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ABBOTT. B, B S STARR AND M S STARR CY 208-243 behaves as a nvpical D-1 agonist in the reserpine-treated mouse
PHARMACOL BIOCHEM BEHAV 38(2) 259-263, 1991 —The object of this study was to determne if the newly developed
phenanthrnidine denvative, CY 208-243, retains 1its apparent in vivo preference for dopamine D-1 receptors under conditions of do-
pamine depletion, as a starting point to understanding why CY 208-243 possesses antiparkinson activity and the selective D-1 ago-
mst SKF 38393 does not Three hours after receiving reserpine (5 mg/kg), mice were strongly sedated and completely unresponsive
to the motor stimulant effects of CY 208-243 (0 1-10 mg/kg) or the selecive D-2 agomist RU 24213 (0 5-5 mg/kg) administered
alone After 24 h reserpine, the akinesia was partially and dose-dependently reversed by both CY 208-243 (0 [-10 mg/kg) and RU
24213 (0 5-5 mg/kg) alone CY 208-243 also stimulated rearing and grooming, while RU 24213 gave rise to strong head-down
smiffing The response to 1 mg/kg CY 208-243 was practically abolished by pretreatment with the D-1 antagomst SCH 23390 (0 2
mg/kg) On the other hand, blocking D-2 receptors with metoclopramide (0 25 mg/kg) unexpectedly facihtated CY 208-243-induced
locomotion and rearing. but suppressed groomung When CY 208-243 (1 mg/kg) was njected together with RU 24213 (0 5-5 mg/
kg). the two drugs interacted synergistically to stimulate locomotion at all umes after reserpine These animals also exhibited a
greater preponderance of groomung. sniffing, gnawing and oral dyskinesia Apart from the potentiation of some elements of CY
208-243-stimulated motor behaviour by D-2 blockade, these results are qualitatively indistinguishable from those previously obtained
with the prototype D-1 agomist SKF 38393 The differences between the antiparkinson efficacies of these two drugs are discussed in
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terms of multiple D-1 receptors. and as yet undisclosed receptor actions of CY 208-243

CY 208-243 D-1 receptors Motor behaviour
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Mouse

BEHAVIOURAL studies 1n rats and mice have consistently shown
that the most effective way of increasing the motor activity of
normal ammals (5, 7, 10, 33, 35), and of ameliorating the motor
deficits caused by a loss of brain dopamine (3, 13, 15, 24, 25,
29, 30), s to stimulate dopamine D-1 and D-2 receptors in the
brain simultaneously. From these experiments 1n rodents, 1t was
predicted that the selective D-1 agomist SKF 38393 (26) should
also alleviate the symptoms of Parkinson’s disease in man This
promise was not fulfilled in the clinic, however, where 1t was
found that SKF 38393 caused no discernible improvement in the
poverty of movement of a group of parkinsonian volunteers (8)

This failure of SKF 38393 has far-reaching implications. for
it calls 1nto question (a) the rehiability of rodent models as pre-
dictors of the efficacy of D-1 agomists in man, (b) the relevance
of D-1 receptors to the human condition of parkinsonism; and (c)
why SKF 38393 binds to D-1 receptor sites in homogenates of
human brain (23), yet 1s effective in the treatment of Parkin-
son’s disease (8).

Recently, a new chemical class of D-1 agonists has been syn-
thesised. of which CY 208-243 1s one example (18) Unlike SKF
38393, this compound 1s not only behaviourally active in rodents
(9, 18, 20), but also exhibits antiparkinson activity in MPTP-
treated marmosets (21. 22, 31, 32) and squirrel monkeys (18),
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and has been reported to switch 5/8 parkinsonian patients from
**off’” to 'on’" to a degree that matched the response to L-DOPA
(32). Is this beneficial action of CY 208-243 due to D-1 receptor
stimulation, or is it mediated by one or more of a range of other
receptors for which CY 208-243 has a demonstrable affinity in
vitro (12, 18. 20)?

