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A New Type of Prodrug for the Treatment of

Parkinson’s Disease

ABSTRACT

We have discovered a novel type of orally active prodrug of a dopaminergic

catecholamine. The prodrug has an enone structure that by an enantioselective bioactivation is

converted to the known potent mixed dopamine D1/D2 receptor agonist 5,6-di-OH-DPAT

(Figure 2.1). The bioactivation mechanism was found to be selective for 2.3a ((S)-PD148903)

which produces the catecholamine (S)-5,6-dihydroxy-2-dipropylaminotetralin, (S)-5,6-di-OH-

DPAT. This metabolite was detected in the blood and in the brain of rats treated with 2.3a. In

rats treated with PD217016 ((R)-PD148903) the corresponding catecholamine could be detected

in the blood but not in the brain. This indicates an enantioselective delivery (S)-5,6-di-OH-

DPAT to the CNS. Orally administered 2.3a proved to be efficacious in the Ungerstedt rat

model for Parkinson’s disease.
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2.1 INTRODUCTION

Treatment of central nervous system (CNS) disorders like Parkinson’s disease by orally

administering catecholamines is generally not successful. Many pharmacologically promising

catecholamines failed in the clinic because of their poor in vivo characteristics.1-4 Despite the

drawbacks of serious side effects and difficulties in administration, still the most effective

therapy in the treatment of Parkinson’s disease consists of the administration of the natural

dopamine (DA) precursor L-dopa (Figure 2.1).5,6 However, after prolonged treatment, L-dopa

loses efficacy as an anti-parkinsonian agent. At that stage, the semi-synthetic catecholamine,

apomorphine can be added to the L-dopa therapy. (R)-Apomorphine (2.1) is also a direct acting

DA D1/D2 agonist, has poor in vivo kinetics, and the dose regime to alleviate parkinsonian

symptoms is accompanied by adverse effects.7
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Figure 2.1 Structures of L-dopa, dopamine (DA), (R)-apomorphine (2.1), the di-O-acetyl ester
prodrug ABT-431 (2.2), and the prodrug PD148903 (2.3).

Because catecholamine agonists with mixed DA D1 and DA D2 receptor affinity, like DA

and (R)-apomorphine (2.1), seem to have a better efficacy over other DA-receptor agonists,

there is a large academic, clinical and commercial interest in developing new strategies to

deliver these catecholamines into the CNS.8,9 Several types of catecholamine based prodrugs of

DA, aporphines and 6,7-dihydroxy-2-aminotetralin (ADTN) have been reported.10-13 Commonly
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these ester or carbamate derivatives of the active principle do not give sufficient improvement

over the parent drug.14 Recently, a di-O-acetyl ester prodrug of a catecholamine (ABT-431, 2.2)

proved to have efficacy in treatment of Parkinson’s disease, however, only after intravenous

administration.15 Now, we report the discovery of a new type of orally active prodrug (2.3) that

is a precursor of the parent drug rather than a derivative.

2.2 CHEMISTRY

2.2.1 Synthesis and isolation of PD217015

The two-step synthesis, isolation and resolution to give (S)-6-(N,N-di-n-propylamino)-

3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one (2.3a) and its mirror image (R)-6-(N,N,-di-n-

propylamino)-3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one (PD217016, 2.3b) are remarkably

simple (Scheme 2.1).16,17
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Scheme 2.1 Reagents and condition: (a) (CH2O)n, Pr2NH, powdered 4Å molecular sieves,
acetone, toluene, 85ºC, 3h; (b) NaBH3CN, THF, 0ºC-RT, overnight; (c) (–)-ditoluyltartaric acid;
(d) (+)-ditoluyltartaric acid.

Consecutive Aldol and Mannich type reactions on 1,3-cyclohexadione (2.4) were used to

generate a dienaminone (2.5) that, without purification, was reduced to the racemic prodrug
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(PD148903, 2.3). The desired active enantiomer was precipitated from the reaction mixture

using optically pure ditoluyltartaric acid. Resolution of the enantiomers was accomplished by

repeated crystallization of the ditoluyltartrate salt. Synthesis simplicity and speed outweigh the

low chemical yield of the reactions. Compound 2.3a was obtained in an overall yield of 3.5%

and compound 2.3b in 2%. Dienaminone 2.5 can be isolated after tedious purification by

column chromatography as a luminescent oil that crystallizes from hexane. It was preferred,

though, to proceed with the selective reduction to PD148903 (2.3), using NaBH3CN, when it

became apparent that this was easily separated from the reaction mixture by precipitation with

ditoluyltartaric acid. Selectivity for reduction of the desired double bond was achieved by using

tetrahydrofuran as solvent, addition of as little acetic acid as required, and by keeping the initial

reaction temperature at 0ºC. Excess acetic acid, temperatures higher than RT (also during work-

up) or protic solvents facilitate the reduction of any of the three double bonds present in

dienaminone 2.5. With the initial precipitation of the ditoluyltartrate of 2.3 from the reaction

mixture, the enantiomers were not separated. To isolate the racemate, compound 2.3 was

liberated from the ditoluyltartrate salt and was subsequently converted to the hydrochloride salt.

