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7.9.2
Results of pre-treatment with sulpiride or SCH 23390

on the response to CY 208-243 in MPTP-treated marmosets.
(Table 1.2 and Fig. 7.8 and 9).

Administration Clf SCH 23390 (2,0 mg/kg ip. 60 minutes
previously) markedly inhibited the ability of CY 208....243
(1,0 mg/kg sc.) to correct parkinsonian deficit and improve
motor hyperactivity compared to the effect of SCH 23390
vehicle proceedin~r CY 208-243 (1,0 mg/kg sc.). The effect
of SeH 23390 was apparent OVer the entire 3 hour period of
observation.

Administration of sulpiride (20 mg/kg ip.; 60 minutes
previously) followed by CY 208~243 (1,0 mg/kg so.) atten-
\l~ted the locomotor hyperactivity produced by sulpiride
vehicle and CY 208-243 (1,0 mg/kg sc.) alone (Fig 1.9).
The effect of $ulpiride irlhibitionof locomotor activity
was most evident in the second and third hours following CY
208~243 administration. sulpiride did not appear to alter
the disability scoreS at 30 minutes following CY 208-243
administration, but by 60 minutes had increased their motor
deficits (Fig 7.8).
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Table 7.2

The effect of CY 208..243 alone on the marmoset motor disability
score and then with pretreatment either with SOH 23390 or
sulplrlde 1hour previously. Treatment with SOH 23390 and vehicle
and sulpiride plus vehicle 1 hour later are also shown.

Drug treatment Scores Range

MPTP 9.9±0.4 8-11.5
OV 208-243 alone 6.8±1.3* 3-9
SOH 23390 alone 12A±O.3* '11~13
Sulpirlde alone 11.6±0.6* 9-13
SOH 23390
+ OY 208-243 (thr) 9.9±0.S·" 8-12

Sulpiride
+ OY 208-243 (30m in) 4.5±O.6 2-6

Sl.Ilpiride
+ OV 208~243 (thr) 11.0±0.8** 9-13

"p < 0.05 compared to MPTP treatment alone.
**p < 0.05 compared to OY 208-243 treatment alone.
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o
Drug

.. MPTP vehicle ~ OY 208~243

oOY + SOH 23390 tsSl OY+ Sulpiride

Fig 7.9

The effect of pretreatment cumulated over 3 hours of
SOH 23340 or sulplride upon OY208 ..243 (1 mg/kg so) an
tVi>ur later in MPTP~treated marmosets. Statistical
significance at *P<0.05 OY compared to vehicle and
**p<0.05 compared SOH or sulptrlde plus CY to CY 208~
243 alone in MPTP~treated animals.
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1.10 Experiment 4: Effects of CY208..243 to drug naive animals
pre and post-treatment

7.10.1
Method of admin.istration O~~"CY208-243 to drug naxve

marmosets be~pre an~ atter treatment.

A second and completely different group of 8 adult, aged,
common marmosets were given CY 208-243 vehicle injections
after 30 minutes acclimatisation and their locomotor
motili'o/l'recorded for 180 minutes, while t:heanimals Were

II
I'

video ...taped and rated. Careful attention not to give this
group of animals any other drugs was enforced.

MPTP-treatment similar to the previous group was adminis-
tered and the animals allowed 6 weeks to recover. Once
persistent and stable parkinsonism deficit remained, the.animals Were once again given the vehicle injection, intro-
duced into the photocell cages, and after 10 lninutes their
motility ):ecorded fl':lr180 minutes. without al~owing any
D-2 receptor priming' these animals received CY 208-243 (1,a
mg/kg sc.) and their activity was records9- over the folloW-
ing 180 minute perLod , Thereafter these animals :):'eceived
L....Dopa (12,5 mg/kg ip.) plus carbidopa (12~,5mg/kg po , in
1% methylcellulose or (+)-PHNO (4 ug/kg sc.). Activity as
previously described was video-taped and recorded after 10
minutes; for a total of 180 minutes.
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7.10.2
Results of the administration of CY 208-243 to drug naive
marmosets before and after MPTP~treatment. (Fig. 7.10).

The drug naive animals, when given CY 208-243 vehicle injec-
tions and then on a different day CY 208-243 (1,0 mg/kg
sc.) did not increase their normal locomotor activity. No
other motor changes or nausea and vomiting was noted (Fig
7.10) •

Following MP'fPtreatment, administration of CY 208-243
(1,0 mg/kg sc.) led to reversal of akinesia within a few
minutes, the animals being restored to normal motor
activity. Vocalisation spontaneously increased, the
animals moved freely from perch to perch, demonstrated
normal balance and their posture improved. The maximal
effect on CY.208-243 occurred 30-40 minutes following drug
administt'ation and lasted 120 minutes before the animals
once again beicame bradykinetic, developed a flexed posture
and became unstable while on perches (Fig. '1.10).Nausea
and vomiting did not occur at any stage following CY
208-243.

Administration of L-dopa (12t5 mg/kg ip.) plus carbidopa
(12,5 mg/kg :i.p.)30 minutes previously similarly improved
animal locomotor activity c;tndreversed motor deficits, as
did (+)-PHNO (4 ug/kg sc.). Activity began within 10 min-
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The effect of the administration of CY 208-243 (1mg/kg sc) to
drug naive normal marmosets, then following MPTP-
treatment once sta,nJe and Parkinsonian. Six animals were
recorded over 10 m-inute segments for'.180 minutes. SEM's
using the paired student test were si~1nificant at *p<0.05
compared to'drug naive normal animals, ~*p<0.05 compared
to MPTP-treated animals, ***p<0.001 compared to MPTP-
treated animals
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utes and lasted 180 minutes following L-dopa and 120

minutes follO'tlfing (+) -PHNOadministration. Nausea and

vomiting was only noted following (+) -PENO.All the ..cove

animal experim.ents were published in the European Journal

of Pharmacology, (see AppendixV).

7.11 Experiment 5: Effects of CY208-243 and {+)-PHNO combinations to
MPTP-treated marmosets

7.11.1

Methods of the administration of C¥ 208-243 and (+)-PHNO

in combination to MPTP-treated marmosets

Eight marmosets, treated with MPTP3 morrchsprevioUSly and

still grossly parkinsonian tlTeregiven two vehicle injec-

tions, 30 minutes apart and introduced into the photocell

cages for locomotor activity monitoring for 180 minutes.

sub-therapeutic doses of the D-2 agoni:st (+) -PENO(1,0

ug/kg sc.) or the 0-1 agonist C~ 208-243 (0,25 or 0,5 mg/kg

acv ) were given 30 minutes before or a:cter the respective

vehicle injections. The method used W(:lS to allow the

animals 30 minutes of acclimatisat.ion, administer the D-1

agonist or vehicle injections and then 30 minutes later the

D"'2agonist or vehicle injection. TherE~after at. least
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180 minutes photocell mon~toring was.con~ucted. Once a
suitable drug free interval of 5 day$ had been allowed, the

;'/

same animals received both CY 208-243 (0,25 or 0,5 mg/kg
sc.) and 30 minutes later (+)-PHNO (1.0 or 2 ug/kg sc.)
invariable combinations. Activit& was video-taped was for

/l
180 minute periods. Finally CY ~'108-243(0,~5mg/kg sc.),
followed 30 nd.nut.es later by (+)\~PHNO (2 ug/kg sc.~)<was
administered,.recording over 180 minutes in the photocell
cages.

7.11. 2

Results of CY 208-243 and (+)-PHNO comb.Lnati Lcns in
MPTP-treated marmosets. (Fig. 7.11)

Administration of two Vehicle injections, 30 minutes apart
did not increase locomotor activity, over 180 minutes in
the photocell cages. (Fig. 7.11b).

Administration of CY 208....243 (0,25 or 0,5 mg/kg so.),
followed by (+)-PHNO vehicle: 30 minutes later, did increase
animal motility slightly as expected following two
injections, but not Significantly (Fig 7.11 b). 'These
doses were chosen on what appeared a sub-maximal dose (Fig.
7.11 0 & d), to prime the animals for the D-2 agonist
(+)-PHNO.
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The effect of spontaneous movement in MPTP-treated marmosets
(a) over 3 hours, then
(b) following one or two vehicle injections.

;; The effect following sub-therapeutic doses of dopamlneaqcntstdruqs:
" (c) CY 208··243«O.25mg/kg sc) (N.lScompared to vehicle injections)

(d) or PHNO « 1 ug/kg ip)(N/S compared to vehicle injections).

The administration of combinations of:
(e) CY 208-243 (0.25 mg/kg sc) and PHNO (1 ug/kg ip)(**p<O.005

compared to o and d but p<0.001 compared to band N/S compared
to I).

(f) CY 208-243 vehicle plus PHNO 2 ug/kg sc {*p<O.05 compared to d}
are shown in all.s a ima1s monitored over 3 hours.
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Administration of CY 208-243 vehicle and 30 minutes later
(+)-PHNO (1 or :2 1.lg/kgsc.) was similarly considered a
sub-ma.ximal dosage of the D-2 agonist drug. Administration
of CY 208-243 (0,25 mg/kg sc.) and 30 minutes later(+)-PHNO
(1 ug/kg sc.) had no effect on motor activity or motor
deficit scores. Administration of CY 208-243 (0,25 mg/kg
sc.) followed 30 minutes later by (+)-PI!NO (2 ugjkg sc.)
produced very marked locomotor hyperactivity and full
reversal of motor deficits (Fig. 7.11 e). This effect
lasted 180 minutes. This was much greater than the effects
of (+)-PHNO at the same dose alone (Fig. 7.11 e & f).

Administration of CY 208-243 (0,5 mg/kg sc.) and 30 minutes
later (+)·,·pEtiTO (1 ug/kg so ,) produced significant increase
in locomotor activ:iutyand reversed n\otor deficits (Fig
7.11 g). The dose of Cy 208-243 alone did not produce much
increase in locomotor activity but once combined with a
sub-therapeutic dose of D-2 aqend st; (+)-PHlIIO the animals
became markedly mobile.

Finally, after a 2 ~:eek drug free interval and rest, repeat
administration of CY 208-21:13vehicle and 30 minutes later
(+)-PHNO (2 ug/kg sc.) produced increased locomotor
activity, lasting 120 minutes, but statistically signifi-
cantly less than t.l1atobserved following additional CY
208"'243 drug priming (Fig 7.11 f).
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1.12 Statistica~ methods in the analysls of the animal experiments

In all ,the animal motility experiments, the two tailed
student.s t-test for paired samples was employed to assess
differences in accumulative counts between diEferent drug
treatments. Motor scores of the animals recorded upon the
video-tape were compared uSing the Mann-whitney ,test for
non-parametric data analysis. siqnificance was taken at
p<O,05.

7.13 mscu5sion of the animals experiments

MPTP-treated common marmosets are a good model to assess
drug efficacy and potential drug interactions. Biochem-
ically and histologically the common marmoset brain shows
similar nigrostriatal dopamine depletion, sUbstantia nigra
compacta dopamine cell d~ath anct striatal dopamine receptor
hypersensitivity. Hence, although not perfect, the MPTP'"
treated primate model was thought best to analyse new
dopamine receptor modifying drugs prior to their being
tested in man.
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Antiparkinsonian drugs with proven efficacy were adminis-

tered in these MPTP-treated marmosets to validate the

model. Experiment 1 showed 'that L-dopa (with POI) and

(+) -PHNOfully reversed the akine'tic-rigid states of the

primate and in dose responsive fashion these drugs being

able to increase motor motility and re3tore normal

behavd.ouz, The mQtility could be quantitatively measured

by tl1e inf.rared motility cages and the animal behaviour

could be assessed directly undisturbed, or upon video~taped

~eview. IJ'!heclinical SCore correlated consistently with

overall motility. Disturbing the animals, however, clearly

affected their behaviour and motility, hence where possible

animals were left undisturbed throughout the monitoring

period.

L-dopa plus car.IJidopa has known 0-1 and 0'''2 dopamine

receptor influence. It remains the best drug in man and

MPTP...·treated p:rimates, consistently reversing parkinson ...

ism. L-dopa (plus POI) was thus selected to test prediot--

able Impxovement;and al.l animals showed good Levodopa

responsiveness. Hence it was cons.i.deced a suitable model.

Many D-2 select;l ve agents have been :t'ecently studied, some

of Which h=ve been succe:ssful in man. The relatively new

D-2 agonist (+) w'PHNOwas chosen to test the MPTP-ma:rmoset

mode>ldue too its. pobency, availabi~lity and relative ease to
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inject either subcutaneously or intraperitoneally. This
0-2 agonist produced nausea and vomiting as expected but
not dyskinesias or stereotipy in the marmoset. Vomiting
associated with oral drug ingestion may lead to less pre'"
dictable dosage, thereby invalidating data.

The 0-1 agonist SKF 38393 did 110tproduce hypermotility or
improve behaviour which confirmed earlier observations in
the same model (Nomoto et al. r 1985; Close et al. I 12,85).

Hence the MPTP;..treatedmarmoset Showed ;t:'6sponsivenessto
mixed 0-1 and D-2 agonist (levodopa) and 0-2 agonists
«+) -PRNO) bu.tnot SKF 38393 (a 0"'1 agonist) •

Arlother puta'tive selective 0-1 partial receptor agonist C~

208-243 did, to our surprise, reverse MPTP-induced
pat'k.insonism. The effects Were identical to L-dopa and
(+)-PHNO regarding behaviour and motility, except no nausea
or vomiting was found. While stereotypic behaviour and
dyskinesias were not observed in doses of CY 208-243 below
1,25 mg/kg sc., greater administered doses produced
hyperexcitability, cataplexy and even frank seizures.
Animals may injure themselves with greater doses due to
hypermotility and self inflicted injury upon the cages.

Why does CY 208-243, but not SKF 383931 reverse MPTP-
induced parkinsonism? This remains ~''lclearand will have to
awnit the production and testing of other D-1 selective
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agonist drugs. A number of possible differenoes between S~F
38393 and CY 208-243 have emerged.

Firstly, while both drugs produce contralateral rota·tion in
60HD~ rodents it has been suggested the SKF 38393 pene-
trates poorly into the brain (Clarke and White, 1987) and
espedially so in the .primates compared to the rat.
Secondly, the drugs differ in their ac·tions upon the D-1

receptor. J:3othPharmacologioally possess partial 0....1
agonist potential (Setler et al., 1978) but qj. breaJ{down
product of SKF ~'8393could antagonise ,:hedopamine
receptor. Thirdly, that CY 208-243 o~ :itsmetabolite, may
poaaesa D-2 receptor agonist properi:;;:les,is a possibility
that oannot be ignored. The chemical struoture of.cY
208-243 looks very similal::'to other ergolines. However
rodent pharmaoological data. suggest clearly 0-1 receptor
selectivity with a failure to induce stereotipy and nausea.
In vitro studies to decrease acetylcholine release in
striatal tissue slices and to suppress prolactin release
are all recognised 0-2 drug actions.

Furthermore, in the marmoset the lack of 0-2 ef·fects was
strengthened by lack of D-1 stimulation in animals with
normal nigrostriatal dopaminergic pathways. In contrast
0-2 agonists, inclUding (+)-PHNOy produce marked hyper-
mobility in drug naive normal animals. The observation
that SCH 23390 f.ully inhibits the action of CV 208....243
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Wi3.Se}s:pected,since SCH 23390 is a potent and selective D-1
rec~ptor antagonist. This drug SCH 23390 produces a
parkinsonian state in normal animals without MPTP-induced
parkinsonism and certainly aggravated the MPTP-lesioned
group by making them completely akinetic.. This implies
that some endogenous levodopa is still present in
MP'l'p....treated primates and that some striatal receptors have
the capacity to respond. What was surprising Was the faot.. "",

that the 0-2 selective antagonist sUlpiride also attenuated
the CY 208-243 induced increase in motility. This was not
as dramatic as that observed follo\..ringsca 23390 priming
but nevertheless indicated cY 208....243 pOSSeSses SOme as yet
undetected direct 0-2 agonist properties or alternately
that some funotional interdependence exists between the D-1
and D-2 receptor population. In addition to this possible
functional linkage, CY 208~243 affects opiate reoeptors,
5-).!IT(lA) rec'eptors and possibly aLpha=adr-enez'qd.cand
5-HT(2) sites (Foote et al., 1982). These receptors may
have antiparkinsonian effects themselves and thE.)
neurochemioal cascade that interlinks cell neurotrans-
mitters may be altered in some way independently of the
dopamine receptors themselves. Special note should be made
of the dose response curve of CY 208"'243 in the MPTP-
treated primate and thereafter the effect of CY 208-243 on
normal nigrostriatal systems. An expected inorease in
motility occurs with greater motility correlating with
greater administered D-2 agonist drug dosage (Nomoto et
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al.,1988). However follovl)ingincremental doses of CY
//

208...·243 (Fig. 8.5) one notl~d a plateau at 0,75 to 1,25

mg~~g sc. Why motility was not steadily increased. from
0,75 to 1 mg/kg sc. of drug is unknown but could reflect a
saturation of the D-1 receptors, the best antiparkinsonian
dose at moderate dosage or 1.. 'nally that at doses greater
than 0.75 ntg/kg sc., other receptors became op~rational
adding their contribution toward increased mobility. The
alternate receptor possibility is strengthened by the
observation. that hyperexcitability and self inflicted
tl.·aumaplus seizures occurred at not much greater than 1,25

mg/kg sc. IJllheimportancl6 of little CY 208...243 increase in
mobility (in contrast to D...2 agonist drugs) in drug naive
animals stems from 60HDA rodent expe.riments suggesting D...1

)agonist induced rotation is dependan\t·upon prior priming
with D-2 agonist drugs (Marcelli and Di Chiari, 1987). CY
208-243, vdthout any prior 0-2 agonist drug expos.uce, was
clearly able to increase MPTp.",treatedmarmoset motility.
This increase in mobility following MPTP ...treatment was far
greater than vehicle or even when the same dose of CY
208~243 was given prior to MPTP therapy. Hence this .0-1
agonist drug alone would appear to possess functional
antipalrkinsonian activity without concomitant D-2 receptor
priming by other agents.

What would the best state of the .0-1dopamine receptor be
that would allow the .0...2 receptor to maximally express
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itself? Cl.inically the benefit of levodopa (mixed D-1 and
0-2 drug) in unrivalled, but when loss of benefit occurs
dopamine agonists may still resto:r:esome benefit. Animal
studies s~lggested a D-1 or 0-2 functional linkage similarly
when it was reported tha-zthe unilateral 60HOA rotating rat
increased maximal D-2 expression when primed with SKF 38393
(Carlson et al., 1987).

Experiment. five addressed the functional benefit of sUbmaxi-
mal doses of levodopa and (+)-PHNO following a small and
insignificant in itself D-1 priming dose of C~ 208-243.
CJ.early the MPTP-treated marmoset showed maximal ampli:~ica-
ti.on of 0"2 expression, following (+) -PHNO and L'-dopa (plus
POI) administration once the 0-1 receptors were activated
with CY 208-243.

The effects· of 0-1 and 0-2 drugs may be additive but data
suggests a synergistic response that is similar to maximal
D-2 expression alone following much larger doses of D-2
agonists. Additional complexities arise when the 0-1 and
0-2 dopamine receptors function in the normal striatal
state compared with the depleted nigrostriatal state (Arnt,
1985). Further studies utilising different mOdels of
par]<:insonisy!tand mu:ttiple drugs in each dopamine receptor
group are required to answer more definitively these possi-
ble functional linkages.
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7.14 Relevance of non..human primate data to human idiopathic
Parkinson's disease

Having confirmed the above concepts of D-1 and D-2 funct-
ional interaction a .ildpossible receptor synergism to man
with IPD, the question arose - do these drugs work in man?
Most advanced patients with IPD sUffered motor fluctuations
and dyskinesias when .mobile and it was decided that this
group would be denied levodopa the day of novel drug
testing. Should these compounds (both CY 208-243 and CQA
206-291) be efficacious, confirm wh.atthe MPTP monkeys had
shown, then patients should become mobilr.' ~he long term
effects of CQA 206-291 would then subseqi,.......:.ly be tested,
in·addition to levodopa maintenance, in the same type of
patient.
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CHAPTER 8

FURTHER HUMAN STUDIES

The MPTP-primate marmoset model has shown that (+)-PHNO,
CQA 206-291, both 0-2 selective agonists and CY 208~243 a
0...1 dopamine agonist are effective in reversing Ml?TP
parkinsonism. Having established the need for new dopamine
agonists, we administered these same agents to man with
IPD, once full ethical approval was obtained. The l:'emaining
studies in this thesis set.out to examine these same
antiparkinsonian agents in man, initially an open study
alone while "offJ.1levodopa and then double-blind compared

, ,

with placebo as adJuv~nt therapy to levodopa.