In attempting to shed further light on this question, we have
reverted to the reserpine-treated mouse as a test-bed for distin-
guishing drugs which activate D-1 receptors from those which are
active at D-2 and other transmuitter receptors (3,29) In this model,
the prototype D-1 agorust SKF 38393 exhibits a distinct behav-
1oural profile, which includes a SCH 23390-sensitive reversal of
immobility at 24 h (but not 3 h) after reserpine, and a synergistic
facilitation of the motor stimulant action of D-2 agonists (3, 29,
30). If 1t can be shown that CY 208-243 has similar behavioural
properties to SKF 38393 in this test system, then we must enter-
tain the notion that CY 208-243's effectiveness 1n primates 1s also
related to the activation of D-1 receptors, though possibly a dis-
crete subclass from those engaged by SKF 38393

METHOD
Behavioural Testing

Wistar albino mice (A. R. Tuck Ltd.) of erther sex and weigh-
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FIG 1 Dose-related effects of CY 208-243 and the selective D-2 agomust
RU 24213, administered alone and 1in combination, on the locomotor ac-
tivity of mice treated 3 h earhier with reserpine (5 mg/kg) Each column
1s the mean=S E of 6-10 expertments Stars indicate p<<0 05 versus RU
24213 or CY 208-243 alone by ANOVA

ing 20-35 g were used 1n this study. They were normally housed
in groups of twenty. at 22 = 1°C, under fluorescent highting from
07.00-17.00 h and allowed free access to food and water. Exper-
imental testing was conducted between 10.00 and 17.00 h.

Mice were injected intraperitoneally (IP) with saline (controls)
or reserpine (5 mg/kg IP) and the effects of drugs or vehicle on
their motor behaviour studied 3 h or 24 h later The animals were
placed singly onto the floor of a Perspex container (30 X 26 x 20
cm high), situated on a Panlab 0603 proximity sensor unit. Hor-
1zontal movements were recorded for 10 min at maximum sensi-
tivity (setting 7) Rearing, 1n which both forepaws were lifted off
the ground, and episodes of grooming, were also quantified by an
experienced observer with the aid of hand-held counters connected
to digital printers (Malden Electronics) The occurrence of other
activities, such as smffing, gnawing and oral dyskinesia, were
noted but not quantified.

Drugs

CY 208-243 (Sandoz), the D-1 antagonist SCH 23390 (Scher-
ing), the D-2 antagonist metoclopramide (Beechams) and reser-
ptne (Sigma) were 1njected IP. while the selective D-2 agomist
RU 24213 (Roussel) was delivered subcutaneously in the neck
region. All drugs were administered 1n a volume of 5 ml/kg, ag-
onists 30 min and antagonists 60 min prior to testing. CY 208-
243 and reserpine were first dissolved 1n one drop glacial acetic
acid and then diluted with saline

Statisnical Analysis

Locomotor and grooming scores of drug-treated amimals were
compared with appropriate controls by one- or two-factor analy-
sis of varlance (ANOVA)

RESULTS
Motor Activity of Nonreserpine-Treated Mice

A group of ten mice 1njected with reserpine vehicle (t=0 min),
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FIG 2 Dose-related increase 1 locomotor activity produced by CY 208-
243 1n mice treated 24 h beforehand with reserpine (5 mg/kg) Each col-
umn 1s the mean=S E of 6-10 experiments

and later with saline (5 mlU/kg IP, t= 150 min), registered an av-
erage of 541=31.7 locomotor counts, 35 5+4.3 rears and
107.0+14.7 s grooming, when tested over the period 180-190
min.

Behavioural Effects of CY 208-243 and RU 24213 n 3-h
Reserpine-Treated Mice

The sedative action of the Rauwolfia alkaloid was evident af-
ter only 20-30 min. By 3 h, the animals were completely immo-
bile (Fig. 1) and all species-typical behaviours had ceased
Admnistration of saline or CY 208-243 (0.1-10 mg/kg) to mice
at this stage had no visible effect whatsoever on their akinetic
state (not shown) The D-2 agonist RU 24213 was similarly inef-
fective when tested over the dose range 0.5-5 mg/kg (Fig. 1)

Behavioural Effects of CY 208-243 and RU 24213 n 24-h
Reserpine-Treated Mice

Although mice were completely unmoving and prostrate 24 h
after the reserpine injection, they nevertheless responded to CY
208-243 (0 1-10 mg/kg) with a clear-cut increase 1n motor activ-
ity, as can be seen 1n Fig. 2. Locomotion was stimulated dose-
dependently over the range 0 1-1 mg/kg, and appeared to reach
a plateau at 3 mg/kg. At the lower doses (0 | and 0 3 mg/kg). the
amimals walked slowly and unsteadily about the test arena Loco-
motion appeared to be most fluid and coordinated at 1 mg/kg CY
208-243, though signs of ataxia were still present and the mice
clearly did not have the full mobulity on nonreserpine-treated con-
trols. Rearing also reappeared with 1 mg/kg CY 208-243 (6.5+1 2
rears, n=10, p<<0.05 vs controls) and the animals made fre-
quent (though often abortive) attempts to groom (93.0+17 2 s,
n=10, p<0 05 vs controls). Occasional smffing of the air or
container sides was also observed

