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._792___
| Results of . pre-treatment Wlth sulpiride or SCH 23390 o
on the response to CY 208—343 in MPTP—treated marmnsets.

(Table 7. 2 and Flg.-7 8 and 9%

o Administration of SCH”2339b (2'D ne /Ky ip.xso*minﬁtes )
"previously) markedly inhipited the ability of oY 208243
'  (1 v} mg}kg ac ) to correct park;nsonlan deflcit and improve
notor hyperactmvity cnmpared tn the effect of SCH 23390 _; .
IVehicla proceeding cy 208-243 (1 0 mg/kg sC«) The effact
of SCH 23390 was apparent OVer the entire 3 ‘hour perlod of '}:

'observation.:

-:Admlnlstration of sulpir;de (20 mgjkg ip. 6ﬂ-mihutes'.
previougly) fbllﬂﬂed by cy 208~243 (1,0 mglkg 8C.) atten—
‘«uated the lacamotar hyperact:vity producad by sulpzride
Vehicle and cyY 208*243 (1,0 mg/kg A, ) alone {Pig T. 9) .

The effect of $u1piride inhibition of 1ocomntor activity
was most evident in. the second and third hours following cy
208~243 adminiatration.' Sulplrida dld not ‘appear tn altar o
the disabillty sCores at 30 minutes folloW1ng cy 208-243 |
admlnlstration, but by 60 minutes had increased thelr motor
deflqlts (Fig 7. +8).
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| Table7.a

* The effect of CY 208-243 alone on the marmosat motor disabliity
score and then with pretreatment either with SCH 23390 .or

- sulpiride 1 hour previously. Treatment with SCH 23380 and vehicle -~

- and sulplride plus vehicle 1 hour later are aiso shown.

Dru”ig t‘reatment ... . . Scores

- Range -

o MPTP S S . 0.9104

- CY 208-243 alone o C o BBR1BY
SCH 28300 alone. - - 12403

. Bulpiride alone - - 11.620.8%

" SGi{ 23380 e

+OY 208248 (th) - 98H05"

Sulpiride _ .
: + CY 208-243 (30m1n) - ABEDS
. Suipiride '

+GY 208249 (1hr) _' 11,008

8115
39

RETEC

2-18

e

9"_13

"p'< 0.05 compared_ to MPTP treatment alone.

- ..f*p':<: 0.05 GOmPafed-tO cy_zna-ggtmatm ant 3'0"'_'3-.' o
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e . 80 - 100 o -_-_,1.5o . 200

. . o Tlma(min) I

O OY208243  m———n Y with Sulpiride
o-«---—o '--:p‘v_‘:with' SE Y SSLEND Vehiols

Fla7s

" The effect of pretreatment with SCH 23390 or Sulpiride, 1 hour préviously,

on the time course of subsequent CY 208-243 (1mg/kg sc) Instable MPTP-
troated marmosets. The SEM's variad between 18-39% of the mean

.- movement counts, in 8 animals.over 3 hours. The solid lines with closed

clrcles represents animal mobility in the same, MPTP-treated arﬂmals whﬂ
recelved vehlcla controf il‘l]@GtIthS. e L S '
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The effed't.bf"ﬁre'treatméht cu.l.'m.'llated over 3 hours of -

. SCH 23340 or sulplride upon CY 208-248 (1 ma/kgscan .
hour. later in MPTP-reated marmosets, Statistical

significance at *p<0.06 CY compared 1o vehlgle and

| **pD,05 compared SCH or sulpiride pius CY to CY 208- .
: 243 alone in MPTP—treated animals. .

S I
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'7 10 Experiment 4 Effecis of CY208-243 to drug naive animals
. pre and pcsl—-treatmen! . .

7. 10 1 - ) |
'_ Hethod. of adm:.m.stratmn CAS CY 203-243 ta drug naive -

marmosets beﬁpre anﬂ after treatment

A second and completely different group of 8 adult aged,

- common marmosets were givan oy 208~243 vehlcle 1n3ectlons

'after 30 minutes acclimatisation and thelr locomotor
motlliﬁy recoraed for 180 mlnutes, whlla the an;mals were
v;deo—taped and rated.- Careful attentlan not to glva thzs :

- group of animals any other drugs was enforced

Mpfgftreatﬁgnt similaf'to the previous grbup_Was'adminis-__
' tered and thé_animalé-allpﬁadfs_wéeks ﬁn;récéver;  Once
-pérsistaﬁt'and.stable3batkinéanism.déficiﬁ=reméined;Tfthé __;
animals-ﬁerezbnce?again givén.thafvahicle injeétipn;zintrpn
_duéed-intb the-phoﬁocell-cages; and after 10 mihﬁtes their
motility recorded for 180 minutes. Withaut alﬂow1ng any |
D=2 receptor priminq these anlmals recalved cyY 203—243 (1 0 
mg/kg sc.) and thair activlty was racarabq over the follow~_
1ng 180 minute perlod._ Thereafter these anl»alsmreceived
- LnDopa (12,5 mgikg 1p ) plus carbxdopa (1215 mgLKq pa. in |
1% mathylcellulose or (+)-PHNG (4 ug/kg sc.).. Activity as. _:
previnusly descrxbed was v1deo-taped and reaorded after 10

mlnutes, for a total of 180 minutes.
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Results of the admlnlstration of cY 208~243 to drug naive.

marmoeets before:and after MPTPrtreatment._(F;g._7.10).

| 'The'dru§ ﬁaiveeaniﬁals} ﬁhen'giveﬁfcz'go8§245'§ehic1e_injeo—',_
tione.endeﬁhen'oh a.differentoday cy 208-243 (1,0 mé}kg.
s, j'did not-increaee'their'normal'1ocoootor eotivity._ No
other motor changes or nausea and vomlting was noted (qu

7. 10)

"Foliowing'MPTP:treatment, administretion of CY 208~245
(1,0 mg/kg 8C.) 1ed to revereal of akine51a withln a few
minutee, the animals belng reetored to normal motor o
 aot1v1ty.; Vocalisaflon Spontaneously increased- the.

- animale meVed freely from perch to perch, demonstrated
.normal balance and thelr posture lmproved. The maximal
effect on CY. 208—243 occurred 30-40 minutes folloW1ng drug
.admlnistxation-and lasted 120 mlnutes before the:anlmels~
onge again beoeme bfedykinetio, aeveloped.a flexed posture
and became unsteble While on perches (Fig. 7.10). Neusea
and voniting aia not occur at any stage followlnq CY

_2oa~243._

Admlnistration of L—dcpa (12 5 ng/kg ip ) plus cax bidopa
(12 5 mg}kg ip.}) 30 minutes previously similarly 1mproved
animal 1ocomotor actiVL Ly and reversed motor deficlts, as

- did (+)~PHNO (4 ug/ky SC.)a Actlvlty'began within 10 min-
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-Nalve +oY 203-243 m MPTP + +[-1 PHNO

E] MPTP

| Flg 7.6

- The effect of the administration of CY 208-243 (1 mg/kg s} to
drug naive normal. marmosets, then following MPTP-
treatment once stahle and Parkinsonian. Six animals were

‘recorded over 10 minute segments for180 mlnutes SEM's

- using the palred student test were sugmfncant at *p<0.05 -

compared to drug naive normal animals, **p<0,05 compared -

'MPTP + cY 233-243_': s

to MPTP-treated animals, "**p<0 001 cornparad to MPTP— -

‘{reated animals
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utes and lasted 180 minutes following L-dopa and 120

'mlnutes followinq (+)~PHNO administration.; Naﬁseavand
__VOmiting was: only ncted follcwing (+)~PHNO. All the hbove
-_ anima1 experlments ware publlshed 1n the European Journal _

 of Pharmacology, (see Appendlx V)

. 7. 11 Experiment 5 Effects of CY203~243 and {—l-) PHNO combinahans to o
o MPTP-treated marmoseta

=7 11 1
Methads of the admlnistratlon of cy 208-243 and (+)~PHNO

in cambinatlon to MPTP—treated marmosats-

.'uEight7mérmosets,ﬁfrééte& §ith'MPTP'5 mbnthsipfeviﬁusly:and-"'
stiil;grcssly'pafkinséniah were given twb.vehicle.injecv L
ﬁions,”30 minutes aparﬁ and-introdﬁcad 1hto ﬁhE'phatoceil .
cages for locomotor activity mon;torang for 180 ninutes.
_Submtherapeutzc doses af the D-2 agonist (+)~PHh0 {1, o
'ug/kg-sc ) or the D-1 agonist'cY-203-243 (0 25 or 0, 5 mg/kg
sa. } wera giVen 30 mlnutes bafore or afiter the respectlve
'vehlcle injectlons. The mathod used was to allow ‘the .
-animals“aﬁlminutes of acclimatisat on, administer the p-1
agonist or vehicle 1njections and then 30 minutes later the

D=2 agonist or vehlcle 1njectlon. Theraafter at 1eaat



._._{!. E

“ fo11owed 30 mlnutes 1ater hy {+)

_-_7 11 2

'180 minutes phatocall monmtoring was, conducted. Once a

_sultable drug free LnterVal of 5 days had been allowed, the
B | same animals racelved both cY 208—243 (0 25 or 0,5 mg}kg
”“___sc.) and 30 mlnutes later (+)~PHNO (1 0 or 2 ug/kg SCs )

'1nvar1able comblnations. Acth;f& was v;deo—taped was for'

'- '180 mlnute parlods. Finally cY” %C8-243 (0 B mg/kg sc Yo
|

PHENO (2 ug{kg sc.) was

administered recordlng nver 180 m;nutes in the phatocell

f-cages‘_w

Results cf CY 208-243 and (+)-PHNO comblnatlons 1n  '-'

MPTP-treated marmosets (Flg._7 11)

{ Administrétfbﬁ of.tWO véhidle?injections; 30 minutés:éﬁart,Ln

did not increase 1OCamotor act1V1ty, over 1BO minutas in .

 _the photocell cages. (Flg. 7. 11b)

Administratian-af éy-zba-243 (o, 25 ar-o 5 ﬁg/kg-sd;}, -
followad by {+)~PHNO Vehicle 30 minutes 1ater, aia incraase -

anlmal motillty slightly as eXpected following two

injectlons, but not 51gn1ficantly (Fig 7.11 b) - These‘

:doses were ‘chosen on. what appeared a sub-maximal dose (Flg :

7. 11 c & d), to prlme the anlmals for the n—z agonmst
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 The eftact of Spcntaneaus movement [n MPTP—traatad marmosms |
. () over 3 hours, then =~ - L
"« (b) following one or two vehicle injections -

N
__ \\ J The effect foi!owi ng aub-therapeutfc doses of dopammaagonistdrugs

(e} - CY 208+243 (< 0.25 mg/kg sc) (N/S compared tavehicle injectlons) o

{d) or PHNO (<1 ugikg ipIN/S compared to vehlcle lnjectlons)
The administration of combinations of; o '

(8) CY 208-243 {0.25 mg/kg sc) and PHNO l ug/kg xp)(**p<0 005" L

- compared to ¢ and d but p<0.001 compared toband N/S compared N

. tof). |
- {f) CY208-243 vehicle plus F'HNO 2 ugfkg sc (*p<0.05 compared to d} .

ara shown in ali8 g imals momtorad over 3 hours :
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'o_'Administration of c¥ 208-243 vehiole and 30 minutes later o.::.

(+)—PHNO (1 or 2 ug}kg sc ) was 51m11arly oonsldered a

'-~sub—max1ma1 dosage of the:D-z agonlst drug. Admlnistratlon -

of ¢¥ 208—243 (o zs mg/kg sc.) and 30 minutes 1ater(+)—Pﬂno'

(1 ug/kg se. ) had no ‘effect on motor act1v1ty or motor

: daflcit scores. Admlnlstratlon ‘of CY 208-243 (0O, 25 mgfkg
' sc.) folloWed 30 mlnutes later by (+)—PHNO (2 ugjkg sc.)of

'produoed very marked looomotor hyperaotzvlty and full

-

lo’reversal of motbr deflolts (Flga 7.11 e) This effeot
-f 1asted 180-minutos._ Thio was muoh greater than the effeots

o of (+)—PHNG at the same dose alone (Flg. 7. 11 e & f)

- Adminlstration of cv 203—243 (o 5 mg/kg so J and 30 mlnutes:f

1atex (+)~PHNO (1 ugfkg so.) produced slqnifloant 1ncredse_

in looomotor aotlvity and reversed motor defmolts (Flg

' ,ll;g)q The.dose of CY 208—243 alone_did_not.produce much

inorease in, 1ocomotor ‘activity but ohoe comhinéd-withﬁo -

sub-therapeutio dose of n—z aqonlst (+)-PHNO the’ animals _ |

baodme markedly mobilep'

?inally, after a 2- week drug froe 1nterval and rest repeaf
admlnistratlon of CY 208-243 vehlole and 30 minutes later

(+)—PHNO (2 ug/kg 8C. ) produced lnoreased 1ooomotor

_aot1v1ty, lasting 120 mlnutes, but statistloally sign1f1~ L

cantly less than that observed following addltlonal cyY
2oaw243 drug prlminq (F:g 7.11 f) '
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| 7.12 Stélist”icaf;_ﬂpgieihdd's in the analysis of the animal gxperihien‘tsl

AT

: In all the anlmal motlllty exnerlments, the two talled
 'studenta t~test for paired samples was employed to assess
- dlfferences”in acaumulatlve counts_betwgen di:farent drug

| treatmenté;'nMdtﬁr'éébrés:6f the.aﬁimals'réécrdéd'uﬁoﬁfthel

;videc-tape Were cnmpared using the Mann—Whltnay test for ;:”

7 rnon-parametr;c data analysis.; Slqnificance was taken at -

"p<_0,}05_. S

_7;_1_3' D‘?scu;ssinn' uf tiié animals expérlme'nts

_nPTPetréatéd:cpmmbh;marmpéeté.§£é'a good madé1 to aésess__ 
.*drﬁg efficacY and Potential druq-interﬁctidné. 'Bibdhem--
ically and hlstalngically the common marmoset brain shows
similar nlgrostrlatal dopamine depletlon, substanLla nigra o
:compacta dopamine cell death and strlatal dopamine receptor'
hypersenaltlvxty. Hencé, although not perfect, the MPTPw'
treated primate mcdel was thought best to analyse new ”
'dopamlne receptor modifylng drugs prlor to their belng '

tested in man._ '
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.'Antiparkingﬁnian drugs with proven efficacy ﬁéré_adminis; Lo

tered in:these_ﬁPTP;tréated marmosets to yalidaté'thé |

modalt: Experiment 1 showed that L-dopa (with PDI) and
 (+)~PHNO_fu11y reversed the akinétié-rigid.sgatéa;qffphe

i: priﬁété and:in_dcse-responsive fashion thesefdfﬁgs_béing  ,
'ablentb'ihdraase'motor motility and réstbré_normal o

‘behaviour. The motility could be quantitatively measured

- by the infrared matllity cages and the. an;mal behaviour B

‘could be assessed &1rect1y undishurbed, or upon videOHtaped

raview. The clinical score correlated cons;stently with

-overall motlllty.ﬁ Disturbing the animals, however,. clearly-f--'

_affected thelr behav;our and motality, hence where possible
'animals were left undisturbed throughout the monltorlng o
iperlod. -
'L—QGpé'p1u5.¢arbidapa hés-kncwn D-1 and D~2 dopamine
receptor influence, It remains the hés;.dfhg.in'man and
MPTP~treated primates, consistently ravérsing parkinéqn—
ism, L-dopa (plus PDI) was thus selected to test prediot-
able improvemenﬁ and all animals shpwéd gcaﬁ_ievodopa

responsiveness. Hence it was qﬁnsidered a suitable model.

Many;b—z gelective agenté_have been recently studied, some
- of which have heen successful in wan. The relatively new
D-2 agonist (+)-PHNO was chosen to fest the MPTP-marmoset

model due to-itsfputenéy; availabi#ﬁty andgfelativé-easé_to'



 injedt eiﬁherfsﬁbdﬁtaﬁeousij orﬁintféperitonea;iy._ Thié
 'Da2 agonisﬁjpfdﬁuced_nauéea?ﬁnd véﬁiﬁingzas 9xpéqted_but |
 n6t'dyskineéias-or stéreoﬁipy-in tﬁe marmoset. 'meiting
 3associated Wlth ural ﬂrug 1ngestlon may 1ead to less pre~

dictahle dnsage, thereby lnvalldatlng data.

The D-1 agonist SKF 35393'did-nbt prddubefhypermatilitY'df

'improve behavlour Which confirmed garlier observatlons 1n

the sane model” (Nomoto et al.; 1985; Close et al., 1q35). o

ﬁence the MPTP-treated marmoset showed responsivaness to
- mixed D—l and D—2 agonlst (1evodnpa) and D~2 agonists |

'=({+)—PHNO) But not SKF 38303 {a n-l agonist)

Another putative selactive D-l partial recaptcr agonist CY
208*243 dld, to- our surprmse, reverse MPTP-lnduced
 'park1nson1am, . The effects-wara.identmcal_ta,L~dqpa-and“ ;
(+)—§HNO regarding”benaviouffandfmotility; except no nauéeé:'
or vbhiting'was'fouhd.--Wﬁilé stereotypic behaﬁiour'ahd B
-dyskinesiaS'wexe not obéérved'in'dases 6f'CY'208~243'bé1Qw '
'1725 mgfkg'sc ’ greater-administered'dases prodhded - |
hyperexcltabillty, cataplexy and’ even frank seizures. _
Animals may injure themselves with greater doses due to

hypermotility and self inflicted innurY'upﬂn,the cages. e

Why does CY 208-243, but not SKF 38393, reversa MPTP-s
induced’ parklnsonlam? This ramains .ﬁclear and W111 have to

await the production and testing of other D-1 selective
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~ agonist drﬁga, A number qf:possibie:differohoés_beﬁﬁoonISKF l

38393 and CY 208-243 have emerged.

- Firstly, wnile botﬁ drugs produce contralaterai-rotation'in |

.GOHDA rodents it has boen suggesteé the SKF 38393 pene-

tratas poorly 1nto the brain (CIarke and thte, 1987) and

_fespeoially so in the prlmates compared to the rat. o
Seoondly, the drugs differ in their actlons upon the D-l
_freceptoru Both- pharmacologioally possess partlal n-l
.;agonlst potential (Setlar at al., 1978) but & breaKQQWH

product of BKF 38393-cou1d antagonlse #he dopamine

"__receptor. Thlrdly, that CY 208-243 or its metabollte, may

~ possess D-A receptor agonist properﬁies, is & possibillty
that-cannot.be 1gnored.- The chemical structure of,c¥:;
208—243 looks very similar to other ergollnes, However

. rodent pharmacological data squest clearly D~ roceptar

select1V1ty with a’ fallure to induce stereotipy and nausea._""

In vitro studles to decrease acetylchollne reledse in
striatal tissue slices and to suppress prolaotln release'

are all recognised D~2 druy aotlons.

~ Furthermore, in the marmoset theulack?of'nﬁz'eﬁiécts was
strengthened by lack of D-1 stimulation in animals,witno
.normal nigrostriatal dopaminergic ﬁathways. Ih contrast L
D=2 agonlsts, includlng (+)-PHNO, produce marked hyper—'
 mobi1ity_in drug.naive normal animals. Tho obserVation

that SCH 23390 fully inhibits the action of CY 208243
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- was. oxpEoted, sxnce BCH- 23390 15 a potent and seleotiva D—1 

 rech9tor antagonist. This drug SCH: 23390 produces a

parklnsonian sta*e in normal animals without MPTP-;nduoed

i parkinsonism and oertalnly aggravated the MFTP—lesioned

- ;group hy makinq thom completely akinetlof- Thms 1mpliea o'

:that some endogenous leVodopa is st111 preaant in

MPTPntreated primatea and that some striatal reoeptors have'

gthe oapacity to: resPond. What was-surprlsmng was the faot

'-ithe_CY_zoafzds-induoed increase in motility. ‘This was not

‘as dramatic as that obserVEd-foliowing'scﬂf23§9b ﬁrimihg3_-'

vbut5nevérthe1ésé indicated CY 208-243 §o55955e55soméoas-yotf~~--

_'undetocte& direot'b-z'agonist propertias or alternately-'
' that some funotlonal 1nterdependenoe eX1sts between the D~

'.and D=2 reoeptor population._ In addltlon to this pos&lble

' _funot1ona1 1inkage, CY 203—243 affects opiate receptors,_3

-HT(lA) reoePtors and po851bly alpha—adrenerglo and _
5-HT(2) sites (Foote et al.; 1962). These receptors may
" have antiparkinsoﬂian effects themselves and'tho5

'heurooheﬁical cascade that interlinks oell'neukotfans*

mitters may be altered 1ﬁ gone waf independently of the

dopamine receptors themSélves;' Special note should be made )

of the dose response curve of @2'2084243'in-£he”MPTP— _
treaﬁed'primatefana.fheroafter-ﬁhe'effeot_of:ﬁz 208~243 an
normal nigrostriatal systoms. An expeotod 1noraase in o-'
motility ocours with greater motility oorrelatlng w1th w

greater admlnlatered D-2 agonist drug dosage (Nomoto et

&

'f“that the D=2 selective antagonist sulpiride also attenuaﬁed .\j_ -

o,
LS
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.al., 1983) | chever followhng 1ncremental dosee of CYe
| 208-243 (Fig. 8.5) one netf,L_d a plateau at 0,75 to 1,25
mg/kg sC. Why motility was net steadily increase& from |
'_lo 75 to 1 mg/kg sc. of drug is- unknown but’ could reflect a -
-saturat;on af the D~1 receptors, the beet antiparkinSOnian
dose at mederate doeage or 1. nally that at doses greater"":
-.than 0.75 mg/kg sc., ether reeeptcrs became operational .
.”addlng their contrlbutlon toward increased mobillty.. The i

f'alternate receptor poasibility is strengthened by the

“_fobeervatmon that hyperexcltabilmty and self 1nf11eted

_trauma plus selzures ocuurreﬁ at not much greater than 1 25=
mg/kg:ecm3mhe~1mpertanqe;of 1;tt1e oY 208—243_increaee in
-fmebility (iﬁ'cdﬁtrasﬁ toanez agenisf drugs)'in drug naive .
animals stens frem 60HDA rodent experlments suggesting D~13'1

'agonist induced rotat;on is dependaﬁE upon prler priming

o w1th D-2 agonist drugs (Marcellm and Di chlarl, 1987) cY

208-243, without any prior D-z agonist drug exposure, was
: 'elearly able te 1ncrease METPwtreated marmoset mot;lity.
.Thle increase in wobility following MPTPetreatment;was far
| greaﬁer'than-§Ehic1e or even When the same.dose of CY
208-243 was givan prior to MPTP therapy.' Hence this D 1.
agonist drug alone would appear to possess functlonal e

_ antlparkinsenian act1v1ty without ceucomitant D-2 reaeptor-]

prlmlng by other agents‘

What would the best state of the D-1 dopamine receptor be

that would allow the b~2 re&eptor td maximeliy'exprass-
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1i£éelf5 Cllnloally the beneflt of lovodopa (mlxed D—l and
'D-z drug) in unrxvalled, but when. loss of benafit ooours _
dopamlne agonisto may still restore gome beneflt.. Animal _'
| studles suggested & Db-1 or D=2 funotlonal 11nkage similarly
when 1t was roported that the unilatoral GOHD& rotatlng rat
'*'1noreased maximal D~2 expr3851on when primed with SKF 38393

_ (Carlson et al., 1987}

Experimont fivo addressed the funotional beneflt of submaxl— B

. mal doses of 1eVodopa and {+)HPHN0 following a small and

:'j'1n51gnif1oant in 1tself Dul primlng doae of cY 208~z41.

- c1aarly the MPTP-troated marmoset ahowed maximal ampl;ficau

.tion of D=2 expression, following (+)-PHNO and. L-dopa (plus |
PDI) administration once the D-l reoeptors Wero act1Vatod |

with CY 208-243,

-Thé offeotazof:D~1.ahd néz'a:ugs_mgy'bg.agéitivéjbﬁt7aaté |

- suggests a.oynorgistiolrésﬁonoé th&t;is similar to maximal
D~2 expfessioﬁfaloné-folloﬁiﬁg muoh'largon doses-of D-2
agonists, . Additional oomplaxities'arioe wban'the'n~1 ahﬂ
D=2 dopamine receptors function in the normal striatal |
state oompared with the depleted nlgrostriatal state (Arnt,
1985). Further studies ut;llsing dlfferent models of o
'parkinsonlsm and multlple drugs in-paoh dopamine receptor
group are requlred to anawer‘moro deflnit1Ve1y these posai-"'

”ble functional linkages.