8.1 Trial 3: CQA 20~'·291 in advanced Parkinson's disease

Methods

Six patients wLth IPD in an advanced st~age, all SUffering
unpredictable "on-off" fluctuationE! and on long-term
Levodopa therapy vlere hospitalised while their usual
levodopa was



withheld overnight (Table 8.1) • Uponwaking the following

day an anti-emetic domperIdone (20 mgpo.) was gi"{enat,

breakfast. This drug 1 while also a dopamine antagonist but

does not cross the blood brain barrier. A single dose of

CQA206'""291 was.then given and their parkinsonian status

was monitored utilising the Unified. l?arkinsons Disease

Rating Scale (UPDRS)(Appendix II) at baseline and half ....

hourly for 2 hours, hourly for 6 hours or until the benefit

of CQA206 ...291 had subsided. If no benefit was noted after

3 hours I the usual morning dose of Levodopawas gi.venI the

patient allowed a day to zecove'r and the next; incremental

dose of CQA2Cl6-291 administered the next; day following

similar levodopa withdrawal. Patients were gi"'en 0,1 f 012 I

0,5, 2,5, 5, 10 and a maximumof 20 mgpo, since the first

3 patients did not; respond to doses below 2,5 mgthe final

3 were started at this dose. At each time. interval

non-off" status r side ....effects, blood pressure recumbent and

standing and heart rate were recorded in addition to the

motor components of the UPDRS.

Biochemistry, prolactin levels, haematology and

electrocardiograms were recorded daily. Four subjlects

taking other medications (Table 8.1) were corrtLnuad

unchanged throughout the trial.



Table 8.1

Patient characteristics at trial entry to receive CQA 206-291 (0.1 - 20 mg po) following
levodopa withdrawal overnight. '.

Patient Sex Age Disease Levodopa Other
(yrs) dUration dose drugs (mg/day)

RE M 49 9 375 Amantadine (300)

c
DS M 74 16 1750 Amantadine (200)

RB F 52 16 Benzhexol (8)

JG M 63 12 700 "r'

GK F 61 12 400 Amantadine (300)

BG F 71 15 1000
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Results

Three males and 3 females, aged 49-77 years (median 62) all
Hoehn and Yahr stage 3 or 4 off medication were studied.
Disease· duration was 9-16 years (median 13.5) and patients
were ta.k,ingoral levodopa plus PDI in doses ranging

''I
375-1750 mg po. (median 650 mg) per day. All patients were
noff" ri~l:i,dand akinetic and clearly different from their
lion" mopll~? status following Levodopa ingestion.

Figu:ce 8.1 ,elhowsthe patient I s individual baseline scores
prec€lding each days CQA 206-291 ingestio .....(indicated by B)
and their response following their usual levodopa
(indicated by LD). This is then compared to incremental
doses of CQA 206-291 which indicates doses below 2,5 mg po.
(n=3 patients) had no effect; after 2,5 mg po. (n=6) 1
patient partially turned "on"i after 5,0 mg po. (n=6) 1
patient partially and 2 fully "on"i after 10mg po. (n=6) 3
patients fully "(mil i and finally following 20rog po. (n::::3)
all 3 patients t.uzriedfully lion". The "onu response was
usually accompanied by dyskinesia similar to thos~ induced
by levodopa. The tendency toward dose responsiveness is
shown in Figure 8.2 which accumulates al~. the patients'
scores Versus the incremental CQA 206-291 dosage,
indicating most patients turning "on" in the highest
dosages employed. Latency to turn "onn was 60-140 minutes
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(mean 90), the duration of the "on" response 30-·:1,50minutes
(mean 70).

side effects were noted following single oral CQA 206"",~1
doses including drowsiness (n=5), nausea (n=:3) with vomit-
ing (n=z) r postural dizziness (n=l) and transient conrus Lon

(n=L) , No lasting side-effects or s:Lgnificant biochemical,
haem~tological or electrocardiographic abnormalities were
attributed to the drug.

Discussion

The ergoline derivative CQA 206-291 haE' now been employed
more widely in dou.. ~-blind studies to test its efficacy
against placebo, and other D-2 dopamine agonists, particu-
larly bromocriptine (Rascol, 1988; Jaton, 1988). This
trial suggests that dose for dose it is 3 to 4 times more
potent than its predecessor bromocriptine, is well
tolerated but does have similar side effects. It was hoped
that less postural hypotension and neuropsychiatric
side-effects nuggested by this study compared t.o
bromocriptine would be confirmed in larger studies, and
hence the double-blind placebo matched study was initiated.

The rigid akinetic state in advanced IFb may be converted
to a mobile "on" phase sometimes accompanied by dyskine-
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sias. The latency to the non" response is similar to bro:mo;-

criptj,n~ reflecting rapid intestinal absorption, carriage
\\ >,,'- <1'1

by pldsma~pr,oteins and transport across the blood-brain

barrier to ,\\p! striatal dopaminergic receptors.
I {.,;

The dura-
i)

\.1 \' • I

tion the pat::i.ents turn "on" and the. quality;,/ of th,e~\"on"
l.~~--.,.~{.

re.LJ?onsec).J:e both dose related and long lasting.

This study was published 'In Clinic<7~NE:UroPharmac.J1Cl$f,~,~,>
'-':':_"

(see Appendix VI).
11 ~

/1)
I'~,
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Fig 8.1

Motor disability scores using section 3 of the UPS (Version 3,1987) in
six patients prior to drug administration (8), at the time of maximal
usual levodopa response (L-D) and then fOllowing a single CQA 206-
291 dose (2.5 - 20 mg po). open circles (0) represent the 'on' mobile
state whereas closed circles (.) represent the 'off' rigid and immobile
state and semi-open circles (e) the inbetween state.
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Motor disability scores (using section 3 of the UPS) in all
patients grouped together following COA 206-291 (2.5 - 20
mg po), Open circles (0) represent the 'on' mobile state
whereas closed circles (e) represent the 'off' rigid and
immobile state and semi-open circles (e) the inbetween
state.
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8.2 Trial 4: CQA 206-291, a double blind study with
adjuvant .~e'\fodopain advanced Parkinson's disease

Methods

Patients: Ten patients with idiopathKc Parkinson's disease
were entered into a double-blind and randomised study whioh
was performed oVer 4 months (Table 8.2). After giving
informed consent patients rec.eived either placebo or CQA
206-291 in progressively increasing doses ranging from
2,5 mg to 30 mg/day po. The increment occurred during the
first 3 months of the trial. previously, patients with
advanced IPD "off" levodopa turned "on" at a CQA 206...291
dose of 10~20mg po.

SimUltaneously an attempt was made to lower the dose of
levodop~ from week 3 of therapy in all patients, provided
stable clinical status was maintained. The patients were
evaluated using the Unified Parkinson's Disease :Rating
Scale (UPDRS) on visits at baseline and weeks
1,2,3,4,6,8,12 and 16.

Pa.tients were Lncluded provided they had idiopa'l:.hio
parkinson's disease, Hoehn and Yahr stage 2 to 4, scoring
more than the minimum in 2 of 3 major IPD features:
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Table 8.2

Patient characteristics in 10 patients with advanced PO at baseline before
being given CQA 206-291 as adjuvant therapy to matntenance.levodopa.

PATIENT DATA AT BASELINE
Patient Age Se~ Disease Hoehn & current

No. (yrs) duration Yahr L-dopa
(yrs) Stage dose (mg/d)

1 78 ;;F 19 3 750
1/

:2 61 II M 4..5 3 750i:
\'
\\
n 153 74 ;:M 3 ).000

4 56 I:
F 7 4 450

5 72 F 1 3 400
6 71 M 10 4 625
7 60 M 10 4 1125
8 60 M 3 4 400
9 67 M 1 2.5 1000

10 77 M 9 2.5 750

Mean n=lO 67.6 7:2 8 2-4 725
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tremor, rigidity or bradykinesia. Either sex, aged 40 - 80
years, on stable levodopa (Sinemet or Madopar) dose, for
more than two months were entered, all experi.ancing
levodopa induced adver~e effects, or decline in leVodopa
efficacy. Patients were not on selegiline at any stage imo
had not been given an alternate dopamine agonist for more
than 3 months.

Exclusion criteria included end stage IPD (Hoehn and Yahr
stage 5), continuance of dopamine agonist drug, active qr
past psychosis history; evidence of hepatjc, renal or
cardiac dysfunction; other neurologic illness; or secondary
causes of parkinsonism such as dru<js, trauma or multiple
system degeneration.

Drug trial safety -precluded nursing or pregnant females as
well as patients thought to abuse alcohol. All patients
once screened and agreed to participate, were examined
medically and neurologically and then considered for the
study.

Following recruitment., individuals were randomised to
receive placebo or CQA 206~291 in identical capsules as an
adjunct to their levodopa. Both groups were monitored in
parallel without a levodopa change from baseline (week 0)
to week 2 where they received a fixed titration of CQA
206-291 from 0.5 mg/day to a maximum of :10mg/day po.
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Thereafter from weeks 2 to 10, while maintaining clinical
stability, the dose of levodopa was reduced where possible
while simultaneously increasing the CQA 206-291 dose from
10 to 40 mgjday po. The study aim was whe~e possible to
reduce levodopa while increasing CQA 20$-291 and at the
same time maintain constant motor stability.

ShQuld this fail the patient would report deteriorati,on,
diar~"se it, and if cli.nical evaluation concurred the

,\ . . ..

Levodopa dose was then increased. An attempt tv-asmade to
plateau the optimal combination of levodopa plus trial
c:::-mpoundat the final 4 weeks of the study period. Com-
pliance and understanding :!>fmedication was checked by
tablet counts each visit. patients were evaluated twice
before the first dose of trial medication, thereafter at
weeks 1,2,3,4,6,8,12 and 16. Other medication was continued
unchanged through the study. patients underwent full gen-
eral neurological and parkinsonian evaluation at baseline
and the end of the study. Between these visits, the UP DRS
was employed to evaluate drug efficacy. In addition, lying
and standing blood pressure, weight, pulse rate, review of
patient diaries, and specific questions relating to
dyskinesia, dystonia, "on-off" motor fluctuations Or any
neuropsychiatric side effects were documented. Evaluation
was made at the same time of day, usually with patients
"on" two to three hour s after the early morning dose of
medication.
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prior to, at week 8 and following the study all patients
had blood taken for s~rum biochemistry, full blood counts
and ESR, liver fUnction tests, random blood glucose; and
also had urine analysds, ECG's and chest x-rays.

A paired student.s t-test was employed to assess signifi-
'~rancebetween d(~ta, not only between placebo versus active

,IiclJrugat each inJcerval, bUt also between base.line and each
subsequent; visi'(:..

Results

Six pa ...ients 't"eceivedCQA 206-291 and 4 placebo. Of the 10
patients there were 3 females and 7 males with a mean age
of 67,6 ye~rs (range 56-78) and a mean disease duration of
8 years (range 1 to 19). The Hoehn and Yahl: stage in an
"off" period Was at least 2 and the mean dose of leVodopa
at baseline was 725 II\gper day (range 400-1125 mg/day). The
motor activities which encompaas tremor, bradykinesia,
rigidit.y and postural stability showed an improvement in
all patients receiving CQA 206-291 and in 1 patient on
placebo. The motor scores of the CQA 206-291 and placebo
groups are shown as a percentage of the baseline score
(Fig.8.3). An improvement is indicated by a decrease in the
percentage or a fall in the motor score.
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At baseline the groups were statistically comparable.
Althl')ughthe scores for chp placebo and the CQA 206-291
groups both f~11, the de0rease for the placebo group was
not significant while that for the CQA 206.....291 group was
statistically significant (p<O,Ol). The overall motor ::;core
improved in the active group by 45%.

Fig.8.4:, represents the dose of levodopa it ?~h groups as
a percentage of the baseJ.ine dose. A reduction in do\...I~is
evidenced by a decrease in the column height. The baseline
doses of the groups were comparable. The patients receiving
placebo were unable to tolerate a signifi-::antreduction in
levodopa dose while maintaining adequate motor scores;
however the dose of levodopa was reduced by 35% in the
patients receiving CQA. This was statistically significant
compared to baseline dosage (p<0,005).

Involuntary movements in the form of dyskill(~siaswere
present in 2 of the placebo patients at baseline which
improved with reduction in levodopa dose. However 3 of the
CQA 206-291 patients developed dyskinesias during the
trial. Dystonia, present in a single patient receiving
placebo, remained unchanged over the 4 months. A marked
effect in terms of "on-off" motor fluctuations was noticed
with a single patient in the placebo group deteriorating
while 5 of the 6 patients in the active group improved
significantly. There were no side-effects in the placebo
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The mean dose of Ievodopa in 10 patients who were allocated to
receive either CQA 206-291 (open) or placebo (solid bars) over 16
weeks follow-up (p < 0.005).
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group. Neuropsychiatric adverse events in the form of
severe hallucinations occurred in 2 of the CQA 206,(,,"291.
patients. Postura~ hypotension in <1 single CQA 206-291
patient remained unohanqed from baseline to t~rmination of
study. No nause.s ~ vomiting was reported.

Discussion

This double-blind parallel study demonstrates that CQA
206-291 compared with placebo :match is <;1neffective
.antiparkinsonian agent as an adjunct to Levodopa in moder-
ate IPD. statistically significant improvements in all
aspects o~. the UPDRS were seen, in addition patients Ware
able to be maintained on less levodopa. Any reduction in
the overall levodopa dose is beneficial in the long term,
an overall reduction of 35% is of,g:'C~flt,,_,Nabtage. The
addition of 25 mg/day CQA 206-291 allowed a 35% levodopa
reduction over baseline requirements.

As could be expected, because of experience with other D-2
dopamine agonists, more dyskinesias were encountered.
While 2 patients in each group had dyskinesias at
recruitment, these generally were m~re severe both in.
duration and degree particularly those of the CQA 206-291
group. The increased dyskinesia was always accompanied by
increased overall mobility. However in contrast to other



295

0-2 dopamine agonists little nausea, vomiting, orthostatic
hypotension, neuropsycbiatric ep.isodes , or other motor
flu ..,,'::,uationswere noted.

Clearly CQA 2U6-291 is an effective antiparkinsonian .agent
and hopefully other D-2 agents of the 8-~ ergoline group
will be proQ.uced in futur-e to better supplement levodopa or
even possibly manage patients.de novo.

8.3 Trial 5~CY 208-243 in advanced Parkin$on's disease

M~,thods

Eight patients with idiopathic Parkinson's disease, 7 male
and 1 'female, aged 50 - 73 years (median 61) were studied
after giving informed consent (Table 8.3). They wer.e Hoehn
and Yahr stage 3 or 4 off medication, had a disease
duration for 9-18 years (median 12), and wer3 receiving
levodopa therapy ranging 400-2400 (median 800) mg per day
(plus POI). A:~. were experiencing long term levodopa
complications and motor fluctuations. Levodopa was
withdrawn overnight before each study day but other drugs
continued unchanged.
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The patient characteristics of 6 patients (the remaining 2 h~ving being studied in
Paris) of the 8 reJ·)orted to receive CY 208-243 (2.5 - 40 mg po) following overn{ght
levodopa wltndrawaf. ,"'i

Patient Sex Age Disease Levodopa Other
duratIon dosage drugs

(yrs) (YlZ's) (mg/iday)

------------~----------------------------------------
RE M 49 9 375 Amantadine (:300)

RB F 52 1.6 600 Benzhexol (8)

Ee F 74 11 500 Amantadine (200)

LN M 60 18 2050

73 10 850

GR M 64 12 1500 Dissipa'::" (100)



297

CY 208-243 was given in open fashion, by mouth, each
alternate morning after breakfast in single doses of 5
(n=5), 10 (n=7), 20 (n=8) and 40 (n='7)mg po. respect-
ively. Motor disability using the Unified Parkinsons
Disease Rating Scale (Version 3) blood pressure and pulse
was measured at baseline, half hourly for 2 hours, and then
hourly for the next 4 hours. If no clinical improvement
was present by 3 hours, or if any benefit lasted less than
3 hours, patients was given their usual morning dose of
levodopa. The response of each patient to his usual dose
of levodopa was assessed at least once in each patient and
all demonstrated markedly different UPORS scores When "on"
compared to when "off". A full general and neurological
examination WaS performed pr'or to and after the study.
Serum biochemistry, haematology and BeG were monitored
before and within 24 hours of each dose administered.

Results

All a patients Showed improvement in parkinsonian mot,or
disability following administration of their usu.al morni:'1g
dose o·flevodopa (Fig 8.5). This "on" score was associated
with the mobile, redUCed or absent; tremor, good postural
balance and minimal bradykinesia state often asaocd.abed

wi th dyskinesias. Following oVe::'nightlevodopa '\lTi'thdrawal



298

60
!a

• •40

0 8
~

----,
0 40oen

i'"' •0 tot..... •0
E 8

0
~en
c 00en 0 Ic
~
I- 40CI1a,
"'0 •cu
!E Ic • •::> 0

0 ~ ..,
40l ••j!!! •

J • § • 0

0 0

r I I 1--'
8 L..D 5 10 20 40

mg CY

Fig 8.5

•• •• • •
8
0

r I

• •• •
• • e

o·
I

II•• 0 00
0 0

r I

I ...
:

8 0 0
Til I
13 L-D 5 10 20 40

mg CY

Motor dlsablllty scores (using section 3 of the UPS) in 8 patients prlorto
drug administration (8), at the time of maximum response to levodopa
(L~D).or at the time of maximal response to single doses of CY 208-243
(5~40mg po). Open circles (0) represent the 'on' mobile state, closed
circles (8) represent the 'off' Immobile state and semi-open circles (e)
the inbetween state.



299

60

•
c:b
'-
0
0
C/) •'- •0

40 I-0 •E •~C/) • •c: I0 19 •C/) •c: e •~ I • •'- •o:!
20 In,

0 • ..
'0

I
e

ID I • • e
~c 0 0
~ 0 0

~
0 8

0 I I I I -r~
B L~D 5 10 20 40

mg Cy

Fig 8.6

Motor. disability scores In 8 patients grouped together following
CY 2Q"'r243 (5-40 mg po) administration, Open circles (0)
represel)t th(il 'on' mobile state, closed circles (e) the 'off'
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all pat.ients were rigid and akinetic, unable to walk alone
and "off". Figure 8.5 and 6 Sh01l1S !:heclinical response,
judged by the motor disability scores of the UPDRS
following each dose of Cy 208-243 compared to their usual
resp9nse to levodopa. After 10 mg po., one patient turned
"on" fully and another patient partially "on".

}lence follo'\vingdoses less than 40 mg CY 208"'24\\3po., only
\\
\:

occasional improvements was noted. The full on ':.response
following 40 mg CY 208-243 po., occurred after 30-90
(medLari 2;5) :minutes and lasted 30-150 (median 150)

minutes after drug ingestion (Fig 8.6).

Dyskinesias occurred in two patients, in one exactly the
same pattern as that following levodopa or D-2 dopamine
receptor agonists. Naus~a only occurred in two patients
and drows~ness was noted in one case. No postural hypo ....
tension I neuropsychiatric complicat~,ons, vomdting, sig-
nificant laboratory or EeG abnormalities were found.

This study was published in the jOU'l:l1al,!4:ovement
Disorders, (see Appendix VII).
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Discussion

The novel D-1 selective agonist CY 208-\1243has the
capacity, in correct dosage, to turn advanced IPD patients
lion" following levodopa withdrawal. It is safe, produced
1'':0 serious side-effects attributable to the compound, but
unf~:'rtur:itely has been withdrawn from fUrther cll~nicaJ.

,

stuq'~lel'r in longer term use because hepatotoxicii~ has been
\ -;~))~?iin some patients. Animal modelsr;suggest the drug

:~;i!l.1? receptor selective and a partial agonist.
~:~tingpotential in advanced Parkinson f s disease

"sin.ce'+f~ls\ifJ:"cnpof patients are often resistant to
levodopa and 0-2 selective agents. If able to correct
Parkinsonian :motor deficits alone, or by interacting with
other agents the therapeutic prospects of a new group of
drugs, namely the 0-1 dopamine receptor modulators, will
emerge. This study suggests that CY 208-243 is able to
reVerse fully advanced parkinsonism and in two instances
actually produce dyskinesia hitherto thought to be a D~2
receptor mediated behavioural manifestation. The duration
of the "on" response was short lived at 150 minutes, while
a longer Levodopa duration of bene:fit occurred in the same
patients.
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8.4 Discussion of the human trials in this thesis and the
treatment of Parkinson's disease

Dopamine agonists are an important development in the
treatment options facing Parkinsonian patients. While
originally employed in advanced illness as adjuvant
therapy! dopamine agonists are also being successfully
employed early in the progression of the disease. Their
efficacy combined with the absolute need to eventually
supplemen( ;,'vodopa,has stimulated the development of
multiple dopamine agonists that have not only been tested
in animal models but also in man.