To isolate the optically pure enantiomers, the initial precipitate was carefully recrystallized from

90% ethanol. Both enantiomers could be isolated separately depending on the optical form of the

ditoluyltartaric acid used.
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Scheme 2.2 Formation of the major by-product in the synthesis of PD148903.

2.2.2 Reaction mechanism

The mechanistic aspects of the first reaction step are not fully charted. In this synthesis,

1,3-cyclohexadione is heated with formaldehyde and di-n-propylamine. Both secondary amines

and formaldehyde are known to condense with 1,3-cyclohexadiones.18-20 It is expected that

initial condensation of 2.4 with formaldehyde, primarily results in the formation of 2.6 (Scheme
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2.2).21,22 The dimeric product 2.6 was the major by-product (up to 30% of the total chemical

yield) in the synthesis, and no enamine derivatives of 2.6 were detected by GC-MS analysis of

the reaction mixture.

We found that condensation of formaldehyde with 2.4 does not require base, yet the

presence of di-n-propylamine limits the formation of the by-product. Therefore, it is proposed

that the reaction mechanism leading to 2.5 proceeds by the initial condensation of di-n-

propylamine with 2.4 (Scheme 2.3). From there, the reaction could proceed in a way described

in literature.23 Formaldehyde condenses with the enamine to give a ‘super’ Michael reaction

acceptor that readily reacts with acetone. In the next step, the terminal α-keto carbon atom itself

cannot attack the electrophilic enamine. Instead, keto-enol tautomerization is followed by

cyclization of the oxygen nucleophile on the enamine. An amine transfer and a ring opening to

give another enamine follow this. Cyclization of this enamine followed by proton transfer and

dehydration yield the desired dienaminone 2.5.
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Scheme 2.3 Proposed reaction mechanism in the synthesis of dienaminone 2.5.
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When the synthesis of 2.5 was carried out starting with the pure enamine 2.7, compound

2.6 was still observed as the major by-product. Treatment of 2.724, also resulted in the formation

of 2.6. This can only be explained by the degradation of 2.8 or an enamine derivative thereof,

through two different retro-Michael reactions (Scheme 2.4). Evidently, one of the intermediates

in the suggested mechanism in Scheme 2.3 undergoes similar retro-Michael reactions in order to

give the observed dimeric 2.6.

O

O O O

NR2

O

O

O

O

O

O O

O

O O

2.8 2.5

2.6

R2NH

R2NH

Scheme 2.4 Degradation of the 2-oxo-butyl adduct.

When compound 2.4 was treated with methyl-vinyl-ketone (MVK) and

trimethylsilylchloride (TMSCl), subsequent acidic hydrolysis and reductive amination with n-

propylamine, gave 2.9 in moderate chemical yield (50%) (Scheme 2.5). This is especially

interesting since literature reports the formation of 2.10, when treating 2.4 with MVK and N-

benzylamine.25 It is also reported that 2.8 reacts with N-benzylamine to give 2.10.26 Therefore,

2.8 can not be an intermediate in our reaction described in the presence of TMSCl. Instead, it

seems most that, as described in Scheme 2.3, after keto-enol tautomerization of the oxo-butyl

moiety, the enolic oxygen has cyclized on the 1,3-diketone ring. Interestingly, when after the

acidic hydrolyses, instead of n-propylamine, di-n-propylamine was used, compound 2.5 was

found to be the main product. This illustrates the differences in imine versus enamine reactivity.

The chemical yield of 2.5 in this strategy was reasonable but the yield of 2.3 was similar to that

of the strategy described in Scheme 2.1. This was mostly due to the difficult, selective reduction

of dienaminone 2.5 used in both strategies.
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Scheme 2.5 Use of primary and secondary amines. MVK = methyl-vinyl-ketone, TMSCl =
trimethyl-silylchloride.

2.3 PHARMACOLOGY

2.3.1 Receptor binding and functional assay

Binding affinities of 2.3 and of some reference compounds for the DA D1 and DA D2

receptor were evaluated.16 All reference compounds were tested for their in vitro binding affinity

at cloned human DA D1 and DA D2 receptors, using the DA D1 antagonist [3H]SCH-23390, and

the DA D2 agonist [3H]N-0437. The DA D2 binding affinity of 2.3, was determined using the

DA D2 antagonist [3H]Spiperone rat striatum. A DA D1 functional assay on stimulation of

cAMP production in SK-N-MC cells was performed to investigate whether 2.3 has any agonist

activity at the D1 receptor.  To determine the activity at the DA D2 receptor, a DA D2 functional

assay was performed on stimulation of thymidine incorporation into CHO cells transfected with

the hD2 receptor.
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2.3.2 In vivo pharmacology