- 'L-_7.14 Belevance of non—human primate daia o human :diopalhic
- Parkinson's dlsease

:Having conflrmed the above cancepts ‘of D~1 and -2 funct~ .
fonal interactioim and posslble receptor synergism to man
 with IPD tha questlon aroae - do these drugs work in man°'
Most advanced patients wmth IPD suffered matcr fluctuatlonsi
.  and dysk1n331as when moblle and it was decided that thlB '
group would ba denied 13Vodapa the ﬁay of novel drug

' ._testlng. Should these compounda (both CY 203—243 and CQA

. 206=291) be eff:.cacious,--conflrm wlaat the M_ETP.--maneys _-had

'shawn, then patxents should hecome mahllw ﬂhe-idng terﬁ _
”Zeffects of CQA 206~291 WDuld then subsequuuuly be tasted,

in ‘addition to -1evodopa maintenance_, _in the sama_.-’cype of_
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- #U'R'THE'R .HUMAN'ST_UD.IESI

:,The MPTP-prmmate marmoset model has ‘shown that (+)—PHNO, 'L_
_CQA 206-291, ‘both D-z select:We agom.sts and 193'4 208—243 a |
'_Dnl dopanine agonist are effective in ravarsing MPTP o
parkinsonmsm. Hav;ng establmshed the need for new dopamlna b
:agonists, we administered thase same agents to man with
IPD, once full athmcal approval was obﬁalned. The remamning.
| stuales in this thesls set out to axamine these ‘sSame. :: 
f'antlparkinsonlan agents in man, initlally an apen study
z :alane while “offv 1evodopa and then &ouble-blxnd compared B
_-.with placebo as ad;uv&nt therapy to 1evodopa. )

8.1 Trial 3: COA 207201 In‘advanced Parkinson’s disease

‘Methods’

Slx patlents w! th IPﬁ in an advanced stage, all suffering
_ predlctable "on—off" fluctuatlons and on 1ong—term -
'1evodopa therapy were hospitallsed While their usual

~ levodopa was
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o w:.thheld overmght ('I'able 8. :l.) Upon Waking the 561loW1ng
Qay an ant:.—emet:xc demperidme (20 mg po.). was given at, .

reakfast. This ci:l:ug;r While also a dopamne antagomst but

A doee not cross the blcod brain bm.r:.er. A e:.ngla dOSE of -

'-'-(_EQ_A 2-_06—~291_.wa_e_- then given and theirparkins:mians s_tatua -
- was monitofred'utnis'iﬁg-tne Unified Parkinsons Disease

Rat:mg Scale. (UPDRS) (Append:l.x II) at baselme and. half-'

hourly for 2 heurs, hourly far 6 houre or unt;x.l the benefz_t |
- 'of CQA 206-—291 had subsided. If no benefit vas notec‘l after -

3 h.eure the usual morm.ng dose. of J.evodopa was gwen, the o

: 'pat:.ent allowed a day to recover and the next mcremental
: doee of CQA 206*—291 admlnistered the next day fOllDWJ.ng

eimilar levodopa withdrawal. Patient-s were giw.ren 0,1, ¢,2,

" o, 5 2 5, 5y 10 and a maxlmum of 20 mg po. S:l.nce the f:.rst

3 patiente did. not respend ta dosee below 2,5 ng the :Emal

" '_"3 were etarted at. thi.e doee A-l: each tme 1nterval

"on-off" status, eide-effecte P blood preseure recumbent and__

| stand:.ng‘ and heart ra’l:a wera recordad in addition to the _

' motor components of the UPDRS.

- Biochemietry, pi:’oiactin 1eveis,' haematolagy ii‘n& |
electrecardlograms were recorded da:r.:l.y Feur subj ect:s
- takmq other medicat:.ons (Tabla 8 1) wete - contmued

'_ unchanged throughout the trial. o |

.

et T L



Patient eharaeteristlcs at trial entry o receive GQA 208-291 (0 1 20 mg po) fol lowlng
Ievodo;:a withdrawal overmght. o :

" patient Sex - Age 'Dlsease Levodopa other e .
\ c ' (yrs} - durat:.on dose _dri.lé‘s - f'nig/t!aﬂ

S

RE- M 49 . 8 375 ~ Auantadine (300) -

-
I

" 'bps M 74  16. _ 1750 . Amantadine  (200)
ae m e a2 o0 . =ie =

RBE  F . 82 16 Gﬁﬂ Benzhexol - (8) |

-GK'_ F_ 81 . 12 400 Amantadine - (300) -

BG F 74 15 1000 . = .
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_ Resu1ts

-3Three males and 3 females, aged 49-77 years (medlan 62) all
"-Hoehn and Yahr stage 3 or 4 off medlcation were studied |
-DiSeasa duration was 9-16 years (median 13, 5) and patlents

were taking oral levodona plus PDI in doses ranging
_1375-175ﬂ‘mg po. (medlan 650 mg) per day. All patiants Were '
raget rlgid and ‘akinetic and clearly different from their

.z."on" mobile status follow1ng 1evcd¢pa 1ngest10n. .

 Pigure 8. 1'5'-a‘nowe; the patient's individual baseline scores
‘precedlng earh &ays CQA 206~291 1ngestlo“ (1ndlcated by B)
-;]and thEIr response follow1ng thelr usual 1evodopa |
:(1ndicated by LD) This 1s then compared to 1ncremental .
' .doses of - CQA 206—291 wh:l.ch 1nd:|.cates doses below 2 5 mg PQ..'
(n=3 patlents) had no effect, after 2 5 ng po. (nrﬁ) 1 _'
'patient partlally turned "on“* after 5 o mg pa. (n-s) 1 _
patlent partlally and 2 fully “on" after 10mg po. (n=6) 3 :
patlents fully “qn"' and flnally following 20mg po. (nﬁﬁ)--
all 3 patients turned fully "on" . The "on* response was
_usually accompanied by dysklnesxa 51m11ar to thosu induced-
_by 1evodopa. The Lendency toward dose rasponsxveness is
 shown in. Figﬁre 3 2 which accumulates al. the patients' |
scores versus the incremental CQA 206-291 dosage, ' "
xndlcatzng most patlenta turninq "on" 1n the hmghest

dosages employedt_ Latency to turn "on" was so 140 mlnutea



(mean 90), the duration of the “on“ respanse 30—450 minutes} -
(mean 70) ' ' o | |

\_:-. .

Slde effects were noted following slngle eral coa 206“L31 -

'_ deses including drewslness (n=5) ,- nausea (npa) W1th vem1t~

' 1ng (n=2), pestural dizziness (n =1) and translent confusion
'(nﬂl}. No 1ast1ng side—effects or. ngnlflcant blochemlcal,

;»haemhtologlcal or electrocardiegraphlc abnormalltles were

- attr:.buted to the drug

Y, Discussion

'u‘:he-- efcjdzihe :'de:’:-iv:at'ive -CQA 206-291 has- now bee'n employed e
~ more W1de1y in deu. e-bllnd studies to test’ dts efficacy _
'd"agalnst placebo, and other D-z dopamlne agonists, particu-
larly bromecrlptlne-(Rascol, 1988 Jaton, 1988). This |
.trial.suggestsdthat.dese'fer dose it is 3.to 4 timesdmore“'
potent than its predecessor bromocrlptlne, is well _-_'
tolerated but does have.slmllar side effects It was hoped
that_lese.postural hypotenslen_and neuropsychlatrlcu
side-effects euggested bﬁ this'study'coﬁpafed to
bromecriptlne would be confirmed in larger studies, and

: hence the dnuble-blind placeho matched study was initlated |

The rlgid aklnetic state in advaneed 1Pb may be converted

to a ‘mobile "on phase sometimes accompanied by dysklne-.



sids. The latency to the "on" response is 51m11ar to hromo- o

cript;ne reflecting rapxd intestlnal absorption, carriage

by plééma,proteihs aud transport across the bloodebraln'
. barrmer to %ﬁp striatal dopaminergic receptors. The duraw'

:.tlon the paﬁients turn "on“ and the qualitm#of hhax"on"

f’-

o réLponso age both dose related and 1ong lastlng.

Y [P
AN -(.

This study was published on c1in1cal NeuropharmacalquL_;'*'
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Fig 8.1
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‘Motor disability scores using section 3 of the UPS (Verstdn 3. 1987) In

gix patients prior to drug administration {B), at the time of maximal

. usual levodopa response (L-D) and then following a single CQA 206+
291 doss (2.5 - 20 mg po). Open circles {Q) représent the ‘on’ mobile
state whereas closed circles (@) represent the ‘off rigid and immaobile

state and sami-open circles (®) the inbetween state.



I

- Unified Parkinson’s motor score - -

285
CAD e

30

e

| ab e

00000006 . 0
oo
(o]

Mg COA

Fig 8.2

Motor disability soores {using section 3 of the UPS) in all

patients grouped together following CQA 208-201 (2.5-20 -
mg po). Open circles (Q) represent the ‘on’ moblle state
whereas closed circles () represent the ‘off' rigid and

. Immobile state and semi-open circlas (a; the mbetween .
state. _
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8.2 Trial 4 CQA 206-291, a double blind study with

adjuvant levodopa in advanced Parkinsen’s disease

: ' Methods

_ o SR I
'cPatients* Teh"patients'with idiopathﬁc-?arkiﬁsonlg disease

'7-were entered into a dcub1e~b11nd and randomlsed study whlch o

" -was perfcnmed cVer 4 months (Tabie 8.2)% After q1ving

_ infcrmed ccneent patients recemved Elther placebc or. CQA
 206~291 in pragreasiVely increaslng dcsee ranglng frcm _-_
2, 5 mg tc 30 mg/day po. The increment occurred during the B

fizst 3 monthe of the trial, PreV1ously, patients Wlth

advanced IPD “cff" lchdcpa turned "on" at a CQA 205-291

ddse cf 10~20mg pc.

'Simulﬁaﬂeously:an atteupt wes made'to_lower:theedcse of
levodopa from week 3 of therapy in all patients, ‘provided |
stable clinical status was maintained. The patients were
' evaiﬁated using the ﬁnified Parkinscn*s Disease?katihg

~ Scale (UPDRS) on visits at baseline and weeks

1,2,3 4 6,8, 12 and 16.

Patients were included provided they hed idiopathic -
Parkinson's disease, Hoebn and Yahr stage 2 to 4, sccring '

more'than the minimum in 2 of 3 majox-IﬁD'featuresﬁ_e
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Table82

'P_at.l.en't'characteris'ti'cs' In 10 patients withvadvanced PD at baseline before .~

~ being given CQA 206-291 as adjuvant therapy to maintenance:levodopa. . .

' PATIENT DATA AT BASELINE -

Patient Age-' . Bex ,pis-éaaé Hoehn & Curfent' L
.. No, - ({yrs)}. . - ‘duration - Yahr L~dcpa .
- L - (yrs)  Btage 'dbse(mg/ﬁ}l

1o 78 “'Zm. a3 _vso

Ca '   61 M a5

5 : _

4

750
74 a8 .. 1000
8¢ F . 1. 450
S R : n

72 S

'U'l__'

avo

Y 10 625
10 1125
400 .

5
R 60
. _

9 67

NN A R R WA W W

F
M

6 M 3 )
M 5 5

10 77 750

 Mean n=10  B87.6 7:2 8 2-4 735
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.tremor, riqidity or bradyklnesia. Elther aex, aged 40 - BO
jyears, on stable levodopa (51nemet or Madapar) dose, for
more than tvm months were entered, all experiencung .
';1evodopa 1nduced adverse effects, or dacline in 1evodopa
. eff1cacY. Patlents were not on selegilina at any staga anﬂ
had not_heen_glven-ansalyernate dopamina agonist for-mora

Exclusion criteria included end stage IPD (Hoehn and Yahr -

'jstagé'S); c&ntiﬁuancefof'dopamine'agonist drug, actiﬁa or.

- past psych051s histﬂry, ev1dence of hepatic, renal or

: cardlac dysfunction, other neurologic illness, or Becondary
causes of parkinsonism such as drugs, trauma or multiple

'_system degeneration.

.:brug'tri&i éaféty pﬁaclﬁded.ngrsing_df'pfegnaﬁt ﬁemaies asﬁ“:'
well as patientsithéught_ﬁo abu$e alcth1;1A11'patients  :
bhce'adreened'aﬁd agfeed'tb bé:ﬁigipété, ﬁe:e examihed: '
_ medicaliy aﬁd neuroiogicqlly”and éhen considered for the

study.

_Folldwing recruitment' indiviﬁuals'ﬁere randdﬁisedlﬁo."
'recelve placebo or CQA 206-291 in ldentlcal capsules as an
ad;unct_tg_the;r levodopa. Both groups WBre monltored in
parallél ﬁithout a_levod@pé ¢hange from_baseline_;week_n}
to week 2 where they_received_a_fixed fitration'gf'cQA'"

206-291 from 0.5 mg/day to a maximum of 10 mg/day p@;
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t Thereaftor-from.weoks 2 totlnﬁ while ﬁaiotoininq,qlinicalg"
t_stahility, the doso of 1evodopa'ﬁaé-réduoédfﬁhéré*poSSiblé
Whlle slmultaneously 1noreasing the CQA 206—291 dose from
10 to 40 mg/day po._ The study aim was where pOSSlble to

- reduce 1evodopa while increaslng CQA 205*291 and at the

-'same time maintain constant motor stablllty.

”_”Should this fail the pat¢ent Would report doterloration

c;diar*se 1t, anﬁ 1f ollnlcal evaluatlon concurred the

'_levodopa dose was then 1noreased. An attempt was made to -
.p@ateau the-optimalroomb;nation of_levodopa.plus trial--_
cempound at the final 4 weeks of the study period. Com- -
ﬁpiianoe And uhdersténdiﬁg'of medicatioﬁ.ﬁas_chookod:by_'
ttablet counts each visit. Pétiénts”wére evaluéted-tﬁioe
tbefore the firat ‘dose af . trial medicatlon, thereafter at
weeks i, 2 3 4, 6 3 12 and 16. other medlcation was. oontlnued
unohanged through the study Patlents underwent full gen~.
eral neurologlcal and parklnsonlan evaluatlon at basellne
and the end of the study. Between these viaita, the:UPDRS
was employed to evaluate drug efficacy, In addition, 1ying'
and standlng blood pressure, weight, pulse J:'iatcss,r rev;ew of-t
patlent diaries, and specific questions relating to '_ ..
dyskinesia; dystonia, "on-offn motor fluctuations or any
'neuropsyohlatric side effects wara.dooumented. Evaluation-'
waq made at the same time of day, usually with patlants

e n“ two to three hours after the early mornlng dose of

meﬁlcatlon.



'.'Prlor to, at week 8. and foL1QW1ng the study all patients |
had blood teken for eerum biochemistry, full blood oounts“

'and-?sa, 1iver funotlon tests, random blood glucose, and

also had urine ana1y51s, EGG'e and cheet X—reys.'::g

A paired students t-teet was employed to assess signifi— o

&anoe betWeen data, not only between plaoebo vereus aotivef“

'-&rug at eaoh interval bﬁt aleo between basellne and earh

= *fsubeequent v151t

six paoiente feceived CQA 205-291 and 4 placebo. Of the 10
patients there were 3 femalee and 7 malee with a mean age_:
- of 67 6 yeers (range 56—78) end a mearn - dlseaee duration of
8 years (range 1 to 19). The Hoehn and Yahc etage in an
"off" perlod_wae at least 2 and the mean dose ofelevodopa
at baseline wae'725 Ty per“day trangeﬁ400*1125'm§)dey)"The
motor acthitlES which enoompase tremor, bradykine51d, |
rlgidiﬁy and postural etabillty showed an improvement 1n :
all patlents receivlng CQA 2ﬁ6-291 and in 1 patlent on |
pleoebo. The motor scores of the CQA 206-291 and plaoebo -
:.groups are ehown ags a- peroentage of the basellne eoore |
3(Eig58.3) An improvement is 1ndloated by a deorease in the ;'

peroentage or a fall in the motor score.



™

' UPDRS (Mowor) % of biasefine =

100 gy
a0 B8
ol |

] caA 20820t

\‘Mean motor score of 10 patients who either racaived CQA 206-291 o

~{open)or placebo (solid kars) from basgeline to16weeks attheend of I |

| '1pe double blind study b <001

LM L TRy

et



292

L At basellne the groups were statistloally comparable.
' Although the scores for the plaoebo and the CQA 206—291
groups hoth fell the derrease for the placebo group was

‘not. 51gn1ficant whlle that for the CQA 206w391 group was R

'statlstioally=slgn1f1oant (p<0 01) . The ovarall motor score

o lmproved in the actlve group by 45%. -

.:Flg 8. 4, represents the dose of 1evodopa 11 oth groups as :
g a peroentage of the basezlne dose. A reduotlon in. dobe is
evidenced by a decrease in the oolumn height The basellne-
gdoses of the groups Were comparable. The patlents receiving;
f“placebo were unable. to’ tolerate a signlfx"ant reduction in
'1eVodopa dose whlle malntalnzng adequate motor scores; |
.however the dose of levodopa was reduoed by 35% in the o
'~patients recaivxng CQA.-Thls was statlstlcally 51gn1f1cant

,'J . ..

oompared to basellne doeage (p<0 005}

'Invoiuhtary movemente in tbe form-of'dyekinesias were-”
presant in 2 of the plaoebo patlents at baSe;;ne which
1mproved w1th reduction in levodopa dose. HDWéWer 3 of the'
CQA 206-291 patients developed dyskinesias during the'
trial. Dystonla,_present in a single patient reoeiv1ng |
placebo, remained'nﬁohenged;over'the_4 months. A marked .

effect in terms of "on-off" motor fluctuations was noticed

”'_ witb a single patient in the*placebo gr0up detefiorating:

whlle 5 of the 6 patients in the aotive group improved

51gn1ficantly. There were no side-effeots in the placebo
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'group Neuropsychlatrlc adveree evente in. the form of
' severe. halluclnatlons oecurred in. 2 of the CQA zoarzgq
f,patlents.ffpoetural hypotee51on in a smngle cee-zos—zsl
f_patlent remained unchanged from baseline to termlnatlon of 

'_study._No.nausee= vomltlng was reported.

SRR

. ,pae_ .. Discuasion

';Thls double-blind parallel study demcnstratee that CQA

L206~291 compared with piaceba match is’ an effectlve

_}antlparklnsonlan agent as an adjunct to levodcpe in moder— -

. ate IPD. . Statlstically 91gn1flcant,1mprovements ln atl
..asﬁeete'ogfthe UPDRS were seenh in addition.patients-were
aﬁle_ta ba maiﬁtaihed eh-leee-levodopa;_Aﬁy.feduetion:in'*S
the overall'levodepa ddse is benefic*al in the-long3term,
an overall reductlon of 35% is of qreet e4vahtage. .The
addltlon of 25, mg[day CQA 206~ ~291 allowed a 35% 1eVDdopa

reductlon over basellne requirements.

As could be expected, because’ of experlence with other D-2
dopamlne agonlets, more dysklneslas ‘were encountered..fﬁ
‘While 2 patients in each. qroup had dysklneelas at -
recrultment ‘these generally Were mere severe both. 1n -
duration and degree partleuiarly those of the CQA 206-291
groupg The 1nereased dysklneela was always accompan;ed by

increased overall mobility. However in contrast to other
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_ D—2 dopamlne agonlsts little nausea,'vomltlnq, orthostatlc o

'hvpotensien, neurepsychlatrlc episodes, or - other mator
'5 flu “uatlons ‘were: noted. L -

,c1early CQA 206-291 is an effectlve antiparklnsonlan agent

ln_and hepefully other D~2 agents of the s-a ergollne group ,:-

’%Iw111 be produced Ln future to better supplement levedepa or

eVen pmsslbly manage patients de novo.;

8.3 Trial 5: CY 208-243 In advanced Parkinson's disease

e 0 .

U Mpthods E o Te.,_-a_a'.;%[ :
;s | _ _ 3 R ST -iu
| Elght patients with 1diopathlc Parklnson's dlsease,_7 male
and lafemale, aged 50 - 73 years (median 61) were stﬁdaed
“after glving 1nformed consent (Table 8.3). They were Hoehn_
and ':_Eahr staga 3 or 4 off medication, had a diseasa '
 duration for 9-18 yéa.r's (Ililedi'.an'_'_ 12y, _and'wlere ':i:'eceivihg_.
levedepa therapy:ranéing'400—2400*(median SOO)Imgapefiday o
(plus-PbI)" A‘Z.were experiencing long ternm 1evadepa |
compllcatlons and. motcr fluctuatlons.f Levodopa Was '

withdrawn overnlght before each study day but other drugs .:;

continued unchanged.

'N"f "
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o -The ﬁatlen*t characteristigs ef 6 patiants (the remafnmg 2 hawng being studxed :n: o

_ Parisy of the 8 rasborted fo recelve CY 208-243. (25 40 mgpa) followmg overn%ght_ -
"-levodo;:awimd-awal L Sy

'-‘--‘ . . U

S

S -_Patient Sex " Age  Disease -Levodopa Other
| e e _id-uratiqn*'da_s.age' drugs ERE _
lyrs) (yss) o (mgfday) o (wgdAy)

o RE 49 s . 375 pmantadine (300).

Tk

CRB ¥ 52 16 - 600 Benzhewol”  (8)

' 1“ __g'.H : _ 6b..  “18 . - 205O - :-.;ﬁ

GR - M 64 12 . .1800-  Dissipal.  (100)
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cY 203f243_w;s_given_in_open fashibn;.by mouth;:eaéh X
alternate morming after breakfast in single doses of 5

" (n=5), 10 (n=T7), 20 (n=8) and 40 (n=7) mg po. respect-
 _ive1y.j:Motor;disébility uaiﬁglthe_ﬁhified parkinsons
Diééasé'Rating-Scﬁlé (version'a) blood pressure and -pulse
- was measured at basellna, half ‘hourly for 2 houra, and then
_'hourly for the next 4 hours. If nq:cl;nlcal improvement
'was_p:asent_by_s-hours,-pr ;f_ény'beﬁefit”lastéd'leés than
? hours,Vﬁatiaﬁté was given theix ﬁsﬁ&lfmdrning;doéa of
1evodopé. Tﬁéjreapdhse Qf;eaéh patient_to.his uéual dose
_df iévddopa waslasseéééd aﬁ least once in eadh ﬁatiént'and |
'all demonatrated markedly dlfferent UPDRB SCOraS when "nn“.
:compared to whan Yoff", A tu‘l general and neurological
examination wasg perforﬁed pr'or to and after the atudy.
Serum blochemistry, haematology and ECG were monitored

_'before and W1th1n 24 hours of each dose admlnistered._

Results |

All 8 patients showed improvement in parkinsonian motor
dlsabillty followlng adminlstratlon of their usual morning
dose of 1evudopa.(Flg 8.5). 'This "on" score was aasociated
. with the mobile, reduded 6tfab$ent tremor, qodd'pdéturai 
balance and minimal bradykineaia state often asaaciated |

with dy;kinesias. Following ove*nxght 1evodopa withdrawal



Motor disability scores (using section 3ofthe UPS) in 8 patients priorto
drug administration (B}, at the time of maximum response to levodopa
 (L-D),or at the time of maximal respanse to single doses of CY 208-243
{6~40 mg po). Open circles (O) tepresent the ‘on’ mobile state, closed
circles (@) represent tha ‘off’ immobile state and semi-open circles (®) _
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" Motordisability scores in 8 patients grouped together following

gy 2Qrr243 (5—*40 mg po) administration. Open circies (O} .
represe»\t the ‘on’ mobile stats, closed circles (e} the ‘off -

_' 'mmoblle state and semi-open cnrclaa {e) the inbatween state



'__:all patients were rzgld and aklnetlc, unable te walk alonez_ﬁ"T

' :and "nff" : Figure 8.5 and 6 showe the elln;cal reeponse,
- judged by the motor disabillty seores of the UPDRS _ _
fng911QWLng each dose af cY 203-243 compared to their usual )
T:resppnse to. 1evedopa.: After 10 ng po., one pat;ent turned_'

“on" fully and anether pat ent partielly "on" _

.'-:=Hence folloWLng doees lese than 40 mg cy 208~24p po., onlyff

: occasianal improvements was, noted,- The full on' reepense ”
£o11QW1ng 40 mg cYy 203—343 po., occurred after 30-90
'(median z /5y minutes and lasted 30- 150 (median 150) |

‘”ﬁminutes aﬁter drug 1ngeetzen (Fig 8. 6)

:FEDYSkinesiae neeurred'iﬁ-tWe'petients;*in-ene3exﬁet1y“the -

eeme.pattern ag that felloﬂlnq levedopa or D -2 dopamine

_ reeeptor agonlsts._ Nausea only occurred in two patients
-ﬂand drowsinese was noted in one. case. No postural hype- 
'tension, neuropsychlatric compllcataone, vamzting, sig- o

.niflcant laberatory or . ECG abnormalltles were’ found._

hls study was published in the juurﬁal, MbVement o

Dlsorders, (see Appendlx VII).
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:_Discﬁssiun'-:'