Advanced Parkinson'S disease patients are difficult to
manage since while patients become symptomatic with
greater than 80% dopamine cell Loas rSernheimer at al'r
1973), continued decline in nigrostriatal input causeS the
remaining SNc dopamine cells to work harder to increase
their dopaminergic output (Agid et al., 19·t3). This exces;';",
sive workload is limited and ultimately will fail. Also
the striatal dopamine receptors multiply and become more
receptive to endogenous dopaminergic input (ungerstedt,.
1971). This progression is inevitable and eventually so
little dcpami.ns output occurs that diminishing input into
the striatum results in increasing symptoms in spite of
exogenous levodopa supplementation. Hence patients become
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less responsive to levodopa with disease progression.
Another problem is the emergence of problems that are
thought to be aggravated by exogenous levodopa itself ..
Clues that these problems could be attributed to levodopa
therapy is that they are rarely reported prior to 1967
when l~vodopa was introduced into clinical practice.

Dyskinesias, "on-off" .mobor' fluctuations, wearing-off
phenomena and some forms of dystonia all occur with
greater frequency in patients with earlier and larger
doses of levodopa. Hence, whatever the reason, whether
deterioration, disease progression or levodopa related
limitations, a great need for alternate medication to
supplement or even superSede levodopa is present. Dopamine
agonists are one such option. While many adjuvant
therapies exist, including mono~~ine oxidase inhibitors,
amantadine, anticholinergics, tricyclic antidepressants,
lithium, gaba-aminobutyric acid agonists, serotoninergic
agents, baclofen, catechocol-O-methyltransferase
inhibitors, or the various dopamine agonists, the latter
remain the best option available.

At least two things are clear when analysing large
cumUlatiVe experiences in multiple centres. Firstly
patient groups vary regarding their responsiveness to
different dopamine agonists initially employed and as they
progress within themselves their responsiveness to drugs
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will eventually Qhange (Lieberman, 1988). Some patients
respond better to different. dopamine agonists. Similarly
only some develop side~effects on one type but not other
types of drugs. Secondly, the amount of supplementary
levodopa required will influence the results of all
dopamine agonists.

Hence an atrt.empt,to standardise the dose equivalents of
the different drugs within the ergoline class is
important. comparisons could thertbe made with similar
patient groups at similar stages of progression of the
disease.

It is also evident that 'the D-l and D"'4dopamine receptors
are important both individually and in combination, when
examining their function. Crucial to this interaction is
the influence of levodopa, which is known to act at both
receptor sites. Levodopa supplementation is thought to be
benefici.al because theoretically the levodopa that crosses
the blood-brain barrier may be taken up by nigral neurones
to re-establish nigrostriatal input. Dopamine is
decreased at striatal dopamine receptors in advanced
parkinsonism since patients have fewer and fewer remaining
nigral cellS. Hence levodopa efficacy declines. Dopamine
agonists may circumvent this problem by acting directly at
the postsynaptic receptor site. A theoretical danger of
excessive chronic levodopa ingestion is the possibility
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that levodopa itself may cause striatal dopamine receptors
to become subsensitive (Markham et al., 1981 and Lesser et
al., 1979). This will then physiologically blunt a
valuable attempt of the brain to compensate. What then is
the place of dopamine agonists and when would they be
employed? Since two types of DA reoeptors exist, called
0-1 and D-4, stimulation of either postsynaptic receptor
wi~f inf.luence the striatum. Any molecule simulating
dopamine at the receptor site theoretically will compete
with dopamine to biochemically exert its influence. The
ergoline group of drugs does this very effectively.

When dealing with end-stage disease with receptors have
become unresponsi ve to declining dopamine, and

theoretically this would not be the best time to initiate
dopamine agonists: This is confirmed by patients who at
end-stage illness do not respond to any pharmacological
intervention, including dopamine agonists. Similarly
destru.ction of the striatal receptors themselves such as
occurs in dementia pugilstica, striatal degeneration or
Wilson's disease, the benefit from dopamine agonists, or
for that matter, levodopa is limited. Hence the best time
to employ dopamine agonists woUld appear to be moderate
stage illness and the trend today should be toward earlier
utilisation. The possibility that early dopamine agonist
use may delay the emergence of or prevent levodopa
comp,lications has also accelerated early utilisation of
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dopamine agonists.

Unfortunately de novo dopamine agonists such as
bromocriptine .are insufficient in most patients. Many feel
that dopamine agonists may be effective in mild I:PD but
cannot be employed indefinitely alone, since all eventually
require levodopa in addition. However many useful yeal's may
be gained by sensible early use of dopamine agonists alone,
thus delaying levodopa related problems.

Dopamine agonists are mainly of the<~(),~12type, but it may
well be that simultaneous stimulation of both the D-1 and
0-2 dopamine receptor is needed for maximal antiparkin-
sonian effects. The concept that D-1 receptor stimulation
within itself may reverse parkinsonism is still to be
fUrther substantiated. Improvement in motor deficit may be
lnainly related to the D-2 receptor stimulation by D-2
agonists alone or perhaps greatest When empyoyed in
combination with D-1 receptor agonists.

Bromocriptine was initially used in hyperprolactinaemic
states since it was shown to reduce prolactin levels effect-
ively (corrodi et al., 1973}. Successfully tested in
animals, then man (CaIne at aI, 1974) it became the most
widely USed dopamine agonist to date. It was found particu-
larly useful in patients who have d~veloped limiting
levodopa effects or in patients who cannot tolerate
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levodopa. 13romocriptine was studied in this thesis to
assess the overall abitity to reduce overall levodopa re-
qUirements (Trial 1). While keeping patients in the same
clinical stage, bromocriptine was successively built up
from 20-50 mg/day, while simultaneously reduoing
levodopa. The best combination occurred at a :l1leanof 26
mg/day bromocriptine with a consistent 30% reduction of,
levodopa. Bromocriptine usage may arbitrarily be
subdivided into "low dose" and "high dose" the cut off
being 30 mg/day (~ieberman, 1987). Therefore low dose
bromocriptine was shown to ~mprove the majority of
patients since·their overall levodopa req\1.l:rementsfell
while mantaining stable clinical status:,l!Lieberman (1987)
reviewed the double-blind studies availal which
indicate 58% of the patients improved while 9% patients
experienced adverse effects. This leads "to q.rt.tgwithdrawal
in those on bromocriptine alone, but 71%<<5f patients
improve when bro:mocriptine is added to maintenance
levodopa. Of the latter group, 26% developed side-
effects. Overall, at least 61% of 706 patients improved.
The suggestion is made that low dose bromocriptine be
reserved for mild dise:ase and high dose for moderate to
advanced disease. Most patients in Trial 1 were moderate
IPO patients and little improvement was seen in their
states beyond a mean of 26 mg/day. Larger doses were not
effective in obtaining mobility in the more advanced
disease patients. In agreement with other investigators
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the slow in.troduction of bromocriptine with incremental
build up of the dose to 30 mg/day with levodopa is well
tolerated. Very few could not complete this part of the
trial.

Regarding the adverse effects eri:Jounteredmore dyskinesias
and dystonia occurred, but non-si9,'nificantly, in the
placeho controlled phase compared to levodopa alone. In
the open part of the trial, when levodopa was reduced,
dyskinesias and dystonias w~re markedly reduced. Hence,
if tolerated, bromocriptine added to less overall levodopa
maintained mObility l')utwith fewer involuntary movements.
Bromocriptine, even in higher dosage, how~ver was rarely
SUfficient to allow complete Levodopa dr~g withdra't17al.The
only time this occurred. wa.s in mild and early disease.

Slow release levodopa administration sinemet CR4 is
advantageoup compared with conventional Sinemet. The
pharmacological slow release improves the "pulse" mode
release, which is not the method by whieh endogenous
dopamine stimUlates the dopamine;.striatal receptor;;;.
Clearly CR4 pharmacokinetics offer a slower and more
sustained release profile. Two main problems have emerged
howl::..·~~r.Firstly, the slower action of drug leaves
patients distressed and immobile early in the day.
Secondly, patients require increased overall levodopa
administration. Unacceptable patient discomfort results,
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reflected by the few that elected to stay upon CR4.

More worrying, howevez , is the possibility that ~;;fcessive
overall Levodopa require1ttent may in.itself be harmful in
the long term. These ai,3sumptionsremail1 hypothetical
since they stem from observations of the patients with
established levodopa complications and not from
observations following early administration of s[ow
release cOmpounds. Given as a more continuous and
sustained plasma levodopa concentration, .it is posssible
that slow release compounds may exert maximum benefit upon
the dopamine receptors which may best respond, because of
continuous (rather than intermittent) stimulation, in
spite of higher overall levodopa dosage. The aim that
once or twice daily levodopa administrati!;)n ~ill be
SUfficient, has not been reached (Ashkog et al., 1988:
Cedarbaum et al., 1989). This stUdy has shown that CR4 is
well tolerated and a reduced dose frequency is possible
compared to conventional Siriemet.

Limitation in the purI:ently available D-2 dopamine
agonists have led to research being conducted upon
alternate b-2 and some D-1 compounds.



II

310

8.5 Discussion of novel dopamine agonists

CQA 2{)E)-291, a selective 0-2 dopamine receptor agonist, has
shown that it is effective in advanced !FD with motor fluc-
tuations (Trial 3). In addition CQA 206 ....291 is effective
in modexace disease and double-blind placebo matched
studie~ (Trial 4). Our study showed CQA 206-291 able to
reduc0 levodopa requirements by 35%. Keeping levodopa
constant the double"'blind study showed a steady improvement
in the UPORS score. While side effects are common, tl?:~Y
al;e Qose related and temporary. The efficacy compared to
bromocriptine is yet to be established. This new 0-2
ergoline is an effectlve and apparently safe
anti-parkinsonian druc3'. It has a longer half-life than
bromooriptr ne which i:~turn is longer lasting than
levodopa. The capacity to turn a.dvanoed parkinsonian
patients with fluctuacions "on" qna the duration ot'action,
is dose related. No hepatio toxic effects were observed in
animal models or man. Other preliminary studies
communicate early efficaoy and encouraging data but the
long term effects and the possible long term side-effects
a:t:'eunknown.

C,{ 208-243, a 0-1 sE:.:l,ectiveparti.al agonist, given as a
slngle morning dose tI:> advanced parkinsonian fluctuating
piatients following Levodopa withdrawal, clearly demonstrat-
et:}its efficacy. CY 208-243 turned ilnmobile, rigid, lIof.f"
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patients to mobile, less rigid state very similar to that
obtained following their usua l, levodopa. While well toler-·
ated in this trial (Trial 5) longer term studies at higher
dose, 60 mg/day po,; showed hepatotoxicity which has halted
further human clinical studies. However CY 208-243 was
well tolerated, produced no emesi~ or pos.tural hypotension
and supported anfma l, data to suggest it;has intrinsic anti-
pa'rkf.nsond.aneffects.

If confirmed that CY 208...243 is a 0.....1 'pure' agonist, the
observation th~t it produced dyskinesias in two patients
would be most interesting and important, since to date all
dyskinetic mcvemerrcs are dose related to D-2 active dru.gs.
However levodopa (:0-1and D-2 actions) produces dyskine-
sia. Either the d:rughas some as yet to be explained D-2
act:ivity or dyskinesias may be not only a D-2 phenomenon
but rather a D-1 receptor priming other dopamine receptor
(possibly the D-2 receptor) effect.

8.6 The role of dopamine agonists :n the therapy of
Parkinson's dlsease

The best treatment of IPD today remains levodopa and when
appropriate the introduction of supplementary drug
therapy. Dopamine receptor agonist drugs provide a useful
levodopa sparing effect, are efficacioUS in their own right
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alone in de novo therapy of early IPO and are continually
being improved upon. ~he funotional role of the 0-1
receptor, while unolear, has led to the development of many
D-1 speoific drugs and this in turn has oreated many
exciting therapeutio options. Which functional combination
of D-1 and 0-2 dopamine r.eoeptor status is the best remains
controversial. Hence the ultilnate combination drug is not
yet available, but appears closer to being developed. Toe
possibility of 0-3, and other dopamine reoeptors being
discovered with the develop:m~~t of safe agonists and

I,

antagonists, will possibly answer many of these questions.

Antiparkinsonian drugs currently researched variably
interact with 0-1 Sites, but haVe been thought to exert
their major effect by acting upon 0-2 sites. The ooncept
that the 0-2 receptor was 't.hereceptor to analyse
antiparkinsonain drug efficacy came from an era prior to
the introduotion of 0-1 speoific drugs. Hence a

Ire~examination of ideas and data is necessary to define
better the role of the 0-1 receptor alone and probably more
importantly in concert with the 0-2 receptors. Whether the
D-1 reoeptor remains ooupled to the D~2 r~oeptor or acts
independently, the 0-1 reoept,or agonist drugs apParently
may be,potentially helpful in treating IPD. There are many
more 0-1 than D"'2receptors in the human striatum and what
happens in human IPO regarding D~l and 0-2 receptors, in
the primate models remains unclear. Belcause one finds
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supersenitivity of both receptor populations, dopamine
agonists remain potentiallY useful especiallY when combined
with lev-odopa, in both the MPTP ...treated primate and man.

After 15 years of bromocriptir.a usage the indications to
supplement lev-odopa have emerged. In an attempt to reduce
levodopa sidepeffects many prescribe bromocriptine early in
the illness, some even suggest initial therapy with a
dopamine agonist (:Rinne 1989). Once 1ev-odopa side-effects
occur even then" bromocriptine may be usefUl tt;l' rest.ore
l1\obiJity I but with less dyskinesias, dystonia, "on""off"
lllotorfluctuations and end-of~dose deterioration Clearly
jLt is wise to avoid. these levodopa related problems: by
cldministering the lowest dose of Levodopa that will restore
l:unction. The optimal dose of 20"'30mg/day, if tolerated,
and the fact that in moderately severe rIlOthat
bromocriptine alone cannot maintain functional mobility is
c:::l;aar(Rinne 1987). Also confirmed by other studiE~S is the
impression that less dyskinesias, dystonias, "on-off" and
I~nd""of-dosedeterioration occur at the same level of mo -
bility on the combination of bromocriptine plus levodopa
VersUs Levodopa aLorre, Bromocriptine is well tole:r:atedin
'I::.helong term and while relatively safe, still does; produce
Islde-effects \...hLch limit dosage •.

t::>ther0-2 agonists such as lisuride, pergolide,
japomorphine, meselergine, terguride, CQ 32-084, eM 29-71.2,
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(+)-PHNO and CQA 206-291 are all variably beneficial as
antiparldnsonian agents. CQ.A206-291 is attractive in that
along with antiparkinsonian effects the drug does not drop
the blood pressure or produce as many neuropsychiatric
episodes as bromocriptine. It however, is more potent and
in higher doses should be used with an anti-emetic, such as
domperidone. Efficacy was established both in open phase
dose ranging studies and in placebo matched longer term
double-blind studies. Aside from fewer.side-effects the
agent is a similar antiparkinsonian agent to bromocriptine.

Slow release Sinemet CR4, an advanced generation matrix
designed to r.elease Levodopa slowly with a prolonged half
life, was disappointing in .thatthe long latency effect
reduced patient acceptability. However in those needing
ncctiuzna.Imobility it produced clear benefit and
potentially combined with conventional sinentet may produce
a better combination.

CY 208-243 was the first D-1 agonist employed in IPD. In
advanced IPD th,e0-1 agonist clearly showed its ability to
switch a patient "onll but this was shown against a back-
ground of levodopa maintenance therapy. Patients were
selected carefully as those easily differentiating non"
versus "off" and hence responded entirely to the C¥ 208-243
alone. What was even more interesting WaS that in at least
2 of them dyskinesias accompanied the "onn response,
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suggesting that the 0-1 receptor may also be important in
the mechanisms oontributing towards adverse side-efffFcts.

All the above compounds have provided safe and effectj.ve
antiparldnsonian activity and once more widely available
may provide more acceptable alternatives when considering
the best therapeutic option available to treat lPO today.
The· MPTP.-treate(iprimate marmoset has proved a useful model
to employ in drug 'development. The model is sound regard-
ing current theories of aetiology of Parkinson's disease -
indeed it has added much useful information to the mecha-
nisms of nigral ~9paminergic cell death. Biochemically,
histologically, electrophysiologically and even electro-
microscopically the Mp'.rP-treatedprimate has demonstrated
consistent and reliable results to ensure this model will
continue to be 'Used to stltdypal,.'Jrfi.nsonism.Utilising this
behavioural model the effects of /.,$KF38393 f CY 208-243, SCH
23390 and levodopa have been explored paying particular
attention to the 0-1 receptor. 0-2 active agents in this
thesis have included bromocriptine( (+)"'PHNO, CQA 206-291,
sulpiride and haloperidol either alone or in combination
with D-1 active drugs. As a prelude to clinical applica-
tion in humans with lPD, these agents demonstrated their
benefit in the MPTP marmosets thus complimenting rodent
preclinical data. CY 208-243 differs from the alternative
pa:r:tialD-1 agonist. SKF 38393, in that the latter does not
correct MPTp-induced parkinsonism or human lPO (Chase et
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a1., 1988). This agent, only the second 0-1 selective
agonist available has, thus stim~.lated further development
of similar compounds. These new 0-1 selective agonists are
required to confirm data obtained with CY'208...243. of
interest was the fact that not only did CY'208-243 express
antiparkinsonian effects in man with advanced disease but
also in primates. The primates, both 0-2 agonist naive and
those Who had had prior exposure to D-2 agonists, were in
an ideal position to test 0-1 responsiveness. Hence, as
judged by the drug naive MPTP-treat:ed marmoset, CY 208-243
would appear to possess intrinsic antiparkinsonian effeots.
This was only observed in the damaged nigrostriatal tract
since the animals prior to receiving MPTP did not respond
to CY 208-243. That CY'208-243 possessed mainly 0-1
receptor activity was demonstrated by the attenuated
response following sea 23390. Whether any inadvertent 0-2
agonist activity is part of CY 208-243's antiparkinsonian
activity as sUggested by its chemical structure being
similar to other ergolines, and the partial attentuatlon
of CY'208-243 activity by sulpiride priming, remains
unknown.

(+) -PImo administered subcutaneously I intraperitoneally,
orally or even transdermally to marmosets showed it to be a
potent and useful 0-2 selective agonist. Its Use in humans
(Coleman et al., 1988) and the potential use Of long term
slow release plasters is now a reality. Interaction
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studies utilising CY 208-243 and either levodopa or
(+)-PHNO demonstrated a potentiation of low dosage and
otherwise sub-therapeutic effects of the D-'~agonist drug.

This benefit is yet to be further tested in man, but
suggestions that bromocriptine potentiate levodopa response
indicate that functional interactions could exist (Rinne
1987; CaIne, 1978). The role of the D-l receptor may be
permissive" additive or synergistic to maximal D-2 receptor
expression.
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CHAPTER 9

FINAL DISCUSSION

The ideal treatment of idiopathi.cParkinson's disease is
not yet aVailable. While fetal transplantation remains
experimental the best pharmacotherapy of the illness
remains a crucial research objective.

Clues to the ultimate causes of dopamine cell death in the
SMc are emerging and any step that retards cell death will
delay the emergence of progressive symptoms. It is crucial
to understand dopamine receptors, mainly D-4, but also D-1
and others (Todd et al., 1989; Schwartz et al., 1990;
Monsma et al., 1989; Anderson et al., '1990; Van Tol et al.,
1991; Sunahara et al., 1991), thereby allowing better drug
manipulation and treatment~

This thesis set out to establish three principles:

1. HoW to best utilise levodopa, its long acting forms and
bromocriptine to their maximal advantage. patients with
idiopathic Parkinson's disease were examined to place into
perspective levodopa limitations, side-effects and how one
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could possibly avoid them.

2. Novel se~ective D-1 and 0-2 agonists Were successfully
tested in MJ?TP-treated marmosets. Methodology is discussed,
the evaluation of the MJ?TP primate model has been
considered and results derived from animal data used to
facilitate testing of CQA 206-291 and eY 208-243 in nan.

The D-2 agonists, as predicted from the MPTP-treated
primate data, demonstrated potent antiparkinsonian motor
benefit.

One 0-1 agonist, CY 208-243 but not SKF 38393, also
demonstrated antiparkinsonian motor benefit both in
MPTP-treated primates and man with advanced Parkinson's
disease. It remains to be confirmed if the antiparkinsonian
efficacy and indeed the dyskinasias seen, are D-l mediated,
or whether eY 208-243 has some as yet unknown other
dopamine recept.or effects.