Johnson et al. had found that oral administration of 1 mg kg-1 of 2.3 stimulated

locomotor activity in the rat. Inhibition of locomotor activity was observed, by presynaptic

activation only, after oral administration of 0.1 mg kg-1 of 2.3. These results were consistent

with behavioral observations after the administration of DA D2 agonists.27-29

GBL-test. To verify the presence of a DA agonist after administration of the prodrug in

vivo biochemical and behavioral experiments were conducted. By administering γ-butyrolactone

(GBL) to rats, dopamine neuronal firing is silenced. Since exocytosis of dopamine containing

vesicles in the neuron ceases, there is no dopamine to bind to the autoreceptor and the feedback

loop is interrupted. Hence an increased dopamine synthesis is resulting that can be measured

indirectly by measuring the L-dopa accumulation after inhibition of decarboxylation. Only

administration, or in vivo formation, of a DA agonist, able to stimulate the central dopamine

autoreceptors, can reverse this increase.30,31 NSD 1015, a centrally acting aromatic amino acid

decarboxylase (AADC) inhibitor was administered to prevent decarboxylation of L-dopa to

dopamine. L-dopa concentrations were then determined after extraction of the appropriate brain

tissue.

Electrophysiology. The presence of active metabolite(s) able to stimulate the dopamine

autoreceptor was also examined by measuring dopamine neuronal firing in an in vivo

electrophysiology experiment.16 When a compound binds at a dopamine autoreceptor, it signals

the neuron to cease firing.

Behavioral models. Since administration of 2.3 induces DA agonist-like effects, the

receptor subtypes involved in the in vivo effect were investigated. Two rat models were used to

determine the in vivo profile of 2.3.

1) Stereotypical of behavior. In this model, the ability of selective and mixed DA D1

and DA D2 agonists to induce abnormal behavior in normal rats was evaluated. A number of

reference compounds, some at increasing dose, were also tested to illustrate specific DA

receptor subtype related behavior.

2) Ungerstedt model. The Ungerstedt rat model for Parkinson’s disease, is used to

evaluate the effects of DA agonists on rotational behavior in rats with unilateral forebrain DA

depletion induced by injection of the neurotoxin, 6-hydroxy-dopamine (6-OH-DA).32,33 The DA

receptors on the lesioned side are supersensitive, thus compared to normal rats, lower doses of

DA agonists produce effects in lesioned animals. In this model, induction of contralateral
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rotation behavior is a sign that the compound tested is able to alleviate parkinsonian symptoms.

Here, the pharmacological effect of the separated enantiomers of 2.3 was studied, but also the

effects of selective DA D1 and DA D2 antagonists were evaluated on induced rotational

behavior. In this test, selective and mixed DA D1 and DA D2 agonists induced contralateral

rotational behavior. The pharmacological specificity could be observed by the fact that the

behavioral effects of a selective agonist can be antagonized by administration of a selective

antagonist with affinity for the same receptor. Behavioral effects of compounds having affinity

for both the DA D1 and the DA D2 receptor cannot completely be antagonized by administration

of a selective DA D1 or DA D2 antagonist alone.

2.4 RESULTS AND DISCUSSION

2.4.1 Receptor binding; 2.3 is inactive in vitro

Johnson et al. evaluated the binding affinity of the prodrug racemate (2.3) at the DA D2

receptor and its activity at the DA D1 receptor (Table 2.1).16 It is evident that, compared to some

reference compounds, 2.3 has no affinity for the D2 receptor. The result of the functional assay

showed that no activity at the DA D1 receptor was observed for 2.3.

Regarding the reference compounds in Table 2.1; Dopamine is a full agonist on both

receptor subtypes, 5-OH-DPAT is a typical DA D2 agonist whereas 5,6-di-OH-DPAT and

apomorphine are mixed DA D1/D2 agonists. From these data 5-OH-DPAT appears to be a partial

DA D1 agonist with a low affinity for that receptor subtype. The overall profile of 5,6-di-OH-

DPAT is similar to that of apomorphine. The differences in the assays used for determining the

binding affinity at the DA D2 receptor may influence the comparability of the results. However,

since the Ki value of 5-OH-DPAT at the D2 receptor using rat striatum with [3H]Spiperone

proves to be 6 nM, the difference is small enough to consider 2.3 inactive relative to all

reference compounds. The inactivity of 2.3 at the D1 receptor was reason not to determine the Ki

value at the DA D1 receptor. Theoretically, this inactivity could mean that 2.3 is an antagonist

and has affinity for the D1 receptor. Since in vivo tests revealed 2.3 to induce both DA D1 and

DA D2 agonist related behavior this was further ignored.
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Table 2.1 In vitro receptor binding affinities (Ki values, nM) and functional assays (% intrinsic
activity (EC50, nM)) of the tested compounds.