-'The novel D-1 selectlve agonist CY 208243 has tha

| capaclty, in correct dosaqe,_to turn. dvanced LED patlents e

"on“ fallowing levodopa thhdraWal‘ It i’ safe, produced

- L v KD serious alde-effecta attrlhutable to the campound but

: unfvrtur‘tely has - been wlthdrawn £rom furthar cluniaal

k_afudmeﬁ 1n lnnger term use bacauhe hepatotoxic1y% ‘has been

T.ﬁﬁ 1n some patlents.- Anlmal modelgvsuggest the drug -

*‘ﬂe reaeptcr selectiva and a partial agonlst..-'

ﬂ.;tlng potential i adVanced Parklnson‘s dlsease'
'isfnc&i_his qr&np of patlents are often resistant to |
13vndopa and ﬁ~2 selectlve agents. If ahle to anrrect R
’.Parkinsonian motor deficits alona, or by interacting with
_-pthe:_agents_the.therapeut;c praspecta-of a-naw.g:nup of
drugs, namely the Dwi'dupamine'réceptor ﬁodulators;'will
emerge. This sbudy suggests that Cy. 208—243 is ablé to

. reverse fully adVanced parkinsonism and in’ two instances
aatually produce dyskinesia hitherto thought to be a D~2
receptor mediatea behavioural manlfestatian. “The duratlon
of the “ont responsa was short 11ved at 150 mlnutes, while
a longer 1evodopa duration of héneflt accurred in the same

,pat;ents.._'
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8.4 Discussion of the human trials in this thesls and the -

treatment of Parkinson’s disease

'o:'Bopéﬁine-agooiéts are- an impdrtant;devoiopmont in”thoo“-
f_traatment optionéafaoing Parkinsonian-ﬁatiohts; ﬁhileo-

”7'originaiiy”emplo§éd 1& aaﬁaﬁoed iilneSs:eﬁ-adjuvént
.therapy, dopamine agonists are also being sucoessfully L
.oemployed early in the progression of the disease.- Thelr ,  :
'efflcaoy oombined with the abaolute need to eventually

'supplemen{‘ JVodopa, has stimulated the development of -

'_ mu1tip1e dopamine agonlsta that have not only been tested'u_ R

' - in animal models but also . in man.u 3

'ooi&vanoéd ﬁarkinson?s.disease patients:éfé“diffioolt'tc;
managé_sinoa while gatieh#s'become symptomatio oith_ |
Qroatar_thah-ao%zdopémino_oallfioss’(Botnhoimer'et_ol;f
o1973);”continued deoliﬁa in nigrostriatalfinput.oausoo ghe'
romaiﬁing.SNo dopanine ooilo:to'work harder tg-inoreaséif
their dopaminergic output (Agid et al., -1973). This'exoeéi
 sive workload is limited and ultimately ﬁill fail, Also
the striatal dopamine receptors-multipiy_and_beooma more
féoaptivo‘ﬁo:ehdogenoﬁs dopamihérgio_iﬁput (Ungerstedt,
1671). This pr'ogression- is inevitable and eventoally so
little dopamine output cccurs that dlminlshing input into
 the striatum results in 1nore351ng symptoms in spite of

exogenous leVodopa supplementation. Hence patlents become
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_1eeeerespcneiVe.te_leVOdepa.wiéh_diseeee'ﬁrogreeeieﬁ; _ .
"Ahqﬁher,prqblem is.the-emergeneeedfeproblemsftheﬁeere
.'theughﬁ'tdieeeaggraveted-by_equenouS'ievoaopeﬁitself. |

__eCiuee,that'ﬁhese problems could be_attrihgted_to'levodopa o
stheraﬁy.ie'thatethey;gré.xarely-reported'prierfto 1962"

when.le§odopa wag introduced into ciinieal'practice.

| Dyskineemae,'"on-off" motor fluctuatmons, wearing—off
phenomena and some forme of - dystonla all occcur wmth
'greater frequency 1n patlents with earller and 1arger -
' doees ef-levodopa. ‘Hence, whatever the xeason, whether

 deter1orat1on, dieease progressmon or 1evcd0pa related

. 11m1tatlons, a great need for alternate medlcation to

."supplement cr ‘even eupereade levadnpa is present. Dopamlne
agonists are one guch optlon._ While many adguvant
therapies exist, 1nclud1ng mcnoemine oxidase 1nhibitors,
.amantadlne, antlchelinergice, trlcycllc antzdepreeeants,
lithium, geba—amlnobutyrlc acid agonists,. seratoninerglc.
-agents, - baclofen, catechoccl—O—methyltransferase
_inhihitors; or the verious-dopamine agoniets, the latter

remain the best option available.

At.leaét'tWO things are clear when ehalyeingelargee~
 cumulative experiences in'muiﬁiﬁle_éentres.“ Firstly
.patient groups vary regarding theif'respbnsivenese to e'
"different'dopamine:agonists initiaily'employed'ahé'aa_they

progress within themselves their responsiveness to drugs -
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i'Wlll eventually ¢hange tLleberman, 1988) | Seme'patientsf
"reepond better to dlfferent depamlne agonists. 'Siﬁiierly'
only some develcp side~effects on. one-type butsnet other'
_types of druge._Secondly, the amount of. supplementary
_flevodopa requlred wzll influence the reeulte of all

dppam;ne_agenists.

-Hence an attempt to standardlee ‘the dose equlvalents of

Tlthe different drugs withln the ergoline class is. |
ulmportant. COmparzsons could thert be made wmth elmilar:'
'patlent groups at szmllar stages of progreeelen cf the

dieease.-;f--

rE is: also evident that’ the D-1 and D-z dopamlne receptcrs_def7-~

are 1mpurtant both ind1V1dua11y and in combination, when
-examininq their funotlon. Crucial to this 1nterectlon-1s
_the influence of levodopa, Which is anWn to act at both _
receptcr sitee. Levodopa eupplementation is thought to be
beneficlal because theeretically the 1evodapa that crosses
the bloodubrain harrier may be taken up by nlgral neurones
to. re—establish nlgrostrlatal 1nput . Dopamine ie.
decreased at strlatal depamine reeeptors in advanced
parkinsonism since patlente have fawer and fewer remaznlng:
-nigral cells. Hence levodopa effieacy-declines. Dopamine -
gonlsts may circumvent thls prohlem by acting directly atf
'the pesteynaptic receptor site. A theeretical danger of .

excessive chronic 1eVodcpa_ingeetlon is the possibility
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that 1evodopa”itself nay'oauSe'striatal'dopamine-receptors';-'”

"Ito become subsensi 1ve (Markham et al.; 1981 and Lesser et
"al,, 1979) This w111 then phyeiologioally blunt a "
”__Valuable attempt of the hrain\to compensate. What +then 15;'

the plaoe of dopamine agonists and when would ‘they. be

' _employed° sinoe two. typee of DA receptors exist called

f-D-l and D—2, stimulation of either postsynaptic receptor
zt.wirg inﬁluence the striatum. Any moleoule simulating

| dopamine at the receptor eite theoretioally will compete -
| with dopamine to bioohemioally exert its influenoe.- The

'ﬁorgoline group,of @rugs.does this very effectiVely.---'
When dealing with end—stage disease with reoeptors have :
| become unreaponsive to deolining dopamine, and

theoretioally this would not. be the best time to 1n1tiate :

dopamino,agoniets¢ This is oonfirmed by patients who at ;ff >

| 'end—atage iiineee-do not-reepond to any pharmaoologioal
intervention, including ﬁopamine agonists.- similarly
'fdestruotion of the etriatal receptors themselves guch as
~ocours in dementia pugilstioa, striatal degeneration or
__Wilson's disease, the benafit from dopamine agonists, or
for that_matter,-levodopa_is limitedﬁ ‘Hence the-best time
to emploY'dopanine agoniets-would'appear to-bermoderate X :
stage 111nese and the trend today should be toward earlier:'
Iutilisation.- The possibility that early dopamine agoniet :
-use may delay the emergenoe of or prevent levodopa '

complications has also_accelerated earlyzutiiisation of
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'-]doﬁamine-agoﬁiete;

g Unfortunately de novg dopamlne agonists suoh as .
. bromoorlptine are 1nsufflclent 1n mont pat1ents._ Many feel
that dopamlne_agonlsts may ba. affective in mild IPD but
'cannot be employed 1ndefznitely alone, since - all eventually
'1requ1re 1eVOdopa in . add;tlon However many useful years-may S
Ibe galned by sehSlble early use, of dopamlne agonists alone,'
o-_thus delay ng 1evodopa related problems. :

S | _ L ' Eﬁ
Dopamlne agonzsts are ma;nly of thefﬁwz type, but 1t may
'.Well be that 51mu1taneous stlmulatlon.of hoth the D—l and
_'D-Z dopamlne receptor 1s needed for maximal antiparkin-"'
"eonian effects., The ‘concept: that D-l receptor stimulatlon
3IWLthin itself may reverse parkinsonism is atill to be
'further substantiated Improvement in motor deflcit may be
__mainly related to the D-2 receptor stimulation by D-z
agonlsts-alone or perhaps greatest When-empyoyed in

‘combination with D-1 receptor agonists.

Bromocripﬁine was initially used iﬁ'hyperoroleotinaemio
states since it was shown to reduce prolaﬂtln levels effect-'
ively (Corrodi et al., 1973). Suocessfully tested in _' |
1animals,'then man (calne et al,; 1974) 1t'beoame the mosc |
w1de1y used dopamine agonist to date. It was . found particu-'
larly useful in patients who have developed 11m1ting .

levadopa effects or in patlents who cannot tolerate



"levodepa. Bremecriptine wae studied in thie theeis to -
'assess the OVerall abi lity te reduce overall 1evudopa re-; 
 .qulrements {Trlal 1) While keeping pateents in the eame-
';clinlcal stage, bromncriptine was succe551vely bullt up

rffrom 20-50 mg/day, whlle elmultaneously redueing

o leVQdopa. The hest comhinatlon occurred at a mean Df 26 -

.mg/day bromeeriptlne with a con51stent 30% reductzon of

_1evedepa. Bremocrlptlne usage ‘may arbitrarlly be

.'f;subdivided into "low: dese" and “hlgh deee“ the cut off

'being 30 mg{day (Lleberman, 1987) Therefere lew deee=

o bremecriptine was &hown to 1mproVe the majority of

patlente eince thelr everall 1evedopa rquﬁremente fell
'while mantalning stable elinical statuéiT Lzeberman (1987)7
‘reviewed the double-bllnd etudles avallai;u, thch

'ELndleate 53% of the patlents 1mprOVed whlle 9% patlente

_ experlenced adveree effects. This leade‘%o dxug w;thdraWal_--'

'1n thoee on bremocrlptine alore, but 71%46f patlents '

. improve when bromocriptlne is added to malntenance _'
'levedapa. Of the ‘latter greup, 26% developed side-
.effeete. overall at least. 61% of 706 patlents 1mpreved.
The suggestlon is nade that-lewedoee bromoeriptine-be
'reee#vedifer'mild-disease;end?higﬁpdeee ferimodereﬁe to
advahced disease. Most paﬁiente'ih-Tfial 1 Were*mederate-.
_IPD patients and. 11ttle improvement was eeen in thelr B
states beyond a mean of 26 mg/day. Larger dosee were not
 _effeet1ve in obtaxnxng mobility in the more advanced |

disease patients,- T agreement with other anestigatore L
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- _the slow introductlon of bromocriptine w1th 1ncremental

buzld up of the dose to 30 mg[day with levodopa is well
o-tqlerated‘_ Very few could not complete thls part of the '
trial,

K Regardlnq the adverse effects eﬂoountered more dysklnesias '
-'and dystonia occurred but nonr51gn1fioantly, 1n the
placebo controlled phase compared to levodopa alone. In

',the open part of the trlal, wben levodopa was reduced,

| 7.dysk1nesmas and dystonlas were m&rkedly reduced. Hence,

.'if tolerated,_bromooriptlne added to less overall levodopa

_malntalned mobllity but with fewer involuntary movements.:_f"

'*__Bromoorlptine, even in hlgher dosage, however was rarely

_suff;clent to allow complete 1evodopa drug withdrawal. The;’

Qionly tlme this ocourred was in mlld and early dlsease._;-

::i Slow release-1e§o&ope-e&ministratioﬁ'Sineﬁet CR4 ist

'advantageous compared Wlth conventlonal 51nemet The

' pharmacologlcal slow release improves the “pulse“ node
release, which is not the method by whieh endogenous :
dopamlne stlmulates the dopamine str1ata1 receptors.
__C1ear1y CR4 pharchokinetics offer a slower and more:
sustained release-profile.. Two maln problems have emerged' 
..hoﬁée-.ver.. Flrstly, the slower action of drug leaves | o
patients dlstressed and 1mmob11e early in: the day...
Seoondly, pat;ents requlre 1noreased overall leVodopa

administratlon. Unacceptable patient dlsoomfort_resultsfi



;’f the 1ong-term | Thesé aﬁaumptzons remaln hypothetical

_Nsince they stem from ohservations of tha patlents With RN
. ¢bBerva$1ons followxng early admlnlstratxan of saow ar&Pﬁ,h._*

"*“jaustained plasma 1evodopa concentratxan,_;t is possslble _"

_ agonists have led to research heing aonducted upan ~_NMQ

'alternate D~2 and some D—l compounds.
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o

.l_ ‘L.r

_reflected by the few that elected to stay upon caﬁ-.____fﬂ

k b,

More worrying,_hQWEvar, is the possibility that eqcessiva

overall. levodopa’ requlreMBnt may in, 1tself be harmful in f';

..f .

'_establlshed levodopa compllcatlons and not from :

i . o

“release compounds.f leen as a more continunus and

'- ._that slow release compounds may exart maximum henefit uban ; €
'?the dopamlne receptars which may best raspond, hecausa of H
| " continucua (rather than 1ntermittent) stimulation, in ] : s
 fAspite of hlgher-uvarall 1evodapa dosage The aim that. R
 _once or twice daily 1evodopa admlnlstratlon W111 be .' _
3_gnfficient, has not héen reached,{Ashkog et al.; 1988._3ff o
lCeﬂarhaum et al‘, 1989)- This study has ahown that CR4-151_~

;well talerated and a xeduced dose frequenay is 90351b1e

compaxed to conventional sinemet.

leitation in the currently availahle D-z dopamlne

iy oo
ll‘.’ - i ”

b

L
X l\’ .
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85 DisouSs_iﬁr; of novel dopamine agonists

con, 206-291,'& oeléotiﬁo Déz-dopamino'reoebtor.agoniot- has
;shown that it is effaotive in advanced I?D w;th motor fluo—o
:oﬁuations (Trial 3) In addition CQA 206-291 is effeotlve
' -1n moderate disaase and double-blmnd plaoebo matohed |
';ostudiea (Trial 2. our atudy showed COA 206~291 able to
| 'Tireduoo levodopa requlrements hy 35% - Koeplng 1evodopa - |
.oooonstant the doublenblind study shoWed a steady improvement _
Hoin the UPDRS soore._ While szde effeots ara common, th@y
'axa dose relatad and temporary. ‘The efficacy compared to
: bromooriptina is yet to be estahlished Thia new D-z .__ 

'ergol ne is an effeot;va and apparently safe

antl—paxkinsonlan druq. "It has a longer halfnlife than ’

'brqmoa;iptf@ejwh;ph_;m.turn; is longer lasting than

1evodopa._‘The oapaoity~to turn advanoed parkinSonian-

opatlents with fluotuatlons nonk and the duratlon of action,

is dose related. No hepatlc toxia offeots wora observed in

_animal models or man, Otherfpralrminary_sﬁudiéo

communicate Early'effioéoy and ancouraging data but the

long. term effeoto ‘and the po551b1e 1onq torm sideueffeots

_ *are unknown.

CY 208-243, a D-1 selective partiai'agonist, éiven'as a
single worning dose to advanoed parkinsonian fluotuating
patients followmng 1evodopa withdrawal, clearly demonstrat— .

ed its effloaoy. 844 208-243 turnod 1mmobila, rlgla, "off"



311

. patients to mobile, less rigid state very similar to that
ﬁobtained followihg_their_ueoal'1evodope;- While;well.toieré :
ated in this trial (Trial 5) longer term studies at higher

N aoee," 60 mg/éay po. . 'showeci' hepaifotoii'o_ity which has halted

-'-further human clinical studiee. Howevef'Cf.ZOBQéas'wae':

o_well tolerated, produced no emesls or postural hypotension o
-and supported anlmal data to euggest iL hae 1ntr1nsmo anti- -

E Parkinsoman effeots. :

1e confifmed that EY 205'243*is'a'n~1 'pﬁféi agonist, ‘the :
observation tha.t it produced dyskz.nesa.as in two patieni.e
would be most interestlng and 1mportant, ‘gince to date all
dyskinetic movements a.re dose related to D~2 active drugs. _
| However 1evodopa (D-l and D—rz actions) produces dyskine~
sia. Elther the drug has some as yet to be explalned Dﬁzl-'
activity or dyskinesiae may ‘be not only a n—z phenomenon

- but rathe:.a'nhl receptor prim;nq other dopamine reoeptor

{possibly the D-2 receptor) effect.

8.6 The role of dopamine agonists .n the therapy of
Parklnson‘s disease :

The best treatment of IPD today remains levodopa and when
_appropriate the introduotion ef . supplementary drug
therapy. Dopama.ne reoeptor agonist drugs prov:.de a ueeful

levodopa sparing effect, ‘are efficao:.oue- in their_ own righ_t
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_alone in gg_ggg; therapy of early IPD and are continually
hexng improved upon. #The functional rale of the D=1
'receptor, while unclear, has led to the’ daVElopment of many
D~1 speclflc drugs and thls in turn has created many
'exciting therapeutic aptions. Which functional comblnation"
.-_af D=1 and D~2 dopamine reaeptor status Ls the best remains
”cantrover31a1. Hancé the ultlmate cambination drug is not
'yet availabla, but- appears cloaer to b31ng developed. Th? :2
-;pcasibllity of D-3,. _and cthar dopamlne receptors helngrt- f

discovered with the develapmbpt of safe agonists and

'f_antagonists, will possibly answer many of these questians. L

Ahtiparkinsonian”drugs=currently researchednvariabiy--'
'-1rteract wmth D-1 sites, but have been thought to exert

~ their major effa¢t by acting upon D-2 sites, Tha concept
. that the D—z receptor was, the receptor to analyse '
-antiparklnsonain aruyg efflcacy came from an. era prlor to
'_the irtraductmon of D=1 spec;fic drugs. ‘Hence a -
re—examination of ideas and data is necessary to define
better the role of the D-1 receptor alone and probably“hdre.
importantly in concert with the D-2 receptdrs; Whether the
pD~1 receptor remains coupled to the D=2 receptor or acts.
lndependentlg, the p-1 receptor agonigt - drugs apparently
may be potentially helpful in treating IPD. Thers are_many’

~ more D-1 than D-2 receptors in the human striatum and what

happens in human IPD regarding D-1 and D-2 receptors, in '

the primate models remains uhcleéf.'secauaa one finds
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  superseu1t1v1ty of bnth raaeptor populatlons, dopamine B

aganiats remain patentially useful especlally when comblned~_.- '

' with 1evodopa, 1n bcth the MPTP-traated prlmate and man.':

_.Aftar 15 years of bromocriptine usage the indicatlons to
'ﬁ_ supplement levcdopa have emerged. In an attempt to reduce o
jflequapa side*affects nany prescrlbe bromocrmphina early in'
'Lthe illness, same aven suggest 1nitial therapy with a
'dopamine aganlst (Rinne 1989}._ Once levcdcpa side-efﬁects

' accur even thern bromocriptine may'he useful te, restore

_ mabi];ty, put with less GYSklnEBlaS, dystonia, "on*off" -

F"motor fluctuatlons and end-of-dose deterloratlan clearlyf

it is wiSe to aVaid these levodopa related prublams hy
_admlnlatering the lOW&St dose of levndopa that Wlll restara -
_ funat;nn._ Tha Dptlmal doge of 20*30 mg/day, if tolerated,

 and the Fact that in noderately severe IPD that - '

' :'eromocrmptlna alane cannot malntain functional mohilmty ig

lear (Rinne 19&7). Also confirmed hy_other_atudies ;a thé._]
'.'impféssion that less dyskihééias, dyStohias; "6n?off“ énd |
end-of-dose deterioratlun ocerr ‘at the same level af mo= '
bility on the comblnatlon of bromocriptlne plus 1eVodopa
yersus 1evodopa alone. Bromocriptmne is WEll tolerated in |
'_ the long  term and while relatlvely safa, Etlll doea produce.

'_side-effects whlch 11mit dosaga. _ﬂ_-'

Other D-2 agonists luch as 115uride, pargolide,

apomcrphlne, meselergine, tergurlde, cQ 32-084 M 29-712,
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-(+]-PHNO and CQA 206—291 are all Varlably beneficial as

_antlparklnsanlan agents. CQA 206-291 is attractive 1n that
:_alonq wmth antiparklnsonian effects the drug dmes not drop

‘the blood pressure or praduce as many neuropsychlatrlc _
'eplsqdes_as.bromocriptine.  It however, ig more pctant and
in higher dbsés_Shpu;d be used with an_anti‘emetic,-such as'
domperldona -Effidady'ﬁa§'estabiishea both-infbpén phaéé '
'dose ranging studies and in placebo matchad longer term
- dguhla—bl;nd_stud;es.-_Aslde frpm_feweruslde-effects the

 agent. is a similar anﬁiparkinépnian;ageﬁt td bromdcriptiné;

B Sluw release sinemat ca4, an advanced generatlcn matrix

|  6381gned to release leVQdopa slowly w1th a prolonged half
life, was dlsappolnting in that the 1ong 1atenuy effect

reduced patiént acceptabillty.: ‘However in thosa needing :
mcturnal mobllity it produced clear benafit and o

patentaally Comblned w1th conventional sinemet may produce

a better combination.-

c2-208-243'was the'first'ﬁ-l'agbnist'empldyed in IPD;_'Inf

- advanced IPD the p-1 agdnisticlearly showed its ability to
switch a batient "onﬁzbut.this_ﬁas showh'agéiﬁét a back-
ground of 1evbd§pa maintenance therapf;- Patieﬂts:weré;
selactéd carefully as thdse aasiiy'différehtiatinq-“dh"" '
versus “off" and hence responded entirely to the cY. 2oam243
alone. What was even more interest1ng was that in at least

zlof them dyskinesias accompanied the "on* response,-
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= sﬁggestinq_that_tne_nelfreQEPtﬁr may also be important im

‘the mechanisms contributing towards adverse side-effgcts.

__All.tha'abové3comp6unds'have-provided safe and;affective'ﬁu
ahtiparkinsqnian'activity-and once'mqre'widely:avaiiablef-
) may-provide more acdéptable élternatives wheh'cnnsjdering

' the kest tharapautlc option: available to treat IPD today.

-.'The MPTP—treated primate marmoset has proved a uaeful model

to employ 1n drug develoPment. The model is sound - reqardm.-”
_'1ng current thearies of aetialogy of Parkinson's dlaease -
.indeed it has added much useful 1nformation to the mgcha—'
 nisms of nlgral dopaminerglc cell death Blochemically, |
| histalogically, eleatrophysmologlcally and even electro~ y
_ microscopmcally the MPfP—traated primate has demonstrated
'con31stent and reliable results tq ensure this model will
continue to be used to study parwinsonism Utillsing this
'behavmural model the affacts of | SKF 38393, CY 208-243, scn
| 23399 and lgvodopa have been explored paying partlgular _
| attentioh to the D-1 receptor. D-2 active agents in this -
thesis have 1ncluded Zl;nct:»rm‘.:csir.':i.pi::.ne.,r (+) ~PHNO, QA 206-291,
sulpirlda and haloperidcl either alone or in combinatlan
with D=1 agtive drugs. As a prelude to cllnlcal applica—
tion in humans with IPD, these agents demonstratad their
benefit in the MPTP narmosets thus compllmentlng redent
preclinical data. ey 208—243 dlffers from the alternative
partial D=1 agonist SKF 38393, in that the latter dogs not

correct MPTP-induced. parkinsonism or human IPD (Chase et
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';iai.,llésaj._ This aqent, enly the seeend D=1 selective '. |
agonlst aVallable hae,_thus ltimulated further development_“
:ef similar compounds. These new D-1 selective agenists ared'
required to confirm data obtained with CY ?03-243. of - |
' interest was the fact that not - oniy did CY 208—243 expresssf
-::antiparkinsonian effects in man W1th advanced disease but o
':ialso in primates. The primates, both D~2 agonist naive and

[:those who had had prier exposure to D-2 agonlsts, were in -

?::an~idea1_position to,test D-1 responsiveness. Henee,_as_~

jﬁdéed'hy'ﬁhe'dfﬁg_naive MPTP—t?eated marmeset;'CY 203-243;:.'
WOuid appear to possess intrinsie.antipafkinseniesIeffeeﬁs.
This was. only observed in the damaged nigrostriatal tract
sinee the animals priur to receiving MPTP did not respond
to CY 208—243. That CY 208-243 pessassed mainly D~1
_ recepﬁof aetivity was demonstrated_by the attenvated i__:"
response following SCH 23390. Whether any inadvertent D-2 .
-egonist activity is part ef~cY.208—243's-antiparkinsohian
| act1V1ty as suggested by its chemical structure being
similar to other ergolines, and the partial attentuation
of CY 208~243 activity by sulpiride priming, remains
unknown.- '

-(%)wPHNO_edministered.subeutanebusly; intraperitoneelly,t'

_erall? or even transdermelly Eo-ﬁarmosets_shewed-itgtO'ﬁe a
potent -and useful D-2 selective agonist. Its'use in huﬂeﬁs
(coleman et al., 1988) and the petential use of long. term .

slow release plasters is now a reality. Interaction
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"-__-_studles utlllslng c¥ 208*243 and either 1evodnpa or

_(+)-PHNO demonstrated a potentlation of 1ow dosage and
' ctherwise sub—therapeutlc effects of the D~2 agonlst drug.