3. combination experiments utilising selective D-l and 0-2
dopamine agonists were initiated in the MPTP-treated
primates, in attempt to identify the most suitable
antiparkinsonian state. This has long been examined with
1evodopa and adjuvant D-2 agonist therapy in man, both to
potentiate levodopa benefit and reduce levodopa related
s~.de-effects. The most suitable D-1, D-2 , D-3 and other
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("receptor combination with maximalantiparkinsonian motor
\'.·i

l'ieffects plus the least side-effects has yet to be
II
\.
established.

Developmentof other selective dopaminerecep'tor agonists

and antagonists, especially D-3, D-'4, D-5 and other

dopaminereceptor subsets as yet not available, hopefully

will stimulate further research I understanding and

u'ltimately offer better treatment strategies in the

treatment of idiopathic parkinson's disease.
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APPENDIX II

. Unified Parkinson's Disease Rating Scale
Version 3.0-February 1987
,Definitions of 0-4 Scale

r. MENTATION, BEHAVIOR AND MOOD
1. Intellectual irnpainnent:

o=None,
1=Mild. Consistent forgetfulness with partial recollection of events and no

other difficulties.
2::=Moderate memory loss, with disorientation and moderate difficulty

handling complex problems. Mild but deflnite impairment of function
at home with need of occasional prompting.

3=Severe memory loss with disorientation. for time and often to place.
Severe impairment in handling problems.

4=Severe memory loss with orientation preserved to person only. Unable
to make judgments or solve problems. Requires much help with per-
sonal care. Cannot be left alone at all.

2. Thought disorder' (DUE TO DEMENTIA OR DRUG INTOXICATION)
D=None.
1=Vivid dreaming.
2="Benign" hallucinations with insight retained,
3=Occasional to frequent hallucinations or delusions; without insight;

could interfere with daily activities.
4= Persistent hallucinations, delusions, or florid psychosis. Not able to

care for self.

3. Depression,'
O::=Not present.
1= Periods of sadness or guilt greater than normal, never sustained for days

or weeks,
2=Sustained depression (I week or more).
3=Sustained depression with vegetative symptoms (insomnia, anorexia,

weight loss, loss of interest).
4=Sustainecl depression with vegetative symptoms and suicidal thoughts

or intent.

4. Motivation/Initiative:
O=Ncrmal.
1= tess assertive than usual; more passive.
2= Loss of initiative or disinterest in elective (nonroutlne) activities.
3;:; toss of initiative or disinterest in day-to-day (routine) activities.
4= Withdrawn, complete loss of motivation.
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II. ACTIVITIES OF DAILY LIVING (DETERMINE FOR I'ON/OFF")
5. Speech:

0::: Normal.
1= Mildly affected. No difficulty being understood.
2= Moderately affected. Sometimes asked to repeat statements.
3::;;Severely affected. Frequently asked to repeat statements.
4= Unintelligible most of the time.

6. Salivation;
0= Normal.
1=Slight but definite excess of saliva in mouth; may have nighttime

drooling.
2= Moderately excessive saliva; may have minimal drooling,
3= Marked excess of saliva with some drooling.
4= Marked drooling, requires constant tissue or handkerchief.

7. Swallowing:
O=Normal.
I= Rare choking.
z=Occesional choking.
3= Requires soft food.
4= Requires NO tU~,eor gastrotomy feeding.

S, Handwriting:
O=Normal.
1=Slightly slow 01' small.
2= Moderately slow or small; all words are legible.
3=Severely affected; not all words are legible.
4=The majority of words are not legible.

9. CUlling food and handling utensils:
0= Normal.
1=Sornewhat 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=Sornewhat slow, but no help needed.
2=Occasional assistance with buttoning, getting arms in sleeves.
3=Considerable help required, but can do some things alone.
4 =Help less.

11. Hygiene:
0= Normal.
1=Sornewhat slow. but no help needed.
2=Needs help to shower or bathe; or very slow in hygienic care.
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3=R.:!quires assistance for washing, brushing teeth, combing hair, going
to bathroom. .

4 = Foley catheter or other mechanical aids,

12. Turning in ned and adjusting bedclothes:
O=Normal.
I =Somewhat slow and clumsy, but 110 help needed.
2=Can tum alone or adjust Sheets, but with great difficulty.
3 =Can initiate, but not turn or adjust sheets alone.
4=Helpless.

13. Falltng.Iunrelated to freezing):
O=None.
I=Rare falling.
2=Occasionally falls, less than once per day.
3 = Falls an average of once daily.
4 =Falls more than Once daily.

14. Freezing when walking:
O=None.
1=Rare freezing when walking; may have start-hesitation.
2 = Occasional freezing when walking.
3= Frequent freezing. Occasionally falls from freezing.
4;;::Frequent falls from freezing.

15. Walking:
G=Normal,
I =Mild diffieulry, May not swing arms or may tend to drag leg.
2= Moderat\;!'difficulty, but requires little or no assistance.
3=Severe disturbance of walking, requiring assistance.
4=Cannot walk at all, even with assistance.

16. Tremor:
O=Absent,
I =Slight and infrequently present.
2=Moderate; bothersome to patient.
3 =Severe; interferes with many activities.
4=Marked; interferes with most actlvitles.

17. Sensory complaints related to parkinsonism:
0= None.
1=Occaslonally has numbness, tingling. or mild aching.
2 =Frequently has numbness, tingling, or aching; not distressing.
3=Frequent painful sensations.
4;::;Excruciating pain.
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III. MOTOR EXAMINATION
18. Speech:

0= Normal,
1= Slight loss of expression, diction andl or volume.
2= Monotone, slurred but understandable; moderately impaired.
3=Marked impairment, difficult to understand.
4 = Unintelligible.

19. Facial expression:
G=Normal.
1=Minimal hypomimia, could be normal "Poker Face".
2= Slight but definitely abnormal diminution of facial expression.
3= Moderate hypornimia; lips parted some of the time.
4=Masked or fixed facies with severe or complete loss of facial expres-

sion; lips parted 1/4 inch or more.

20. Tremor at rest:
O=Absent.
1= Slight and infrequently present.
2 = Mild In amplitude and persistent. Or moderate in amplitude, but only

intermittently present.
3=Moderate in amplitude and present most of the time.
4 ==Marked in amplitude and present most of t-~etime.

21. Action or postural tremor of hands:
O=Absent.
1=Slight; present with action.
2=Moderate in amplitude, present with action. '
3=Moderate in amplitude with posture holding as well as action.
4 =Marked in amplitude; interferes with feeding.

22. Rigidil.l':(Judged on passive movement of major joints with patient relaxed
in sitting position. Cogwheeling to be ignored.)

G=Absent.
1= Slight or detectable only when activated by mirror or other movements.
2==Mild to moderate.
3::::::Marked, but full range of motion easily achieved.
4 =Severe, range of motion achieved with difficulty.

23. Finger taps: (Patient taps thumb with index finger in rapid succession with
widest amplitude possible, each hand separately.)
0= Normal.
1= Mild slowing and! or reduction in amplitude.
2= Moderately impaired. Definite and early fatiguing. May have occa-

sional arrests in movement.
3==Severely impaired. Frequent hesitation in initiating movements or

arrests in ongoing movement.
4 =Can barely perform the task.
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24. Hand movements: (Patient opens and closes hands in rapid succession with
widest amplitude possible, each hand separately.)

O=Normal.
1=Mild slowing and / or reduction in amplitude.
2= Moderately impaired. Definite and early fatiguing. May have occa-

sional arrests in movement.
3=Severely impaired. Frequent hesitation in initiating movements or

arrests in ongoing movement.
4=Can barely perform the task.

25. Rapid alternating movements o/hands:(Pronation-supination movements
of hands, vertically or horizontally, with as large an amplitude as possible,
both hands simultaneously.)

o =Norrnal.
l==Mild slowing andl or reduction in amplitude.
2= Moderately impaired. Definite and early fatiguing. May have occa-

sional arrests in movement.
3=$everely Impaired. Frequent hesitation in initiating movements or

arrests in ongoing movement.
4=Can barely perform the task.

26. Leg agility: (Patient taps heel on ground in rapid succession, picking up
entire leg. Amplitude should be about 3 inches.)

G=Normnl.
1= Mild slowing andj or reduction in amplitude.
2=Moderately impaired. Definite and early fatiguing. May have occa ..

sional arrests in movement. .
3 =Severely impaired. Frequent hesitation in initiating movements or

arrests in ongoing movement.
4 =Can barely perform the task.

27. Arising from chair: (Patient attempts to arise from a straight-back wood or
metal chair with arms folded across chest.)

o =Norrnal.
I =Slow; 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 one time, but can get

up without help.
4= Unable to arise without help.

28. Posture:
0= Normal erect.
1=Not quite erect, slightly stooped posture; could be normal for older

person.
2 =Moderately stooped posture, definitely abnormal; can be slightly

leaning to one side.
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3.=Severely stooped posture with kyphosis; can be moderately leaning to
one side.

4 =Marked flexion with extreme abnormality of posture.

29. Gait:
0= Normal,
1=Walks slowly, may shuffle with short steps, but no festination or

propulsion.
2=Walks with difficulty, but requires little or no assistance; may have

Some festination, short steps, or propulsion.
3=Severe disturbance of gait, requiring assistance.
4==Cnnnot walk at all, even with assistance.

30. Postural stability: (Response to sudden posterior displacement produced by
pull on shoulders while patient erect with eyes open and feet slightly apart.
Patient is prepared.)

O=Normal.
I == Retropulsion, but recovers unaided.
2=Absence of postural response; would fall if not caught by examiner.
3=Very unstable, tends to lose balance spontaneously.
4= Unable to stand without assistance.

31. Body bradykinesia and hypoktnesia: (Combining slowness, hesitancy,
decreased arms wing, small amplitude, and poverty of movement in general.)

O=None.
i=Minimal slowness, giving movement a deliberate character; 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;:;:::Marked slowness, poverty or small amplitude of movement.

IV. COMPLICATIONS OF THERAPY(ln the past week)
A. Dyskineslas
32. Duration: What proportion of the waking day are dysklnestas present?

(Historical information)
O=None
I == 1~25%of day.
2=26-50% of day.
3=51-75% of day.
4=76-100% of day.

33. Disability; HoII' disabling are the dyskineslas? (Historical information; may
be modified b.)'office examination.)

O=Not disabling.
1==Mildly disabling.
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2= Moderately disabling.
3=Severely disabling.
4=Completely disabled.

- .
34. Painful dyskinesias: Ho\,J,'painful are the dyskinesias?

O=No painful dyskinesias.
I=Slight,
2= Moderate.
3=Severe.
4=Marked.

35. Presence of early morning dystonia: (Historical information)
O=No
l=Yes

B. Cltnical Fluctuations
36. Are any "offll periods predictable as tc timing after a dose of medication?

O=No
l=Yes

37. Are any "off'tperiads unpredictable as to liming after a dose of tnedlcation?
O=No
l=Yes

38. Do any of the "off" periods come on suddenly, e.g.• over qfew seconds?
O=No
l=Yes

39. What proportion of the waking day is the patient "off" on average?
Q=None
1= 1-25% of day.
2=26-50% of day.
3=51-75% of day.
4=76MIOO% of day.

C. Other Complications
40. Does the patient have anorexia, nausea, or vomiting?

O=No
l =Yes

41. Does the patient have any sleep disturbances, e.g., insomnia or hyper-
somnolence?

O=No
l=Yes
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42. Does the patient have symptomatic orthostasis?
O==No
!==Yes

RECORD THE PATIENT'S BLOOD PRESSURE, PULSE AND WEIGHT
ON THE SCORING FORM.

V. MODIFIED HOEHN AND YAHR STAGING
Stage 0 ==No signs of disease.
Stage 1 ==Unilateral disease.
Stage 1.5==Unilateral plus axial involvement.
Stage 2 ;:;;Bilateral disease, without impairment of balance.
Stage 2.5= MUd bilateral disease, with recovery on pull test.
Stage 3 ==Mild to moderate bilateral disease; some postural instability;

physically independent.
Stage 4 =Severe disability; still able to walk or stand unassisted
Stage 5 =Wheelchalr bound or bedridden unless aided.

VI. MODIFIED SCHWAB AND ENGLAND ACTIVITIES ON DAILY
LIVING SCALE
lOO%-Completely independent. Able to do all chores without slowness,

difficulty or impairment. Essentially normal. Unaware of any
difficulty.

90%-Completely independent. Able to do an chores with some degree of
slowness, difficulty, and impairment. Might take twice as long.
Beginning to be aware of difflculty.

80%-Completely independent in most chores. Takes twice as long. Con-
scious of difficulty and slowness.

70%-Not completely independent. More difficulty with 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 exceedingly slowly and
with much effort. Errors; some impossible.

50%~More dependent. Help with half, slower, etc. Difficulty with every ..
thing.

40%~Very dependent. Can assist with all chores, but few alone.
30%-With effort, now and then does a few chores alone or begins alone.

Much help needed.
20,%-·Nothing alone. Can be a slight help with some chores. Severe invalid.
10%...Totally dependent, helpless. Complete invalid.
0%-Vegetative functions such as swallowing, bladder, and bowel func-

tions are not functioning. Bedsidden,
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APPENDIX III

Adjunctive therapy with bromoceiptine
in Parkinson's disease
J. A. TEMLETT,
T. R. BILCHIK,

A. MING, M. SAVJNG, v. U. FRITZ,
i II

A. L. BECKER, P. $. FOURIE,
A. BLUMENFELD,

H. E. REEF

Summary
Patients with moderaiely severe Parkinson's disease compll-
cated by the ad\l,~rseeffects of chronlc Ievodopa use bene-
fited from the addition of bromocrlptine (Parlodel; Sandoz) In
d05M up to 2&mg daily. which allowed an approximate 30%
reduction of levodopa dose. This. resulted In a significant
decrease In the amount of levo(!opa slda-effecfs while main-
taining or Improylng the original parkltison}an clinical sla9~.'
Increased effectiven!!!ssIn these patients was nol associated
with increased dosage beyond 25 •. 30 mg dally. When the
doses of bromocripllne were Increased slowly, Ihe adverse
reactions were minor and usually transient.
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Despite the initial successful experiences with levodopa
therapy, disabling motor disturbances have emerged among
'parkinsonian patients during chronic levodopa treatment.
Reduction of responsiveness to levodopa over years and asso-
ciated long-term adverse effects. including abnormal involun-
tary movements. (dyskinesia), dystonia, psychiatric disturbances
and the development of severe 'on-off fluctuations should be
taken into consideration in the therapeutic strategy of Parkin-
son's disease. J-1

The efficacy of'bromocriptine (Parlodel; Sandoz) as an anti-
parkinsonian agent has been established in many clinical
trials,Ho There is, however, still controversy about the role of
bromocrlptine as a single first-line agent and the ideal dosage
ratio of Ievodopa to brornocriptine if both drugs are used. In
addition, the ideal time to add bromocriptine to existing
levodopa therapy is ~ot well established. Should this be before
or after the long-term drug side-effects of levodopa have
manifested themselves?

The assessment of these problems with drug therapy in
Parkinson's disease depends largely on subjective patient and
doctor evaluation of the patient's clinical status. The dissbility
associated with Parkinson's disease is difficult to quantify and
a number of rating scales have been published. These scales
have emphasised the physical aspects of the disability, to the
almost complete exclusion of the mental status changes, In
order to evaluate therapeutic regimens for Parkinson's disease
effectively, a comprehensive and sensitive procedure for assess-
ing the disability is essential.
The development of such a comprehensive disability scale

depends upon a number of factors. Firstly, a comparative
assessment of the value of the existing scales must be made.
Secondly, a determination of the relative contributions of the
various items of these scales to overall ratings of the di'Sability
of Parkinson's disease should be evaluated. Finally, deter-
mination of the relative contributions of physical and mental
status changes to the overall ratings of the disability in Parkin ..
son's disease should be assessed.
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In order to evaluate further the role of bromocriptine as an
adjunctive agent to Ievodopa in the management of Parkinson's
disease, a study was designed at the Neurology Unit of
Johannesburg Hospital in conjunction with the School of
Psychology at th: University of the Witwatersrand. The study
also planned' rssess the various accepted 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 COUrseof the trial.

The aims of the study were to: (I) determine whether
brornocriptine could partially replace dopamine therapy used
by patients. while at least maintaining their original clinical
response on levodopa alone; (il) determine the dosage ratio for
combining levodopa with brornocriptine; (iii) confirm the
therapeutic efficacy and tolerance of bromocriptine in patients
with Parkinson's disease already controlled on levodopa; and
(!'v) monitor mental Status and to explore the possibility of
including a practical mental status assessment to complement
the standard motor scales.

Patients and methods

Forty-four patients of both sexes, mean age of 64,8 years
(range 30 - 75 years), who fulfilled the inclusion criteria of
idiopathic Parkinson's disease with a disease rating of Hoehn
and Yahr stages 2 - 4 were entered into the trial. All patients
were outpatients and were excluded if they had features of
seve-re systemic disease (cardiovascular, gastro-intestinal,
renal, hepatic or psychiatric) or musculoskeletal disease causing
significant disability.

Informed consent was obtained and patients were stabilised
for a minimum period of 2 months on levodopa, Thereafter
they were admitted to the trial, which was conducted in tWO
phases - a double-blind phase and an open parallel-group
design phase. There were 4 patients in whom results could not
be analysed owing to lack of compliance. Thus a total of 40
patients completed the trial and were evaluated.

In the double-blind phase, which lasted 5 weeks (designated
weeks 1 - 5, the daily dose of levodopa (determined in the
initial 2 months) was kept constant in all patients. These
patients were randomly allocated to receive either increasing
doses of bromocriptine or matching placebo. The bromocrip-
tine group (22 patients) received I1n initial 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 5-week period.
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 patients) were unblinded
and given bromocriptine in incremental aliquots of 2,5 - 5 mg
weekly in the same way as those Who had been randomly
allocated bromocriptine in the double-blind phase. Thus by
the end of a further 5 weeks a1140 patients Were receiving their
initial levodopa dosage and 20 mg of bromocriptine. This
strategy allowed a comparison between a placebo baseline and
bromocriptine efficacy. At this stage (designated weeks 6 - 11)
the 40 patients, including those who had received bromocrip-
tine ~" the first 5 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 bromocriptine
dosage, which had remained at 20 mg in all patients, was
increased by 5 mg/d each week until the parkinsonism was
once again controlled. Once the patient was stabilised, further
reduction of levodopa with further increases of bromocriptine
was again a~tempte~ in a.similar manner. If bromocriptine was
tolerated Without Side-effects an attempt was made to increase
this dosage to a maximum of 50 mg/d by mouth in divided

doses in order to further improve the parkinsonian status. This
procedure continued for weeks 6-11, i.e, 6 weeks in the open
phase.

Throughout the trial, patients were seen weekly and under-
Went full clinical assessment, Parkinson's disease symptoma-
tology and response to treatment was assessed br SUbjective
enquiry and completion of the Hoehn and Yahr, I .Webster, 12

Columbia" and North Western University" scales. Biochemical
profiles were performed at trial entry and at the end of the
trial. In addition, full psychological evaluations were carried
OUtby trained psychornetrists at the beginning and end of the
trial. Psychological tests used were the Beck Depression Inven-
tory, Vocabulary and Similarity sub-tests and the Wechsler
Adult Intelligence Scale, Benton's Controlled Word Association
Test, Rey's Auditory Verbal Learning Test, Rey's Complex
Figure, and the Mini Mental State Examination. The Beck
test was also repeated on weeks 6 and 9 and the Mini Mental
State Examination WaScarried out on weeks 1, 6, 8, 10 and the
end of the trial. However, on the first and final weeks an
expanded version of the Mini Mental State Examination was
used (maximum score of 80). Concomitant medication was not
changed during the trial. Adverse reactions and compliance
Were monitored continuously.

Statistical computations were carried out with the Statistical
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 trial entry
between treatment groups (bromocriptine and placebo/levo-
dopa) 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 stage or
patient status at the beginning and end of the double-blind
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 larger
contingency tables the JI1,antel-Haenzel test of significance was
used. Comparison of means was by r-test procedure and for
time trends in vital signs, dosage requirements and mean
disability scores by analysis of co-variance and multiple
regression.

Results
For analytical purposes, discontinuations were classified into
premature interruptions (related to drug therapy, and including
therapeutic failure/inefficacy as well as intolerance/adverse
reaction to treatment) and drop-ours unrelated to test medi-
cations.