Compound Receptor bindinga Functional essayb

D1 D2 D1 D2

Dopamine 526 31 100% (176) 100% (9.5)

5-OH-DPAT 4271 0.6 (6.0d) 51% (3750) 92% (1.6)

5,6-di-OH-DPAT 157 0.4 74% (19) –c

Apomorphine 193 3 70% (–) 79%(2.8)

2.3 – >10.000d 0% –

aDA D1 receptor binding determined on hD1, L cells, [3H]SCH-23390 (antagonist); DA D2 receptor
binding determined on hD2L, CHO K1 cells, [3H]N-0437 (agonist). bDA D1 functional assay on
stimulation of cAMP production in SK-N-MC cells; DA D2 functional assay on stimulation of
thymidine incorporation into CHO cells transfected with the hD2 receptor c–; not determined. dDA D2

binding to rat striatum, [3H]Spiperone (antagonist).

2.4.2 2.3 is converted to a DA agonist in vivo

In the GBL-test, 2.3, at 3 mg kg-1 intraperitoneally (ip), like the reference test agent

quinpirole, a mixed DA D2/D3 agonist, reversed increased brain dopamine synthesis as reflected

by the decreased accumulation of L-dopa in rat striatum and mesolimbic regions (Table 2.2).

Compound 2.3 was found to inhibit accumulation L-dopa by 86% in the striatum and 82% in the

limbic region.16,34

In electrophysiology experiments on rats a 100% inhibition of DA neuronal firing was

observed after administration of 1 mg kg-1 of 2.3 subcutaneously (sc). It was found that this

effect could be partially reversed by administration of the DA D2 antagonist haloperidol (0.3 mg

kg-1 ip), indicating involvement of this receptor subtype.16,34

The results of both studies indicate the presence of a DA agonist stimulating the

autoreceptors in the striatum and the mesolimbic regions after administration of PD148903. It is

therefore likely that PD148903, having no affinity for the DA receptors itself, is converted to a

DA agonist in the rat.  At the test dose of 3 mg kg-1 of PD148903 the active metabolite is able to

induce a similar reversal in L-dopa accumulation as is induced by lower doses of quinpirole.

Since only one dose of PD148903 was tested, the relative potencies of the tested compounds

remain unclear.
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Table 2.2 Effects of 2.3 and quinpirole (Q) on the GBL-induced accumulation of L-dopa in striatum
(Str) and mesolimbic (Msl) regions of rat braina.

Treatment
Dose
(mg kg-1 )

Str L-dopa
(ng g-1± SEM)

% Reversal
Msl L-dopa     (ng

g-1± SEM)
% Reversal

No GBL – 1296 ± 11 – 1024 ± 67 –

GBL 750 3065 ± 84* – 2438 ± 52* –

Q + GBL 0.03 +750 1478 ± 11** 90 ± 1.0 1008 ± 44** 101 ± 3

Q + GBL 0.3 + 750 1562 ± 52** 85 ± 9.0 889 ± 37** 110 ± 3

2.3 + GBL 3.0 + 750 1560 ± 105** 86 ± 6.0 1285 ± 74** 82 ± 5

aTest compounds were dosed ip 60 min after GBL, except were indicated, and NSD 1015 (100 mg kg-1,
ip) 30 min before animals were sacrificed.  All groups received NSD 1015.  The results are means ±
SEM of 5-8 animals per group.  *p < 0.001 versus no GBL group; ** p <0.001 versus control group.

2.4.3 DA D1 and DA D2 receptors mediate the effect of 2.3

In studies on specific DA D1 and D2 related behavior, it was found that relatively high

doses of quinpirole, a typical DA D2 agonist, induced intense licking behavior (Table 2.3).8,35,36.

This effect was not observed with SKF38393 or dihydrexidine, which are selective DA D1

agonists. Combined administration of quinpirole and SKF38393 induced licking as well as an

increase in rearing, i.e. standing-up on the hind limbs, activity. Thus rearing reflects a

combination of DA D1 and DA D2 agonist activity, while licking reflects D2 agonist activity.

Combined licking and rearing behavior were also induced, in a dose-related manner, by

the mixed DA D1/D2 agonists apomorphine and 5,6-di-OH-DPAT. Pergolide, which has high

DA D2 agonist activity but weak DA D1 activity, only induces licking. (S)-5-OH-DPAT, a

typical DA D2 agonist, also produced licking behavior at all doses tested and dose-related

increases in rearing behavior, indicating potent DA D2 agonist behavior and less activity at DA

D1 receptors. Quinpirole, pergolide, and (S)-5-OH-DPAT all also have a high affinity for the DA

D3 receptors. Since quinpirole and pergolide both at a high dose and (S)-5-OH-DPAT at a low

dose (partial agonist on DA D1) did not increase rearing behavior, DA D3 agonism is regarded

not to play a role in DA agonist induced rearing behavior.37-41 Compound 2.3, administered sc or

po, at all doses tested, clearly produces both DA D2 and mixed DA D1/D2 related behavior
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indicating a substantial DA D1 component contributing to the total effect. The active

metabolite(s) of 2.3, therefore, must involve a mixed DA D1/D2 agonist or a combination of two

molecules, one being a DA D1 agonist and the other a D2 agonist.