. This banefit is yet to. be further tested in man, but

'suggestlons that bramccriptine potentiate lEVQdea resPQnse -

”_i indmcate that functlonal interactions could exlst (Rlnne

1937, calne, 1973) '1‘he role of the n-:. receptor may be o

 parm1svae, additive or, synerglsti¢ to maxlmal n-a reaeptnr,

' ' expression. ' ;,"
G EEERRATE. LN,
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CHAPTER®

FINAL DISCUSSION
The?ideal treatment of idiopathic'Parkinson's dleeaSe'ie:
'not yat avallable. thle fetal traneplantation remains '
"'experimental the best pharmacatherapy of the 111ness -

tremains a cruclal research ohjective.'

:clues to. the ultlmate causee of dopamine cell death in the 
-t.SNc are emerging and any step that retarde cell death w11l_.
'delay the emergence of progressive symptOms. It is cruclal-_
_to understand depamlne receptore, malnly D-z, but alse D-1
'_and others (Todd et al ' 1989, Schwartz et al., 1990- |
Honema et al., 1989, Anderson et al., 1990, Van Tol et al.,
1991, Sunahiara et al., 1991), thereby allowlng better drug

manlpulatlen and treatment.
This theeie.eet-eut'teﬂestablieh.thfee'principlesz
1. How to best utiliee'ievddcpa, ite'long aetingfforme and

-bramocrlptine to their maximal advantage. Patients W1th

1dlopathic Parkinson's dieease were examlned to place 1nto :

perepeetive levodopa 11mitations, elde—effecte~and how one R
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_ could possibly avoid them.

2. Novel selectiée'b%z and b~2'agonists vere successfully

- tested in MPTP—treated marmosets. Methodolegy is diecussed,

'e.the evaluation of the MPTP primate medel has been

' .eensidered_and results derived'from anlmal,data_usedeto"

| facilitate testing of CQA 206-291 and CY 208-243 in nan.

The D~2 agonlsts, as predicted from the MPTP-treated |
'prlmate data, demcnstrated potent antlparkineonian moter'

' "henefit. o

One D-1 agonist, cY'zba~243 but not SKF 38393, 'alsd'
-:demonetrated antlparklneonian motor benefit both in’

- MPTP-treated przmates and man W1th advanced Parklnson s

.oF

_ ﬂleease It remains tu be cenflrmed 1f the antmparklnsenian e;f

efflcacy and indeed the dyskinesias eeen, are D-l mediated,
or whether oy 208-243 hae some as yet unknown other- '

_dopamine receptor effects,

3. COmhlnation experlments utillsing selectlve D~1 and D—z
dopamine agoniete were lnltlated in the MPTP-treated '
-_prlmates, in attempt to 1dentify the most suitable _
antiparklnsonlan state. Thls has long been examlned with
1evedopa and adjuvant D-2 agonist therapy in man, hoth to
potentiate 1evadepa benefit and reduce levedopa related |

sida-eflects, The most,sultable D-1,_D—2 ¢ D=3 and_ether
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_kreceptor cambinatlﬁn Wlth maximal ant1park1nson1an motor

;:)effects plua the 1east s;de-effects has yet to. be

o Lstablished.

PR

; Beve1opment of cther selectlve dopamine receptcr agonists 3 ”‘~

'7_”-and antagonists, aspenially D-s, D-4 D-§ and other

f:.- dopamlne receptor subsets as yet nat available, hopefully

'“1will stlmulate further research, understanding and

ultlmately offer better treatment strategsl.es :|.n the

,_treatment of idiopathic Parkinson's dlsease.’
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Umfied Parkmson’s Disease Ratmg Scale
Versien 3.0--February 1987 .
' Defimtions af 0 4 Scale

- L MENTATIOY BLHAVIOR AND MOOD
1. Intellectual impalrment:
0=None, - ' S
" 1=Mild. Consistent forgetl‘ulness w;th parnal recollectmn of events and ho
 other difficulties. '
2=Moderate memory loss, w1th dlsorxentauor and moderate difficulty-
~ handling complex problems, Mild but definite lmpa:rment of functlon :
~ at home with need of occasional prompting, -
- 3=Severe memory loss with disorientation for time and often to place
Severe impairment in handling problems.
N _ 4-—~Severe memary loss with orientation preserved to person only Unable
i S - " to make judgments or solve problems, Requzres rauch help w:th per~'
o . sonalcare. Cannot be left alone at all,

- 2 ’maught drsorder- (DUE TO DEMEI\TIA OR DR.UG INTOYICATION) _
~ D=None, _ '
. 1=Vivid dreammg. : -
- 2="Benign" hallucinations with mSIght "etamed o
3=Occasional to frequent hallucinations or delusnons, wlthout ms;ght
“could interfere with daily activities. _
4="Persistenit hallucinations, dclusnons or florid psychosns Not able to
- care for self. . :

3, Depress:on. |
0=Not present, -
1=Periods ofsaclness or guxlt greater than normal never sustamed for days

N

or weeks, :
. 2=Sustained depression {1 week or more),
5’ 3==Sustained depression with vegetative symptoms (insomnia, anarexia,. _

weight loss, loss of interest),
4=Sustained depresszon thh vegetamc symptoms and suicidal thoughts
or intent, o _

: 4, Mouvntion/lmnaﬂve
y T 0=Nurmal,
' =Less assertive than usual; more passwe :
- _ 2= Loss of initiative or disinterest in elective (nonroutme) actwntncs.
4 - 3=Loss of initiative or disinterest in day-to-day (routme) actmtles
. ' 4= Withdrawn, complete Ioss of motivation.
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1L AC‘I‘IVITIES OF DAILY LIVING (DETERMINE FOR “ON/ OFF“}
5. Speechs
. 0=Normal.
I=Mildly affected, No dlfilculty bemg under&tood
2=Moderately affected. Sometimes asked to repeat statements
- 3=8everely affected, Frequently asked to repeat statements,
4= Umntelhglble most of the mne .

6. Sa!ivauon
' OmNormal

- 1=Slight but definite excess of salwa in mouth may have mghttlme o

“drooling,
2=Moderately excessive saliva; may have minimal droolmg, _
 3=Marked eéxcess of saliva with some drooling. ~
‘4=Marked drooling, rcquu'es constant tissue or handkerchxef

7 Suaﬁowmg
0=Normal,
" 1=Rare choking,
2=Q0cecasional choking.
3=Requires soft food. E '
4=Requires NG tube or gastrotomy feedmg.

8. Handwrmng.
0=Normal,
 1=Slightly slow 6r small B
~ 2=Moderately slow or small; all words are legible.
3=Severely affected; not all words are legible, -
4=The mgjority of words are not leg1blc

9, Cmmrg Jood and kandiing memds'
0=Normal. -
1=Somewhat slow and clumsy, but no help needed.
2=Can cut most foods, although clumsy and slow; some help needed.
- 3=Food must be cut by someone, but can still feed slowly.
4=Needs to be fed,

10, Dressing:
0=Normal,
1=Somewhat slow, but no help needed.
2=Qccasional assistance with buttoning, getting arms in slceves,
3=Considerable help requxred but can do some thmgs alone,
4=Helpless, - _ :

11, Hyg:ene.
0=Normal.
I =Somewhat slow, but no help needed.
2=Needs help to shower or bathe, or very slow in hyg:emc care.



R

3 R:..qmres assistance for washmg, brushmg teeth, combmg hair, gomg

o bathroom . S
= Foley catheter- or other mechamcal alds.

12, Turmng in hed and adjusfmg beddo{hes
0=Normal. :
[=Somewhat slow and clumsy, but no help needed o
- 2=Can turn alone or adjust sheets, but with great difficulty.
- 3=Can initiate, But not turn or adjust sheets alone, '
4=Helpless,

_ l3 Fal!"ng (unrelatea’ i’oﬁeezmg}
o 0=None, _
1=Rare falling, . -
2=0ccasionally falls, less than once per day
3=Falls an average of once daily.
4=Falls more than once dally

14 Free;.tng when walki mg

0=None.- =

[ =Rare freezing when walkmg, may have start—hes:tatmn, _
2=Qccasional freezing when walking, :

~ 3=Frequent freezing, Occamonally falls from freezmg,

- 4=Frequent falh from freezmg

15 WaMmg
. 0=Normal, ' o
1==Mild difficulty. May not swing arms or may. tend to drag leg. ..
2= Moderate difficulty, but requires littlé or no assistance.
3=Severe disturbance of walking, requmng assistance.
4-=Cannot walk at all, even Wlth assmtance

16, - Tremor: _
0 =Absent,
[=Slight and infrequently preseat.
2=Modgrate; bothersome to patient,
3=8evere; interferes with many activities.
4=Marked; mtcrfercs with most activities, .

17, Sensory compfa:‘msw!a:ed to parA Ensani.sm.
0=None.
_1=Occasionally has numbness, tingling, or rmld aching
2=Frequently has numbness, tingling, or aching; not dlstresmng.
3=Frequent painful sensations, . . L
4= Excruclatmg pain. '

P
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MOTOR EXAMINATION

Speech:
0= Normal, - o
. I=8light loss of expression, dlctlon and/or volume L
2=Monotone, slurred but undérstandable; moderately nmpalred‘
3=Marked impairment, dxfﬁcult to: understand '
4 == Unmtclhglble -

Facm! expression:
0=Normal. - -
- 1=Minimal hypomimia, cauld be normal “Poker Face”.
2= Slight but definitely abnormal diminution of facial expre.Samn.
3=Maderate hypomimia; lips parted some of the time,
. 4=Masked or fixed facies with severe or complete loss of facial expres-
-siom; lips parted 1/ 4 1nch or' mote.

Tremior ! rest:
0=Abse nt.

1=8light and mfrequently presem

':_ 2=Mild in amplitude and persistent. Or moderate in amphtude, bntonly B

_intermittently present. .

- 3=Moderate in amplitude and present most of the. time.

B 4=Marked in amphtude and present mast of :he time.

Acnon or postiral tremor of hands. o
0=Absent; o
=Slight; present with action.
2 :Moderate in amplitude, present with action. - -
3=Moderate in amplitude with posture holding as well as actlon
4= Marked in amplitude' interferes with feeding,

Rzgzdm +(Judged on passive movement of major Jomts with patlent relaxed

0 =Absent,

I =Slight or detectable only when acmated by mirror or other maovements.
2=Mild to moderate.

‘3=Marked, but full range of motmn casﬂy achieved,
4= =Severe, range of motion achieved with difficulty.

Finger taps: (Patient taps thumb with index finger in rapid succession with

widest amplitude possible, each hand separately )
{=Normal.
1=Mild slowing and/or reduction in amphtude
2=Moderately 1rnpa1rcd ‘Definite and carly fatlgumg May have occa-
. sional arrests ipthovement. :

3=Severely xmpalred Frequent heaxtatlon in mmatmg rnovemcnts or
~ arrests In ongoing movement, :
4=Can barely perform the task,
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Hand movements: (Pauenr opens and closes bands in raprdsuccession wuh‘
widest amplitude poss:bie. each hzmd separare{; ) ' :
0=Normal, '
1=Mild slowmg and/or reducnon in amphtude. _
2=Moderately 1mpa1red Deﬁmte and early fattgumg May. have ocea-
sional arrasts in movement,

- 3=Severely impaired, Frequent hesitation in inmatmg ‘movements or'_ b

arrests in ongomg movement,
S 4= Can barely perform the task,

: .Rﬂpld alternating movements of hands (Pronatron—sumnatnon movornents :
~ of hands, vertically or horizontally, with as large an amgplitude as po$s1ble,
. both hands snmultaneously) :

"‘Normal : ' '
=Mild slowing and/or reductinn in amphtud.e _ SR
2= Moderatel}, lmpalred Definite and early fatlguxng May have occa-' '
sional atrests in movement, '
—-Severely 1mpa1red Frequent hesntatnon in mmaung moxaments or -
- arrests in ongoing movement, _
~ 4=Can bareiy perform the task.

Leg ag:hn' (Patient taps heel on ground in rapxd succession, plcktng up '

entire leg. Amplitude should be about 3 mches)
0=Normal, '
- 1=Mild slowing and/ or reduction in amplntude

2=Moderately impaired. Definite and eariy fangumg May have occa~ |

~ sional arrests in movement. -
‘3=8everely lmpaxred Frequent hesnatxon in 1mt1at1ng movements or
- arrests in ongoing movement, ' -

- 4=Can barely perform the task,

Ammg from chair: {Patient attempts to arise l‘rom a straxght—back wood or

‘metal chair with arms folded across chest.)

0=Normal.
“1=5low; or may need more than one attempt,
2 =Pushes self up from arms of seat,

3 =Tends to fall back and may have to try more than onetime, butcan get

up without help.
4= Unable to arise w1thout help

Posture: :
0=Normal erect, - '
=Not quite erect, slightly stooped posture, could be normal for older
person, :
2 Moderately stooped posture, defimtely abnormal can ‘oe shghtly- -
leamng to one side, - . _
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3 —~Sevarely stooped posture w:th kyphoms' can be modcrately 1eamng to.

" one side.
4==Marked ﬂean with extreme abnormahty of posture

29 Gait:

0=Normal, -

- 1=Walks slowly, may shufﬂe W1th short steps, but no festmatmn or
. ptopulsion.
2=Walks with difficulty, but requires little or no assistance; may have

some festination, short steps, or propulsmn. :
3=Severe disturbance of gait, reqmrmg assistance,

4= Cannot walk at all, even thh asslstance

30 Posrural stability: (ReSponse to sudden postenor dlsplacement produced by'
pull on shoulders while patient erect with eyes open and feet slightly apart
_Patient is prepared.) S _ . S

' 0-Normal e
! =Retropulsion, but recovers una:ded o -
 2=Absence of postural response; would fail 1f not caught by exammer. .
- 3=Very unstable, tends to lose balance spontaneously ' S
- 4=Unable to stand wnhout assmtance .

- 3L Body brady Amesm and hl poAznes:a. (Comb:mng slowmss, hemtancy. _
decreased armswing, small amphtude and poverty of movemcnt in general.) -
- f=None, _
I=Minimal slowness, giving movement a deliberate cha‘racter could be
' normal for some persons. Possibly reduced amplitude.
~ 2=Mild degree of slowness and poverty of movement which is definitely
- abnormal. Alternatively, some reduced amplitude.
_ '_3 <Moderate slowness, poverty or small amplitude of movement.
4= Markcd slow:acss, povert} or small amphtude of movement,

v, COMPLICATIONS OF THERAPY(In the past week)
A. Dyskinesias '
32, Duration: What proportion of :he waking day are dl'skt‘nes:as p.- osent?
(Hlstorlcal mformanon) .
U=None
= 12504 of day. -
2=26-50% of day,
3=51-75% of day.
4=76-100% Ofday.- '

33 Dfsabzhn' How disab)ingarerhe d}siinesfas’(H:sronca! fnformanon, may
be madified by office examr‘narion g '
0=Not disabling.
I=Mildly disabling,
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2=Moderately di#ab_ling.'
3=Severely disabling,
4= Completely disabled

34 Pamﬁd dyskmesias How pamj‘ui are :he dvskinesias’ -
0=No painful dyskmesnas _ '
1 =Slight, ' :
 2=Moderate, -
- 3=8evere, - -
_ 4=Markod..

- 35 Presence of ean‘v moming drsroma (H:slor:ca! fnformanon)
0=No _
i Yes

B, Clinieal F!uctuanans I ' ' _
- _36_ Are any “off" perwds predfcrabie as rc :fm:‘ng aftera dase of med;ca!ion"
- 0=No _ ; S

' 1=Yes-. |

'- 3? Are any “off"periods unpredw!ab!e asto nming aﬁer a dase of medicanon ?
0=No o _ _ o
b= Yes

38, Do any of rhe “off™ penods come on mddenfv e g, over qfeu secands"
0=No ' : _ . _ :
. IHYes. '

39. Whar propomon of rhe " aAmg ckn is rhe panem "o_ﬁ’"on average?
0=Non¢ - o
1=1-25% of day
2=26-50% of day.
- 3=51-75% of day.
4=7-6~100% of day«

C. Orher C‘amp!:cauons :

40. Does the pan’em have anorexm, nau.s'ea, or vomzrmg’
0=No '
I=Yes :

4! Daes the pa!r‘em have :my s!eep dismrbances, e.g. z‘nsomma or h_; per-

" somnolence?
=No -
1=Yes



| "42 Does :he pauem have sy mp:amanc ar:hosras:s” o
= Yes

" RECORD THE PATIENT'S BLOOD PRESS URE' PULSE AND WEIGHT o

ON THE SCORING FORM.

AR A MODIFIED HOEHN AND YAHR STAGING
~~ Stage 0 =No signs of disease, . - o
~ Stage | =Unilateral disease. - :
Stage 1.5= Unilateral plus axial mvolvemcnt B _
" Stage'2  =Bilateral disease, without impairment of balarice.
Stage 2.5=Mild bilateral disease, with recovery on pull test

 Btage 3 =Mild to- moderate: bilateral dzscase, some postural 1nstab1hty. o

o physically independent,
‘Stage 4 =Severe disability; still able to walk or stand unassnsted
Stage 5 —Wheelchair bound or bedrldden unlcss anded

N

VI ‘MODIFIED SCHWAB AND BNGLAI\D ACTIVIT!ES ON DAILY . :

“LIVING SCALE

lOO%Completely dependent Able to do- all chores thhout slowness,'
- difficulty or impairment, Essennally normai Unaware of any .-

~ difficnlty.

- 90%-Completely mdep'endem Able to do ail chores wnth some’ degree of o
- slowness; difficulty, and impairment, Might take twwc as IOng o

Beginning to be aware of diffieulty.

' "_--"30%.c°mpleteiy independent in most chores, 'Takes twwe s long, Con—" "

- scious of difficulty and slowness.
. 70%-Not completely independent, More diffi culty wnh some chores.
- Three to four times as long in some. Must Spend a large part of the
- day with chores,

60%—Some dependency, Can do most chores, but exceedmgly slowly and

“with much effort, Errors; some impossible,

50%~More dependent Help wrth half slo“er. etc leﬁc.ulty wnh cvery-{_

-40%—Very dependent. Can assist wuh all chores, but few alone.

* 30%-With effort, now and then does | few chores alane ar bagms aione _

“Much help needed,

o -20%—thhmg alone, Can be aslight help w:th some chores. Severc mvahd e

lG%—Totally dependent, helpless. Comiplete invalid,
0%-Vegetative functions such as swallowing, bladder, and bowel func-
' tions are not functnomng. Bedmdden_ ' -
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 APPENDIX Ill

: Ad]unctwe therapv W1th bromocrlptme
_m Par'kmson s dmease o

o A TEMLETT, A MING, M. SAmNe V.U.FRITZ, A BLUMENFELD

T R. BILCHiK A L BECKEH PB FOUH!E H. E HEEF

' Summary

_ Patlanls with moderatalﬁ severd Parkinsun 5 dlseass compli-'-'
- gated by the sdvarse @

acts of chronic levodopa use beje.
fited! from Yhe additian of bromoeripting (Parledel; Sandez) In

Teduction of lsvodopa dase. This resulted In a slghificant

"~ decreasa In the amount of levodspa slde-effects while main- -
" taining or Improving the original parkinsonlan clinlcal stage.
- Increased éffgctiveness in thase patlents was not associated |
. with increased dosage beyond 25 - 30 ing dally, Whaen the

doses of bromocripling were Increased slowly, the adverse
reactrons werg mlnqr and usually !rnnaibrll. . _

: sarrmu.nm: 74 640-885.

o Neurolugy Uni:, ]ohmesburg I'lospltal -and Unwersity of |

the Witwatersrand, Johannesburg -

_ J. A, TEMLETT, M., B.CH., DA, (S.A5 FCF {5.A.) MMED, (maunor.;

A, MING, M8 8801, FCR (545 FOP BAJNEUROL)
V., U, FRITZ, M1, B.CH, RGP, (5.4, PHD. IMED)

A, BLUMBNFELD, M. BCH.

T.R. BILCHIX, M1 BCH, .

H. E. REEF, M3, BCH, ER.CE,

~ School of Psycholugy, Umversity ol’ the Wi;watersrand,

Johannesburg

M, SALING, . :

Past Medical Advdsor, Samlnz Ltd, Jnhanneshurg
A Y. BECKER, MB.BLH, DM,

Enstituee for Biostatistics of diw South African Medical.-

Researeh Council, Pretoria

P, B FOURIE, M SCaPHD, u.l.sb.) N

Desp!te the’ initial suc::cssful exper:ences vnth levodOpa

sherapy, disabling motor distarbances have emerged among

'parkmsoman pauents during chronic lcvodopa rreatment,
.Reduction: of responsiveness to Jevodopa over years and asso-
© ciated long-term Bdverse effects, including sbrormal involin-
doses up to 28 mg dally, vhich allowed an approximate 30%

tary movyeinents {dyskinesia), dystonia, psychinric disturbances

_and the developmens of severe ‘on-off’ fluctuations should be

1aken into consideration In the therapeutic srategy of Park:n~- _
son’s disense,’”

"'Thie efficacy of bmmocnptine (Parlodel; Sandoz) 4s &n anti-
parlunsonian agent has been cstablished in many clinical

~toials. ™ There is; however, still controversy about the role of
‘bromocriptine &s a singls first-line agent and the ideal dosage -

satio of Jevodopa o bromocriptipe if both drugs are used. In
addition, the ideal time to add bromocripting to existing
levodopa therapy is not well estsblished, Should this be before

“or after the long~term drg sidc-eil’ccts n“ Im:dopa have
R manifested themselves?

The assessment of thege problems with drug rherapy in
Parkinson’s disease depends largely on subjéctive patient and

- .docter evaluation of the patient’s clinical status. The disability

associated with Parkinson’s diseass is diffienit to quantify and

- o number of rating scales have been published. These scales

have emphasised the physical aspects of the disability, to the

- dlmost compleéte exclusion of the mental status changes, In

order to evaluats therapeutic regimens for Parkinson’s disease

. effectively, 2 comprehensive and sepsitive procedure for sesess-
_ing the disability is essential,

“The development of such a comprchensive disability scale -

. depends upon a number of factors, Firstly, a comperative
" assessment of the value of the existing scales must be made. -

Secondly, a derermination of the relative contributions of the

* ‘various iterns of thess sceles to overall ratings of the disabikity

of Parkinson’s disease should be evalpated, Finally, deter-

* minktion of the relative contrfbuunns of physical and mentat
" statigs changes to the oversll satings ofthe d:sabﬂity in Parkm-»- :

sors’s disedse should be assessed.
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In order to evaluate further the role of bromocriptine as an
sdjunctive agent to fevodopa in the management of Parkinson's
disease, & study was deslgned at the Neurology Unit of
Johannesburg Hospital in conjunction with the School of
Psychology at the University of the Witwatersrand, The study
also planned ©  sssuss the various geceptéd motor rating scales
used in Parkinson’s disease at present. In addition, a battery of
neuropsychological tests was included for the purpose of
monitoring mental status during the course of the trial,

‘The aims of the study were to: (/) determine whether
bremocriptine could partially replace dopumine therapy used
by patients while at leest maintaining their original chinical

- response on levodopa alone; (#) determine the dosage ratio for
combining levedopa with hromocriptine; (#7) confirm the
therapeutic efficacy and tolerance of bromocriptine in patiesits
with Parkinson’s disedse already controlled on levodopa; and

_ {(f) monitor mental status and to explore the possibility of

‘including a practical mental status assessment to complement

the stsndard motor scales.