At 10 mg/kg, CY 208-243 promoted rearing (11.2 =2 5 rears,
n=_8) and groomung (103.0*12 7 s, n=_8) that were no differ-
ent from the effects of 1 mg/kg However, the normally ponder-
ous locomotion was interspersed by occastonal frantic bouts of
explosive running, giving rise to a greatly elevated locomotor
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FIG 3 Dose-related effects of CY 208-243 and RU 24213, administered
alone and 1n combination, on the locomotor activity of mice treated 24 h
beforehand with reserpine (5 mg/kg) Each column ts the mean=S E of
6-10 experiments Stars denote p<<0 05 versus CY 208-243 or RU 24213
alone by ANOVA

count (Fig. 2) This bizarre response may have been associated
with the convulsant action noticed recently with D-1 agomists 1n
reserpine-treated mice (1). since 5/8 mice subsequently exhibited
a fatal, tonic extensor motor seizure, 90-170 mn after receiving
CY 208-243

RU 24213, 0.5-5 mg/kg. remnstated locomotion dose-depen-
dently and was quantitatively, though not qualitatively, more ef-
fective than CY 208-243 (Fig. 3) Prominent head-down smffing
occurred at 5 mg/kg.

Effects of D-1 and D-2 Antagomists on CY 208-243-Induced
Motor Behaviours in 24-h Reserpine-Treated Mice

The stimulation of locomotion by 1 mg/kg CY 208-243 was
reduced by 87.3% (p<0 01) by pretreatment with SCH 23390
(0.2 mg/kg, Fig 4). Rearing and grooming were abolished com-
pletely by the D-1 antagomst (p<<0.01).

By contrast, prior injection of the D-2 blocker metoclopra-
mide (0 25 mg/kg) markedly and unexpectedly potentiated CY
208-243-1nduced locomotion ( +291%. p<0.01, Fig. 4) and rear-
ing (+61%, p<005), whilst decreasing grooming frequency
(—37.6%, p<<0.05). as compared to | mg/kg CY 208-243 alone

Behavioural Interactions Between CY 208-243 and RU 24213 in
3-h and 24-h Reserpine-Treated Mice

The combined effects of treatment with CY 208-243 (1 mg/
kg) and RU 24213 (0.5-5 mg/kg) are shown 1n Figs. 1 and 3 All
D-1/D-2 drug muxtures elicited a greater than additive. and better
coordinated locomotion than was achieved by either agonist alone
(Fig. 1). A wide range of other activities were also evident with
a higher frequency, including rearing against the sides of the con-
tainer: grooming of the face, body and genitals, gnawing at faeces,
vacuous chewing

A similar synergistic interaction was noted when the two drugs
were Injected 1nto 24-h reserpine-treated mice (Fig 3) Here, too,
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FIG 4 Differennal effects of D-1 and D-2 receptor blockade on the lo-
comotor activity induced by 1 mg/kg CY 208-243 n 24 h reserpine-
treated mice The D-1 antagomst SCH 23390 and the D-2 antagomst
metoclopramide were mjected IP 30 mun prior to CY 208-243 Each col-
umn 1s the mean =S E of 8 experiments Stars denote p<<0 05 versus CY
208-243 alone by ANOVA

locomotion was significantly greater than that achieved by a sim-
ple summation of individual drug effects, and more closely re-
sembled that of normal mice. There was clearly also a greater
preponderance of other elements of motor behaviour, such as
rearing (8.1x10, 11.4*1.8 and 16 9=2.3 rears for 1 mg/kg
CY 208-243 in combination with 0.5. 1 5 and 5 mg/kg RU 24213
respectively, n=6-10, p<<0.05), licking, smffing and dyskinetic
Jaw movements.

DISCUSSION

The mtroduction of CY 208-243 has brought a new twist to
the debate on the anuparkinson potential of D-1 agomst drugs,
following the recent discovery that CY 208-243 was capable of
relieving the motor disability of 5/8 patients with advanced 1dio-
pathic Parkinson’s disease (32) This finding was n sharp con-
trast to the complete lack of antiparkinson effect of the traditional
D-1 agomst, SKF 38393, 1n an earlier clinical trial (8).