Double-blind phase
The two randomised groups (levodopa and brornocriptine v.

levodopa and placebo) were fully comparable in terms of
personal attributes (Table I), clinical status (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 levodopa (640 mg/d on average in all patients),
during the first 5 weeks, and a constant increase of bromo-
criptine (up to 20 mg/d) in one subgroup v. placebo in the
other, it was possible to compare changes in clinical status of
treatment efficacy in the tWOgroups objectively.

Bromocriptine was well tolerated in the first phase of the
study, with only 2 patients being withdrawn prematurely from
this phase of the trial because of persisting adverse effects of
confusion and postural hypotension. Table IV demonstrates
that the mean patient scores did not deviate significantly
throughout the l l-week period of the study no matter which
of the 1\ methods of assessment were used. This suggested that
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TABLE I. P(',RSONAL ATTRIBUTES ,AT TRIAL ENTRY
B~,illlocrlptine Placebo Total

No. of patients 22 is 40
Mean age (yrs) (SE) 64,3 (1,6) 65,3 (1,8) 64,0 (1,2)
Sex

M 13 8 21
F 9 10 19

Mean disease duration
(yrs) (Se) 13,4 (1,4) 1:J,3 (2,1) 13,4 (1,2)
Mean levcdopa
dosage
(mg/d) (SE) 669,3 (66,6) 622,2 (69,9) 666,0 (68,1)
Smoking habit

No. of smokers 3 4
No. stopped
smoking 10 8 18
No. never
smoked 9 9 18

Tremor in family
Yes 1 i 2
No 21 17 38

Surgical treatment
No 21 14 35
Yes, no effect 0 1 1
Yes, slight 0 0 0
Yes, moderate 0 3 3
Yes, good 1 0 1
Yes, very good 0 0 0

bromocriptine dosage could be: increased and levodopa dosage
decreased without significantly altering the clinical disability
status of the patients.

In terms of adverse events, these two groups were similar
with 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 levodopa could be reduced.

Open phase
The primary objective of t!lis phase was to establish whether

bromocriptine could partially replace levodopa while main-
taining at least the original clinical response that was achieved
on levodopa 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 bromocrlptine dosage from 2,5 mg/d tr 'to mg/d
in the first 5 weeks, and then from 20 mg to 4C .n the
latter 6 weeks. These dosage changes were achk., _" while
levodopa dosage was decreased by approximately 30% of the
original dose. This was accomplished while keeping the clinical
status stable (Table IV).

The stability of the mean rating scale scores during the open
phase emphasises the ability of a reduced levodopa and
increased bromccriptine regimen to maintain a relatively stable
clinical response. From Table IV it can also be seen that
patients were at their best clinical stage between week Sand
week 8, where the average dose of bromocriptine was 26 mg/d
and the otiginallevodopa dose (~40 mg/d in all patients) had
been decreased by approximately 30%. It was observed that
the patient's clinical stage did not improve with further
increases of brornocriptine beyond week 8 (i.e. above approxi-
mately 26 mg/d).

Dyskinesia, hypotension and dystonia were the most common

TABLE II. CLINICAL STATUS AT TRIAL ENTRY

No. of No. of
patients on patients on

Symptom Degree btomocrlpdns placebo Total
Dystonia

Intensity None 11 12 23
Mild 6 4 10
Moderate 4 1 5
Severe 1 1 2

Freu,uency None 11 14 23
Occasional 6 4 10
Frequent 5 0 5
Continuous 0 0 0

Freezing episode
Intensity None 1~ 12 25

MIld 1 4 5
Moderate 3 0 3
Severe 5 2 7

Frequency None 13 12 25
Occasional 3 4 7
Frequent 6 2 8
Continuous 0 0 0

Dyskinesia
Type None 13 13 26

Face 1 1 2
Trunk 0 0 0
Arms 2 0 2
Legs 1 2 3
Multiple 5 2 7

tntenstty None 13 13 26
Mild 2 1 3
Moderate 4 3 7
Severe 3 1 4

Frequency None 13 13 26
Occasional 3 1 4
Frequent 3 4 7
Continuous 3 0 3

On-oH phenomena
Intensity None 20 17 37

Mild 2 1 3
Moderate 0 0 o
Sel/ere 0 0 0

Frequency None 19 17 36
Occasional 2 1 3
Frequent 1 0 1
Continuous 0 0 0

adverse events related to the trial medications and individual
patients frequently experienced more than one type of adverse
events at different times (Table V). In the majority of these
patients, the adverse effects lessened or disappeared as the
dose of levodopa was decreased and/or the bromocriptine dose
was increased. Some of the side-effects am ibutable to increased
dosages of bromocriptine, such as dizziness, hypotension and
confusion, seemed to lessen or even disappear with time. As
these effects occurred while levodopa dosage was kept constant
and bromocriptine dosage was increased, 'it appears that certain
patients develop tolerance [0, or overcome some of the side-
effects of bromocriptine, with time.
The therapeutic efficacy in terms of the clinical stage and

adverse effects at the various doses is reflected in Tables VI
and VII. Two groups emerged, one with side-effects at some
stage of the study and one with no side-effects at any stage.

In the first group (25 patieats), where adverse events were
experienced at some stage, it was found that maxlmal adverse
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No. of No. Of
patients on patients on

bromocriptine placebo Tota,'
Hoehn and Yahr
clinical stage
1 0 Q 0
2 9 6 15
3 11 10 21
4 2 2 4
5 0 0 0

Webster total
scores"
0 0 2 2
1 13 11 24
2 9 5 14
3 0 0 0

ColumbIa total
scores'
0 6 6 12
1 6 4 10
2 6 5 11
3 3 2 5
4 1 1 2

NWU total
scores'
0 0 0 0
1 O.'} 0 0
2 1 1 2
3 0 1 1
4 0 2 2
5 1 2 3
6 6 2. 8 l"7 9 6 15(!
8 5 4 9\i k>
9 0 0 o \' J
1,0 0 0 o \\//

TABLE III. DISABILITY RATINGS AT TRIAl. ENTRY

• Total score! comptJted by surnmlng frequencies within sarne rating category across
ail s~ale Items. Scores were then weighted aecordlng to sample $ite and a~~r.ged
to the neatest Integer.
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events were experienced in 1I men and 14 women at a mean
dose of 10 mg/kg/d of Ievodopa (802 mg in men, 537 mg in
women) in combination with a dose of 18 mg bromocriptine
per day (Table VI). This included patients in both the open
and double-blind phase of the tria!. Most side-effects occurred

2 3 4 5 6 7 8 9 10 11 12
Trial Week

Fig. 1. Mean percentage change In dosage of drug.

when the levodopa dosage was at its highest in the earlier part
of the study arid bromocriptine had not reached adequate
therapeutic levels. When (he dose of levodopa was decreased
by approximately 30% (542 mg in men, 348 mg in women) and
the bromocrlptine dO$age increased to about 26 mg per day
the adverse events were at minimum and in most cases were
entirely absent, while maintaining the clinical stage (Table
VII). Twenty-two of these 25 patients (9 men and 13 women)
became symptom free (1' < 0,0001). In the remaining 3
patknts, symptoms persisted despite adjustment in medication.

The patients in the second group (the remaining 10 men
and 5 women) experienced no adverse events at any stage
while the drugs were being interchanged. In addition, their
clinical stage also remained constant and did 110t, in fact,
improve as the dose of bromocriptine was increased beyond 26
mg/d, They were able to tolerate bromocriptine doses of up to« c,

39 mg/d by the end of the study with all accompanying mean
levodopa dosage of 522,5 mg (7,3 mg/kg) in men and 370 mg
(6,6 mg/kg) in women. Further increases in bromocriptine
dosage were not carried out because of the limited duration of
the study.

Psychological tests were used to monitor mental status.
When the neuropsychological test scores of each individual
patient were compared at the beginning and end of:'he study,

TABLE IV. RATING SeALES (MEAN SCORES) AT EACH WEEK OF THE STUOY
Week Hoehn and Yahr Webster NWU coturnbta

(SO 0,6 - 0,9) (SO 0,4· 0,$) (SO 1,0 ' 1,3) (SO 0,5 - 0,9)
1 2,15 1,19 6,52 1,27
2 2,61 1,16 6,59 1,19
3 2,61
4 2,50 1,07 6,74 1,05
5 2,54
6 2,50 1,09 6,71 1,05
7 2,42 1,09 6,71 1,09
a 2,44 1,1~ 6,77 1,08
9 2,42 1,13 6,70 1,08
10 2,45 1,08 6,132 1.,2
11 2,53 1,12 6,71 1,11

NWU .. North Welllerrt University
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TABLE V. TYPE AND FREQUENCY OF ADVERSE EVENTS
(OPEN PHASE)

Events No. of patients
Dystonia
Severe

Dyskinesia
Mild 4
r~oderate 3
Severe 5

HYPotension
Mild 6
Moderate 5
Se'lere 2

Diulnes$
Mild 2
Moderate 5
Severe 2

Hallucinations
Mild 1
Moderate 1
Sev.ere 1

Confusion
Mild 1
Moderate 2

Other
Associated with
hypotenslon/dlulness· 4
Not associated with
other adverse eventst 3

No. of events

3

5
4
9

6
6
3

2
5
3

2
2
2

4
10

5

4
• Naul>.eaand vomiting - mild; syncope -- mild; mUltiple falls - severe; dlfllc::ulty
in concentrating - mild; dry mouth - mild.
t Balance ImpalrmGI1- mild; nausea - moderate: Increased sexual driv& _ moderato.

no statistical differences emerged. This mental sratus finding
paralleled the relative stability of the motor rating scales
throughout the study. The mean Expanded Mini Mental State
Examination scores in the 40 patients were 64,4 (SE = 2,4) in
V ,'ek 1 and 66)1 (SE :::" 1,4) in week 12 out of a possible
maximum score of 80. The following neuropsychological profile;
was consistently Seen throughout the trial: good presentation
of vocabulary and verbal fluency; marked disturbances in
constructional function as measured by Rey Complex Figure
Test occurred consistently; and normality of memory was
observed throughout the study.

Although this profile was seen to a greater or lesser extenrcn
lin patients; it should also be noted that there were marked
individual v;;riations in cognitive integrity; approximately 50%
of patients obtaining a Mini Mental State Score of < 25 but of
30, indicating consistently poor overall cognitive function.

Discussion
Levodopa has been the mainstay of therapy in Parkinson's
disease since its introduction to clinical use in 1969.'5 IiQ\i(ever,
following neatly two decades of experience with this aeent, it
has become apparent that patients who liav.eused levodopa for
6 years may begin to develop problems of dyskinesias, freezing
and 'on-off' flucruadon in response to the ever-increasin~
levodopa dosage that is necessary to maintain mobility. 16"

For this reason, new agents have been developed, the most
promising of which are the, dopamine agonists, Bromceriptine
is a predominantly D-2 rece ptor' agonist but in aqqition appears
to have D-l· receptor antagonist properties. When bromo-
criptine is employed in advanced Parkinson's disease in patients
who have Ievodopa-induced complications, studies have shown
its efficacy.19-21Unfortunately, bromocriptine may also produce
dyskinesias and, in addition, neuropsychiatric problems emerge
- all of which limit increasing the dosage. The equivalent oral
dosage of bromocriptin- in place of levcdopa is still unknown
but we .have shown that when combining, this dopamine
agonist (in approximately 25 mg/d total dosage) widllevdopa
it is possible to reduce overall levodopa requirements by 30%
without compromising clinical scores. Although bromocriptlne
has been tolezated (It up W ,150 mg/d,23 sometimes combined
with levodopa, we suggest that little additional benefit is seen
beyond 251pg/d in moderately severely affected patients.
With the low dosages of bromocriptiae used, adverse events

usually attributed to bromocriptine such as hypotension, con-
fusion and dizziness were usually mild and transient. Only 2
patients (5%) in our study were withdrawn because of persi~tent
adverse effects, which disappeared on removal of bremo-
criptine, In the majority of our patients the adverse effects
either settled as the levodopa closeWaS decreased or disappeared
spontaneously after sustained use of the same dosage of b~";mo-
criptine, the levodopa dose being kept constant. The$~ dndings
confirm other studies24-27 showing that bzcmocripzine is well
tolerated at low dosages. In only 37% of our patients, the
majority of whom had mild disease and who had no fluctuations
in response or other effects of cb-onic levodopa use, it was
possible to increase bromocriptine to fairly high levels (approxi-

r-

L~_'_1_5_pa_ti_en_ts_n_ot_ln_C_IUd_ed In this Table did not develop adverse events thrO~ghO,_ut_a_II_Ph_au_'e_5_Of_t_tU_dY_,~_~~~ _

l
J

TABLE VI. DRUG DOSAGE WHEN MAXIMUM ADVERSE EVENrS OCCURRED (25/40 PATieNTS")

No. of Mean body Mean dosage Mean dosage
patients Sex weight (kg) levodopa (mg) bromocriptine (mg)

11 M 71,1 802,3 ± 116,9 18,4 ± 3,6
14 F 55,6 537,5 ± 45,4 22,1 ± 2,6

l
No. Of
panem,

9
13

TABLE VII. DRUG DOSAGE! WHEN OPTIMALiLINICAL STATUS OCCURRED RESULTING IN NO
SIDE·EFFECrS (25/40 PATIENTS')

Mean body Mean dosage
weight (kg) f~vodopa (mg)

71,1 541,7 ± 111,5
55,6 348,1 ± :i7,5

Mean dosag!:)
bromocriptine (mg)

25,6 :l: :l,1
26,5 ± 1,7

Sex
M
F

• 15 patlDnts not included in this Table did not deveiop a~~rso events throughQut all phases of the sludy.
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rnately 39 mg/d with concurrent levodopa therapy) without.
them developing side-effects, However. the clinical stage of
this group was alr\!ady optimal at a dose of brornocriptine of
less than 26 mg/d and further increases of bromocriptine
beyond this dose die! 110t continue to improve their clinical
Status.

In this study, att()~!lpts were.made to compare rating scales
'Ind to establish which was the most efficlent scale and which
features in each scale were most useful. iJespite numerous
sratistical comparisons, which are nor reported in detail, no
single scale was found to be superior. The most likely explana-
tion is that his ~tudy was not designed to evaluate changes in
individual aspects of the rating Scales. Patients motor deficits
were being stabilised at optimum doses of therapy concomitant
with minimal adverse effects. Thus no significant changes ill
the clinical starus of patients or their rating scales were
achieved in the study.

The major neuropsychological finding was the $tlibility of
mental Statu') throughout the trial, which did not fluctuate
with the introduction or change in brornocriptine therapy. The
neuropsychological features observed were typically those of
Parkinson's disease, namely II marked dissolution of construe-
.rona! skills in t' e face of preserved verbal function and
memory.

In conclusion, this study demonstrated that, while main-
taining a stable clinical state, the addition of bromocrlptine in
a g::oup of patients with moderately severe Parkinson'S disease
could reduce the ievodopa requirements by approximately
30%. Since individual differences occur in the mental status of
individual padents with Parkinson's disease, it appears advis«
able to include a Mini Mental State score in the motor rating
scales.

We would like to acknowledge the suppert and sponso1'ship or
Sandat Products (Pty) Ltd.
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APPENDIX IV

Sinemet (CR4): an open-label study in moderately severe
Parkinson's disease

A. MING. J. A. TEMLETT & V. U. FRITZ
From tile Neurology Unit. University oj the Witwatersrand alld Johannesburg Hospital. JolJalmcsbwg.
Soutiz A/rica

Abstract. Ming A, Temlett JA, Fritz VU (Neurology Unit, University of the vvitwatersrand
and Johannesburg Hospital, Johannesburg, South Africa). Slnemet (CM): an open-label
study in moderately severe Parkinson's disease. Journal of Internal Medicine 1991; 230:
113-117.

Almost all patients with idiopathic Parkinson's disease respond to levodopa and progress
steadily, requiring an Increased overall dosage with time. Sinemet CR4 offers a
theoretically attractive method of achieving gradual sustained release of levodopa over
time which may be more physiological to striatal dopamine receptors in the early stages
of the disease. This study evaluated 20 patients with moderate to severe Parkinson's
disease who were treated with Slnemet CR4 over a I-yeal' period. Eleven patients
completed the full year on therapy, and nine subjects withdrew. Of the Withdrawals, two
subjects died frOm non-Parklnson's disease-related Illness, three showed no therapeutic
benefit, and four responded well for a minimal 6-month period. but'then lost therapeutic
benefit and developed more severe dystontas, A higher overall levodopa dosage was
required by all patients. and side-effects of levodopa were still present In most patients.
However', the nocturnal benefit 01 this long-acting preparation was observed by all the
patients In the study. Slow onset of action of Slnemet CR4 resulted ln early-morning
lmmoblllty, Slnemet CR4 cannot replace standard Slnemet, but appears to be a useful
form of adjunct therapy In selected patients.

• 1 Keywords: Parkinson's disease. Sinemet CR4•

Introduction
The combination of levodopa and peripheral
decarboxylase Inhibitors (Slnemet and Madopar)
remains the most effective medication available for
treatment of Parkinson's disease. Initially, there are
few side-effects and the clinical benefits are sustained,
necessitating a doslng frequency of only two or
three times daily. However, with prolonged use of
these compounds for 3 years or more, the duration of
benefit is reduced, requiring an increased dosing
frequency. Many patients also experience motor
fluctuatlons, despite the increased number of doses
and overall amount of levodopa [1-3].

There Is evidence that plasma levodopa
concentrations are correlated w1th motor
fluctuations in many patients [4-6], Short-term
studies involving intravenous infusions of levodopa
suggest that constant plasma levels can reduce these
motor fluctuations [7, 8]. Hence a long-acting oral

formulation of levodopa was developed in com-
bination with carbldopa, initially Sinemet CR3 [9],
and improved upon and now called Slnemet CR4
(Merck, Sharp and Dohme, Montreal, Canada), the
fourth generation of a controlled-release preparation
[10]. This study reports 011 the effects of Slnemet CR4
in an open-label study protocol to test Its advantages
over conventional Slnemet,

Patients and methods

Drugs

Each Slnemet CR4 tablet contains 200 mg Ievodopa
and 50 mg earbldopa suspended In an erodible
polymeric matrix. In-vitro studies have shown that
the Jevodopa in Slnemet CR4 is released over a period
of approx'mately 2.5 h in 0.1 N HCI, as compared to
the standard Sinemet formulation, which is released
over 1.1 h in the same acid medium [11],

Journal of lntemal Mec1idne 1991 : 230: 113-117



Table 1. Criteria used in study for diagnosis of Parkinson's
diseuse

Major criteria Minor criteria-------------------~--------------Bradykinesia
Rigidity
Tremor
Loss or postural reflexes
Gait disturbance

Seborrhoea
Facial hypomimi a
Speech Impairment
Dysphagia

Study slIbjects

Twenty patients who fulfilled the trial's inclusion
criteria were recruited to this study after their
informed consent had been obtained. Patients were
of either sex, they had to be ;?; 35 years of age, and
had to have established Parkinson's disease. as
indicated by at least two major or one major and two
minor manifestations of the disease (Table 1),
Patients who exhibited motor fluctuations as a
consequence either of the disease itself or of antl-
Parkinsonian medication were included. Patients
with unstable clinical or laboratory indications of
any Significant medical Illness (other than
Parkinson's disease), concomitant use of medlcatlon
that may potentially induce Parkinsonism, likelihood
of becoming pregnant, known hypersensitivity to
Slnernet, history of melanoma or undiagnosed skin
lesions, or narrow angle glaucoma were excluded
from the study.

Protocol

The study was conducted in an open manner and
was divided into two phases. Initially, there was a
4~week baseline period during which the patients'
Parkinsonian status was optimized using standard
Sinemet, Other anti-Parkinsonian medication, l.e,
Bromocrlptlne, anti- chollnergics and Amantadine,
was continued if the patients were already taking
these drugs. During this period, the patients under-
went routine detailed general physical and neuro-
logical clinical examinations, electrocardlology, urln-
alysls, biochemical analysis and complete blood
counts. The Parkinsonian status was scored ac-
cording to the Hoehn and Yahr [12], North Western
University [13] and a ModifiedNeurological Sign and
Symptom Parkinson's Disease Score, which included
a four-point rating scale for rlgldlty, tremor,
bradykinesia, balance and gait during the 'on' phase.

The patients were subsequently entered Into a 52·
week phase of treatment with Slnemet CR4. Con-
ventional Slnemet was changed to an equivalent
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dose of Slnemet CR4 at a dosing frequency equivalent
to 50% of their usual Slnemet dose. During the
ensuing 52 weeks, the doses and frequency of
Smemet CR4 were adjusted to achieve an optimal
therapeutic response. Other antl-Parklnsonlan
agents used during the baseline period remained
unchanged during this Sinemet CR4 treatment
phase. Patients were screened 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 diaries on one day of each
week throughout the study.