Patients and methods _

Forty-four patients of both sexes, mean age of 64,8 yedrs

{range 30 ~75 years), who fulfilied the inclusion critéria of

. idiopathic Parkinson’s disease with a disease rating of Hoehn
and Yahr stages 2 - 4 were entered into the trisl. AU patieats
were 0utpanents and were éxcluded if they had fearures of
severe systemic disease {cardiovascular, gastro-—mtestmal,
renal, hepatic or psychiatric) or musculoskeletal disease causmg
significant disability,

Informed consent was obitained and patients were stabilised
for & minimum period of 2 months on levodopa. Thereafter
they were admitted to the triat, which was conducted is two
phases — a double-blind phase and an open parallel-group
design phase, There were 4 patients in whotn results conld not
be analysed owing 1o lack of compliance. Thus a total of 40

" patients complered the trial and were evaluated,

In the double-blind phase, which lasted 5 wesks (desigmted

" weeks | - 5, the daily dose of levedopa (determined in the
initial 2 months) was kept constant in all patients. These
patients were randomly allocated to receive either incrensing
doges of bromucriptine or matching placebo, The bromocrip-
tine group (22 patients) received an initisl dose of 2,5 mg
daily, which was then Increased incrementally to a total dose
of 20 mg bromocriptine daily by the end of the S-week peried.
The increments were supervised weekly, increasing by 2,5 - 5
mg total daily dose each week.

In the open phase of the study, the patients who had
received placebo in the first phase (18 paticars) were unblinded
and given bromocriptine in incremental aliquots of 2,5 - 5 mg

- weekly in the same way 2s those who had been randomly
allocated bromocriptine in the double-hlind phast:. Thus by
the end of a further 5 weeks all 40 patients ware receiving their
initial levodops dosage and 20 mg of bromocriptine. This
strategy allowed & comparison between a placebo baseline and
bromocriptine efficacy. At this stage (designated weeks 6 - 11}
the 40 patients, including thote who had received, bromoerip-

_ tine {u the first § weeks, entered a phase in which levodopa

was progre-sively reduced, at weekly intervals where possible,

until the therapy failed to control symptoms, The reduced -

dose of levodopa was then maintained and the bromucnpnne
dosnge, which had remsined st 20 mg in all patients, was
increesed by 5 mg/d each week until the parkinsonism was
once #gain controlled, Orics the patient was swubilised, further

reduction of levodopa with further increases of bromocriptine
was again attempted in 4 similar manner, If bromocriptine wis
- tolerated wirhout side-séfects an attempt was made to increase
this dosage to g maxirnum of 50 mg/d by mcruth in divided

doses int order to further improve the parkmsoman status. This
pm:cédure continued for weeks 6-11, i, 6 weeks in the open
P

Throughout the trial, patients were seen weekly and under-
went full clinical assessment. Parkinson’s disease symptoma-
tolugy and response to treatrment was assessed b}r suh)ectwc
enquity and completion of the Hoehn and Yahr,' Webster,"?
Columbia™ and North Western University' scales, Biochemical
profiles were performed at trial entry and st the end of the
trial. In addition, full psychological evaluations were carried
out by trained psychomerists at the beginning and end of the
trial, Psychological tests nsed were the Beck Depression Inven-
tory, Vocabulary and Similarity sub-tests and the Wechsler
Adult Intelligence Scale, Beriton’s Controlled Woid Association
Test, Rey’s Auditory Verbal Learning Test, Rey’s Complex
Figuore, dnd the Mini- Mental State Examination, The Beck
‘test was also repeated on weeks 6 and 9 and the Mini Mental
State Examnination was carried out on weeks 1, 6, 8, I0 and the

end of the wial. However, on the [rst and final weeks an
expanded version of the Mini Mental State Examination was
used {maximum score of 80), Concomitant medication was not
changed cduring the trial, Adverse. reactions and compliance.
were monitored oonunuously

Statistical computations were carrled out with thé Statjstical
Analyser System (SAS) version 5 package installed on an IBM
mainframe computer. In all tests differences were regarded :
significant at the 5% level. The associations upon tridl eatry
between treatsaent groups (bromocriptine and placebo/levo-

dope) and personal attributes, clinical status, disability ratings

and Hoehn and Yahr stage were assessed by the chi-square
test, Intragroup comparisons of Hoehn and Yahr stsge o
patient status at the beginning and end of the double-blmd
phase employed the McNemar chi-square test for non-inde-
. pendence samples with Yates' correction for continuity. For
sparse 2 X 2 tables Fisher's exact test was used. For lerger
contingency tables the Mantel-FHaenzel vest of significance was
used. Comparison of medns was by ¢-test procedure and for
time trends in vital signs, dosape requ:rements and mear
disability scores by analysm uf co-variance apd multiple
regression, .

Results

For unalytical purposes, discontinuations were classified into
premature intérruptions {related to drug therapy, and including
therapeutic foiture/inefficacy es well a3 inrolerance/adverse

reaction to treatment) and drop-outs unrelated to test mcda-
cations, .

Double-blind phase

The two randomised groups (levodopa end bromoeriptine v,
levodopa and placebo) were fully comparable in terms of
personal attributes (Table I), clinical stamus (Table II) and
disability ratings {Table III) at the onset of the study, Thus,
with the groups being comparable and with no changes in the
dosage of Ievodopa {640 mg/d on average in all patients),
during the first 5 weeks, and 2 constant increase of hromo-
criptine {up to 20 mg/d} in one subgroup v. placebo in the
other, it was possnble to compare changes in clinical status of
treetment efficacy in the two groups ob;cctwely

Bromogcriptine was well tolerated in the firsy phase of the
study, with only 2 patients being withdrawn prematurely from
this phase of the trial because of persisting adverse offects of
confusion and postural hypotension. Table [V demonstrates
that the mesn patient scores did not deviate significantly
throughout the 11-week period of the study no maiter which
of the 4 methods of assessment were tsed. This suggested that



449

TABLE [, P{IRSONAL ATTRIBUTES AT TRIAL ENTRY

~ Bramocriptine  Placebo " Total
No. of patlents . 22 18 .40 -
Mean age (Yl‘sl (8E) | 64,3 (i6) 64,3 [1,8) 64,0 (1.2)
Sex S '
|’ I 13 . B b2l
| ¥F 9 S 19
Mean dissase duration S
(yrs) (SE} 84014 1330 . 18402)
Mean levddopa ] o
dosage B S :
{mg/d) {SE} 869,3 (66,8) 622,2 (69,9) 666,0 (68,1)
Smoking habit
No. of =mokers 3 1 4
No. stopped N .
smoking i 8. g
No, navar . - )
smoked R:} i . 18
Tramor Ip famity ' o
Yes R B i 2
No. 21 7 a8
Surgical tmalmant : : '
No- 21 14 a5
Yes, no effact [ 1 1
Yes, slight ¢ e 0
Yes, moderate o 3 3
Yes, goort 1 0 1
0 o 2

Yos, very good

_bromccnpnne dosage could be increased and levodopa dosage

decreased without significantly gltering the chmcal disability -

status of the patients,

In terms of adverse events, these two groups were similar
wirth reference to freezing, ‘on-off phenomena and dystonias.
As expected, the bromocriptine group demonstrated more
" dyskinesias — both peak-dose and biphasic (or complex) type

patterns, This; however, improved in the next phase of the .

trial once levodops could be reduced.

Open phase :

The primary obiective of this phase was to establislhi whether
bromocriptine could partially teplace levodopa while inain-
taining at least the original clinical response thar was achieved
on levadopd alone, If this was feasible, this phase then aimed
to determine the optimal dosage ratio for maximum therapeutic

. effect with minimal risk of adverse events. Fig. 1 shows

increases in bromocriptine dosage from 2,5 mg/d + "0 mg/d
in the first 5 weeks, and then from 20 mg to 40 + .n the
latter .6 weeks. These dosage changes were achi..u while
levodopa dosage wds decreased by apbroximately 30% of the
. vriginal dose, This was accomplished while keepivg the clinical
status stable (Table IV,

The stability of the mean rating scaln scores during the open

.phase emnphasises the abﬂlty of a reduced levodopa and

increased bromecriptine regimen to maintain a relatively stable .
clinical response. From Table IV ir can also be seen that
patients were at their best clinical stage berween week 5 and -

week 8, where the average dose of bromocnptme was 26 mg/d
and the original levodopa dose (640 mg/d in al] patients) had
been decreased by approximately 30%. It was observed that
the patient’s clinical stige did not improve with further
increases of bromocriptine beyord week 8 (i.e, above apprum
mately 26 mg/d).. .

Dryskinasia, hypotension and dystonm were the most common

'mBLE . ‘CLINIGAL STATUS AT TRIAL ENTRY
: - Mo, of iNo. of )

I . . pat!ants on patlemson
Bymptom Degree  bromocripiing - placebo “Totat
Dystonfa - )

- Intenaity None n 12 23

' Mild 6 4 10
Modarats 4 1 - ]

Severe 1 1 2

Froguency Nope 11 14 23

. - Ogeasional & 4 10
Frequent. - & o &

. : Contlnuous 0 o 0
Froszing aplsode L _ '

Intensity None 13 12 25
Miid 1. 4 "5

Moderate 3 0 3

. Severe 5 2 7

Fréguency None = 12 25
' " Occaslonal '3 . 4 i

Freguent -6 2 LB

_ _ . Contlnuous 0. .0 o
Dyakiriesla ' : '

Type None 13 i3 26
Face 1 1. 2
Trunk - . 0 o
Arms '] R 2
legs .. i L2 3
. " Multiple L} 2 7
intensity Nene - 13 13 - 28
- Mid = 2 1 3 .
Moderate ~ 4 3 7
i Severe - 3 1. 4.
Frequency None = 13 13 26
Occaslonal ' 3 A 4
Frequent . 3 4 7
Confinuous 3 o - 3.
on-oH phenmnena ' . o
Intensity Nene 20 17 -3
Il 2 1 3
Moderate 0 0. o
' Sovers o G o
Frequency None 19 17 36
: Occaslonal 2 1 3
.- Erequent 1 0 1
Continuous 0 o o

adverse events related to the trial medications and inditidual
patients frequently experienced more than one type of adverse
events at different times (Tsble V). In the majority of these
patients, the adverse effects lessened ur disappeared as the
dose of levodopa was decreased and/or the bremocriptine dose
was increased. Some of the side-effects attributable o increased
dosages of bromaocriptine, such as dizziness, hyputenswn and
confusion, scemed to lessen or even disappeer with time, As
these effects oecurred while levodopa dosage was kept constant
and bromocriptine dosage was increasad, it appears that certain
patients develop tolerance to, or overcome somé of the side-
effects of bromacriptine, with time.

The therapentie cfficacy in terms of the clinical stage and
adverse effects at the various doses is reflected in Tables VI
and VIL, Two groups emerged, one with side-effects at some

- stage of the study and one with no side-effects at any stape,

In the first group {25 patients), where adverse events were

_experienced at sume stage, it was found thut maximal adverse
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\

'mBLE 1. BISJ\BIIJTY RATINGS AT TRIAL ENTHY

. Neof No.of
" patientson  patientaon G . .
. - -bromosripting  placebo " Total
] -I-Ioehn and Yahr ' '
" 1. clinteal stage. :
P 4 9 o
2 B ] 6 15
< S | B, | 21
4 R 2 L k3 &
Webster total’ L o
] scores¥ — -
B ' 1} 2 A
| I 13 CAt L
2L 8 5 14 .
- e o a-
| Columibla tofal L K
. SCores” . ' -
g ] B 2.
A ] 4 10
2 6 -8 =
8 q 2 5
4 ] 1. 2
N\Whml o o o
scoras* - k
a S0 a 1}
1 N o [+]
2 1 s -
a I 1 1
4 R I 2 2
5 1. 2 . 3 .
[:] T 4 [ e
7 8 ] 15,
8 8 4 R 1!
9 b [] 0
10 0 0. I "\__%

By
all stels [}erms. Soores wem then wahuhhu atcordiig jo sampls st2e Anc avaragad”
1o tha mml Ineger ) _ ) _

_x'ch'anga'_dv:efﬁrs:t vke_ek' -

"* ota) acoren compuled Sy eumming Wamluwnhmnmu allng méorrumsu .

_ events were experienced in 11 men and H-womch At a mean
dose of 10 mg/ke/d of levodopa (802 mg in men, 537 mg in
- women) in combinution with 8 dose of 18 mg bromocriptine

per day {Table VI). This included patients in both the open -
gnd double-blind phaae of the trial. Must side-effecrs nu:urred

L S
1500+ © epevigopd’ . @,
4406 o Brofuocripting o -
BRECE N .
- 1200~
11004
1000 ~
‘800
-1
qood - o
o004 -
800
400 - -
300 -
R0 R
RUCE B
Loadq
" =100 ey

T

Al

-~
o

e B
. .
w0 -

. Trial Week
j Flg. 1. Mean percanlage charlge ln dus'ageo! drug

when the ievbdop'a dosage whs 'iat ite hlghest In the earlier pare
_ of the stdy and. bromocriprue had not veachied adequate. -
' therapeutic levels, When the dose of levodopa was docreased -

by approx:mrely 30% (542 mg in men, 348 mg in wooten)and

- the bromoetiptine tosage increased to sbout 26 mg per day

T “ .
14 11 12

the adverse évents were at minimum mnd in most cases were -

" efitirely asbsent, while mamtmnmg ‘the clifijcdl stage (Table

VII). Twenty-two of these:25 patients (9 men and 13 womnen) -
became symprom free (P < D,0001) In the temaining 3
\pangn;s, symptoms persisted despite sdjustment in medication.

' ‘The patients in the second group (the remaining 10-men -

" and 5 womun) experienced no adverse vents &t ay stage

" while the drugs were being imerchanged. In add:tmn, thef
climcal stage also remsined constant gnd did not, in fact,
intprove s the dose of bromocriptine was increased beyond 26

- mig/d, They were able to-tolerate bromnmpnne doses of up 1o,
39 mp/d by the end of the smdy with an accnmpanymg mean

' Ievodapa dosage of 522,5 mg (7,3 mg/kg) in men and 370 mg -

" (6,6 me/kg) in women, Further incteases in-bromocriptine

 dosage were not-carried out b:cause of the hm:tccl duratmn of -

. the study. -

" Psychological tars ‘were nsed to monitor mental status,
‘When the neuropsychological test scores of each individusl

TABLE IV. RATING SCALES (MEAN SODHES} AT EACH WEEK OF THE STIJEW
: Waek Hoahn and Yahr. Webster o NWU Columbla .
L (8D OG- 0.9} S (8D 04~ 0.5] (SD 1.0 1.3) (SDO.S 03] -
1 - L9 . 852 ] 1&7
2 2,61 R s PR V- P 1,19
3 281 : : . :
4 250 1,0% . 674 1,05
& 2,50 1w 6,7 w05
B 24 - \iE &I 1,08
40 _ 2,45 08 -B82 2 - I
N Nammmumuw : . - R K

: _.patie_nt were. mmpaud at the begmmng and end of he study,.
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{OPEN PHASE) . .
Events - "No. of patients - ‘No. of evenls
Dystoris L o
Dyskinesla o :
o 11T 4 "8
Woderate - T 4
| = Severe . - 67 )
.Hypotanslnn o
Mild ] 6
Moderata 5 8
R 2 3.
2 2
Modame 5 5
' Severs 2 S NN
Hallucinations. o
Mild - 1 2
" - Moderats - 1 2
" Severe 1 2.
Confusion
- N - 1 4
' Moderate < 2 10
-Olher : \’
hwoianslon(dizzln_ea‘ 4 Y-
~ Not assoclated with - A
other adversa mms-l- 8. R

In concaritrating - mild; diy mouth — milkd.
raum ayd — mbid; man-——:mdam.lnmmd gexual driva.—- moderate.

-l TABI.E V. TYPE- Ann FREQUENGY OF Anveass Evems '

* Nausam lndwmlﬂru—nﬂﬂ. srnenpa rnlicl: nmillplo fﬂh-—- savara; dﬂﬁwll)' ’
.. beyond 25 mg/d in moderately severely affected patients.

ao stagstical differences emerged, This mental sratus finding
paralfeled the relative stability of the motor rating scales

throughout the study. The mean Expanded Mini Mental State
Egamination scores in the 40 patienrs were 64,4 (SE = 24) in

veek 1 and 66,1 (SE = 1,4) in week 12 out of a possible

‘maximum score of 80, The following neuropsychological profile.
was congistently seen throughout the trial: good presentation

of vocabulery and verbal fluency; marked disturbances in -
constructional finction ss messured by Rey Complex Figure .

Test a¢eurred consistently; and normality of memory was
observed thmughout thc study.

.Nthdz,gh this profile was seen wa greater or k:sscrnxtm:
all patients, it $hotld also be noted thay thare were. marke&

- individuat v:ifiations in cognitive integrity; npprozimately 50% - -
- of patients obtaining a Mini Merital State score of <{ 25 burof .-
I 30, ind:car.mg uonsisuntly poor ovcrall oogmuvc fnn:tmnx -
. Dlscussmn

"Levodopa has heen the mmrstay of therapy 1h I’nﬂmsun’s -

disease since its introduction to clinjesl uge in 1969." However,
following nearly two decades of experience with this agent, it

. has begome npparent that patisnts who have used levodopa for
- 6 years may begin o develop problems of dyskinesias, freezing -
~ and ‘on-off. fluctuation in response to. the evcr»mcrea.smﬁ-' :
'levodopa ‘dosage thdt is necessary 1o maintain mobilirg,'*™. -
" For this reason, new agénts have been devclnped, the most -
. prom;smg of which are the, dopamme agonists, Bromogripting

is a predominantly D-E recéptor agonist but in addition appears

tp have D-I. ‘Tegéptor antagenist propm:es. When bromio-
" criptine is exaployed in advanced Parkinson's disesse in-patienrs - -
“who have levodopa-induced complications, studies heve shown

ity efficacy,” " Unfortunately, bromocriptine may also produce

. dyskinesias and, in addition, neuropsychistric problems smerge

— gll of which hmltmcrcasing the dosage, The equivalent oral -
dosage of bromocriptin~ in place of levodapa is still anknown. -
but we have shown that when ¢ombining, this ‘dopamine

agoist (in approxiraately 25 mg/d totel dosegé) with levedopa

" it is possible 1o reduce overall levodopa requiremenits by 30%

. without compromisag clinical scores. Althyngh bromocripting. ..
. has been tolevated &t up tc-150 mg/d,” sometimes combiied -

with levoddpa, we suggest that little additional begelfi: is seen

With the low dosages of bromocriptine used, adverse avents '
usually artributed to- bromocriptine such as hypotension, con-.

fusion and dizziness were vsually mild and transient.- Only2 .
patients (5%) i our sty were withdrawn tiecauss uf persistent -

adverse effects, which disappeared on removal of b _
criptine. In the majority of sur patients the adverse cﬂ'acts
gither sertled as the levadopa dose was decredsad or disappesved
spontancously after sustained usé of the same dosage of bramo-

cripting, the lsvodopa dose being kept constans, Thedy tindings
confirm other studies™™ showing that brotocriptine s well
tolerated at low dosages. In only 37% of our patients, the
majority of whomhad mild disease and who had no fluctuations
in response or other effects of cheonjc levodopa use, it was
possible to increase bromocripsine to fairly high levels (approxi-

4

TABLE VL. nhu& DOSAGE WHEN MAXIMUM ADVERSE EVENTS OGCURRED (25/40 PATIENTS )

No, o _ . Mean body -

patlents -~ Sex- waight (kg)
11 M Lot
14 - F 55,8

* 15 pationts not Includad 11 thls Table did not dovelop 3dveres evants throughout al pliabes of study.

Mean dosege Mean dosage
~ levodepa {mg) bromacriptine (mg)
8023 x 16,9 104 & 4,6
- BAT S + 454

22,1 2,6 -

_ TABLE vu PRUG DOSAGE WHEN OPTIMALL‘LINICAL STATUS occunnso HESULTING IN No '
SIDE-EFFECTS (25/40 PATIENTS®)

- No. of . - Mean body
patient: Sex- weight (kg)
8 no 71,1
8 .. - F 55,6

‘s pﬂiﬂm - ineluded i this Table did Aot daveiop af'-'ersu mnu throuphout it thl of tha mudv-

Maan dosage Mean dasags .

1pvodopa (rg) - bromocriptinie (Mg}

581,74 1145 256 2 %1
3481 & 67,5 C2E £ 4.7
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riate
themlydcvelopmg side-effects, However, the clinical stage of
" this group was already aptimal st a dose of hromocriptine of

-less than 26 mg/d and fustheyr increases of bromocriptine
beyond this dose did not continue to improve their cltnical
stayo,

. In this study, arw’mpns were made 10 compars reting scales_ '
and 1o rstablish which was the post efficint scale and which

 feattwes in each sexle were most useful. Despite numerous
sratistical comparisons, which are net reported in dersll, no
single scale was found to be superior. ‘The most likely explane-
tion s that his study was not designed to svaluate changes in
individual aspects of the ratitig scales. Fatients motor deficlts

wese being stabilised ut optimtun doses of therapy concomitant

- with minimal sdverse effects, Thus no sigmﬁcant changes In

~the clinieal starus of patients or their ratmg scales wete

achieved in the study, - -

The major neuropsycholaglenl fmdmg was the Stabihty of

"mental status throughour the tuaL which did not fluctuate
with the introduction or change in bromocriptine therapy, The

reurppsychiological features observed were typically those of -
Parkinson’s dlscase, namely g merked dissolution of construe~

wonal skills in 2 face. of presmed verbal " function and

~ memory,

‘In ponglusion, this study demonstrated that, while misin-
taining a stable clinical state, the addition of bromocriptine in

a gronp of patients with moderately severe Parkinison®s disease
could reduce the levodops requirements by approximately

_30%. Since individual differances ocour in the mental status of
individual padents with Parkinson’s disease, it appesrs advis-
able to include o Mint Menml Stae score in I:he mgtor rating

508135. -
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APPENDIX IV

Sinemet (CR4) an open-label study in moderately severe
Parkinson's d1sease B

A.MING, J. A. TEMLETT & V. U, FRITZ =
From the Newrology nit, Unfwrs!iy of the W!mmlersrand and Johannezburg Hospftul. ]ahunmlmrg
South Africa

Abstract. Ming A, Temlett JA, Frits VU (Neuralogy Unit, University of the Witwatersrand
and Johanneshurg Hospital, Johannesburg, South Africa). Sinemet (CR4): an open-label
study in moderately severs Parkinson's disease. Journal of Tternal Mediclne 1991 ; 230:

- 113-117.

Almost ail patients with idiopathic Parkinson’s disease respond to levodopa and progress
steadily, requiring an Increased overall dosage with tlme. Sinemet CR4 offers a
theoretically aftractive method of achieving gradual sustained relegse of levodopa aver
time which may be more physiojogicat to striatal dopamine receptors in the early stages

. of the digense, This study evaluated 20 patlents with moderate to sevepe Parkinson’s

disease who were treated with Sinemet CR4 over a 1-year perfod. Eleven patlents
completed the full year on therapy, and nine subjects withdrew. Of the withdrawals, two
sithjects diéd ffom noo-Parkinson's disease-velated lilness, three showed no therapsutic
benefit, and four responded well-for 4 minimal 6-month perind, hut'then lost therapeutic
beneflt and develaped more severe dystonins, A higher overall levodopa dosage was

* reguired by all patients, and slde-effects of levodopa were still present in most patients,

However,.the nocturnial benedit of this long-acting preparation was observed by ell the

‘paiients in the study, Slow onset of aofion of Sinemet CR4 resulted In early-morning

Imimebllity. Sinemet CR4 cannot replace standard Sinemet, but appears to be a usefil

form of adjunet thexapy In selested patients.

ak

Introduction

The combination of Jevodopa and peripheral
decarhoxylase inhiblitors (Slnemet and Madoepar)
remains the most effective medication available for
treatment of Parkinson’s disease, Initlally, there arve
few side-effects and the dintca) benefits are sustained,
necessitating a dosing {requency of only two or
three times daily, However, with prolonged use of
thesa compounds for 3 years or more, the duration of
benefit 15 reduced, requiring an increased dosing
frequency. Many patients also experience motor
fluctnations, despite the increased nmumber of doses
and overail amount of levodopa [1-3],

There is evidence that plasma levodapa
contentrations are  coprelated  with  motor
fluctuations In many patients [4-6). Short-term
studies lnvolving Intravenous infusions of levodopa
suggest that constant plasma levels can reduce these

- motor fluctuations [7, 8. Hence a long-acting oral

Keywords: Parldnsan s disease, Sinemet CR4.

formulations of levedopa was developed in com-
bination with carbidopa, initially Sinemet CR3 [9),
and Improved upon and pow called Sinemet CR4
(Merck, Sharp and Dohme, Montreal, Cariada), the
fourth generation of a controlled-release preparation
{101, This study reports on the effects of Stnemet CR4
it an open-label study protocol to test ity advantages
over conventlonal Sinemet, .