The most notable difference between these two drugs lies 1n
the manner of their binding to rat brain membranes. SKF 38393
exhibits a clear preference for D-1 sites (14,27), compared to CY
208-243 which has a demonstrable affinity for D-1, D-2, 5-HT
and opiate receptors, and to a lesser extent for a and 5-HT, sites
as well (12, 18. 20). From these binding data, one might reason-
ably predict that the behavioural response to CY 208-243 would
correspond to a melange of its interactions with these multiple
receptor sites. In practice, however, this 1s not the case In the
normal intact animal, CY 208-243 exhibits a behavioural profile
that 1s remarkably similar to that of SKF 38393, promoting be-
havioural changes that bear the hallmark of a selective activation
of D-1 receptors only (9. 10, 18, 20. 33). The present study ex-
tends this finding and shows that CY 208-243 retains 1ts D-1 ag-
onist-like behavioural properties under conditions of dopamine
depletion, when the D-1 and D-2 receptors are undergoing func-
tional changes (3. 10, 29).
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We found that CY 208-243 gave rise to a spectrum of motor
behaviours in the reserpine-treated mouse that was virtually indis-
tinguishable from that previously described for its predecessor,
SKF 38393 (3, 10, 29, 30). Thus both drugs (a) induced loco-
motion, rearing and grooming 24 h after reserpine, when postsyn-
aptic dopamine receptors are held to be supersensitive, but not at
3 h when dopamine receptors are still normosensitive (3, 10, 29):
(b) were antagonised by SCH 23390, but not by D-2 antagonists
(3, 10, 29), and (c) interacted 1n a synergistic fashion with con-
comitant D-2 stumulation to promote a much higher level of lo-
comotor activity, and a wider range of motor activities than could
be achieved by activating D-1 or D-2 receptors on their own (3.
10, 29, 30). Where SKF 38393 1s concerned, all of these at-
tributes have been equated with a predominant (if not exclusive)
interaction of the drug with D-1 receptors. as discussed n detail
elsewhere (3. 10, 15, 29, 30) The remarkably close similanty of
CY 208-243 to SKF 38393 1n this test system suggests the actions
of the phenanthndine in vivo are also mediated, to a large extent.
by D-1 receptors. This conclusion 1s 1n close agreement with the
results of Markstein et al. (18), who demonstrated that CY 208-
243 evoked D-1-like contraversive circling in the unilaterally 6-
hydroxydopamine-lesioned rat. At the same time, these authors
failed to elicit any of the cardinal signs of 1n vivo D-2 stimula-
tion with CY 208-243. such as emesis 1n dogs, inhibition of pro-
lactin secretion or a decrease 1n dopamune turnover. Other functional
tests indicated just as convincingly a lack of effect of CY 208-243
at o, or o, receptor sites (18)

The unexpected facilitation of locomotion induced by CY
208-243, which we noted in the presence of the D-2-blocking
drug metoclopramide, may indicate CY 208-243 also stimulates
a population of inhibitory (D-2?) receptors under these condi-
tions, which are rendered noperative by the benzamide Evidence
for the existence of dual excitatory and inhibitory postsynaptic
D-2 receptors, which can be revealed separately under appropri-
ate circumstances, has recently been discussed in detail elsewhere
[see (9)]. We think 1t unlikely that metoclopramide increased lo-
comotion 1n our experiments by reducing behavioural competition
from grooming (which was significantly decreased), as Markstein
et al. (18) observed a similar increase in the rotational response
to CY 208-243 in the presence of sulpiride, which tends to n-
crease the grooming mediated via D-1 receptors (9,19). A more
detailed analysis of this phenomenon with other classes of D-2
antagonists may shed further light on the nature of this apparent
bimodal excitatory/inhibitory effect of CY 208-243 on locomo-
tion 1n these animal models.