Results

Twenty patients were recruited to the study (12 men
and eight women). of age range 46-76 years (mean
age 64 years). The duration of Parkinson's disease
ranged from 1.5-40 years (mean duration 14.1
years). All patients showed some form of motor
fluctuation over a mean period of 4.5 yeats. All 20
patients experienced 'wearing off', 12 patients ex-
perienced dysklneslas and five experienced .on-oft"
phenomena. All patients had a Hoehn and Yahr
clinical stage of 2-4. and a North West University
score of 6-18 at baseline on standard Slnemet, This
indicated moderate to severe Parkinson's disease.
The mean daily requirement of Slnemet was 706 mg
administered in 5.6 doses d-1 to aU20 patients prior
to the onset of the, study.

Withdrawals

Over the 52-week period, only eleven of the 20
subjects who were orlginally recruited were able to
complete the study and to remain exclusively on
Slnernet CR4 therapy.
Of the nine patients who did not complete the

study, two died and three were withdrawn by week
12, Four patients withdrew from the study after
24-50 weeks in order to add an early-morning dose
of standard Slnemet to overcome a problem of early-
morning immoblllty (Table 2).
The two deaths were not due to Parkinson's

disease but to unrelated causes: one lndivldual died
from an acute myocardial infarction at week 22. and
one from pneumonia and septicaemia at week 50.
Both of these patients had shown a favourable
response to Slnemet CR4 prior to death. Three of the
nine patients who were unable to complete the year
of Sinemet CR.4treatment showed a poor therapeutic
response to Slnemet CR4, Virtually from the time of



Table 2. Data for the nine patients who were withdrawn from the study
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Stage of
withdrawal Baseline L-Dopa L-Dopa dose at
(week no.) dose (mg) withdrawal (mg) Reason for withdrawal

8 1375 1800 Dystonia worse. poor
therapeutic benefit

8 1250 1600 No therapeutic effect
12 750 800 Poor therapeutic

benefit
22 750 1000 Died of myocardial infarction
50 500 900 Died of septicaemia
24 400 600 Loss of therapeutic

benefit

24 600 800 Loss of therapeutic
benefit, dystonia worse

49 1200 1800 Loss of therapeutic effect,
halluclnatlons

50 550 1000 Loss of therapeutic effect.
dystonia worse, confusion

Cause

Poor effect

Death

Early morning
trumoblllty, worsening
dystonIa

entry to the trial, and had to return to conventional
Sinemet by week 12. All had been on high daily
doses of Sinemet (more than 1200 mg daily) at
baseline. and had required frequent doses of con-
ventional Slnernet, Although they all experienced
fewer 'on-off' motor fluctuations and peak-dose
dysklneslas, their mobility was constantly reduced
and they were never truly' on', Bradykinesia became
more promlnent compared to the baseline period
when the patients were on conventional Sinemet
treatment. Two of these three patients also developed
more marked nocturnal dystonlas compared to those
they experlence J on conventional Slnemet treatment.
One of the patients with Increased dystonlas also
developed intermittent nocturnal confusion, All these
increased adverse effects subsided When Sh.emet CR4
was stopped and patients returned to conventional
Sinemet treatment,

The remaining four withdrawals occurred between
weeks 24 and 50 of the Slnemet CR4 treatment
phase. These four patients had all benefited from
treatment on Slnemet CR4 over the first 24 weeks. in
that they experienced fewer motor fluctuations and
their Parkinsonian status remained stable. Single-
dose failures did occur during this period. but were
infrequent. However, after the initial period, during
weeks 24 to 50, similar problems to those noted in
the earlier 'dropout' group were observed. The
complaint was again made that, although true' off'
periods occurred uncommonly, high-quality •on'

time decreased as well. Early-morning immobility
was specifically a problem, and single-dose failures
increased in frequency, sometimes up to 5 episodes
per week. In addition, three of these four patients
experienced more early ..morning dystonlas, and two
of them developed episodic confusion as doses of
Slnemet CR4 Were increased in an attempt to
maintain the baseline Parklnsonlan status. These
four individuals were therefore withdrawn from the
study, making it possible to add conventional Slnernet
to the daily Slnemet CR4 medication regimen. This
improved early-morning mobility and reduced single-
dose failures, thus allowing a reduction in the total
Ievodopa dose in that the Slnemet Clt4 dosage was
simultaneously reduced. The dose-related side-effects
of dystonia and confusion also Improved; These four
patients continued to take Slnemet CR4 throughout
the 52-week period. but could not be included in the
final analysis because standard Sinemet therapy
additions did not form part of the original protocol.

Patients WilD completed tile trial
Eleven patients completed all the requirements of the
52-week study, Details of the subjects who completed
the study and their clinical status and dosage patterns
are listed in Table 3,
It is evident from the Parkinson's disabllity scales

that most of these 11 patients were clinically at their
best between weeks 12 and 24. However. no



Table 3. Data for the 11 patients who completed the entire
52-week study

Base- Week Week Week Week
line 12 24 36 ;2

Hoehn & Yahr
Stage 1 0 0 0 0 0
Stage 2 1 1 1 1 1
Stage 3 7 10 10 9 8
S(age'1 3 0 0 1 2

North Western 10.27 7.63 7.72 8.54 9.18
University
score

Mean L-Dopa 4,95 6,91 7.()0 7,00 7.05
dose (mg)

Mean number or 4,28 3,04 3.91 4,09 4.18
doses d"l

Mean Interval 5.61 7.89 6.14 5.86 5.74
between doses
(h)

persistent benefit was maintained as scores
approached the original baseline scores during the
S2~week period, While maintaining the Parkinsonian
cllnlcal status, the levodopa dosage had to be
increased from a mean value of 495 mg daily in
conventional Slnemet to 705 mg daily in Sinemet
CR4, indicating a 42 % increase in levodopa
requirements over the 52~week period. Over the
initial 2 weeks, fewer doses per day were required,
declining from a mean value 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 number 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 Slnemet CR4, all subjects experienced a definite
benefit for up to 24 weeks. Fewer episodes of' wearing
off' were noted, and •on-off" fluctuations, peak dose
dyskineslas 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 and sustained
mobility in bed and relative ease in getting out of bed.
The only problem noted by the 24~week stage was
the slower 011Setof action of Slnemet CR4. Patients
who were taking their first morning dose of Slnemet
CR4 took longer to become mobile.
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During the 24-36 week period, further problems
arose, since it became necessary to increase the dose
and frequency of Slnemet CR4 in order to maintain
stable baseline Parkinsonian status. Again
dysklneslas became more significant in two of the
four patients, both of whom had suffered early-
morning dystonias. Early-mornlng dystonia became
more severe in four patients. Although 'wearing-off"
phenomena still occurred less frequently than at
baseline, seven of the 11 patients complained of
having fewer true •on' periods, and they regarded
Slnemet CR4 as being less potent than conventional
Sinemet.
Single-dose failures with Slnemet CR4, which had

been uncommon during the first 24 weeks, appeared.
Five of the 11 patients experienced on average at
least one single-dose failure per week, and the
remaining six experienced up to 5 episodes per week.
Four of these 6 patients had suffered from
Parklnsonian symptoms for more than 8 years. The
other dor e-related side-effects observed after week :24
were lucre,ised constipation (2 cases), neuropsy-
chlatrlc distu.bances (4 cases) and hypersomnolence
(1 case). No slgnlflcant BCG, blood test or urinary
abnormalltl's could be attributed to Slnemet CR4
during the st rdy period.

Thus the n1y sustained benefit experienced by all
patients up to week 52 was improved nocturnal
mobility. In .this study of 20 patients. one subject died
and three VI .thdrew within 12 weeks. Fifteen patients
remained en Sinemet CR4 treatment, but four of
them withdrew from the study in order to be able to
use standard Sinemet combined with Slnemet CR4 to
overcome the problem of early-morning immobility.

Discussion
A major impetus behind the development of a slow-
release levodopa formulation has been the theoretical
possibility that •pulse-like' levodopa administration
of drugs may in fact be detrimental to dopamine
receptor status and function [14]. Sinemet CR4
pharmacokinetics offer a slower, more sustained and
probably more physiological Ievodopa release profile.
However, problems have emerged in long-standing
Parkinsonian patients. First, the slower action of the
drug leaves the patients distressed and immobile early
in the day. This problem produces unacceptable
patient discomfort, reflected by the minority of
patients who elected to stay on Sinemet CR4 treat-
ment alone. Secondly, the patients generally ap-
peared to require increased levodopa administration.



It is possible that an excessive levodopa requirement
may in itself be harmful in the long term [15]. This
remains hypothetical, however, because such
assumptions arise in connection with patients with
established Ievodopa complications, and not with
early administration of slow-release compounds, It is
possible that, if slow-release compounds are admin-
istered at an early stage, a more continuous and
sustained plasma levodopa c(j.)cerittation\ ::11result.
Dopamine receptors may res~.ond mo- :'~Ilbly
despite the higher overall dosage, ~au • mg-
term levodopa-related problems tTl?:. rheoretlcalljr be
avoided.

The expectation that levodopa administration once
or twice daily is sufficient to control Parkinsonian
symptoms has not been confirmed [11].

This study has shown that Slnemet CR4 reduces
the dose frequency compared to conventional
Sinemet by approximately 30% within the first 12
weeks, and extends the duration of efficacy from a
mean period of 5.61 to 7.89 h. This benefit was not
sustained after S2 weeks. However, all patients
derived a sustained nocturnal benefit throughout the
52-week period. We remain concerned, as do others
[16], that unpredictable' off periods' and single-dose
I failures' generate lack of confidence of patients in
the Slnernet CR4 preparation.

With advanced idiopathic Parkinson's disease. the
striatal dopamine receptors require constant
levodopa delivery due to negligible endogenous
central dopamine [17]. Slnemet CR4 compounds
represent an attempt to fulfil this ideal, but
Unfortunately oral therapy Is subject to many possible
interruptions, including maldlgestion, malabsorption
of Ievodopa, altered carrying protein in the plasma,
variable passage of levodopa across the blood-brain
barrier and, finally, the responsiveness of the D-2
dopamine receptors themselves [4. 17, 18). Hence it
is not surprising that constant intravenous levodopa
infusions are more efficacious than the slow-release
preparations. However, the Slnemet Cl.\4 compound
does take us one step closer to optimal drug treat-
ment. Further trials in which Slnemet CR4 is used in
combination with faster acting Slnemet to achieve
moblllty, started more actively and earlier in the
morning. are warranted, as are studies to treat single
dose failures and to test patients with an earlier stage
of the illness.
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APPENDIX V

The D..l dopamine receptor partial agonist, CY 208..243,
exhibits antlparklnsonlan activity in the MPTP-treated marmoset

James A. Temlett, Piang Ngok Chong, Wolfgang H. Oertel. Peter Jenner *
and C. David Marsden 1

MRC Movement Disorders Research Group, University Department of Neurology and Parkinson's Disease Society Research Centre,
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Administration of L-DOPA plus carbidopa, or the D-2 agonist (+)-PHNO, to MPTP.tr¢ated common marmosets
caused motor hyperactivity and a reversal of the parkinsonian syndrome. In contrast, administration of the putative
D.l agonist SKF 38393 Was without effect en movement or motor disability. The subsequent administration of
another putative selective D.J partial agonist CY 208·243 produced a dose-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 D.l antagonist SCH 23390 and, to a lesser extent, by the D·2 antagonist sulpiride. In another
group of normal drug naive marmosets, the administration of CY 208·243 produced only a small increase in motor
activity. Following treatment with MPTP and without ethel' drug administration, administration of CY 208.243
produced a marked reversal of motor deficits and locomotor hyperactivity. Thus, CY 208·243, suggested to be a partial
D-l agonist exhibits antiparkinsonian activity in MPTP-treated marmosets which does not require prior or concurrent
exposure to D·2 agonists,

MPTp (1-methyl-4-phe11yl-l,2.3,6-tetrahydropyndine); Common marmoset: Parkinsonism; CY 208.243;
Dopamine D·1receptor agonists

1. Introduction

The role of dopamine D·1 receptors in the
control of motor behaviour remains unclear. In
normal rats, a functional linkage exists between
D·l and D-2 sites, D·2 receptor activation may
inhibit D·l receptor-mediated stimulation of cyclic
AMP formation in striatal slices (Stoo£ and
Kebabian, 1981). On the other hand, behavioural
experiments suggest that D-l receptors gate the
level of response to D-2 receptor activation. For
example, the D·l agonist SKF 38393, which does

.. To whom all correspondence should be addressed.
1 Present address: University Department Qr Clinical Neu-

rology, Institute or Neurology, The National Hospital,
London We1, U.K.

not induce stereotyped behaviour itself, potenti-
ates the ability of the D"2 agonist RU 24213 to
induce stereotypy (Mashurano and Waddington,
1986). Other data also supports a positive role for
D-l receptor agonists, For example, in rats the
inhibition of pallidal cell firing produced by the
D·2 agonist LY 1715$5 (quinplrole) is potentiated
by pretreatment with the 0-1 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
a 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 destruc-
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tion of nigro-striatal dopamine fibres, this linkage
is lost and D-1 and D-2 receptors appear to act
independently. Thus, the inhibitory effect of D-2
receptor occupation on cyclic AMP formation dis-
appears following reserpine treatment (Kelly and
Nahorski, 1987). Behaviourally, the D-2 agonist
pergolide, but not the D-1 agonist SKF 38393,
induces hypermotility in normal rats, whereas in
reserpine-treated animals both drugs are effective
(Arnt, 198.5). The stimulant effect of pergolide in
reserpinised rats is prevented by the D-2 antagonist
clebopride, but not by the D-1 antagonist SCH
23390. In contrast, the effect of SKF 38393 is
blocked by SCH 23390, but not by clebopride, In
addition, the effects of bromocriptine in produc-
ing locomotor activity in xpice are reduced by
prior treatment with reserpine plus AMPT, but
are restored by combined administration with SKF
38393 (Jackson and Hashizume, 1986). This im-
plies that in normal animals the effects of
bromocriptine are dependent on the stimulation of
D-1 sites by endogenous dopamine. Indeed, deple-
tion of brain dopamine by reserpine Or a-methyl-
p.tyro~ille(: ,hlbits yawning in intact rats or cir-
cling beha~iour in rats with a unilateral quinolinio
acid-induced striatal lesion produced by the selec-
tive 0-2 agonist LY 171555; an effect reversed by
coadministration of SKF 38393 (Barone et al.,
1986; Longoni et at, 1981),

Such findings have implications for the treat.
ment of Parkinson's disease. Drugs acting pre-
dominantly on D<2. sites (e.g., (+)-PHNO or
bromocriptine) or drugs affecting both P+ and
0-2 sites (e.g., L-DOPA or apomorphine) are ef-
fective in reversing the motor deficits of this dis-
order. However, the pharmacological findings .in
animals suggest that D-l agonists might enhance
the effect of D-2 drugs if linkage between recep-
tors is present, or that a 0-1 agonist would itself
be effective in treating Parkinson's disease if D.l
and 0·2 receptors were acting independently of
one another.

To date, SKF 38393 is the only suggested selec-
tive D-1 agonist which has been studied exten-
sively. SKF 38393 only produces non-stereotyped
groomingand sniffing in normal rats, but induces
marked con.raversive circling in nits with un-
ilateral 6-0HDA lesions (Setler <"t at, 1978; Mol-

!I
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loy and Waddington, 1984; Costall et at, 1984).
This latter finding implies a potential use for the
drug in the treatment of Parkinson's disease.
However, in MPTP-trealed marmosets SKF 38393
does not reverse the motor deficits, and can in-
hibit the positive effects of the 0-2 agonist LV
171555 (Nornoto et 1;)1., 1985; in press; Close et al.,
1985). Indeed. In Parkinson's disease itself, SKF
38393 alone or in combination with intravenous
L-DOPA does not alter parkinsonian disability
(Braun et at, 1987). These findings might suggest
that 0-1 agonlsts are not of use in treating Parkin-
son's disease. However, Sl(F 38393 does not read-
ily penetrate into brain, it has a short half.life, and
it may be metabolised to another compound which
has D-2 antagonist properties. So, SKF 38393 may
not be ideal for examining the role of 0~1 recep-
tors hi motor function.

Recently, another putative D·l agonist, the
bertzergoline cv 208-243, has been described
(lviarkstein et al., in press). CY 208-243 displaces
{3HJdoparnine binding in nanomolar concentra-
tion, hut only displaces ea]spiperone in micro-
molar amounts. CV 208·243 stimulates cyclic AMP
formation, but does 110t produce a maximal effect
and can inhibit the actions I)f dopamine. So CV
208-243 appears to be a selective D-l receptor
partial agonist. The 0-1 receptor selectivity of CY
208-243 is indicated by its failure to alter striatal
dopamine turnover ill vivo or in vitro, or to inhibit
electrically stimulated acetylcholine release. Also,
CY :208-243 does not decrease serum prolactin
levels or induce emesis. In behavioural tests, CY
208·243 in high doses does not induce stereotypy
or produce Qther behavioural effects, with the
exception of non-stereotyped sniffing. However.
in rats with a unilateral 6·0HDA lesion, CY 208·
243 produces contraversive rotation.

We now report the effect of CV 208-243 in
MPTP·treated marmosets. We find evidence for
potential antlparkinsonian activity independent of
prior Or concurrent D-2 receptor stimulation.

2. Materials and methods

The experiments to be described were divided
into two parts involving two separate groups of



common marmosets. In initial experiments (Group
A), the response to a variety of 0-101' O-z 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 received C¥
208-243 again.

2.1. Experiment 1

2.1.], MPTP treatment of Group A animals
Adult COItlIDonmarmosets of either sex (aged

3-8 years; weight range 290-360 g) received MPTP
(1-methyl-4.phenyl-1,2,3~6-tetrahydropyridine) (2
mg/kg s.c.) daily for 5 days, to a cumulative dose
of 10 rug/kg, MPTP hydrochloride (Research Bio-
chemicals Ino.) was dissolved in sterile 0.9% saline.
On the second treatment day all animals became
tremulous, rigid and sometimes dystonic, for a
period up to 1 h. Subsequently, animals developed
persistent motor deficits comprising marked
bradykinesia, flexed posture, rigidity and intermit-
tent postural tremor. At this time all animals were
reluctant to eat 01' drink spontaneously and were
hand fed from a syringe with Mazure marmoset
jelly. After 3 weeks the animals had recovered
from the acute effects 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 parkinsonian OVer the fol-
lowing 6 month period.

2.1.2. Assessment of locomotor activity
Individual animals were placed in a novel cage

identical to that in which the animals were nor-
mally housed. The cage Was fitted with eight in-
frared photocells. Four Were focussed horizontally
across the width of the cage floor and one along
the width of each of tbe two perches. One beam
was directe9 from front to back of the cage above
each. perch;,',This arrangement allowed assessment
of movement in all directions. 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.
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2.1.3. Assessment of motor deficits
The extent of motor disability was assessed by

observer rating of video tapes of the animals"
These were recorded in the environment simulta-
neously used tc record locomotor activity. In ex-
periments designed to assess the effects of MP1.'P
treatment or to 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) Eyes: Attention focussed
towards the observer, the amount of blinking, eye
movement. and general alertness. Normal (0);
abnormal (1). (b) Posture: 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); sponta-
neous. falls (2). (d) Motility: NOrmal (0); mild
slowing (1); moderate bradykinesia (2); akinesia
(3)' (e) Vocalisation: Normal (0); reduced (1). (f)
Tremor: Absent (0); present (1). (g) Fur condition,
indicating the animal's ability to groom: Normal
(0); dirty (1). Assessment of these items gives a
score of 0 for normal marmosets and a maximal
disability score of 13.

2.1.4. Administration of I.·DOPA, (+ )-PHNO or
SKI-' 38393 to Group A MPTP·treated marmosets

Sterile solutions of L-J)OPA were prepared im-
mediately prior to each experiment. L-DOPA for
injection (4.0 ml; 5 mgy'm]; pH 2.5; Hoffmann La
Roche, Basle) was mixed with 0.5 :tv! sodium phos-
phate buffer (0.864 ml; pH 7.4) and an aqueous
solution of 10% Tween 80 (0.364 ml; pH 6.5). The
final pH of the solution WaS 6.0. Solutions were
sterilised by filtration through a 0.2 /Lm bacterial
filter. Animals were pretreated orally with
carbidopa (12.5 mgykg (X-methyldopa hydrazine;
Merck Sharp & Dohme) suspended in 1% methyl-
cellulose and immediately introduced into the ac-
tivity cages. Allter 1 h L·DOPA (12.5 mgykg i.p.)
was administered and activity monitored over the
following 3 h period.
(+ )-PHNO «+ )-propyl.9-hydroxynapthoxa-

zine; Merck Sharp & Dohrne) WaS dissolved in
sterile O?% saline and the pH adjusted to 7.0
.,,~,roediately before the experiment. Eight days
following the L-DOPA challenge animals were



placed into the photocell monitoring cages and,
after 30 min acclimatization, (+ )-PHNO (4 p.g/kg
s.c.) was administered. Activity was monitored
over the following 3 11period.