Table 2.3 Effects of reference agents and 2.3 on DA D1/D2 related behavior in normal rats.

Treatment            (mg kg –1 sc) Licking (D2) Rearing (D1/D2)

Quinpirole (3) 8 / 9a 0 / 9

SKF 38393 (10) 0 / 5 0 / 5

Dihydrexidine (3) 0 / 5 0 / 5

Quinpirole + SKF 38393 (3) +(10) 5 / 5 5 / 5

Apomorphine (0.3) 3 / 8 0 / 8

(1.0) 8 / 8 6 / 8

(3.0) 17 / 17 16 / 17

5,6-di-OH-DPAT (0.1) 3 / 4 4 / 4

(0.3) 3 / 3 4 / 4

(S)-5,6-di-OH-DPAT (3.0) 4 / 4 4 / 4

Pergolide (3.0) 6 / 8 0 / 8

(S)-5-OH-DPAT (0.1) 8 / 8 0 / 8

(0.3) 8 / 8 7 / 8

(1.0) 4 / 4 4 / 4

2.3 (3.0) 4 / 4 4 / 4

(3.0 po) 4 / 4 2 / 4

(10) 9 / 9 8 / 9
aNumber of rats with behavior / number of rats tested, po = per oral

The involvement of both DA D1 and DA D2 receptors was further confirmed by the

results of the selective blocking studies in the Ungerstedt model (Table 2.4). Results from

testing of the reference compounds show that the behavioral effects of the DA D2 agonist

quinpirole were antagonized by the DA D2 antagonist, haloperidol but not by the DA D1

antagonist SCH 23390. Similarly, the behavioral effects of the DA D1 agonist SKF 38393 were

antagonized by SCH 23390, but not by haloperidol.
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Table 2.4 Blocking study of 2.3, 2.3a, and reference compounds on induced contralateral rotation
behavior in unilaterally 6-OH-DA lesioned rats. As antagonists were used; the DA D2 antagonist
haloperidol (Hal), and the DA D1 antagonist SCH23390 (SCH)a.

Treatment (mg kg-1 sc) Vehicle Hal SCH Hal + SCH

Quinpirole (0.1) 364 (± 75)b 56 (± 28) 364 (± 45)

SKF 38393 (1.0) 501 (± 75) 482 (± 20) 56 (± 21)

L-dopa (10) 436 (± 9) 362 (± 54) 206 (± 36) 38 (± 10)

Apomorphine (0.05) 548 (± 68) 439 (± 49) 315 (± 40) 123 (± 29)

5-OH-DPAT (0.003) 500 (± 70) 71 (± 21) 448 (± 43)

5,6-di-OH-DPAT (0.003) 434 (± 107) 185 (± 105)

2.3 (0.3) 2001 (± 190) 381 (± 101)

2.3a (0.3 po) 2500 (± 421) 1111 (± 245)* 1960 (± 404) 441 (± 143)*

a Rats were administered 0.3 mg kg-1 of haloperidol ip and 0.3 mg kg-1 of SCH23390 sc one minute
before administration of the DA agonist or prodrug. The results are means ± SEM of 4 animals per
group.  *p < 0.05 versus 2.3a group (One way ANOVA on ranks, Student-Newman-Keuls test). The
same group of rats was used per treatment. bCumulative rotations in 3h (± SEM).

Administration of L-dopa, the precursor of DA, produced effects that were mediated by

both DA D1 and DA D2 receptors. The failure of either antagonist alone to block the behavioral

effects indicates that there is sufficient activity at the non-blocked receptor to stimulate

behavior. It is necessary to antagonize both DA D1 and DA D2 receptors to almost completely

block the behavioral effects of L-dopa. Similar to the data in normal rats, apomorphine and 5,6

di-OH-DPAT all display a profile that indicates agonist activity at both DA D1 and DA D2

receptors, since the effects cannot be completely blocked by haloperidol alone. The same profile

is observed for 2.3 and orally administered 2.3a (= (S)-2.3), again indicating involvement of

both DA D1 and DA D2 receptors in the effect.

Co-administration of haloperidol significantly reduces the contralateral rotation behavior

induced by 2.3 and 2.3a. The D1 selective antagonist alone (SCH 23390), however, is not able to

significantly block the effect of 2.3a mainly due to the fact that the rotational behavior of one rat

in the group increased rotational behavior relative to control by 30%. The rest of the rats of the

group showed significantly reduced rotational behaviour showing involvement of also the DA
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D1 receptor in the effect (p < 0.05). Co-administration of both antagonists also significantly

blocks the effect of 2.3a, though this effect does not significantly differ from the effect of 2.3a

co-administered with haloperidol alone. Group size will have to be increased in order to show

any statistical differences.

