+ SKF3B3OS(n=6) - 11.0£00 = = 813

. *p<006 compared to before MPTP, L
.. ™ p <005 compared to MPTP treatment alons, -
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Histogram shc:wing the effect of Ievodopaﬁz 5

© mg/kg ip with carbidopa 12.5 mg/kg po) of (+)~
" PHNO (4 ug?i?g sc) compared withspontansous
movement arid vehisle control Injections. '
Statistical significance ‘was *p<0.05 compared
" to activity in animals prior to MPTP treatment
- **p<0.05 compared to activity In MPT P-traated
o an!mals teceiving drug vehucle _
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7 8 s&periment 2 Eifecls oi cvzoa-z43 or smaasa SR

7. 3 o {“f;. :

Method ef administratlon of CY 208—243 or SKE 33393 to SR
TP—treated q_u“osets.’. : '

ey 2oa#2é3*wesfédmihisteféd'(o 5,:0575,'1;0}'1325;ei 5
_fmg/kg eé?) after(;n mlnutes' acclxmatlsatlon in the

motillty cages. Ten mlnutes after ingectlons,umotlllty was='f
~ then recorded for 180 mlnutes.- Similariy SKP 38393 (10 |
.'7'mg/kg ip. ) was adminietered allowing animale a 2 weeﬁfufag jf]

afree 1nterval between-each experlment.- All ‘animals

~1reee1ved Vehlcle centrol injections the . day befere ‘the drug_: S

| Jlnjectmens.' Allocatlon of random doses of CY 208~243, -
: _between 0,5 and 1,5 mg/kg sc. wera glven a minimum of 48
f”heure-apart.. Ne other drugs wera glVen durlng thls phaee :
| of the experiment and 5pe01a1 caution in av01d1ng D-2 |
agonlst drugs was eXerelaed. All ‘animals were V1deo—tapea
:'but the ratinq teok place only at the higher drug dpses, 40

minutes after rece1v1ng ‘the drug

7.8.2 _ o
Results of the administraLlon of cY 208~243 or SKF 333935
to. MPTP—treated marmosets._ (Table 7. 1 and Flg. ? 5, 7 6'”

and 7 7)!

. Administratien of SKF 38393 (10ﬁmg[kg1ip1}'6r its vehicie__
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- Movement counts/3 hrs . - L R

e 1-25m9ﬂ<9 @l -—-o‘S'rhgfk&:'*-'-l"*
0-—-o1umgfkg L Deeed Vahlcle

| Fig 76 .

- Movement counts recorded following the adrnmistration of GY 208- 243 (0 5_
-t 1.25 mg/kg s6) in MPTP-treated marmosets. Counts were accumulated

* . aver 10 minute perfods, SEM's varled from 18 - 26% of the mean shown for - . -
each dose, The solid line with open squares represents the movements .

' _recordecl fo!iowmg vahicle injections _
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" The sffect of administration of Y 208243 (05 to 1. 25mgfl<g 4c).

compared to vehicle. The increased mobility recorded in 8 animals -

had & significant statistical differenice {p<0. 05) in doses >0, 5 mg/kg

s compared to veh:cle control injections, .




had no appreciable effect on locomotor mﬂtilluy or parkinso—w3:i_ff
nlan scares.z All animals remalned aklnetlc and 1 other
_"behav1oura1 changes were nated in the MPTP-treated anlmals

. over the 3 hour period of " observatlon. Nb nausea L

'f;vomitlng was observed on’ revzew of the V1dea-tapes.

"Admznlstvatlon of cY 293-243 (O 25-1 5 ng/ky sc. ) to
_'MPTPﬂtreated marmosets prnduced a reversal of motor deﬁr
“iclts Wlthln a few mlnutes and reached a peak at 30 mlnutes_{":

7(F1g. 7 6) Locomctor hyperactivity and reversal of mntor

'f_:deficits 1asted 2 hours ‘and was in all ways identicai to

-those produced by L~dopa or (+)- PHNO (Fig. 7.5 ' 7 6 aﬁd.
ﬁﬁiwable 7. 2) : The effects of CY 208 243 were dOSe reiated  :
'kthroughout the range emplayed but a; statistlcally Slgnif“'
_laant increase in motility as recorded by the phctocell
'fmatillty cages only accurred whén doses greater than 0 5
 mg}kg sc..were admlnistared (Flg EZ 7). foi' 208—243 dld not
o cauae.naQSea;qErvqmitlng:inﬁany-an;mal. Higher;dQSQStof-C¥- 
 _208@245-than 1,5 mg[k§ sc;, produdedfiﬁtenéa;ﬁ&peraéﬁivitj;ff'
'self-ihfiictéd iﬁjh£§ aﬁd'catépiexy'iﬁ‘thé.animéls.- A few |
'.anlmdls who. recezved 2 mg[kg sC, GEVeloped a flurry of .

“semzures 1ast1ng up to 30 minutes._
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: 7.9 Experlmant 3' Eﬁects of pre-treatment wlth sulplrlde or SGH23390'_
. on tha response fo CY208-243 ' :

R Méfhod.of'prgjtréatﬂéﬁt.with'sﬁipiride or

| scﬂjzﬁdso.np_tha résPOnae to C¥-208#243__
H-CY 208-243 (1 0. mg}kg Bd. } was admlnlstered to elght
animals. Five days 1ater this effeat was aompared to the .
| dame o but fo‘low:ng pre“ureatment with sulplrlde (30
"ng/kq ips) 60 minutes heforehand to completely inhibit

D=2 dopamine reueptcra._ slmilarly the Dhl receptor antag-

?-onlst SCH 23390 (2 mg/kg ip. ) was administared 60 minutes

prmur to CY 208-243 (1,0 mg{kg sc. ) to lnhlblt the D~1

ﬁ dopamlng_receptqr, Slnce 2 1njectionﬁ_we:e required_at

' this stage'véhidle'edntrbl inﬁectiahé'ware given, 1-hoﬁr'
.apart and matlllty recorded the day before, for 130 i
'minutes, follewing the seuond Vehlcle injectaon¥ At least
R animals reaelved aither the D- 1 or the D-2 dupamlne |
receptor antaganlat drugs on d;fferent occasions, allowing'
a drug free Jinterval of more than 6 days._ Rating of the_.’“
‘aninmals from. videowtapad segments was noted &0 minutes

: after oy 208-243 was glven.'