On the basis of the limited experiments performed to date with
CY 208-243, it is difficult to say why CY 208-243 combats the
motor deficits of marmosets (31,32) and squirrel monkeys (18)
treated with MPTP, as well those of parkinson sufferers (32).
when SKF 38393 1s inactive (8, 21, 22). The rodent behavioural
data portray CY 208-243 as a selective D-1 agonist, like SKF
38393, yet clearly there must be some fundamental difference
between them, which reflects CY 208-243’s more diverse recep-
tor binding capabilities One possibility 1s that the receptor selec-
tivities of CY 208-243 and SKF 38393 are different in the primate.
In support of this argument is the finding that SKF 38393 antag-
omises the antiparkinson activity of the D-2 agomist, LY 171555,
in the MPTP-treated marmoset (22). yet greatly facilitates the
same motor stimulant actions of LY 171555 1n rodent models of
Parkinson’s disease (3, 10, 13. 15, 24, 25, 29, 30, 33) Thus
while there 1s evidence that SKF 38393 binds to D-1 receptor
sites 1n the caudate-putamen of nonhuman primates (16) and man
(23). 1t 1s by no means certain that these points of attachment are
the same as those D-1 receptors engaged 1n motor control. or that
they are functionally linked to D-2 receptors in the same cooper-
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ative fashion as 1n the rodent (5-7. 10, 28, 33, 35). In a review
of the topic, Waddington and O’Boyle (34) have speculated that
SKF 38393 may elicit predominantly oppositional D-1-D-2 be-
havioural interactions in the primate, as compared to mainly co-
operative D-1 D-2 behavioural interactions 1n the nonprimate
According to this argument, CY 208-243 must always ult the
D-1 D-2 balance i favour of cooperativity, regardless of the
species.

A second point to consider 1s that CY 208-243 1s less specific
for D-1 receptors 1n higher animal species For example, both we
and Markstein et al (18) noted that the locomotor stimulant ac-
tions of CY 208-243 in the mouse and rat were not attenuated by
D-2 blockade (if anything the opposite was true) By contrast,
Temlett et al (31) signuficantly inhibited this effect of CY 208-
243 1n the MPTP-treated marmoset with sulpirde. suggesting part
of the motor response to CY 208-243 was mediated by D-2 re-
ceptors 1n this animal, even though other signs of D-2 stimulation
were not observed (e.g , vomiting) Given the unusual mix of af-
finties that CY 208-243 has for the receptors of different neuro-
transmitters in vitro [e g . dopamine. noradrenaline, 5-
hydroxytryptamine, opioid peptides, (12, 18, 20)], it 1s not
surprising that this compound should have enigmatic behavioural
properties that reflect a similar diversity of actions in vivo Con-
sequently, CY 208-243’s effects on motor activity may involve a
subtle interaction with receptors other than D-1 Once again, these
anomalies can only be resolved by further experimentation.

A third reason why CY 208-243 and SKF 38393 mught differ
in the primate 1s that they act upon separate subclasses of D-1 re-
ceptor. Until recently the D-1 receptor, by defimition. has tradi-
tionally been equated with dopamine-sensitive adenylate cyclase.
There 1s increasing biochemical evidence, however, to suggest
that not all D-1 receptors are necessarily coupled to this enzyme
and hence, by imphcation, that functionally discrete forms of the
D-1 receptor probably also exist For example, the binding of
SCH 23390 to presumed D-1 recognition sites in rat brain can
occur 1n regions (e.g.. amygdala) which have no detectable do-
pamine-sensitive cyclase activity (17). and can be affected inde-
pendently of the enzyme by a number of chemical treatments (2).
More recently, De Keyser et al (11) distinguished two types of
D-1 receptor 1n human brain. Since the binding affinities of these
two D-1 receptors were differentially affected by guanine nucle-
otides, the authors proposed that one receptor was linked to ade-
nylate cyclase whilst the other was not. There was also a partial
anatomic separation of the two D-1 receptors, which was offered
as further evidence that the receptors were probably functionally
discrete. The choice of two sites of action for D-1 agomsts, which
have different transduction mechanisms, would circumvent the
problem of having to reconcile why the behavioural efficacies of
D-1 agonist drugs do not always match their ability to stimulate
the synthesis of cyclic AMP (4) It also provides us with a sim-
ple. and experimentally testable explanation for the observed dif-
ferences between CY 208-243 and SKF 38393 discussed above.

Temlett et al. (32) proposed a fourth alternative. by suggest-
ing that CY 208-243 either penetrates the primate brain more
readily than does SKF 38393, or 1s perhaps less affected by me-
tabolism. Future work will undoubtedly address these issues.

In summary, these and other experiments have shown that the
motor properties of the two D-1 agomsts, CY 208-243 and SKF
38393, are closely comparable 1n dopamine-depleted rodents, and
therefore give no clues as to why only CY 208-243 has antipar-
kinson activity 1n primates. [t 1s suggested, therefore, that CY
208-243 produces 1ts beneficial effects in the primate either by
engaging a different D-1 receptor subtype from SKF 38393, or by
mteracting with a different. hitherto undisclosed receptor (not
necessanly for dopamine)
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