2.4.4 Evaluation of 2.3a and 2.3b in the Ungerstedt model

To study the effects of the separate enantiomers of 2.3, both 2.3a and 2.3b were

pharmacologically evaluated in the Ungerstedt rat model for Parkinson’s disease. Unilaterally 6-

OH-DA lesioned rats were administered 0.1 mg kg-1 po of 2.3a or 2.3b (i.e. 350 nmol kg-1) and

monitored on contralateral behavior for 6h. (Figure 2.2).
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Figure 2.2 Pharmacological effect of 2.3a and 2.3b po in the Ungerstedt model for Parkinson’s
disease expressed as cumulative full contralateral rotations per 15 min over 6h. Each point is
the mean ± SEM. for n determinations. n = number of animals tested; 5 (2.3b), 24 (2.3a).

Compound 2.3a produced a pronounced and long-lasting effect while 2.3b showed

significantly less effect (p < 0.001, two-way ANOVA, Newman-Keuls test). This clearly shows

that 2.3a is the prodrug of most active enantiomer whereas 2.3b is the prodrug of the less active
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enantiomer. The curve representing a ‘vehicle-only’ experiment, coincides with the x-axis of the

graph and is not represented in the figure. Enantiomer 2.3b does have a significant effect in this

model (p < 0.01, two-way ANOVA, Newman-Keuls test). Microdialysis studies on 2.3a and

2.3b confirm these results on the identity of the active and less active enantiomer.42 In this

study, the formation of a DA agonist in vivo was also confirmed. Endogenous DA output is

decreased in the striatum after administration of 2.3a, coinciding with a typical dopaminergic

behavioral syndrome.
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Figure 2.3 Pharmacological effect of three different oral doses of 2.3a in the Ungerstedt model
for Parkinson’s disease expressed as cumulative full contralateral rotations per 15 min over
12h. Each point is the mean ± s.e.m. for n determinations. n = number of animals tested: 8-24.

Compound 2.3a was tested in the Ungerstedt rotation model at three oral doses,

monitoring the rats for 12h. The pharmacological effect was dose-dependent and was persistent

up to 12h in case of the 30 and 100 µg kg-1 doses po (Figure 2.3). A statistical analysis

consisting of a two-way ANOVA analysis followed by a Newman-Keuls test showed the three

curves to be significantly different (p < 0.01). A Wilcoxson signed rank test showed curves of

30 µg kg-1 and 100 µg kg-1 to be significantly different from vehicle from 15 to 720 min post-
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administration (p < 0.05). For 3 µg kg-1 this was found to be from 30 to 420 min. post

administration (p <0.05).

The effect of 1.0 mg kg-1 (1000 µg kg-1) of 3b is not significantly different from the

effect of 3 µg kg-1 of 3a. Since the enantiomeric excess (ee) of 3b is >99%, the effect observed

at 1.0 mg kg-1 of 3b could attributed to a slight contamination with 3a. However, that 3b caused

the effect can not be excluded.

2.4.5 Absolute configuration of 2.3a

A single crystal X-ray diffraction experiment on the hydrochloride salt of the pure (–)-

enantiomer was performed to establish the absolute configuration of the active enantiomer

(Figure 2.4). The most active enantiomer, 2.3a, proved to be of the same absolute configuration

as the active enantiomers of several potent dopaminergic catecholamines within the α-rotameric

hydroxylated-2-aminotetralin family.43-45 Based on the involvement of both the DA D1 and DA

D2 receptors in the pharmacological effect, and structural similarity, it was hypothesized that the

prodrug was bioactivated to (one or more) dopaminergic, hydroxylated aminotetralins like 5,6-

di-OH-DPAT (Scheme 2.6).

Figure 2.4 Molecular structure of PD217015 hydrochloride (2.3a) as determined by single
crystal x-ray diffraction (Courtesy of Dr. S. Sundell).
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Scheme 2.6 Hypothesized bioactivation of PD217015 to a hydroxylated aminotetralins.

2.4.6 The active metabolite is a catecholamine ((S)-5,6-di-OH-DPAT)

The hypothesis of bioconversion to a hydroxylated aminotetralin was tested by

administering a high dose of 10 mg kg-1 of 2.3a sc to male Wistar and Sprague-Dawley rats in a

striatal microdialysis experiment.46 Both by electrochemical and by mass spectrometric

detection, the formation of (S)-5,6-dihydroxy-2-(N,N-di-n-propyl-amino)tetralin ((S)-5,6-di-

OH-DPAT, (S)-2.10) was observed in the rat striatum, coinciding with a typical dopaminergic

behavioral syndrome (Scheme 2.7).47 (S)-5,6-di-OH-DPAT is a known potent mixed DA D1/D2

receptor agonist structurally and is pharmacologically related to apomorphine.

O

N N

OH

OH

2.3a (S)-2.10

In vivo

Scheme 2.7 Bioactivation of PD217015 (2.3a) to (S)-5,6-di-OH-DPAT ((S)-2.10).