SKF 38393 (2,3,4,S-tetrahydro-7,8-dihydroxy-
'l-phenyl-Hl-j-benzazepine hydrochloride; Smith
Kline & French) was dissolved in 0.9% sterile
saline in a darkened container and filtered using a
20 p.m bacterial fitter immediately prior tt{the
experiment (final pff\6.5). Two weeks following
the previous drug challenge group A animals Wert!
introduced into the photocell monitoring Cages
and after 30 min acclimatisation SRF 38393 (10
mgykg i.p.) was administered and activity moni-
tored for the subsequent 3 h period.

Video assessment of the anim"ils behaviour was
made following administration of'L-DOPA, (+).
PHNO and SKF 38393.

2.1.5. Administration of CY 208·243 to Group A
MPTP-treated marmosets

CY 208.243 «- ).(6aR)(12bR}·4,6,6a,7,8,12"-
hexahydro-7.methylindolo[4,3-ab]-phenanthridiney.,
Sandoz, Basle) Was l.'¥xed with an equal weigh t of
tartaric. acid and dissolved In 0.9% sterile saline
(pH 4.0) and the pH adjusted with 0.1 M NaOH
to 5.5. After a drug tree period of two weeks
control vehicle injections were administered (0.2
m1 sterile tartaric acid and NaOH pH 5.5 s.c.)
following a 30 min acclimatisatlon in the photocell
cages. 'Thereafter activity was monitored over a 3
11period. Over the following two weeks Group A
animals were placed into the activity cages,
acclimatised for 30 min, and administered 0.5,
0.75, 1.0, 1.25 mg/kg s.c, of CY 208-243 in a
random dose sequence. Activity was monitored
for 3 h periods. Animals were allowed at least 48 h
io recover between administrations of CY 208·243.

2.1.6. Effects of pretreatment Ivith sulpiride or SCH
23390 on the response to CY 208-243 in Group A
MPTP-treated marmosets

The effects.of CY 208-243 alone and following
pretreatment with sulpiride or SCH :23390 were
also assessed by rating of video tapes. In these
experiments it WaS only possible to utilize one
dose of each antagonist. The dose of the D-2
antagonist sulphide chosen WaS that previously
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shown to totally. inhibit the effects of the D-2
agonist LY 141865 in MPTP-treated marmosets
(Nomoto et al., 1985). Sulpiride does not interact
with 0-1 sites or other neuronal receptors even at
high concentrations (Chivers et al., 1988). The
high dose of the D-l antagonist SCH 23390
employed will not interact with D·2 sites (see
Hyttel 1983; Bischoff et al., 1988) but may act on
5HT-2 sites.

SCH 23390 (1-chloro-2,3,4,5-tetrahydro-3-
methyl-5-phenyl-1H-3-benzazepin-7-01 hemimale-
ate; Schering) Was dissolved in 0.9% sterile saline
(final pH 6.5). Animals received SCH 23390 r: ,.
mg /kg i.p.) and were immediately introduced mto
the photocell cages. One hour later CY 208-243 (1
mg/kg s.c.) was administered and activity recorded
for the following 3 h period.

Sulpiride (Delagrange, France) was dissolved in
a minimum quantity of 2% sulphuric acid and
diluted to volume with 0.9% sterile saline. The pH
of the final solution was adjusted to 7.0 using 0.1
M HCI. Sulpiride (20 mg/kg i.p.) was adminis-
tered 1 h prior to the administration of CY 208-243
(1 rog/kg s.e.). Activity was recorded over the
following 3 h period.

2.2. Experiment 2

2.2.1. Administration Of CY 208·243 to Group 13
drug naive animals

Adult common marmosets of either Sex (aged
2-5 years; weight range 260·365 g) were placed
into the photocell motility cages, allowed 30 min
to acclimatise and spontaneous activity recorded
for a 3 h period. This was repeated on the follow-
ing day. The next day animals received vehicle
control injections (tartaric acid plus NaOH; 0.2
ml; pH 5.5; s.c.) and were immediately placed into
the photocell cages for a 3 11period. (1). the fourth
day the' animals received CY 208-243 (1 mg/kg
s.c.) and were immediately placed into ~pe photo-
cell cages for a 3 h period.

2.2.2. MPTP treatment 0/ Group B marmosets
MPTP (2 mgykg s.c.) was administered daily

for 8-10 days to induce motor deficits, After 6
weeks the animals exhibited stable motor deficits



which remained unaltered throughout the period
of the experiments. Animals were placed in the
photocell cages and assessed for motor activity.

2.2,3. Administration of CY 208-243 to Group B
marmosets following MPTP treatment

CY 208-243 MIS administered to Group I
animals who until then had received no other
drugs other than MPTP. Following 30 min
acclirnatisation the animals received CY 208-243
(l mgy'kg s.c.) and were placed back inro the
photocell cages for a 3 h period. Subsequently,
these animals also received L-DOPA (12.5 mg/kg
i.p.) plus carbidopa (12.5 mg/kg p.o.) or (+)-
PHNO (4 JLg/kg s.c.), Activity was recorded over
the following 3 h period. '

2.3. Statistics

Student's t-test for paired samples was
employed to assess differences in cumulative
movement counts between different drug treat-
ments .. Motor disability scores were compared
using the Mann- Whitney test for non-parametric
data.

3. Results

3.1. EXperiment 1

3.1.1. MPTP·induc'f!d motor deficits ill Group A
marmosets

Immediately prior to the start of the experi-
ments MPTP-treated animals exhibited obvious
akinesia, a flexed posture, poor balance, loss ciT
vocalisation and blink reflex when observed in
their home cage. At this time assessment of
locomotor activity in the photocell cages showed
MpTP-treated marmosets to exhibit decreased
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 perchesi Ketrospectiv(!- blind as-
sessment of video tapes confirmed that the aninals
remained in an akinetic and flexed state for the
duration of monitoring. The animals remained
parkinsonian over the period of the experiments.
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Fig. 1. The effect of administration or L·DOPA (12.5 mgykg
l.p.) plus carbldopa (12.5 mg/kg p.o.) or (+ )·PHNO (4 p.gjkg
s.c.) or SKF 38:193(10 rog/kg i.p.) on cumulative movement
counts in common marmosets rendered parkinsonian by prior
treatment with MPtP. Values ate the means .(±1 S.B.M.) of
movement counts obtained for eight individual animals re-
corded in 10 min segments and summed over a :;:;h period.
Open columns represent normal animals ami hatched columns
the same animals following MPTP treatment and drug or
vehicle administration. Group differences were assessed by a
paired Student's t-test, + p' < 0.05 compared to activity in
animals prior to MPTP treatment. .. P < 0.05 compared to

activity in MPTP.treated animals receivingdrug vehicle.

3.1.2. Administration of L-DOPA, (+ )·PHNO or
SJ(F 38393 to Group A MPTP-treated marmosets
(table 1; fig. 1)

Adml.iistration of the vehicle solutions of L-
DOPA, (+ )-Pl!NO or SKF 3839:3 had no effect
on motor activity or parkinsonian dis~ibi1ityscores
(data not shown). .

Administration of L-DOPA (12!p mg/kg i.p.)
plus carbidopa (12.5 mg/kg p.o.) 4\;lused a rapid
reversal of motor deficits and indu~,'ed locomotor
hyperactivity which lasted for apprt;~mately 3-4
h. Similarly, administration of (+.,~P:aNO (4
p.g/kg s.c.) also produced a reversal of motor
deficits in MP!P-treated animals. The action of
(+ )-PHNO was of approximately 2 h duration.
The behavioural changes produced by L-DOPA
and (+ )-PBNO were identical. Nausea and
sometimes vomiting was noted following (+)-
PBNO, but not following administration of L-
DOPA plus carbldopa,



TABLE 1

The effect of prior treatment with MPTP and the subsequent
administration of L·DOPA (12.5 mg/kg i.p.) plus carbidopa
(12.5 rngykg p.o.) (+ )-PI'INO (4 /lg/kg s.c.) or SKF 38393 (10
mg/kg l.p.) 011 the motor disability scores {If common marmo-
sets. The results are expressed as the mean (±1S.h.M.) scores
for six to eight individual animals. Scores were taken at the
time of peak drug actions. The maximum parkinsonian score
obtainable was 13. Differences between groups were assessed
using a Mann-Whitney test for non-parametric data.

Treatment status Score Range

Normal (n "" 8)
MPTP(n=8)
+ t-DOPA (n '" 8)
+( + )-PHNO (n '" 8)
+ SKF 38393 (n "" 6) .

o ±O
12.8±O.2 •
3.(:i±O.6 b

5.(j;±1.3 b

11.0:1;0.9

o
11-13
2- 6.5
2-10.5
8-13

A P < 0.05 compared to before MP1P. b P <: 0.05 compared to
MPTP treatment alone.

Administration of SItf. 38,W3 (10 mg/kg 1.1'.)
did not alter motor deficit\~ in MPTP-treated
marmosets. All animals remai~\ed akinetic over tile
3 h period of observation. N~\.,other b~h.avioural
changes were observed. NauseJ\and vomiting were
not evident. \I

L j
3.1.3. Administration of CY 208·243 to Group A
MPTP·treated marmosets (table 2; fig. 2)

Administration of the vehicle used for CY 208-
243 had no effect on motor activity or motor
deficit scores.

Administration of CY 208-243 (0.5-1.25 mg/kg
s.c.) to MPTP-treated marmosets produced a .re-
versal of motor deficits within a few minutes of
drug administration which reached a peak within
30 min. The reversal of.motor deficits and accom-
panying locomotor hyperactivity lasted for ap-
proximately 2 h. The motor effects produced by
CY 208-243 were identical to those produced by
(+ )-PHNO or L-DOPA. The effects of Cy 208·
243 were dose-related in the range employed.
Higher doses of CY 208-243 were not used in
these studies since preliminary investigations
showed these to induce hyperexcitability itV t~e
enimals. CY 208-243 did not cause nausea or
vomiting in any animal.
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Fig. 2. The time course of action of CY 208-243 (0.5-l,,25
mg/kg s.c.) in producing locomotor hyperactivity in MPT,\,-
treated marmosets. The values shown ate the mean for eigh~
individual animals. Movement COUt)IS . re accumulated over
10 min periods. The S.E.M.'s varied Bet~een 18-26% of the
mean movement counts. The dashed line indicates the move-
ment counts shown by the Ml>TP·treateg animals when receiv-

ing the vehicle used forC\' 208·243.

TABLE 2

The effect of pretreatment with sea 23390 (2 mg/kg i.p. 1 h
previously) or sulpinde (20 )::>g/kg i.p, 1 h previously) alone
and in comblnation with CY ')~08':243 (1 mg/kg s.c.) On the
motor disability scores of MP'tP-treated common marmosets.
Results are expressed as the mean (±1 S.E.M.) scoresfor eight
individual animals, Motor disability scores Were assessed 1 h
after CY 208.,243 administration with or without SCl{ 23390
or sulpiride. In addition, scores were obtained 30 min after CY
208·243 following pretreatment with sulpiride, The maximum
parkinsonian score possible was 13. Dlfferences between groups
were assessed using a Mann-Whitney test.

Drug treatment Scores Range

9.9 ± 0.4
6.8±U·
12.4±0.3 "
1l.6±0.6 •

8··11.5
3- 9
11-13
9-13

Cy~08.243 alone
sea 2:'1390alone
Sulpiride alone
SCHZ3390

+CY 208-243 (1 h)
Sulpiride

+CY 208-243 (30 mill)
Sulpiride

+CY 208-243 (1 h)

9.9±0.S b 8-12

4.5±0.6

11.0:1:0.8 b 9-13

• P -< O.OS compared to MPTP treatment alone. h.p < C.nS
compared to CY 208-243 treatment alone. . \.
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Fig. 5. TIle effect of admlnistration of 0: 208-243 (1.Q'mg/kg
s.c.) to diug naive normal marmosets and following treatment
with MPTP on cumulative movement counts. Values are the
means (± 1 S.E.M.) of movement counts obtained for six
individual animals recorded in 10 min segments anti summed
over a 3 h period. Open columns represent normal animals and
hatched columns the same animals following MPTr treatment.
Group differences, were assessed using a paired Student's t-test .
.. P <: 0.05 compared to drug naive normal animals ..... * p <

0.001 compared to MPTP-treated animals.

activity prior to and following MPTP administra-
tion.

Administration of the vehicle for CY 208-243
had no effect on motor activity or motor deficit
scores.

Administration of CY 208-243 (1.0 mg/kg s.c.)
led to a reversal of akinesia within a few minutes,
The animals exhibited an increase in locomotor
activity and restoration of normal motor function.
The animals 'localised, blinked and moved freely
from perch to perch, showing normal balance. The
effect of CY 20R-243was maximal 30 min follow-
ing drug administration and lasted for 2 h before
the animals again became bradykinetic and
adopted a flexed posture, Nausea or vomiting
were not observed.

The subsequent administration of {+)-PHNO
and L-DOPA to MPTP·U:ea.ted Grov,t B animals
produced an identical r,.,ersal of 11'10l<.)rdeficits
and induction of motor hyperactivity (data not
shown).

4. Discussion

MPTP';.treated primates respond to the admin-
istration df known antiparkfnsonian agents, which
cause reversal of parkinsonian motor deficits and
Iocomntor hyperactivity. In this study MPTP·
treated marmosets shewed a typical response fol-
lowing administration of L-DOPA plus the pe-
ripheral decarboxylase inhibitor carbideaa, orJo).,
lowing (+ )-PHNO treatment. As expected, .the
D-l agonist (+ )-PHNO also induced nausea and
vomiting in some animals. The acute administra-
tion of t~DOPA Or (+ )-PHNO did not induce
stereotypy or dyskinesias. In contrast, and as pre-
viously reported, the administration of the D·1
agonist SKF 38393 did not induce a reversal of
MPTP·induced motor .deficits (Nornoto et al.,
1985; Close et al., 1985). So, the group of animals
used in thl: investigation showed a response to
mixed D.1/D.2 drugs; or to selective D,·2 agepts,
but not to D-1 receptor stimulation at least as
judged by the effects of SKF 38393,

However, administration of another putative
D-l partial receptor agonist CY 208·243 to this
same group ;:>f MPTP-treated marmosets did pro-
duce a reversal of motor deficits and initiated
motor hyperactivity. The effects observed were
identical to those p"'Qc!uced by L-DOPA or (+)-
}lHNO, e~cepL i...usea and vomiting were not ob-
served. Again, stereotypy or dyskinesias were not
apparent on acute administration OJ CY 108-243 ..ex 1r8.~4Swas only examined in. a 1it;ulcd<d?se
range, Higher doses than those reported produced
hyperexcitabiliLy in the animals, the cause of which
is not apparent. The maximum increase in activity
produced by CY 208-243 was comparable to that
seen following administration of L-DOPA Or
(+ )-PHNO. Recently, Markstein and colleagues
have shown a similar antiparkinsonian activity of
CY 208-243 in MPTP-treated squirrel monkeys
(Markstein et al., in press).

So, CY 208-243 possesses Rlltip2.i1.!ansonian ac-
tivity in MPTP-treated primates not ()bsel'Vedwith
SkF 38393. What arc the differences between the
drugs? Both compounds are described.as selective
partial D-l agonists. Both 'S~:i;'.F 3839.\1 and CY
208-243 produce contraversive wtadon in 6·
OHDA lesioned rats. it,\,has been speculated that __

.;}
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Fig. S. The effect ot administration of Cy 208-243 (1.0 mg/kg
s.c.) to drug naive normal marmosets and following treatment
with MPlP on cumulative movement counts. Values are the
means (;:1:1 S.E.M.) of movement counts obtained for six
individual animals recorded ill 10 min segments and summed
over a 3 h period. Open columns represent normal animals and
hatched columns the same animals following MPTP treatment.
Group differences were assessed using a palred Student's t-test .
.. P < 0.05 compared to drug naive normal animals. II< '" '" P <

0.001 compared I.> MPTP.trented animals.

:l\,;tivity prior to and following MPTP administra-
tion.

Administration of the vehicle for CY 208~243
had no effect on motor activity or motor deficit
scores.

Administration of CY 208.24.3 (1.0 mg/kg s.o.)
led to a reversal of akinesia within a few minutes.
The. aaimals exhibited an increase in locomotor
\wtivity and restoration of normal motor function.
'!'he animals vocalised, blinked and move 1 freely
from perch to perch. showing normal balance. The
em~Gt o~CY 208~243 was maximal 30 min follow-
ing drug administration and lasted for 2 h before
the animals again became bradykinetic and
adopted a flexed posture. Nausea or vomiting
were not observed.

The subsequent administration or (+ )-PHNO
and L-l)OPA to MFTP-treated Group B animals
produced an identical reversal of. motor deficits
and induction of motor hyperactivity (data not
shown).
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4. Dlscusslon

MPTP·treated primates respond to the admin-
istration of known antiparkinsonian agents, which
cause reversal of parkinsonian motor deficits and
locomotor hyperactivity. In ihis study MPTP-
treated marmosets showed a tYl,>icalresponse fol-
lowing administration of. L-DOPA plus the pe-
ripheral decarboxylase inhibitor carbidopa, or fol-
lowing (+ )-PHNO treatment. A~ expected, the
D·2 agonist (+)-PBNO also induced nausea and
vomiting in some animals. The acute administra-
tion of L-DOPA or (+ )-PHNO did not induce
stereotypy or dyskinesias, In contrast. and as pre-
viously reported, the administration ..of the 0-1
agonist SKF 38393 did not Induce a reversal of
MPTP·induced motor deficits (Nomcto et al.,
1985; Close eta!', 1985). So, the group of animals
used in this investigation showed a response to
mixed 0-1/0-2 drugs, or to selective D-2 agents,
but not to 0-1 receptor stimulation at least as
judged by the effects of SKF 38393.

However, administration of another putative
0-1 partial receptor agonist CY 2(,11 ~ .. ~o this
same group of MPTP-treated marmosers 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
apparent on acute administration of CY 208-243.
CY 208-243 Was only examined in a limited dose
range. Higher doses than those reported produced
hyperexcitability in the animals, the cause of whicl-
is not apparent. The maximum increase in activity
produced by CY 208·243 was comparable to that
seen lollowing administration of L·DOPA or
(+ )·PHNO. Recently, Markstein and colleagues
have shown a similar antiparkinsonian activity of
CY 208-1.43 in MPTP-treated squirrel monkeys
(Markstein et al., in press).

So, CY ~08-243 possesses antiparkinsonian ac-
tivity in MF'TP-treated primates not observed with
SKF 38393. What are the differences between the
drugs? Both Itompounds are described as selective
partial 0.1 agonists, Both SKF 38393 and CV
208·243 produce contraversive rotation in 6-
OHDA le ·on.e!1 rats. It has been speculated that



SKF 38393 penetrates poorly into brain (see Clark
and White. 1987), an effect which may be more
pronounced in the primate than in the rat. So at
least in the marmoset this might explain the failure
of SKF 38393 to reverse MPTP.incluc,ed parkin.
sonism,

The two drugs also differ in their actions on
D·1 sites. Both SKF 38393 and ty 208·243 have
the properties of partial agorrists, Thus .. they only
produce a partial stimulation of adenyl ate cyclase
activity. and inhibit the ability of dopamine to
produce maximal stimulation (Seller er at. 1918:
Markstein et al.. in press). However, the maximum
stimulation of adenylate cyclase activity produced
by CY 208-243 is less than that achieved by SKF
38393. So, it might have been expected that CY
208·243 would be less, rather than more, effective
in inducing motor activity than SKF 38393.

An alternative explanation is that CY 208-243
has some unexpected D·2 receptor activity. In
rodents the acute pharmacological profile of CY
208·243 clearly demonstrates D·1 receptor selec-
tivity, In particular, the iailure of CY :W8'743 to
indu •., stereotypy, to decrease acetylcholine reo
lease, ami to inhlhit prolactin levels argues against
D·2 actions (Markstein et al., in press). In normal
marmosets CY ~08-243 did not induce stereotyped
behaviour and-only produced a small increase in
motor activhy, In contrast, administration of
(+ )-PHNO!to normal marmosets induced a pro-
found hyperactivity syndrome (Nomoto et .11..
1987). A further argument against D·2 actions of
CY 20R·243 in marmosets was its failure to induce
nausea or vomiting in either normal or MPTP·
treated animals.