Patients and methods

Drugs

Each Stnemet CR4 tablet contains 200 mg levodopa
and 50mg carbidopa suspended in an erodible
polymeric mairix, In-vitro studles have shown that
the levodopa in Sinemet CR4 Is reeased over a perlad
of approgmately 2.5 h in 0.1 N HCl, as compared to

- the standard Sinemet formulation, which is released

over 1.1 }1 in the same acid medium [11].
Journal of Internal Medieine 1991; 230: 113-217 -



Table 1, Criterla used ln study for dlagnnsl.s of Parkinson’s
diszase

- Minot cuiterla

Mefor criteria

Brudykinesia Sehorehoea

Rigtdity - Faclal hypamimia

Tremor Speech intpalrment

Loss of postural reflexes Dysphagia

Gait disturbence - s
Study subfects .

Twenty patients who fulfilled the trial's tnclusion
criterin were recrufted to this study after thelr

infortned consert had been obtained, Patients were

of either sex, they had to be = 35 years of age, and
hed to have established Parkinson’s disease, as
indicated by at least two major o one mejor and two
minor manifestations of the disease {Tgble 1),
Patients who exhibited motor fluctuations as &
consequence either of the disease ltself of of ant-
Parkinsonian medication were included, Patients
with unstable clinlcal or laboratory Indications of
any significant. medical Hiness {other than
Parkinson's disease), concomlitant use of medication
that may potentially induce Parkinsonism, likelihood
of becoming pregnant, known hypersensitivity to

Sinemet, history of melanoma or undtagnosed skin -'
lestons, or nazrow angle glaucoma were excludesd '

from the sindy.

Protocal

The study was conducted In an open manner and
was divided into two phases. Initlally, there was a
d-week baseline perlod during which the patients'
Parkinsonfan status was optimized using standard
Sinemet. Other anti-Parkinsonian medication, le,
Bromocriptine, anth-cholinergics and Amantadine,
was continued if the patients wete already taking
these drugs. During this perlod, the patients undey-
went routine detatted general physical and neuro-
logical clinlcal examinations, electrocardiology, nrin-
alysls, blochemical analysis and complete bload

. counts. The Parkinsonian status was scored ac-

cording to the Hoehn and Yahr [12], North Western
" University [13] and a Modlfled Nenrologfeal Stgn and
Symptom Parkinson's Disease Score, which Included
a four-point rating scale for rigidity, tremor,
bradykinesla, balance end gait during the ‘on’ phase,

The patlents were subsequently entered Into a 52+
week phase of treatinent with Sinemet CR4, Con-
ventional Slnemet was changed to an equivalent
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dose of Sinemet CR4 at 5 dosing ﬂ*equenéy equivalent

ko 509% of thelr usual Sinemet dose, During the

ensuing 52 weeks, the doses and frequency of
Sinetnet CR4 were adjusted to achieve an optimal
therapeutic response, Other anti-Parkinsonian
apents used during the baselinc period remained
unchanged during this Sinemet CR4 treatment
phase. Patlents were sceened for the came
parameters as those assessed In the baseline period at
weeks 1, 2, 4, 8, 12, 24, 36 and 52. Patients were
also asked to complete diades on one day of each

* week thronghout the stody.

Results o

Twenty patients were recruifed to the study {12 men
and elght women), of age range 46-76 years (mean
age 64 years). The duration of Parkinyon's disease
ranged fkom 1.5-40 years {mean duration 14,1
years), All patlents showed some form of motor
fluchuation over a mean perlod of 4.5 years. All 20
patients experienced ‘wearing off”, 12 patients ex-
perlenced dyskinesias and five experienced 'on-off'
phenomena, All patients had a Hoehn and Yahr
clinical stage of 24, and a North West University
score of 6-18 at baseline on standard Siviemet. This
indicated moderate to severe Parkinson's. discase.
The mean datly requivement of Sinemet was 706 mg
adminlstered in 5.6 doses d™* to all 20 patients prior

“to the onset of the study.

Wiﬂidrawals

Over the 52-week perlod. only eleven of the 20
subjects who were originally recruited were able to
complete the study and to remaln exclusively on
Sinemet CR4 therapy,

Of the pine pallents who did not complebe the
study, two died and three were withdeawnt by week
12, Four patients withdrew Rom the study alter

- 2450 weeks In order to add an early-morning dose.

of standard Sinemet to overcome a problem of early-

. morning immobility (Table 2),

The two deaths were not due to Parkinson's
disease but to unvelated causes: one individual died
from an acute myocardial Infarction at week 22, and
one from pnetnonia and septicaemia at week 50,
Both of these patlents had shown a favonrable
response to Sinemet CR4 prior to death, Three of the
nine patlents who were unable to complete the year

.of Sinemet CR4 treatment showed & poor therapeutic
- response to Sinemet CR4, virtually from the time of
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Table 2. Data for the nine pattents who were withdr_avkn from the study

Stage of - C
: withdrawal - Baseline L-Dopa - . L-Dopa dose at . _
Cause - (weekmo) doss(mg) - withdeawnl {mg) Reason for withdrawal
Poor cffect ' g 1375 1800 . Dystonia worse, poor
: : _ ] . L - therapeutic benefit
_ 8 - 1250 1600 ) No therapentic gffsct
12 - 780 800 _ Poor therapeut!c _
Death - 22 | 750 w0 Dled ufmyncmual infarction
50 - 500 900_ " Died of sepitaemin
Barly morning. . 24 400 | 600 Loss of thetapeutle -
Irtimobility, wotsenlng ' : beneflt
dystonia . . : o .
24 600 " 800 Loss of therapeatie
) : - 'beneflt, dystonin worse
-49 1200 1800 © Loss of therapeutie effect,
' ) - hallucinations
1000 - Loss of therapautic eflect,

50 550

dystonla worse, confusion

entry to the trial, and had to return to conventional
Sinemet by week 12. All had been on high dally
~ doses of Sinemet {more than 1200 mg daily) at
baseline, and had required [requent doses of con-

ventional Sinemet, Although they all experienced

fewer ‘on-off’ motor fuctnations and peak-dose
dyskinesias, thelr mobility was constantly reduced
and they were never truly ‘on’, Bradykinesia became
more prominent compared to the baseline period

. when the pdtlents were on tonventional Sinemet
treatment. Two of these three patlents also developed
more marked nocturnal dystonias compared to those
they experience ] on conventional Sinemet treatrment.

. One of the patients with Increased dystonias also
developed intermittent hocturnal confuslon, Al these
increased adverse effects subsided when Sii.einet CR4
was stopped and patients returned to conventlonal
Sinemet treatment,

The “emaining four withdrawals occnrred between
weeks 24 and 50 of the Sinemet CR4 treatment
phase, These four patients had all benefited from
treatment on Sinemet CR4 over the first 24 weeks, in

that they experienced fewer motor fluctuations and

thelr Parkinsonlan status remained stable, Shngle-
dose faitures did occur during this pertod, but were
Infrequent. However, after the initlal period, during
weeks 24 to 50, similar problems to those noted In
the earliér ‘dropout' group were observed, The
complaint wis again made that, although trge ‘off"
perlods ocetrred wneommonly, high-quality ‘on'

time decreased ag well, Barly-morning tmmobility
was spectfically a problem, and single-dose fajlures -
increased in fiequency, sometimes up to 5 eplsodes
per week, In additlon, three of these four patients
experienced more early-morning dystonias, and two
of them developed episodic confusion s doses of
Sinemet CR4 were increased In an attempt to
maintain the baseline Parkinsonlan status. These
four individuals were therefore withdrawn from the

_ stidy, making it possible to add conventional Sinemet

to the daily Sinemet CR4 medlcation regimen. This
tmproved early-morning mobility and reduced single-
dose Tailures, thus allowing a reduction in the total
Jevadopa dose in that the Sinemet CR4 dosage was
simultaneously reduced, The dose-related side-effects
of dystonla and confasion also improved. These four
patlents continued to take Sinemet CR4 throughout
the 52-week perfod, but could not be included In the
final analysis becauss standard Slnemet therapy

additions did not form part of the orlginal protocol, -

Patients who complated the trial

Eleven patlents completed all the requirements of the -
5Z-week study. Details of the subjects who completed
the study and their clintcal status and dosage patterns

: arelisbed In Table 3,

It is evident from the Parkinson's disability scales
that most of these 11 patients were clinlcally at thelr
best between weeks 12 and 24, However, no



. Table 3. Data for the 11 patlentx whio- wmpleted the enﬁre
52-week s:udy

Baye- Week' Wéek' Week  Week
- line 12 -7 W T I |

Hoehn & Yahr

Stage 1 - e .8 <0 0 o
Stape 2 1 1 11 1
Stage 3 7 W 1w 9§
Siage 4 3.0 0 1 2
" Nortl Westers 10.27 763 772 854 918
University o SO oL
Mecan L-Dopn 495 691 700 200 705
dose (mg) _
" Mesn oumber of 4,28 3.04 - 351 409 418
doses -+ . o S S
Mean interval - ‘561 789 614 586 - 54
between doses - . : '
6]

persistent benefit ‘was maintalped as  scores
approached the original baseline spores durlng the
§2-week perind, While maintaining the Parkinsonian
clinlcal status, the levodopa dosage had to be
Increased from a mean value of 495 mg dally In

conventional Sinemet to 705 mg daily in Sinemet

CR4, indicating a 42% Increase in levodopa
requirements over the 52-week perfod. Over the
inlttal 2 weeks, fewer doses per day were Tequired,
declining from 4 mean valae of 4,28 doses per day to
-3.04 doses per day. Thus the Interval between doses
Increased from 5,61 to 7,89 h. Unfortunately this
benefit was not maintained, and more frequent

dosing became necessary with time, After 52 weeks, -

the nmnaber of doses per day was 4.18, which was

.. similar to that for baseline,

Since all patients experienced ‘wearing off’,
dyskinesia, dystonia or *on-off* motor fluctuations, it
- was encouraging to note that, with the Introduction

‘of Sinermet CR4, all subjects experienced a definite

beneflt for up to 24 weeks, Fewer eplsodes of *wearing
off* were noted, and ‘on-off’ fluctuations, peak dose
dyskinesias and dystonias Improved significantly.
The patients noted a more sustained clinical response
" both during the day and at night. It was significant
that 11 patients reported increased mnd sustained
mobility in bed and relative ease In getting out of bed.

The only problem noted by the 24-week stage was

the slower onset of action of Slnemet CR4, Patients
who were taking thelr first morning dose of Sinemet
CR4 took longer to become maobile,
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During the 24-36 week period, further problems
arose, since it became necessary to increase the dose
and frequency of Sinemet CR4 in order to maintain
stable baseline - Parkiosonian = status. - Again
dyskinestas became more significant in two of the
four patients, both of whom had suffered early-.
morning dystonias, Eatly-merning dystonia became .
more severe in four patients. Although ' wearing-of*
phenomena still occurred less frequently than at
baseline, sevén of the 11 patients complained of
having fewer trug ‘on’ periods, and they regarded

~ Sinemet CR4 as being less potent than conventional
- Sinemet,

Single-dose fallures with Stnemet CR4, which had
been uncormmon during the first 24 weeks, appeared.
Flve of the 11 patients experienced on average at
least one single-dose faflure per week, and the
remaining six experienced up to 5 episodes per week,

‘Four of these ©  patients had suffered from .

Patkingovian symptoms for more than & years, The
other dot e-related side-effects observed after week 24
were. incresed constlpation (2 cuses), neuropsy-
chiatric distu.bances (4 cases) and hypersomnolence
(1 case), No significant BCG, blood test or urinary
abnormalit®s could be attributed to Slnemet CR4
during the stady period. -

Thus the hly sustained benefit experienced by sll
patlents up to wesk 52 was improved nocturnal
motbility, In this study of 20 patlents, one subject died
and three w thdrew within 12 weeks: Filteen patients
rematned cn Sinsmet CR4 treatmeit, but four of
them withdrew from the study in order to be able to
use standard Stnemet combined with Sinemet CR4 to

. overcome the problem of early-morning immobility.

Discussion

A major impetus behind the development of a slow-
relense levodopa formulation has been the theoretical
possibility that ‘pulse-like' Jevodopa administration
of drugs may in fact be detrimental to doparine
receptor status and function [14]. Sinemet CR4
pharmacokinetics offer a slower, more sustained and
probably more physiologlcal levodopa release proiile.
However, problems have emerged in long-standing
Parkinsonian patients. First, the slower action of the
drug leaves the patients distressed and immobile eacly
in the day. This problem produces unacceptable
patient discomfort, refiected by the minority of
patients who elected to stay on Sinemet CR4 freat

. ment alone, Secondly, the patients generally ap-

peared to require increased levodopa administration.



. _ It is possible that an cxcessive levodopa reqmrement

may in itself be harmful in the long term {15, This =

. remains hypothetical, - however, ~because such
assumptions arise in counection with patlents with
established levodopa complications, and not with
early administration of slow-release. oompounds. Ttis

possible that, If slow-release r.:ompounds are admin-

. istered at an early stage, a more cont™uous and

sustained plasma levodopa cogcentration\ Jl result,
ceeably -
G-

Dopamine receptors may. res&ond mor - -
despite the higher ove:all dosumu S
o term levodcpa—:elated pmblems m#, fheoretlcallﬁrhe
- avoided, .

* The expectation that Ievodopa adminlstrat[on once

or twice daily 1s sufficient to control Parkinsonian
' '_symptoms has not been conflrmed {111, -
" Thig study has shown that Sinemet CR4 reduces. - -
the - dose frequency compared to conventiopal
- Binemet by approximately 30% within the Brst 12

weeks, and extends the duration of efﬁcacy from a
mean perlod of 5.61 to 7,89 h. This benefit was not

_ sustained after 52 weeks. However, -all pailents
* derived a sustained nocturrial benefit throughont the - -

52-week period, We remaln concerned, ag do others

[16), that unpredictable *off petods’ and single-dose

‘faflures’ generate lack of confidence of patlents in
. the Sinemet CR4 preparation,

. With advaneed idiopathic Parm:.son-s digense, the

si:riatal dopamine -receptors require -- constant

represent an attempt to fwlil this ldeal, but

" unfortunately oral therapy is subject to many possible

interruptions, iticluding maldigestion, malabsorption
of levodopa, altered carrying protein in the plasma,
varlable passage of levodopa across the blopd-brain

barrler and, fnally, the responsiveness of the D-2

dopamine receptors themselves {4, 17, 18). Hence it

- 1s not surprising that constant intravenous levodopa
infusions are more efficacions than the slow-release
preparations, However, the Sinemet CR4 compound
does take us one step closer to optimal drug treat-
ment. Further trials in which Sinemet CR4 s used in
combination with [aster actlng Sinemet to achieve
mobility, started more actively and earller in the
morning, are warranted, as are studies to treat single
dose fallures and to test patients with an earlier staga
of the illness.
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| APPENDIXV

_ The D-1 dopanme receptor part:al agomst, CY 208-243
“exhibits ant:parkmsoman activity m the MPTP- treated marmoset
James A, Temlett, Piang Neok Chong, Wolfsang H. Oertel, Peter Jenner *

- and C, David Marsden?
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Rece:ved 2 Apnl 1988, revised MS received 13 July 1988, .mceplccl 26 July 1988

A.drmmstrhuon of L-DDPA plus carbl&opa,'or the D-2 agonist { +)-PHNO, io MPTP—lrmtad compon marmosels
. caused ractor hyperaclivily and a reversal of the parkirisonian syndrotne. In contrast, administratiori of the putative

D1 agonist SKF 38393 was without effect on movement or rhotor disability. The subsequcnt administration of

atiottier putative selective D=1 partial agonist CY 208-243 produced 8 doge-related improvement in motor activity and
- 'reversal of parkinsonian motor deficits in. MPTP-treated animals, The effect of CY 208-243 was inhibited by
~pretreatment with the D1 antagonist SCH 23390 and, to a lesser extent, by the D-2 antagonist sulplrlde In another:
group of normal drog naive marmosets, the administration of CY 208-243 produced only & small increass in motor -
© aetivity. Following treatment with MPTP and ‘without other drug administration, administration of CY 208243
_produced & marked reversal of motor deficits and Tocomotor hyperactivity, Thus, CY 208.243, suggtsud to be a partid]
D-1 agonist exhibits annparldnsoman actiwty in MP’I‘PLtrcated marosets whxch does not requ:re prior oF concurrent
exposure 10 n-z agonists, R S . S

: MP‘I‘P (1-methyl4~phm1yl- 2 3 G-tetrahydropyndme), mmon marmosst; Parlunsomsm, CY' 208-243
. Doparmnu D1 receptor azomsts . : .

The role of dopamine D-1 receptors in the

control of motor behaviour remains unclear. In

normal rats, a functional linkage exists between

D.1 and D2 sites, D<2 receptor activation may

inhibit D-1 receptor-mediated stimulation of cyclic
AMP fovmatior in striatal slices (Stoof and

Kebabian. 1981), On the other hand, behavioural
experiments suggest that D1 receptors gate the
- level of response to D-2 receptor activation. For
example, the D-1 agomst SKF 38393, ‘which daes

- To whom & cmespmdmwshould be addressed,

1 Present addresst Unjversity Department of Clinical Netl-_
. rology, Enstituie of Neurology, The Nnuona] Haospital,

Londor WC1, UK,

not induo_e ‘stereotyped behaviour itself, potenti-
ates the ability of the D-2 agonist RU 24213 to -
induce stereotypy (Mashurana and Waddington,.

1986). Other data also supports a positive role for

D-] receptor agonists, For example, in rats the

inhibition of pallida} cell fiving produced by the

D-2 agonist LY 171555 (gninpirole) is potentiated
by pretreatment with the D-1 agonist SKF 38393
(Carlson et al, 1987), These data suggest that
concurrent D-1 and D.2 receptor stimulation is
necessary for the full expression of postsynaptic

" dopamine receptor-mediated events, Whether such
- & functional interaction exists in man or other
primate species is not known, - _

-Linkage between D-1 and D-2 receptors ap-

pears dependent on intact dopamine function in
brain at least in rodents. Following depletion of
brain dopamine content by reserpine, or destrug-

European Jourel of Pharmacology, 156 (A948) 197206
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R uon of mgro-s(nalal dopamme fibres, this lmkage a

is fost and D-1 and D-Z receptors appear to act

- independently: Thus, the inhibitory effect of D-2.
- receptor ocoupation on cyclic AMP formation dis- -
appears following réserpine treatment (Kelly and -
- Nahorski, 1987). Behavipurally, the D-2 agonist

- pergolide, but not the D-1 agonist SKF 38393,

* - induces typermotility in normal rats, whereas in

reserpine-treated animals both drugs are effective

. (Arat, 1985). The stimulant effect of pergolide in’ -
* reserpinised rats i§ prevented by the D-2 antagonist o
. clebopride, but not by the D-1. antagonist SCH

23390, In contrast, the effect of SKIF 38393 is

blocked by SCH 23390, but not by clebopride. In

" addition, the effects of bromomptinc in produé-
'ing locomotor dctivity in q;nce are reduced by

© prior treatmant with reserpine plis AMPT, but '

. are restored by combined administration with SKF
' 38393 (Jackson and Hashizume, 1986). This im-

- plies that in normial animals the effects of

bromocriptine are dependent on the stimulation of

© D-1 sites by endogenous dopamme. Indeed, deple-

- tion of brain dopamine by rempme or a-methyl- '

© - petyrogine ! shibits yawning in. intact rats or ciz-

cling behaviour in rats with 2 bnilateral quinolinio

 acid-induced striatal Jesion produced by the selec-
~ tive D-2 agonlst LY 171555; an effect reversed by -
cordiinistration of SKF 33393 (Barone et aI :

1986; Longoni et al,, 1987),

- Such findings have mphcattons for 1he treats.
- ‘ment of Parkinson's disease, Drugs acting pre-
dominantly on D-2 sites (eg, (+)}-PHNQ or

~ “bromocripting) or drugs affecting both D-1.and

D2 sltes (¢.g, L-DOPA or spumorphing) are ef»
fective in reversing the motor defirits. of this dis--
order. However, the phannaoologxcai findings in -
animals suggest that D-1 agonists might enhance

the effect of D-2 drugs if linkage between recep-
tors is present, or that a D-1 agonist wonld itself

- be effective in treating Parkinson's disease if D=1
“and D-2 receptors were actmg independently of

one another, -

To Jate, SKE 38393 is the only suggested selec-

_ | tive D-1 agonist’ which ‘has been studied exten-

sively, SKF 38393 only produces non-stereotyped

. grooming angd sniffing in normal rats, but induces -
. marked consaversive circling in rits with un.
Hateral G« OHDA lesions (Setler ot al., 1978; Mol-

' loy and Waddington, 1984; Costall et af,, 1984).
. 'This latter finding implies a potential use for the - -

drug in the treatinent of Parkinson’s disease.

" However, in MPTP-ticated marmosets SKF 38393

does not reverse the motor: deficits, and can in-
hibit the positive effects of the D-2 agonist LY

171555 (Nomoto et al,, 1985; in press; Close et al,

198%), ‘Indeed, in Parkinson’s disease itself, SKF -

- 38393 alone or in combination with intravenons

L-DOPA dces not alter parkinsopian disability. -
(Braun et al,, 193?) These fmdmgs might sugpest .

that D-1 agonists are'not of use in treating Parkin- "
son's disease, However, SKF 38393 does not read- - N
ily penetrate into brain, it has a short halflife, and
Citmaybe metabohscd to another cornpound which
“has D-2 antagamst propertxes. So, SKF 38393 may
‘not be ideal for examining the role of Dal recep .
tors in motar function,

‘Recently, another putative D-l ngomst the

. henzergoline. CY - 208-243, has been described.
(lvinrkstein &t al, in press), CY 208-243 displaces

[3H]dopamme binding in nanomolar- coricentra~

tion, but only displaces {*Hépiperone in micro- - .
* molar amonnts. CY 208-243 stimulates eyclic AMP )
- formation, but does not produce 4 maximal effect

and can inhibit the actions of dopamine. So CY

|208-243 appears (o be a selective D-1 receptor -
- partial agomst The D-1 receptor selectivity of CY
- 208-243 is indicated by its Tailure to alter striatal -

dopaminie turiiover I vive 6r in vitro, or to inhibit -

- electrically stimulated acetylcholine release. Also, - |

CY 208-243 does not dectease serum prolactin

- lavels or induce emesis, In behavioural tests, CY
" 208-243 in high doses does not induce stereotypy
" or produge other behavioural effects, with the
~exception of nonestereotyped sniffing, However, -
in rats with a unilaterai -OHDA lesion, CY 2(18- S
243 produces contraversive rotation, '

- We now. report the effect of CY 208-243 in
MPTP-t reated marmosets,” We find evidence for
potential antiparkinsonian activity independent of

_prior or ooﬂcurren't' D-2 rece_'pwr stimulation, - -

'2. Materia!s and methods

The experiments o be descnbod weie dmded .

. into two parts involving two separate groups of ' L



common mamosets. In mitxal expenmmts (Group

"A), the response to a vardety of D-1 or D-2 agonist’

- drugs (including CY -208-243) was tested in .-
. MPTP-treated animals, In a second set of experi-

ments (Group B), the effect of CY 208-243 was
assessed in drug naive animals which were then

" treated with MPTP and subsequently recewed cY

. 208-243 again,
2.1, Expeﬂmentf }_ _ .

211 MPTP lrea:menr of Group A ammafs S
Adult common marmosets of either sex (aged

3-8 years; weight range 290-360 g) received MPTP

- {1-methyl-4-phenyl-1,2,3,6-teteahydropyridine) (2

_ mg/kg sc) daily for § days, to & cumalative dose
- of 10 mg/kg. MPTP hydrochloride (Research Bio-

chemicals Inc.) was dissolved in sterile 0,9% saline,

, On the second treatment day all animals became

" tremulous, xigid and sometimes dystonic, for 8-

_period up to 1 h. Subsequently, animals developed

" persisient . motar  deficits - compnsmg marked -
‘bradykinesia, fléxed posture, rigidity and intermit-
- tent postural tremor: At this time all animals were
reluctant to ent or drink spontaneonsly and were.