The striatal presence of (S)-2.10 was detected after the administration 2.3a, however (R)-

2.10 was not detected in the brain after administration of 2.3b (Table 2.5). Both (S)-2.10 and

(R)-2.10 were found in blood plasma after the administration of their corresponding prodrug

enantiomers. Serum kinetics for 2.3a and 2.3b are different. Though they have a similar Tmax and
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t½, the Cmax and AUC is lower for 2.3a. Since t½ is estimated after Tmax, this means that before

Tmax is reached, more of 2.3a is metabolized than of 2.3b or its disposition is different. Either

way this is the result of an enantioselective process. This has to be a rapid process because the

AUC found for 2.3a is a factor 40 lower than that found for 2.3b. If this were a slower process,

the AUC of 2.3a and 3.2b would have been similar. A rapid bioconversion of 2.3a is also

confirmed by the rapid onset of action of the pharmacological effect (Figure 2.2). Since the

kinetics of 2.10 depends on the kinetics of (a very highly dosed) prodrug, these data are hard to

discuss in relative terms. In absolute terms, the Cmax in plasma of (S)-2.10 is found to be about

half that of (R)-2.10.

Table 2.5 Mean serum and brain concentrations of 2.3a, 2.3b, (S)-2.10, and (R)-2.10, following
administration of 10 mg kg-1 of 2.3a and 2.3b po, respectivelya.

Analyte Tmax (h)
Cmax

(ng mL-1)
AUC

(ng·h mL-1)
t½ (h)

2.3a Serum 0.8 10.6 11.7 1.1

(S)-2.10 Serum 1.6 4.9 28.2 42.5

2.3a Brain ECF 2.0 16.2 50.2 3.0

(S)-2.10 Brain ECF 2.5 4.76 7.73 nd

2.3b Serum 0.8 480.8 418 1.2

(R)-2.10 Serum 2.0 10.93 55 70.1

2.3b Brain ECF 1.5 345 448 8.0

(R)-2.10 Brain ECF ndt ndt ndt ndt

aBrain ECF (extracellular fluid) concentrations (n = 3) were determined using a microdialysis probe
placed in the striatum. Tmax = time of the maximum concentration level, Cmax = maximum
concentration level, AUC = area under the dose-response curve, t½ = compound half-life, nd = not
determined, ndt = not detected.

In brain ECF the t½ and the Tmax of the prodrug enantiomers differ. In addition, a higher

Cmax and AUC were observed for the less active enantiomer along with a considerably longer

half-life. Maximum concentrations of 2.3a in the brain ECF and blood plasma were significantly

lower than concentrations of the inactive enantiomer after administering the same dose. This

indicates an enantioselective metabolism and since only (S)-2.10 was detected in the brain, this
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indicates an enantioselective delivery of the active metabolite into the CNS and a possible

enantioselective conversion of 2.3a in the CNS.

(S)-2.10 was the only synthetic biologically active principle detected in the rat. For

instance, structurally closely related DA D2 agonist, 5-OH-DPAT, was not detected. Since 5-

OH-DPAT is only hydroxylated to the corresponding catechol for an estimated 0.3% and the

phenol itself was not detected, this metabolic process is less important if occurring at all.48 The

major metabolic route of 2.3a to (S)-2.10 therefore must be different from aromatization and

subsequent ortho-hydroxylation. In Chapter 3 the bioactivation mechanism of 2.3a and other

enones is further discussed.

On the pharmacology of (R)-2.10 has not been reported extensively in literature. Its

binding affinity for the DA D2 receptor has been reported to be 20 nM in the high affinity state

of the receptor and 838 nM in the low-affinity state of the receptor.49 For (S)-2.10 in the same

assay, this was respectively, 2 nM and 278 nM. Though the function of (R)-2.10 is unclear it can

be expected that it is pharmacologically active. But since it cannot be detected in the brain after

administration of 2.3b, it will therefore not contribute to a centrally mediated pharmacological

effect observed in the Ungerstedt model. The effect that was observed for 2.3b either originates

from a possible contamination with 2.3a, or is caused indirectly by peripheral activity of (R)-

2.10, or is mediated through yet undetected metabolites.

2.4.7 2.3 versus 5,6-di-OH-DPAT (2.10) in the Ungerstedt model

The Ungerstedt model for Parkinson’s disease was used to compare the pharmacological

effects of 2.3 and 5,6-di-OH-DPAT (2.10) (both racemates) after oral administration.32 One

group of thirteen 6-OH-DA unilaterally lesioned male Sprague-Dawley rats received a 0.1 mg

kg-1 dose of 5,6-di-OH-DPAT po. One week after treatment the same group (after reassessing

the lesion) was treated with 0.1 mg kg-1 po of 2.3. The pharmacological effects of both

treatments were monitored in the model for 3h after dosing (Figure 2.5). Though hydroxylated

aminotetralins like 5,6-di-OH-DPAT are generally considered poorly orally active, these results

show that in the rat both drug and prodrug are able to induce a potent effect lasting at least for

3h.