The effects of selective dopamine receptor
inhibitors on the actions of CY 208·243 in the
common marmoset might have been expected to
explain its site of action. The Dvl antagonist StH
2~390 certainly produced a marked inhibition of
the motor response to CY 208·243. So, D·l sys-
tems may be involved. However, the D.~
antagonist sulpiride also 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 :W~·24~tMotor activity and motor
disability scores taken 30 min following CY 208·
243 administration indicated no effect of sulpiride
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at the time of peak effect of CY 208-243. Since
sulpiride was administered only 1 h prior to CY
208-243, the slow penetration 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) a worsening of motor deficits was
observed. However, the dose of sulpiride and the
timing employed was previously shown to produce
an almost total inhibition of the actions of the 0·2
agonist LY 141865 (Nomoto et al., 1985). Interest-
ingly. both sulpiride and SCH 23390 increased the
basal motor disability scores of the MPTP-treated
marmosets. This suggo-rs the effects of residual
endogenous doparninergic activity on both D·1
and D.;2 systems can continue to provide some
protection against parkinsonian motor deficits. In-
deed, the apparent effect of sulpiride on the activ-
ity of CY·208·243 may have been due to the
removal of residual D·2 tone rather than
pharmacological antagonism.

Whatever the reason for the time course of
effect of sulpiride, the results indicate some
involvement of. both D.l and D-2 sites in the
actions of CY :208-243. Whether this is because
CY 208.243 possesses some activity at D·2 sites,
hitherto unrecognlsed, or whether this is the result
of some complex interactions between D·l and
D·2 activation in the MPTP.treated marmoset
remains tc be established.

Finally, it should be remembered that CY 208·
243 does not act specifically on brain dopamine
receptors. CY 208·243 possesses atypical opioid
agonist activity. interacts with high aW,.,{ty at
5HT1A binding sites and shows weak (\!-UC energic
and 5HT2 activity (Foote et al., 198a). Whether
these actions of CY 208-243 contribute to its
antiparklnsonian effects is unknown,

The studies in drug naive animals indicate that
CY 208·243 has little effect ill normal animals and
that its action are considerably potentiated follow-
ing, destruction of nlgrostriatal dopamine systems
by MPTP administration. Also. the results of these
experiments show that the effects of CY 208·243
are not dependent on prior 0·2 agonist exposure
of anlmals, 111 contrast, in rats with unilateral
6·0HOA lesions .• the ability of a D·l agonist to
cause ,l76Wtion seems dependent 01) prior priming



with a D-2 agonist (Morelli and Di Chiara, 1987).
Clearly, the ability of CY 208·243 alone to reverse
the motor disabilities ill Ml>TP·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 'Antiparkinsonian Activity of CQA
206..291, a New D2 Dopamine

Receptor Agonist

J. A. Ternlett, N. P. Quinn, C. D. Marsden, *X. Lataste, and
*A. L. Jatcn

Unilws(ty Department of Clinical Neurology. Institute' of Neurology, National Hospital
for Nervous Diseases, London, England; and "Sando; Ltd., Basta, Switzerland

Summary: CQA 206-291, a new Dl dopamine receptor agonist with a biphaslc
doparnlnergic profile, was given to six patients with idiopathic Parkinson's
disease after overnight drug withdrawal, With incremental single oral doses of
CQA. a dose-related, clinically significant. and prolonged antlparklnsonlan
effect was observed. Most subjects experienced drowsiness after the drug
while a minority of subjects experienced nausea and/or vomiting or postural
hypotension. Further study of this drug in humans is indicated. Key Words:
CQA ~()6-29J-f'arkinson's disease.

[5R(5~, 8CY.,IOo:)]·/I.',N·Diethyl·N·(1-ethyl ..6·mcthyl·erg()line.8-yl) sulfarnide hy-
drochlorldc (CQA 206·291; Sandoz, Ltd .• Basic, Switzerland) is an ergot deriva-
tive, The parent drug is a weak D2 antagonist. It is metabolized to CQ 32·084.
which is a potent D2 and DI combined agonis; (1,2). We here report the effects of
a single oral dose of CQA 206-29J in patients with idiopathic Parkinson's disease
(PD) experiencing meter fluctuations on long-term levodopa therapy. In each
subject. the effect of increasing doses of the drug was compared with their usual
response to administration of levodopa.

PAtIENTS AND METHODS
Six patients with idiopathic PO, three men and three women aged 49-71 years

(median, 62 years), were studied in the hospital after giving informed consent.
They were all at Hoehn and Yahr Stage 3 (n == 4) or 4 (n = 2) off medication.
Their disease duration was 9-16 years (median, 13.5 years), and they had been
receiving levodopa preparations for 9-15 years (median, 12 years). CUrrent levo-

------------_._------
Address correspondence and reprint requests to Prof. C. D. Marsden at University Department of

Clinical Neurology, Institute of Neurology, National Hospital for Nervous Diseases, Queen Squrue,
London welN 3BG, England.
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dopa dosage (plus peripheral decarboxylase inhibitor) ranged from 375 to 1,750
rug/day (median, 650 mg/day) .. All were experiencing motor fluctuations with
"on" period dyskinesias. Foul' subjects were also taking other antiparkinsonian
medications (amantadine in three, benzhexol in one), which were continued un-
Changed throughout the study period (Table I).

The patients' motor response to their usual morning dose of levodopa was
assessed on two occasions in two cases, three times in three cases, and flve times
in the oth: CQA 206-291 was given on alternate days. with usual treatment on
the intervening days. Levodopa was stopped the evening before each study day,
and the patient fasted overnight. On waking the following morning. domperidone
ZOmg was given by mouth. followed shortly by breakfast, A single dose ofCQA
206·291 was then given orally, beginning in thr. first three patients with 0..1 rng on
the first study day and increasing through 0.25, O.S, I, 2.5. 5,·and 10 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
ruled using the motor score (section 3) of the Unified Parklr+on's Scale (3) prior
to drug administration anti at 0.5, l, 1.5,2,3,4,5, and 6 h after the drug. Sitting
and standing blood pressure, pulse. and any side effects were also recorded at
each of the lime intervals. If it pnti~r,t failed to improve within 3 h after dosing or
if benefit had worn off by that time. then the usual morning dose of levodopa was
gi'lel~ and the antlparkinsonian response to the latter drug monitored. A fult gen-
eral rand neurological examination was performed prior IQ the study and also
fo!ldwing the final dose. Serum olochernlstry, hematology. and electrocardiogram
were monitored before and within 24 h after each dose administered.

RESULTS
All six patients showed improvement in parkinsonian motor disability as rot. i~

sured by the Unified Parkinson's Scale when given their usual morning dose of
levodopa. The effect oflev\ldopawas to switch these fluctuating patients from.an
akinetic-rigid state ("orr') to mobility with tiyskinesias ("on"), This change was
reflected in a considerable reduction in their motor disability scores.

Doses of CQA 206~('91 below 2.5 rng had no effect. The 2.5-, S-t and 10·mg
doses were received by all six subjects and 20 mg by three, The best scores
achieved by each subject after each dose are shown in Fig. I, which also indicates
the range of baseline scores and scores after levodopa for each subject. After 2.5

TABLE 1. Patient chusacteristlcs
'-..,.-

Patient Age Disease duration I.-Oopa close Otherdrugs
Initials Sell (yrs) (yrs) (mgtdal') (mglday)
RE M 49 9 375 Amantadine 300DS M 74 16 1.750
JO M 63 12 700 Amantadine 200RB F S2 16 600 Benzhexo18OK F 61 12 400 Amt:ntadine 300
SO F 71 IS 1,000
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FIG. 1. Motor disability SCores (on sec-
tion 3 of the Unified Parkinson's Scale)
in six patients off therapy (baseline) prior
to drug administration (B), at the time of
maximum response 10 their usual dose of
levodopa (I OQ-.225mg with I< peripheral
decarboxylase inhibitor) (L-D), or at the
time of their maximum response to single
doses of CQA 206·Z91 (Z.S~20 rng
orally), Filled circles indicate scores at
times when the patients were judged by
thelr l.',ttending doctor to be "off." Open
circles are scores when the patients were
clearly "on." Half- filled circles indicate
scores at tlm-s when patients were Inter-
mediate be :~".<!n"on" and "off."
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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 rng (n == 6}, three subjects turned
fully "on"; and all three subjects receiving 20 rng turned fully "on'! (Table 2),

Motor disability scores for all the patients are shown together in Fig. 2, which
shows a dose-response tendency to turn "on" at oral single doses of 10-20 mg
CQA. This full "on" response was accompanied by dyskinesias similar to those
provoked by levodopa in the same subjects. Latency to turn "on" was 60-140 min
(median, 90 min), and time "on" lasted 30-450 min (.oedian, 70 min). Latency
from CQA ingestion to turning "off' again was 1;>'(1....510min (median, 167 min).

Five subjects experienced drowsiness, three nausea (two of whom vomited),
and one each postural faintness and transient confusion. There were no significant
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TABLE 2. No. of patients turning "on." or partially "on." after each
dose ofCQA 206·29/ . .------ ..",

Dose or CQA 206-291
"Off"Img) n "On" Half "on"--_. --.. _ ............-

2.5 6 0 I 5
5 6 2 1 3
10 6 3 0 3
:!O 3 3 0 0

biochemical. hematological, or electrc .ardiographic changes attributable to the
drug.

DISCUSSION

This study has shown that CQA 206·291, given as a single morning oral dose to
patients with fluctuating PD withdrawn from Ievodopa overnight, is capable of
reversing parkinsonian disability. The capacity of the drug to turn patients "on,"
and the duration of the "on" response, arc 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 "on" 1 h after CQA and remained
"on" for 7.5 h, turning "off" (H' <: h after the dose.
Side effects were common, LIt ally mild. Pretreatment with a single oral

dose of domperldone 20 rng did:" ...vent nausea in three subjects, two of whom
vomited.

We conclude that CQA 206·291, given alone and at adequate dosage, produces
clinically useful and long ..lasting motor improvement in patients with PD to an
equivalent degree, but perhaps of longer duration, than can be obtained with
standard Ievodopa preparations, in agreement with preliminary results obtained
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FIG. 2. Motor disability scores (on section 3 of the Unified Par-
kinson's Scale) in all six patients. Filled circles indicate scores at
times when the patients were judged to be "off" by the attending
doctors. Open circles represent score's when patients were
judged clinically to be "on." Half·filled circles indicate scores
when patients were intermediate between "on" and "off," See
Fig. 1 for abbreviations.
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with chronic administration of CQA 206·291 (4--6). Further studies of CQA 206-
291are required to define its value in the treatment of PD.

Acknowledgment: J.A.T. is a Medical Research Council CR.S.A.) postdoctoral fellow.
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Antiparkinsonian Activity of CY 208-243, a
Partial D-l Dopamine Receptor Agonist, in
MPTP- Treated Marmosets and Patients with

Parkinson's Disease
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tEo Pourcher, tA.~M. Bonnet, tV. Agid, ;R. Markstein, and

+X. Lataste

Unil'ersit), Department of Neurology, Institute of Psychiatry and King's College School
of Medicine and Dentistry, "The Institute of Neurology, Queen Square,

London, England; tClilliqlfi? de Neurologleet Neuropsycltologle, INSERM U-289,
Hopltal de fa Salpetritfl'e, PCI/'is,France; and :tSando;. Ltd, Basle, Switzerland,

Summary: The effect of stimulation of cerebral dopamine D-I receptors by CY
208-243 on motor disability was tested in MPTP·treated parkinsonian rnarrno-
sets and patients with Parkinson's disease. CY 208-243 (0.5-1.25 rng/kg s.c.)
produced a dose-related reversal of akinesia and rigidity in the marmosets,
lasting some 2 h. Single rooming doses of CY 208-243 (5--40 mg) were compared
with the usual morning dose of levodopa in eight patients with Parkinson's
disease on long-term levodepa therapy who had developed motor fluctuations
from immobility with akinesia and rigidity (off) to mobility often with dyski-
nesias (on). CY 208-243 alene was capable of switching such patients from off
to on: five of the eight patients responded to the highest dose (40 mg), some-
times wi~h dyskinesias. The response to CY 208-243 was comparable to that
produced by Ievodopa in these cases. Drugs designed to stimulate both dopa-
mine PI and D2 receptors in the brain may improve the therapy of Parkinson's
disease. Key Words: Parkinson's Disease-D-I Agonist Drugs-CY 208--243.

Large numbers of both dopamine Dj and D2 receptors are present in human
striatum. Hitherto, all dopamine-active drugs used in the treatment of Parkinson's
disease have possessed D2 agonist activity (1), but only some have exhibited
additional DI receptor agonisrn, As a result, the role of 0, receptor stimulation in
the treatment of this disease is unknown. CY 208-243,; (~HoaR) (12bR)·
4,6,6a,7 ,8, 12b~hexahydro~7 -methylindolo] 4,3-ab l-phenanthrldine (Sandoz,

Address correspondence and reprint requests to Dr. C. D. Marsden at the Institute of Neurology,
Queen Square. London WCIN 3BG, England.
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Basle), is a new selective dopamine D, receptor partial agonist. In vitro, it stim-
ulates adenylate cyclase in rat striatum and bovine retina (D1 effect) and fails to
inhibit electrically evoked acetylcholine release in striatal slices (D2 effect) (2).
Nor does it produce D2 action in vivo in animals. Thus, it does not cause emesis
in dogs, lower prolactin in rats and humans, or increase tyrosine hydroxylase
activity and dopamine turnover in rat striatum. Studies of circling behavior in
unilaterally 6-0H·dopamine-Iesioned rats indicate motor stimulant effects, which
can be blocked by the selective DI antagonist SCH 23390, but not by the selective
D2 antagonist sulpiride (3).
We, therefore, have investigated the antiparkinsonian activity ofCY 208-243in

MPTP-treated parkinsonian marmosets and in patients with Parkinson's disease.

STUDIES IN MPTP TJ.tEATEDMARMOSETS

Adult common marmosets were given MPTP 2 mg/kg s.c., daily for 5 days, to
a cumulative dose of 10 mg/kg. After this treatment, all animals developed per-
sistent motor deficits comprising marked bradykinesia, flexed posture, rigidity,
and intermittent rest tremor. After 9 weeks, the animals had improved sufficiently
from the acute effects to feed and groom themselves, but remained stable and
grossly parkinsonian over the following 6 'months.
Individual animals Were placed in a new cage, identical to their usual one, but

fitted with seven infrared photocells. Three were focused horizo.ntally across the
width of the cage floor and one along the width of each of two perches. One beam
was directed from front to back of the cage above each perch. This arrangement
allowedassessment of movement in all directions. An acclimatization period of30
min was allowed prior to drug treatment. Movement counts were accumulated
over lO-minperiods for at least 180 minfollowing drug administration. Cumulative
counts over a given period could be subanalyzed to show whether the animal
spent time on ttle perches )1' on the cage floor.
CY 208-243was mixed with an equal weight of tartaric acid and dissolved 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 1.25mg/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 t 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 208-243produced a dose-related reversal of the motor deficits within
a fewminutes of drug administration, which reached a peak within 30min (Fig. 1).
The reversal of motor deficits and the accompanying locomotor hyperactivity
lasted for '-:2 h. Higher doses of CY 2()8~243were not used in these studies since
preliminary investigations showed these to induce hyperexcitability.



FIG. 1. The effect of CY : 08-243 (0.5-1.15 mgl
kg s.c.) compared with vehicle (V) on locomo-
lor activity in MPTP-treated marmosets. The
values shown are the means (± t SE) for eight
individual animals. Movement counts were ac-
cumul~ted over 10·min periods for 3 h. *p <
0.05 or-greater, Student's t test for paired sam-
ples. ':,

*
*

*

v 1·250'5 0'75 1-0
cr 20S-243 (mgl'kg)

cur HeAL STUDIES

The effects ofGY '7.·;r,..243 were investigated in eight inpatients with idiopathic
Parkinson's disease (seven men and one woman, aged 50-73 years, with a median
of 61 years), who gave informed consent to enter the study, which was approved
by the Hospital Ethical'Comrriittee. They were at Hoehn and Yahr stage III or IV
off medication, and had the ti,sease for 9-18 (median of 12) years. All were
experiencing motor fluctuations in response to long-term Ievodopa therapy (dose;
range of 400-2,40t~ mg/day, median of 800 rug/day, plus a peripheral decarboxyl-
ase inhibitor), which was withdrawn overnight before each study day. Other drugs
were continued unchanged.
, CY 208-243 was giv~~'l in open fashion by mouth on alternate mornings after
breakfast in single doses-of 5 (n "'"5), 10 (n, "'" 7), 20 (n == 8), and 40 (n .= 7) mg,
respectively (Table 1). EilQod pressure and pulse, and a score of motor disability
[section 3 of the Unified Parkinson's Scale (4)] were measured at time 0, half-
hourly for the first 2 h, and then hourly for the next 4 h. If no clinical benefit was
apparent after 3 h or if any improvement lasted less than 3 h I the patient was giv sn
their usual morning dose :Dfl~vodopa. The response of each patient to their usual
dose oflevodopa also W3!:S assessed on. one occasion in one patient, twice in four
patients, and three times or more in the remaining three patients.

TABLE 1. The number of patients turning 011, or partially on, after each dose of
Cl'208-243

Dose of
CY 208·243

(ms) n On 1/2 On Off

5 5 0 0 5
10 7 1 1 5
20 8 2 0 6, ,
40 7 4 1 2
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Figure 2 shows. the clinical response, judged by motor disability scores, of the
patients to each dose of CY 208-243 and their usual response to levodopa. AU
eight patients turned on in response to their usual morning dose of Ievodopa: they
rapidly switched from severe akinesia and rigidity (off) to near norma! mobility,
often with dyskinesias (on) ..With doses of CY 208-243 <40 mg, only occasional
improvement was noted. After 10 mg, one patient turned fully on and another
partially on (although he subsequently failed to turn -;11 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 40 mg occurred after 30-90
(median of 42.5) min and lasted 30-1S0 (median of 85) min; the patients turned off
again 75--1RO (median of 150) min after drug ingestion.

Mild dyskim!Si~s in tWQ patients who turned fully 011, nausea in t\1>'O subjects;
and drowsiness in one were encountered. No postural hypotension, confusion or
vomiting was noted, and no significant laboratory electrocardiogram (ECG) ab-
normalities were found.

DISCUSSION

The studies in the MPTP-treated marmoset showed Cy 208-243 to reverse
akinesia in this animal model of Parkinson's disease in dose-related fashion. This
confirrns similar observations in squirrel monkeys (R. Marksteiri, unpublished
observations). In the clinical study of CY 208-243 j the drug clearly produced an on
response comparable to that achieved with levodopa in four of eight patients. Of
the fcur patients who turned on following the 40 mg dose, ofCY 208~24J,two had
dyskinesias similar to those produced by levodopa. Previous studies with another
putative partial DI agonist SKF 33393 showed no effect of the drug on either
parkinsonian motel' signs in marmosets (5,6) or humans (7); or on levodopa-

. induced dyskinesias in patients with Parkinson's disease (7). The failure of SKF
38393 to affect parkinsonian marmosets or patients with Parkinson 's disease might
be due to relatively poor penetration into brain or weak cerebral DI agonist

IiC

FIG. 1. Motor disability scores (on part 3 of the •
Unified Parkinson's Scale-s-ordinate) in eight
patients off therapy (baseline) prior to drug ad- •ministration (left hand column. B), at the time •
of maximum response to their usual morning 40 I •
dose of levodopa (100-225 rng with a peripheral • • •
decarboxylase inhibitor) (next column; '.•-D), or I • •at the time of their maximum response to single • • •doses of CY 208-2013(5-40 rng orally). Solid cir- I • • •
cles indicate scores at times When the patients

'OJ
0 I ~ ..

were judged by their attending doctor to be off • I • e 0

(i.e., akinetic and rigid). Open circles are scores • 0 0

When the patients were clearly on (i.e., mobile). 0 0

The half-circles for two patients indicate a score
~

0 8
at a time when the patient was intermediate be-
tween on and off. B l:O 5 10 .20 40

miley
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activit'~V.In addition, the formation of' metabolites that intp,d'ere with dopamine
receptors might account for the lack of efficacy of SKF 38393.
CY 208-243 is not known to possess significant D? receptor agonist activity. The

present results of administrationgfC¥ 208-243 to parkins::mi~.l marmosets and
humans suggests that D) receptor stimulation can reverse the Hkinetic-ri~!d syn ...
drorne. If optimum anti parkinsonian treatment requires an appropriate .'Jalance
between DI and D2 receptor stimulation, further studies with Cr 208,,24JJnay
Indicate methods of improving the clinical response to drug treatment of ['drkh'l-
son's disease.
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