“hand fed-from o. syringe with Maznre marmoset

- jelly. After 3 weeks the antmals had recovered
" from the apute eifects of MPTP treatment and

were subsequently able to feed and groom them-
 selves, Over the following 6 weeks a further im-

provement in motor disability was observed, but
all animals remained parkinsoman aver thc fol- -

' 'Iow:ng & month penod

2.1.2, Assesmm of Iacamorar acrimry
- Individual anjmals were placed in a novel cage

identical {o that in which the animals were nor- .

mally housed. The cage was filted with eight in-
* frared photocells, Four were focussed horizontally

across the width of the cage floor and one along

the width of each of the two perches. One beazy

was directeq from front to back of the cage above -
each perch This arrangement allowed assessment

of movamen' in all direétions. An acclimatization

- period of between 30-120 min was allowed prior
to drug treatment, Motility counts were accu-
mulated over 10 min periods for at least 180 min-

following drug administration,

213 Assessmem of mowr dqﬁc:rs o
. The extent of motor disability was: assesscd by
-observer reting of v;de_o tapes of the animals. -

‘These were recorded in the environment simulta.
“neously used te record locomotor activity. In ey

periments designed to assess the effects of MPTP
treatment or 10 assess locomotor activity following

~ drug administration to MPTP-treated marmosets,

animals were only scored for motor disability when

. undisturbed, The following 'components of be- = - °
- haviour were scored. {a) Epes: Attention focussed

towards the observer, the amount of blinking, eys

'movement. and general alertness. Normal (0)
abnormal (1). (b). Posrure: Normal (0), abnormal

trunk (+1); tail (+1) or limbs (1) grossly

abnormal animals flexed on the floor of the cage -
(4): {c} Balance: Normal (0); unstable (1); spoma- :

" neous. falls (2), (d) Marility: Normal (0); mild
. slowing (1); moderate bradykinesia (2); akinesia =~
(3). (&) Vocalisation: Normal (0); reduced (1), ()

Tremor: Absent {0); present (1). (g) Fur condition,
indicating the animal’s abilily to groom: Normal

(@); 4dirty (1). Assessment of these jtems gives 2
- seore of ¢ for norrnal marmosets and a. maximal
: dtsabxhty soore of 13. . o : o

2,14, Administration of L-DOPA, (+)-PHNO o
. SKF 38393 10 Group A MPTP-treated marmasets

“Sterile solutions of L-DOPA were prepared im-

- mediately prior to each experiment. L-DOPA for
* injection (4.0 ml; § mg/ml; pH 2.5; Hoffmann La
. Roclie, Basle) was mixed with 0,5 M sodium phos-

phate buifer (0.864 ml; pH 7.4) and an aquescis

* solution of 10% Tween 80 (0.364 ml; pH 6.5). The
final pH of the sofution was 6,0, Solutions were
sterilised by filtration through a 0.2 pm bacterial

filter. Animals were . pretreated ~orally with
carbidopa (12.5 mg/kg a—meﬁ:ylclopa hydrazine;
Merck Sharp & Dohme) suspended in 1% methyi~

- ecllulose and immediately introduced into. the ac.
_ tivity cages, After 1 h L-DOPA (12.5 mg/kg i.p) -
was administefed and activity monitored over :he_
- following 3 h-peried. . .
{+)-PHNO ({+)- pmpy1-9-hydroxynapthoxa- '

zine; Merck Sharp & Dohme) was dissolved in
sterile 09% saline and the pH adjusted to 7.0

“unimediately before the experiment. Eight days -
. following the L-DOPA. challenge animals were



' 'placed into the photceell monitoring cages emd

©_after 3¢ min acclimatization, (+ }-PHNO (4 ug/kg

5.¢.) was administered. Actw:ty was momtored
-over the following 3 h period. -
' SKF 38393 (2,3,4,5-tetrahydro-7, 8—dr.hydraxy-

. -phanyl-lH-s-bmzazepme hydrochlonde' Smith

'Kline & French) was dissolved in 0.9% sterile

* saline in a darkened container and filtered, using a

" 20 pm bacterial filter immediately prior td” the

experiment (final pH?6,5). Two weeks following

- the previous drug challenge group A animals were
“introduced into the photocell ‘monitoring cages -

' ) and after 30 min acclimatisation SKF 38393 (10

- mg/kg i.p.) was administered and actmty mom-

- tored for the subsequent 3 h period, . :
 Video assessment of the animyils behavxour was

-made following administration of‘L-DOPA (+)-

PHNO and SKF 38393 T

2.1 5. Admir:istmtfon of CY 208-243 10 Graup A

| .. MPTP-treated marmosets

. CY 208-243 ((~ )-(GaR}(IZBR)A 6 62,7,8, 12b-
: hexahydro-1~methyhndolo[4,3-ab]~phenanthnd1ner-
- Sandoz, Basle) was inixed with an equal weight of

" tartaric acid and diselved in 0.9% sterile saline
(pH 4.0) and the pH adjusted with 0.1 M N4OH

- to 55. After a dmig free peried of two ‘weeks
control vehicle injections were administered (0.2

~ml sterile tartaric acid and NaOH pH. 5.5 5.0)

following a 30 min acclimatisation in the photocell.
“cages. Thereafter sctivity was monitored over 8 3
h period. Over the following two weeks Group A
animals were placed into the activity cages,

acclimatised for 30 min, and administered 05,

0,75, 1.0, 125 mg/kg sie. of CY 208-243 in'a °
" random dose sequence. Activity was monitored
' for 3 h periods. Animals were allowed at least 48 h

10 recover betwesn admi'nistrations of CY 208-243,

216 Bffects of prerreatmant with su{mride or SCH
23390 on the response to CY 208-243 in Group 4
MPTP-treated marmosets =

The effectsof CY 208-243 alonc and following
_pretreatment with sulpiride or SCH 23350 were

 also assessed by rating of video tapes, In these-

~ experiments it was only possible to uiilizé one
dose of each antagonist. The tlose of ‘the D2
_ a:ntagomst su]pmde chosen was that prevlously

'.46'1-5_ |

chown to totally. inhibit the effects of the D-2 .
agonisi LY 141865 in MPTP-treated marimosets
' (Nomoto et al,, 1985). Sulpiride does not interact
- .with D-1 sites or other neuronal réceptors even at-

high concentrations (Chivers et al, 1988). The

- high dose of the D-1 antagonist -SCH 23390

.. employed will not’ interact with D-2 sites (see
" Hyttel 1983; Bischoff et al. , 1988) but may act on .
| SHT-2 sites, - - -
© SCH 23390 (1-chloro-2.3 4 5-tetrahydro-3-. ©

methyI—S-phenyl—1H~3-benzazepm»7~ol bernimale-

. ate; Schering) was dissolved in 0.9% sterile saling
* (final pH 6.5), Aniials received SCH 23390 7~ *

mg/kg i.p.) and were immediately introdoced mic

. the photoceli cages. One hour later CY 208-243 (1
" mg/kg 5.c.) was administered and acuvu}r reoorded__. -
: for the following 3 h period.

Suipmde {Delagrange, France) was dissolved m. :

| - a minimum quantity of 2% sulphuric acid and -
* diluted to volume with 0.9% sterile saline. The pH =~ -
~of the final solution was adjusted 10 7.0 using 01°

M HCL Sulpldde {20 mg/kg ip.) was adminis-
tered 1-h prior to the administration of CY 208-243 -

¥ (1 mg/ke s.e). Activity ws reeorded over thc_ :
: follow:.ng 3 h penod

W

24 Expenment 2

220 Adnnnis!ration of CT 208. 243 i Gm@ ES |

dmg naive animals

--Adult comion . maxmosets of euher sex {(aged .
2-5 years; weight range 260-365. g) were placed
into the photocell motility cages; allowed 30 min.
~ 1o acclimatise and sportaneous activity recorded
- for & 3 h period. This was repeated on the follow- .
- ing day. The nexi day enimals received vehicle

control injections (tartaric acid plus NaOH; 0.2 '_
ml; pH 5.555.c.) and were immediately placed into

- the phatocci! cages for a 3 h period. O the fourth
“day the-animals received CY 208-243 (1 mg/kg

s.c.) and were immediately placed mto the photo-

cell cages fora3h peﬁod

2.2 2 MPTP treatment of Group B marmosets
MPTP (2 mg/kg s.c.) was administered daily-
for 8-10 days to induce motor deficits, After 6

- weeks the animals exhibited stable motor deficits



" which remsined unaliered hrovghout the period <.
. of the experiments, Animals were placed in the -
. phowoeli cages and’ assessed for motor actmty K

o223 Admfm.s'lration af cY 208~243 0 Group B

‘marmesets following MPTP treatmem
CY 208-243 was administered to Group f

" apimals who until then had received no other -
“drugs other than ‘MPTP. Following 30 i ‘-
- acclimatisation the:animals received CY 208-243
. (1 mg/kg se) and weve placed back ddio the

photacell cages for a 3 h period, Subsequently,

these animals alsq received L-DOPA (125 mg/kg .

lus carbidopa (12.5 mg/kg pog or (4)- . - .
ip) P pa {1 po) CF) Fig. 1. The effedt of adrmmstration of L-DOPA. (12.5 mg/kg

~ PHNO 4 pr/kg s.c.), Activity was recorded over
- the fullomg 3k pﬂ‘.lbd . .

2 3 Starfstic,r

St’udent’s t-dust for pdarcﬂ Samples was

- eémployed to assess differences. in cumulative.

‘movement counts’ between dut‘erent drug treats

_. . -ments. Motor disability “scores were: compared_--.
. using the Mami-Whntney test for nqn-parmetnc _
' data. S :

3'.Résu.lts-.

Lo

3 1 Experiment 1

ALk MPTP—induced maror deﬁcns in Gmup 4

. mannme!s

- Immediately prlor o the start of the expen-- _
ments MPTP-treated ammals_exlubzt_cd obvious -
akinesia, a flexed posture, poor balance, loss ¢f

vocalisation and blink ‘reflex when observed in

- their home cage. At this time assesiment of
locomotor ‘activity in’ the phatocell cages showid'

MPTP-treated marmosets fo exhibit doéreased

-motility with the animals spending most of the

time on the floor of the cage or in one place on the

lower of the two perches, Reirospective blind as-
sesement of video tapes confirmied that the aninals

remained in an akinetic and flexed state for the

. duration of monitoring. The animals remained -

parkinBonian over the period of the experiments. -

Cuntrd MPTP LDoRA F‘HND aga” Lo

1.p.) plus cardidops (12.5-mg/kg p.0)) of (+ }-PEIND (4 pg/kg

" ) or SKF-38393 (10 mg/kg i.p.)} on cumiative movement

counts In common marmosets réndered parkirisonisn by prior

" “treatment with MPTP, Values are the mesns {+1 S.EM) of -
.. movement counts obtained for eight individual antingls -ves
. corded in 10 min segmenis and summed over a % h period. -

Operi colimas tepresent normal animals and hﬁu:hed columps -

" the same animgls following MPTP treatmént and drug or

vehicle administration, Group differences were assessed hy a -
paired- Student’s tdest, * F<0.05 compared to activity in

_animals prior to MPTP treatment. * F< 005 compered to i

ac!._mty in MPTP. -treated animils reveiving drug vehicle.

'3.1.2. Administration of L-DOPA, (= J-PENO or

SKF 38393 1o Graup 4 MPTP-rreated marmoaetx
(table I; fig 1) ;
Admlrustrauon of the vehicle soluhons of L-

DOPA, (+)-PENO or SKF 38393 had no effect -
. onmotor activity or parkmsoman dzsablhty scores.
-(data not shown). -

“Administration-of . L-DOPA (12 mg/kg :.p) :
plus carbidopa (12.5 mg/ke p.o.) t'aused a rapid
teversal of motor deficits and induted locomotor

hyperactivity which lasted for appm‘pmately 3.4, -

h, Similarly, - administration of (+yPHNO (4
peske sc.) also produced a reversal of motor!

deficits in MPTP-treated ariimals. 'Iﬁe action of

(+)-PHNO was of approximately 2 h duration,
The behavioural changes produced by L-DOPA

Cand {+)-PHNO were identical. Nausea and
_someétimes vomiting was noted following (+)- - .
PHNO, but not followzng administrauon of” L- '

DOPA plus carbidopa.



- marmosets. All aniinals '
"= 3 h period of observation. N other hehavioureal - -
ed:and. (rotmtmg were -

TABLE b

"The effect of prior ireatment with MPTP sand-the subsequcnt _

‘sdministration of L-DOPA (12.5 mg/kg ip.} plus carbidopa

(12,5 mg/kg p.o) (+ -PHNO (4 jg/kg 5.0) or SKF 3639310 -
. mg/kg i.p.) on the molor disability seores of common marme-' -
sets, The results are expressed as the mean (+1 S.KM) scores -

for EixX to eight individual animals. Seores wers token at the

- lime of peak dmg actions, The maximum parkingonian score
. Obtainable was 13, Differences bttween groups were assessed
using a Mann-wmmey fest for nm-pa.l'umemn data, :

"~ _Treatmentstatus o0 Score - Reoge
Normal (p = §) 0 ;l:ﬂ L IR
METP(n=8) CrzBabz o 11-13
-.'_+!«DOPA(n-B) CAEx06® - -85

S {+}PHNG (m=8) - 54413 2085
+SKF38393{:1«=6) 110409 -8-13

AP <005 w&pmrndmbel‘mMFl’P.”P<0.05 eompmd to__

‘MPTP. mmtalone.

LA

Admmxstratmn of SKF 3 93 (10 mg/kg 113).'. :
 in MPTP-treated

did not alter -motor defici

d akinetic over the

changeswareobserved. Nause:
notevident. -}
S

3.1.3. An&nmisrranan of CY 20&243 0 Group A =

:MPTPurreated marmosets {Yable 2; fig. 2}

Administration of the vehicle used for CY 203.. )

943 had no effect on motor actmty or - motor
deficit seorus, -

Admuistration of CY 208-243 {0 31, 25 mg/kg -

- 5..) to MPTP-treated marmosets produced a Xe-
versal of motor deficits within a few iminutes of

drug. administration which reached a peak ‘within.
30 inin. The reversal of motar deficits and accom-

panying locomotor hyperactivity. lasted for ap.
proximately 2 h, The motor effects produced by
~ CY 208243 were identical 1o thoge produced by

{+)-PHNO or L-DOPA. The effects of CY 208
243 dwere doge-related in the range employed.
- Higher doses of CY 208-243 were not used in
these studies since preliminary investigations

showed these to induce hyperaxcitability i the - .
eniraals. CY" 208-243 did not cause nausea of

vouutmg in any ammalt

.f’. .
u:nagas
_ e oy
S 7w rgmeng
£ - owe 128 mgryg .
- . .
e ;
é 100 L
3

) R .Time{hl 2 -
F‘g.l'rhet:me conrse of action of CY 208243 (051..25

.mg/kg s, in producing locomotor hyperactivity in MPT?

treated marmosets, The valugs shown are the mean for e ;-_ -
individuzl animals. Movement counls’ - 16 acewmulated over:,
10 min petlods, The S.EM.s varied hdiween 1826% of the -
mean movement counts, The dashed Jiné indicates the move-

_mwl counts showr by the METP-tresited animals when _recaiv.' o

ing lhevshmlu umi Im‘ CY 208-243

“TABLE Z

. The offect ofpmmam:mmsca 23390(2mg/kg ip. 1 h
" praviously) of sulplinde (20 ;ng/kg i.p. T previously) alons
. aid in ‘combination with CY 08.343 (1 mg/kg s.c) on the ©
_ piotor disubility scores of MPMIPutreated commpn marimossts,
" Results are éxpressed as Ihe mean (k1 5.2.M.) scores'for eighs

individual auimale. Motor disabililty scores were nesessed 1 h
after CY 208243 adminfeiration with -or without SCH 233%0 -

" or solpiride. In addltlm.smreswemnbwnedﬂ»ﬁmaher cYy .
208-243 foilowing prétreatment with suipitide. The maximum =~
parkinsasiian score possible was 13, Differences belwees groups ST
N wmmessedusmgaMann-Wlutneytm. o :

Dmgueatmem Scorps Rnnge '
ME(P _ 9904 115
CY {08343 alime 63+14% 3.9

- 8CH 2390 alane - 12.45:_&3"-_ 13
ﬂulp_iﬁdenlom'- i16406* 913 -

o +CY208-243 (1 hj $9+05" BwiZ
Sulpiride - o L

o +CY208-243(30m1‘u) COAsx06 | - .z-‘s :

+c¥ms-243(1m - 110408°. 9“13 b

TF <005 ompared 1o MPTP Ueatmonf slons. R F <G5
mmpmdmCYms—MIreatmentalom. F \\

S
hary
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" riphéral decarboxylase inhibitor carbidona, o] ola. o

" Fig & El:efmefmﬁtmnfsuauonnfﬂ"Zﬂs-%BG.{fmgﬂg”

8.0} fo dlug naive normal marmogets and following {reatment
with MPTF on complative Tovemeit connts, Values are the

" meads (%1 SEM) of movement counts obtained for six.
" individual animals recorded in 10 min ssgments and sumined -

overad hpcnod.ﬂpsnmlumnsrepresentnamai avimale fiad

" hatched colurans, the same iinimals following MPTF treatment,

Group differences were assessed vsing a paired Studein’s t-test.

- * P<{05 compired 1o drug naive normal animals, *** P <
' 0001 onmpnmdloMPTP-mwdankna!s- S

) actmty prior to and follomng MPTP admlmstra--_

. ton.
o Admlmstmucm of the vehlclc for CY. 208-243

" had no effect on motcr acuvlty or motor defimt

stores.

. led to a rcversal of akinesia within a few minutes.

Adnumstratmn of. C.Y 208-243 {1 0 mg/kg s.c.) _

_ “The animals exhibfied an inérease in locomotor

" activity and restoration of normal motor function,

The animals vocalised, blinked and moved freely

- from perch to perch, showing normial balance, The

" effect of CY 208-243 was maximal 30 min follow- .

“ing drug administration and lasted for 2 h befare

the animals agdin became bradykmetrc and
‘adopted a flexed posture.’ Nausea or vnmltmg
were not observed.

The subsequeat sdinistration of {+)-PHNO

~and L-DOPA to MPTP-teéated Groyp..B animals
produced an identiéal r..ersal of miolor deficits

: showm)

N

W

S W

4 I}:msslon B

MPTE: treated pnmatcs respond to the admm '

" isiration oF known antiparkinsonian agents, which

canse reversal of parkinsonian motor deficits and .
locomptor hyperactivity, In this study MPTP-

- treated marmosets showed a typical response fol-

iGwing administration of L-DOPA plug the ;

lowing (+)-PHNO treatment. As expeoted, -the

Y52 agonist (+)-PHNO also induced nausea and - .

vomning in some animals. The acute adminisita- °
tion of L-DOPA or (+)-FHMNO did not induce

stereotypy or dyskinesias. n contrast, and as pres
viously reported, the admindstration of the, D% -

agonist SKF 38393 did not induce o reversal of

MPTE-induceéd  miotor. .deficits (Nomolo et al,

1985; Close et al., 1985). So; the group of ammals-_ S
used in -thl}" mvesngatmn showed ‘2 response to - . -
_ mumd D-1/D-2. ﬂrugs, or to sclective 12 agents,
‘but not to D-1 receptor sumulation at least as
judged by the effects of SKF 38393, :

However, administration of anothex putatwe '

DX partial receptor agonist CY 208243 to this
. .-'_i.same group of MPTP-treated marmosets did pro- -

" duce’a reversal of motor deficits and initidied

. mator. hyperactmty The ‘effects observed were
Jidentical to those produced by L-DOPA or (4}

usen and vomiting were not ob- . o

served. Again, stereotypy or dyskinesias were mot =~ °
_.apparent on ‘zeute administration of CY 208243
€Y

PHNO, exeepi'a

<755 was only examined in a Hitdited*dose

_rangh. Higher doses than those teported produted ..
. hypéirexcltab:hwm the animals; the cause of which -
is not dppareni. The maximum increase in a¢tivity .

produced by CY 208-243 was comparzble to that

" seen following administration of L-DOFA of
{+)PHNO. Recently, Markstein and colleagues-
* have shown a similar antiparkinsonian activity of | . -

CY 208-243 in MPTP-treated squirrel monkeys'
(Markstein et al., in. pmss}
So, CY 208-243 Pousesses anups

as sele.ctwe-

. partial D-1 agonists. Both°SEF 3833 and CY

© and induction of nmtar hyperacuvny (data not '

208243 produce. contraversive totaflon in 6 .
O_HDA_ iemopﬁd rats. ihas been’ _spectﬂated that N _' -

1Y

- . tivity in MPTP-treated primaces not ¢ bsgmred with -
. SKF 38393, What are the dilferenices between the
" drugs? Both compounds are descri
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_ Fg. 5. The effent of adm{ntstralmn of (Y 208-243 (1.0 me/kg.
. sa) fo drug naive normal marmasets and foflowing treatunent
with METP-on cutnpfative moverent counts, Valnes are the

means (1 S.EM) of movemsnt counts obtaded for six

individusl animals recorded in 10 min gegments and summed .
‘over & 3 b period, Open columng represetit noxmal animale and

hatched columns the same animals following MPTE treatment,
" Group differshoes were assessed using & paired Student's t-test,

_ 0.001 cumparcd " MPTP-lmntad animls

) av:tmty prior to and fo]low:ng MP’I‘P admnustra— B

tion,

Administration of the vehicle for CY 208-243
had no effect” on motor activity or motor deficft‘

SOOI‘BS

Aélmm:stratwn of CY 208243 (1.0 mg/kg s.c)

led 10 & reversal of akinesia within a few minutes.
‘The, apimals exhibited an incréase in locomotor
- activity and restoration of normal motor function.
"The animals vocalised, blinked and moved freely
from parch to perch, showing normal balance, The
effent of CY 208-243 was maximal 30 rin follow-
ing drug adml_mstranon and lasted for 2 h before
the -animals again became bradykinetic and
adopled a flexed posturs, Nausaa or vomiting
were 1ot observed,

-The’ subsequent adminisiration ai‘ () -PHNO
and L-DOPA 1o MPTP-treated Group B animals -

produced an identical reversal of motor deficits
and- induction of motor hyperacnmy (data not
shown) .

4 Dlscusswn

MPTP-treated pnma,tes re\spond to the admin~

- istration of known antiparkinsonlan agents, whichi -
cause reversal of parkinsonian motor deficits and .
locomotor hyperactivity, Tn ihs study MPTP-

" treated marmasets showed a typical responss fol- -

lowing administration of L-DCPA plus thé pe-

tipheral decarboxylase inhibitor carbldopa, orfol- - -

. lowing (4)}PHNO treatment, A ‘expected, the
B 5 5 agomst (+)-PHNO also mdueed nansen aid .
.vomitmg in some animals. The aoute administra- -
tion of L-DOPA or (+)-FHNO did not’ induce

* stergotypy or dyskinesiss. In contrast, and as pre- .

viously reported, the administration pf the D-1

agonist SKF 38393 did not induce a ‘reversal of

- MPTP-induced motor deficits (Nomc.to et al,

N 1985; Close et. al., 1985). 5o, the group of animals :

“used in this jnvestigationr sfowed a response to

mixed D-1/D-2 drugs, or to selective D-2 agents, .
" bot not to D-1 receptor stimulation at Toast as :
¥ P <005 compared to drug nalve normal anigmals, ¥** P<- '

judged by the effects of SKF 38393,

However, administration of another pt.tauve _

D-1 partiai receptor agonist CY 20~ 1o this

same group. of MFTP-treated marnivsers:did pro-" -
duce a reversal of motor deficits and initiated

- motor hyperactivity, The effects observed were
identical to -those produced by L-DOPA or (+)- -
PHNO, except nausea and vomiting were not ob~

served, Again, stereotypy or dyskinesias were not
. appareiit on acufe adn:_amstranon of CY 208-243.
CY 208-243 was only exaained in a limited dose
‘range, Higher doses than those reported produced

) hyperexmtablhty in the animals, the causé of whick
. isnot apparent, The maximum increase in activity -
-produced by CY 208-243 was comparable 1o that

seen following administration of L-DOPA or

(+)}-PHNO. Recently, Markstein and colleagues
have shawn a similar antiparkinsonian activity of

CY 208.243 in MPTP-treated sqmrrel monkeys

(Markstein et al,, in press).
S0, CY ‘?.08-243 possesses ant:parkmsonian ac-
tivity in MFTP-treated primates not observed with

SKF 38393, What are the differences between the
_ drugs? Both ¢omponnds are deseribed as selective
" partial D-1 dgonists, Both SKF 38393 and CV
208-243 produce contraversive rotation ip 6~ -

- OHDA le:lonsd rats, It bas been speculated that



SKF 38393 pernietrates poorly it brain (see Clark
-anc-White, 1987), an effect which may. be more
_ pronounced in the primate than in the rat. So at

" lgast in the marmoset this might explain the failure
- of SKF 38393 to reverse MPTP~mdua.d parkm-

- sonism.

The two drugs ‘also differ in their actions . on

D-1 sites. Both SKF 38393 and €Y 208-243 have

the properties of partial agonists. Thus. they only.
produce a poartial stimulation of adenylate cycluse
© activity, amd inhibit the ability of dopamine to -
produce maximal stimulation {Setler et al., 1978: -

Markstein et al...in press), However, the maximum

- stimulation ok adenylale cyclase activity produced. -
by CY 208-243 is Jess than that achieved by SKF ..

38393, So, it might have been expected that CY
208243 would be less, rather than more, effective
© in inducing motor activity than SKF 38393,

An alterpative explanation is that CY 208.243
has somte unexpected D-2 receptor activity, In

| rodents the aciste pharmacological profile of CY -

208243 clearly demonstrates -1 receptor selec-
tivity. In partioular, the sailure of CY 208-243 to

“indit... stereotypy; Yo decrease ucelylcholine re- -
+ lease, and to inhibit prolactin levels argues against -

-2 actipny (Markstein et al,, in presg). In normal

‘marmosets (Y 208-243 did not induce stereatyped

behavivur and/only produced a small increase in

- motor actividy, In contrast, administration of

{+)-PHNG/to normal marmosets induced a pro-

. found hygeractivity syndrome (Nomoto et al.

1987), A _further azgument against D-2 actiops of
CY 208-243 in marmosets was jts failure to induce

naused or vomiting in either normal ar MP‘I‘P-

_ treatéd animals..

The effects. of selective dopa:mnc receptor
inhibitors on the aciions of CY 208-243 in the
_tommon marmoset might have been expected 1o

explain 1ts site of action. The I>-1 antagonisy SCH-

23390 certainly produced a marked inhibition of
the motar response (o CY 208-243. So, D.1 sys-
tems may be involveéd. However, the D«
antagonist sulpiride als¢ produced some reversal

of the actions. of -CY 208-243. The- effect of
sulpiride was most marked 2-3 h following admin- -

istration of CY 208.243, Motor activity and matoer

disability scores taken 30 min following CY 208-.

243 administration indicated no effect of sulpiride

§-0HDA

466"

- at-the time of peﬁk effect of CY 208-243. Since -
‘sulpiride was administered only 1 b prior to CY

208-243, the slow pendtration of the former drug

into brain may have contributed to its lack of

effect early on. Indeed. by 1 h following CY
208.243 administration (and 2 h following sulpiride

treatment) 8 worséning of motor deficits was -

observed. However, the dose af sulpiride and the

timing employed was previously shown to produce

an plmost tolal inhibition of the actions of the D-2
agonist LY 141865 (Nomoto et al,, 1985), Interests
ingly, both sulpiride and SCH 23390 increased the

~ basal motor disability scores of the MPTP-treated

marmosets. This suggeets the effects of residual

" endogenous. dopaminergic activity on both Dkl
© and D2 systems can’ continue o provide some

protection against parkinsonian motor-deficits, In-
deed, the apparent effect of sulpiride on'the activ- -
Ity of CY-208-243 rany have been due o the

removal of .residual ‘D2  tone rather than'
“phisrmacological antagonisni, -

Whasever the reason for the time -course of
effect of sulpiride, the results indicate some

involvement of both D-1 and D-2 sites in the
_actions of CY 208-243, Whether this is hecauge -

- CY 208-243 possesses some’ activity .at -2 sites, - -
.- hitherto nnrecognised, or whether this is the result -

- of some complex interactions between D-1 and

D-2 activation in. the MPTP»trcated marmoset-'

-remams te be established.

' Finally, it should be remembered that CY 208
243 does not act specifically. on brain dopamine

~ receptors, CY 208-243 possesses -atypleal opioid

agonist activity, interacts with high affinity at =
5HT,, biuding sites and shows weak «-ad wnergic
and SHT, activily (Foote et al., 1988). Whether-

- these actions of CY 208-243 contribute to its

antiparkinsonian effects is unknown, _
The studies in drug naive animals indicate that
CY 208-243 has little effect in normal animsls and
that its action are considerably potentiated follow-
ing destruction of nigrostriatal dopamine systems
by MPTP adnsinistration, Also. the results of these:

‘expetiments show that the effects of CY 208.243

are not dependent on pnor -2 agonist exposute
of ammrﬁls. In contrast, in rats with unilateral

lesions, the ability of & .1 agonist 10
~ cause mtauon seems dependem ort prior pnming_



" witha D-z agumst {Morelh and Di Ch:ara. 1987).

Cleurly. the sbility of CY 208-243 alone to reverse -
the motor ‘disabilities in. MPTP-treated monkeys
. without D-2 priming has implications for the clini~

cal use of such drugs in Parkinson's disease.
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The “‘“Antlparkmsoman Actzvxty of CQA
°206-291, a New D, Dopamme B
Receptor Agomst |

. .{"\ .

J Al 'I‘emlett, N P. Qumn, C.D. Marsden. *}{ Lataste, and
- RA, L. Jatam

Uni_rérs'iry'_ﬂeparrmem af .C‘h'nicaf Neurofogy. Institute of Nemoiagy. Narfona! Hb.rpa‘fal- )

- for Nervous Diseases, London, England; and *Sm_rda_z-Ltd., Buste, .S’wirzerfan_a‘

Summnry. CQA 206-29! B Rew D; dcpammc receptor agomst w:th a biphasic '_
dopaminerpic profile, was given 1o six paticnts with idiopathic Parkinson's
disease after overnight drug withdrawal, With incrementa) single oral doses of’
CQA, a dose-related, clinically significant, and prolonged zntiparkinsonian
=ffect was observed, Most subjects experienced drowsiness afler the drug
while a minority of subjects experienced nausea and/or vomiting or postural
hypotension. Further study ‘of this deug in humans is md:cated Key Words:
CQA 206—291-—Parkinson 8 dlscase. _ _ .

[5R(3B, 8, 100))-N, N-Diathyl-Nu{ lsethyl-6-methyl-ergoline-8-yi) sulfamide hy-
drechlotide (CQA 206-201; Sundoz, Ltd., Basle, Swilzerland) is an ergot derive-
tive, The parent drug is a weak D, anlagon'ist'. It is metabolized 10 CQ 32-084,
which is a potent D, and D, combinad agorist (1,2}, \We here report the effects of
a single-oral dose of CQA 206-291 in patients with idiopathic Parkinson’s disease
"(PD} experiencing mctor fluctuations on leng-term levodopa therapy, In each

subject, the effect of increasing doses of the drug was compared with their useal

response to administration of levod opa.

PATIENTS AND METHODS _ L
S{.\ patients \\llh idiopathic PD, 1hree men and three women aged 49—7? years

[median, 62 years), were studied in the hospital after giving informed consent.

They were all at Hoelin and Yahr Stage 3 (n = 4} or 4 (n = 2) off medication.
Their dis¢ase duration was 9-16 years (median, 13.5 years), and they had been

vecaiving levodopa preparations for 9~15 years (mcdmn. 12 years} Current Tevo -

Address carrespondence and réprint requesls [ Pm[‘ C. D Marsden at University Department of

Clinical Neurology, Instilute of Neurulosy. Nutional Hospnal for Nervaus Diseases, Queen Squm. _

Landon WCIN 3BG, Englmd

L)



. dopa dosage (plus pemphe‘ral decarboxylase mhlbltor) ranged from 3‘?5 10 l ?50 :
‘mg/day (medinn, 650 mgiday). Al were experiencing motor fluctuations: w:th'

- “on" period dyskinesias, Four subjects were also taking other antiparkinsohian

medications {(amgntadine in three, benzhexol in one), Whlch were conlmued un- -

changed throughout the study period (Table ).

~The patients”- motor’ response to Wieir usual mornmg dosc of Ievodopa was
_agsessed on two oceasions in two cases, three times in three cases, and five times
4 - in the othr - CQA 206-291 was given.on alternale days, with usual treatment on
- the interverimg days. Levodopa was stopped the evening before each study day,

-and the patient fasted overnight. On waking the following morning, domperidone

20 mg was. given by mouth, followed shortly by breakfast, A single dose of CQA-

" 206-291 was thert given urally, bcgmnmg it the f"rst three patents. with 0.1 mg on

the first siudy day and increasing through 0.25, 0,5, 1, 2.5, 5,and {0 mg, up to'a -

- maximum of 20 mg. Because doses below 2.5 mg had no effect; the second three '

patients started with 2.5 mg as their first dose, Parkinsonian motor disability was

o rated using the motor score (section 3) of the Unified Parkir-on's Scale (3} prior

to drup admisistration and at 0.5, 1, 1.5, 2, 3, 4, 5,.and 6 h after the drig, Sitting

~ and standing blood pressure. pulse, and any side effects were also recorded at’

" each of the time intervals, Il a pm_:".:m fuiled to improve within 3-h alter dosing or

1f benefit had worn off by thal time, then the veuat morning dose of levodopa was | i

given and the antiparkinsonian response 1o the latter drug monitored. A full gen-
-eral‘and. neurologicl examination was performed prior ta the study and aiso

:-fulidmng the final dose. Serum oiochemistry, hematology, and electrocardiogram . -

~were monitored before and within 24 h after-gach dose administered, -

RESUL’I‘S

All six patients showed 1mprovement in pal kmsoman mibtor d;sahihly as ma. n

sured by the Unified Parkinson's Scale when given thelr usual morning dose of

levodoph, The effect of levodopa was to switch these fluctuating patients from.an-

‘akinetic-rigid state (“off) to mob:!ily with dyskinesias (*'on""). This change was
“reflected in 2 considerable reduction in their motor disability scores,

Doses-of CQA 206-291 below 2.5 mg had no effect. The 2,5, 5-,'and ia}mg :

"doses were received by all six stbjects and 20 mg by three. The hest scores
achieved by each subject after each dose are shown in Fig. 1, which also indicates
the rangc of busehne seores and scores after: levodopa far each subJect Ai‘ler 2.5

_ L TABLE 1. Parfem rha*actemﬁcs R
Patient o Age' Disease duratlon. - 1-Dapa duse 7 Otheedrugs

™

inidels . Sex fymY o Q) (mpday) - {mg/day) -

‘RE M 4 S % 3% Amantadine 300
.D§ M 0w 8 e -
G - M 63 . . S~ B S 700, 0 - Amantadine 200

RBE . F SERT- 7 VU | S 600 . . Penzhexol® .
OR g 61 ' 13 S 460 - Amentadine 300

8 L L R ... S =
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mg {n = 6), one patient turned partially *‘on''; after 5 mg (n = 6), one patient
- turned partially and two fully “on*'; with 10 mg (n = 6), three subjects turned
fully “on'"i and all three subjects receiving 20 mg turned fully “on" (Table 2),
Motor disability scares for all the patients are shown together in Fig. 2, which
shows a dose-response tendency fo turn “on' at oral single doses of 10-20 g
CQA. This full “*on" response was accompanied by dyskinesias similar to those
provoked by levodopa in the same subjects. Latency ta turn **on'* was 60-140 min -
(median, 90 min), and time “on” lasted 30450 min {sedian, 70 min), Latency -
from CQA ingestion to turning “*off”" again was 123510 min (median, 167 min).
Five subjecis experienced drowsiness, thres nausea (two of whom vomited),
and one tach postural faintness and transient confusion. There were no significant -



471

TABLE 2 No. af palfems turning “on,” or parf!ra!fy Hon,* aﬁer eruh

- dose of CQA 206-29!
" Dose of CQA 206:291 o - : T
) (mig) : N R 4 _ thf ‘.'un‘.' . RO
. B 6 o T e
5 6 2 1 3
20 3 3 1] 0

biochemlcal hematologlcal or elcctro .-\rdlographlc changes aunbutabte o the

- drug.

DISCUSSION

Thns study has shown that CQA 206-291, given as o smg]e mommg oral dose to

patients with fluctusting PD withdrawn ftom levodopa overnight, is capable of

- reversing parkinsonian disability, The capacity of the drug to turn patients “on,”"
-~ and the duration of the “‘on*’ response, are both dose related. On average, pa- -
_tients turned “‘on” some 90 min after an effective dose of CQA 206-291, and
- benefit lasted for ~70-min. The duration of action of the 20-mg dose in one subject
- deserves special mention. This woman turned **an™ 1 hafter CQA and remained
“on™ for 7.5 h, turning *“*off”* ac. % h after the dose. '
. Side effects were common, o . ally mild, Pretreatment w:th a single oral
. dose ofddmpcridone 20 mgdid = uventnauseain three subjects. two of whom.
vomited. o
‘We conclude that CQA 206.291, gwen alone and at adequate dosage. pmduces -
climcally useful and long-lasting motar improvement in patients with PD to an
equivalent degree, but perhaps of longet duration, than can be obtained with
standard levodopa preparations, in agreement with preliminary results obtained

anq

L I
. .
sof § | - -
- i . s - FIG.2 Motordisnbilily scores (ot section 3 of the Unifed Parv
3 s kinson's Scale) [n all six patients, Filled clreles indleate scores st
El B ! L. times when the patients wers judged to bs “off"* by the attending
- s . o docters. Cpen circles represent scores when patients were
o " judped clinically to be *'on." Hniffilled circles indicale scores
104 o o when patients were intermiediate bclween “on*' and “off." See
SR S g Fig 1 for abbreviations, _ .
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wnh chronic adntinistration of CQ& 206251 (4-6} Further studies of CQA 206-_-
291 are reqmred ta deﬂne 1ts value in the treatment of PD. . -

1‘\
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APPENDIXVH
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_- Antlpa,rkmsonian Act1V1ty 01; CY 208 243 a
Partial D-1 Dopamine Receptor Agonist, in
R MPTP- reated Marmosets and Patients W1th
Parkmson E Disease L

o IA Tehﬂétt, *N. P. Qum'n, P. G. Jennéf, *C D 'Marsden,
1B, Pourcher. TA, -M Bonnet, Y. Agid, IR, Markstem, and
: $X Lataste

Umver.rfr,}' Depm tinent qf Newrology, Insn’mre of Psychiatry and’ ng 5 C‘a!!ege 8 ckaoi
- of Medicine and Dentistry, *The Institite of Neurology, Queen .S‘quare,
" London, England; #C linique de Neurologie et Neuropsychologie, INSERM U-289,
Hop;ra[ d‘e Fa Sa!pefrme, Parfs, FJ anie; mm‘ tSmtdoz Lid, Bas!e. Switzerland, .~

Summaty: The effect of stimulation of cerebral dopamine D-1 receptors by CY - -
208-243 on motor disability was tested in MPTP-treated parkinsonian marmo-
sets and patients with Parkinson's disease. CY 208-243 (0,5-1.25 mg/kg s.c.)’
" produced a dose-related reversal of nkinesia and rigidity in the marmosets,
* lasting some 2 b, Single motning doses of CY 208-243 (540 mg) were compared
« with the usual morning dase of levodopa in ¢ight patients with Parkinson’s
disease on long-term levodopa therapy who had developed motor fluctuations -
' _from imimobility with akinesia and tgidity {off) to mobility often with dyski-
nesias (on), CY 208-243 alone was capable of switching such patients from off
to on; five of the eight payients responded to the highest dose (40 mg), some- -
times wish dyskinesi'as. The response to CY 208-243 was comparable to that -
- produced by levodopa in these cases, Drugs designed ta stimulate both dopa~
mine D, and D, receptors in the brain may improve the therapy of Parkinson's
disease, Key Words: Parkinson’s Dnsease—D~1 Agonist Drugs—CY 208-243.

Large numbers of both dopamine Dy and D, receptors are present in humean
striatum. Hitherto, all dopamine-active drugs used in the treatment of Parkinson’s
disease ‘have possessed D, agonist activity (1), but only some have exhibited
additional D| receptor agonism. As a result, the role of D, receptor stimulation int -
the treatment of this disease is unknown. CY 208-243; (—)-(6aR) (12bR)-
4,6,6a,?,8.12br‘hexahydro--‘r-m:thylindoto[4,‘3-ab]-phen‘amhi-id‘ine_.'(Sanduz,-- :

Address corraspondencc and reprint requests to Dr. C. D Marsden at the Insmuu; of Ncurology, '
Queen Square, Londonr WCIN 386, England. o _ '
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~ Basle), is a new selective dopamine Dy receptor partial agonist. In vitro, it stim-
i ulates adenylate cyclase in pat striatum and bovine retina (D, effect) and fails to
“inhibit electrically evoked acetyicholme release in striatal slices (D, effect) (2)
Nor does it produce D), action in vivo in animals. Thus, it does not cause emesis-
- in dogs, lower prolactin in rats and humans, or increase tyrosine hydroxyiase
~ aetivity and dopamine turnover in rat strfatum. Studies of circling behavior in
unilaterally 6-OH-dopamine-lesicned rats indicate motor stimulant effects, which
can be blocked by the selective D, antagonist SCH 23390, but not by the selective
D; antagonist sulpiride (3).
 We, therefore, have InVestlgalcd the anuparkmsoman activily of cY 208-243 in
_'MPTP-treated parkmsoman marmosets and i in patlents wuh Parkmson s disease.

STUDIES IN MPTP TREATED MARMOSETS

Adult common marmosets were given MPTP 2 mg/kg s.¢., daily for 5 days, to .
a cumulative dose of 10 mg/kg After this treatment, all arumals developed per-
sistent motor deficits comprising marked bradykinesia, flexed posture, rigidity, "
and intermittent rest tremor, After9 weeks, the animals had improved sufficiently
from the acute effects to feed and groom themselves, but rcma.med stable and

- grossly parkinsonian-over the followmg 6 months, - -k

- Individval animals were placed in a new cage, 1dent1ca! fo their usuak one, but '

", fitted with seven infrared photocells. Three were focused harizontally aerdss the-

width of the cage-floor and one along the widih of each of two perches, One beam -
- was directed from front to back of the cage above each perch. This arrangement

allowed assessment of movement in all directions. Anacclimatization period of 30
min was allowed prior to drug treatment. Movement counts were accumulated -
-gver 10-min penods for at least 180 min following drug administration, Cumulative
counts over a given period could be subanalyzed to show whether the ammal
spent time on-the perches sr on the cage floor, -

CY 208-243 was mixed with-an equal weight of tartaric acxd and dnsSOIved in

0.9% sterile saline, and then the pH was adjusted with 0.1 M NaOH to 5.5. After |

a drug-free period of 2 weeks, control vehicle injections or CY 208-243 (0.5, 1.0,
and 1.25 mg/kg s.c.) were administered in a random dose sequence following a
30-min acclimatization period in the photocell cages, Thereafter, activity was
monitored over a 3-h period, Animals were given 48-72 h to recover between
doses, Student's ¢ test for paired samples was employed to assess differences
between different drug treatments.

Prior to drug administration, all the MPTP-treated marmosets had markedly
decreased motility, spending most of the time on the floor of the cage or in one -
place on the lower of the two perches, and remained akinetic and flexed.

Administration of the vehicle alone had no effect on motor activity. Adminis-
tration of CY 208-243 produced a dose-related reversal of the motor deficits within
a few minutes of drug administration, which reached a peak within 30 min (Fig. 1),
The reversal of motor deficits and the accompanying locomotor hyperacnwty
lested for ~7 h, Higher doses of CY 208-243 were not used in these studies since
pmhmmary mvestlgattons showed thesc to mduce hyperexcntabxht}'
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FIG. 1, The effect of CY £ 08.343 0, S—IESmgI__ o
kg s,c.) compared! with vehicle (Vionlocomo- -~ & -
tor activity in MPTP-iredted marmosets, The Y 0004
values-shown are the means (£ 1 SE) for-eight § o
individugl animals. Movemnent counts were ag- - 2 . | :
cumulated over 10-min periods for 3h.*p & g ' :
C R0 of'sreater. Stndent § 1 1est for palred sam- L *
. ples i«- - R 1000+ b -
V. 05 078 0 s
e 20B-243 mgrkg)
CI.If HCAL STUDIES

 The “-ffects OfC%’ 2::‘-%243 were investigated in eight mpatients wuh 1d10path1c_ o

" Parkinson's disease (seven men and one womar, aged 5073 years, with a median -

- of 61 years), who gave informed consent to enter the study; which was. approved_ o
" by the Hospital Ethical'Comniittee, They were at Hoehn and Yahr stage L or IV
off me:dicatmn, and had the Gsease for 9-18 {median of 12) years. All were -°

experiencing motor fluctuations in resporise to fong-term. levodopa therapy (dose
range: of 400-2,408 mg/day, median of 800 mg/day, plus a periphieral decarboxyl- .

~ ase inhibitor), which was withdrawn overmght before cach study day Other d&ugs S
 were continued unchanged

* CY 208-243 was givan in open f‘ashlon by mouth on altemate mornmgs aﬂer
breakfast in single dosesiof 5 (n = 5), 10.(n.= 7), 20 (n = 8), and 40 (n = 7) mg, -
respectively (Table 1). Blood pressure and pulse, and a score of motor disability
[section 3 of the Unified Parkinson's Scale (4)] were measured at fime 0, half-
 hourly for the first 2 h, and then hourly for the niext 4 h, If no tlinical benefit was
- apparent after 3 h or if anly improvement Fsted less than 3 h, the patient was givin .

their usual morning dose pf levodopa. The response of each patient to their usual
dose of levodopa also was assessed on'one occasion in one patient, twice in four -
_ panents, and three times or more in ihe rcmammg three patlents. :

: TABLE 1. The nwuber of patients mrmng on, or parria”y att, aﬂer eacb dose of

: T CY208-243
CY 208-243 - o o
5o 5 0 s g 3.
10 e 1 g :
e - 2 ¢ &
u - 7 4 1 x
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Flgmc 2 shows lhe chmcal response, ;udged by motor dlsablhty scores, of the '
panents to each dose of CY 208-243 and their usual re5pense to levodopa. All
eight patients turned on in response to their usual morning dose of levodopa; they
- rapidly switched from severe akinesia and rigidity (off) to. near normal mobility,

"_often’ with dyskinesias (on). With doses.of CY __208~2_43_<40 mg, only occasional -
“improvement was noted.. After 10 mg, onv patient turned fully on and another
- partially on {although he subsequently failed to turn " after 20 and 40 mg), After

- 20 mg, two patients turned on, However, with 40 mg, four of seven patients turned - _'
~ - -on and one-partially on. The full on response with 46 mg occwrred after 30-90 -
(median of 42.5) min and lasted 30-150 (median of 85) min; the patlents turned off

again 75-180 (median of 150) min after drug ingestion.

-~ Mild dyskinesizs in two patients who turned fully on, nausea in two subjects;
“and-drowsiness il one were encountered. No postural hypotension, confusion or . -

vomiting was noted, and no mgmf‘ cant laboratory electrocardmgram (ECG) ab- -

- ;norrnalmes were found

S : o : \ ]
N .]r

. pbiscussioN U

.. "The studies in 1he MPTP—treated marmoset show::d CY 208 243 to reverse_ o
“akinesia in this animal model of Parkinson's disease in dose-related fashion. This
" confirms similar observations in squirrel monkeys (R. Markstein, unpubilshed '
-. observahons) In the clinical study of CY 208-243, the drug clearly produced an on
Tesponse comparable to that achieved. with levodopa i four of eight patients, OF
the feur patients who turned on following the 40 mg dosa of CY 208-243, two had

dyskinesias similar to those produced by levodopa. Previous studies with another -~ -

‘putative partial D, agomst SKF 38393 showed no effect of the drug on either
parkinsonian motor signs in marmosets (5,6) or humans (7), or on levodopa-

" induced dyskinesias in patients with Parkinson's disease (7). The failure of SKF o :

38393 to affect parkinsonian matmosets or patients with Parkinson's disease might
be due to relalwely ‘poor penetranon mto bram or weak cerebral D, acomst

60

FiG. 2. Motor disability scores (on part 3 of the " .
Unified Parkinson's Scale—ordinate) imeight = | : _
patients off therapy (haseline) prior to drug ad- : o
mmislrauon {left hand column; B), at the time 40 '

of maximuin response to thefr usual morning -
dose of levodopa (100225 mg with a peripheral
decarboxylase inhibitor) {next column; L-D), or.
at the time of their maximum response to single
doses of CY 208-243 (5-40 mg orally). Solid cir~ -
cles indicate scores at times when the patients 201
wete judged by their attending doctor to be off

{i.2., akinetic and rigid). Open ¢ircles are scores

when the pati¢nis were clearly on (i.e., mobile), -

The half-circlas for two patients indicate a seore .
#ta time when the paticnt was intermediate be- .
lw:enonandoﬁ' . . BEEET - IR 7Y .
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:actmt;{. In addmon the formatlon of metabqhtes that mteﬁhre w:th dopamme'_ _ :
‘receptirs might account for the lack of efficacy of SKF 38393, : B

CY 208-243 is not known to possess significant D, receptor agor.ist aétiv;ty The ~° _
present results of administration  of-C¥ 208-243 to parkinsanig,i marmosels and

~ humans suggests that D, receptér stimalation can reverse the ﬂkmesic-ng id syn-~ -

dromte, If optimum antiparkinsonian treatment requires an appropriate . oalance B
- betwgen D, and Da- receptor stimulation, further stiglies with CY 208:24%-may -
. indicate methods ot’ lmprovmg the chmcal reSponse tu drug 1rcatment of % nrkm- S

' -son § dlsease‘ U . : ;
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