The curves are statistically significantly different (p <0.01, paired t-test) demonstrating a

more potent effect of 5,6-di-OH-DPAT. Remarkable is the rapid onset of action of 2.3, as

compared to that of 5,6-di-OH-DPAT. Up until 90 min post-administration both curves are
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highly similar. If 5,6-di-OH-DPAT is indeed the only biologically active principle after

administration of 2.3, then the bioconversion to that active metabolite must be instantaneous.

This would make the kinetics of 2.3 behave like that of 5,6-di-OH-DPAT, what would result in a

lesser total effect relative to 5,6-di-OH-DPAT since 100% bioactivation is not to be expected.

As mentioned in Paragraph 2.4.6, (R)-5,6-di-OH-DPAT ((R)-2.10) may contribute to the

pharmacological effect. If this were a partial DA D2 agonist this might have accounted for the

additional effect observed for 5,6-di-OH-DPAT (2.10). (R)-2.10 was not detected in the brain

after administration of 2.3b therefore the prodrug will lack this possible additional effect.
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Figure 2.5 Pharmacological effect of 0.1 mg kg-1 po of 5,6-di-OH-DPAT and 3.2 in the
Ungerstedt model for Parkinson’s disease expressed as full contralateral rotations per 15 min
or cumulative over 3h. Each point is the mean ± s.e.m. for n determinations. n = 13.

2.4.8 2.3 po versus sc

The pharmacological effects of 0.1 mg kg-1 of 2.3 when administered po or sc were

studied in the Ungerstedt model for Parkinson’s disease (Figure 2.6). Both curves show a similar

and rapid onset of action up to about 45 min post-administration. After that time point the effect

of 2.3 sc increases to a maximum while the effect of 2.3 po decreases. Administration of 2.3 sc
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gives a moderate but significant increase in pharmacological effect (p < 0.05, One-way

ANOVA, Newman-Keuls test).
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Figure 2.6 Pharmacological effect of 0.1 mg kg-1 po and sc of 2.3 in the Ungerstedt model for
Parkinson’s disease expressed as full contralateral rotations per 15 min or cumulative over 12h.
Each point is the mean ± SEM. for n determinations. n = 10-24.

2.5 CONCLUSIONS

We have discovered a new type of prodrug of a potent dopaminergic catecholamine that

is delivered enantioselectively into the brain. Pharmacological evaluation of 2.3a, in vivo, shows

the potential of this prodrug as an orally active anti-parkinsonian agent. 2.3a utilizes oxidative

metabolism for its bioactivation to the known potent mixed DA D1/D2 agonist (S)-5,6-di-OH-

DPAT ((S)-2.10). However, the presence of other pharmacologically active metabolites or other

effects can not be excluded. This remarkable discovery may dramatically change the use of

catecholamines in the treatment of Parkinson’s disease.

The prodrug has a rapid onset of action, similar to that of the active compound when it is

administered itself. Also the route of administration of the prodrug, sc or po, does not influence

the onset of action. Though a potent but lesser effect was observed for 2.3 in the Ungerstedt
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model than for 5,6-di-OH-DPAT in the rat, this does not disqualify the prodrug from further

development. The fact that it is bioactivated enantioselectively and the active metabolite is

delivered enantioselectively to the brain may have positive effects in long-term treatment and

limit (peripheral) adverse effects. Another important aspect is that these pharmacological tests

were conducted in rats. In other species, bioactivation of the prodrug and degradation of 5,6-di-

OH-DPAT may occur at a different rate, leading to a different pharmacological profile.

2.6 EXPERIMENTAL SECTION

2.6.1 Chemistry

General remarks. Melting points were determined in open glass capillaries on an

Electrothermal digital melting-point apparatus and are uncorrected. 1H- and 13C-NMR spectra

were recorded at 200 MHz and 50.3 MHz, respectively, on a Varian Gemini 200 spectrometer.

The splitting patterns are designated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m

(multiplet). Chemical shifts are given in δ units (ppm) and are relative to the solvent. Coupling

constants are given in Hertz (Hz). The spectra recorded were consistent with the proposed

structures. IR spectra were obtained on an ATI-Mattson spectrometer. Electronic ionization (EI)

mass spectra were obtained on a Unicam 610-Automass 150 GC-MS system. Elemental

analyses were performed by the Analytical Chemistry Section at Parke Davis Pharmaceutical

Research (Ann Arbor, MI, USA) or by the Microanalytical Department of the University of

Groningen and were within ± 0.4 % of the theoretical values, except where noted. All chemicals

used were commercially available (Aldrich or Acros) and were used without further purification

unless indicated. 

(R,S)-, (S), and (R)-6-(N,N-di-n-Propylamino)-3,4,5,6,7,8-hexahydro-2H-naphtha-

len-1-one (2.3, 2.3a, 2.3b). A mixture of 1,3-cyclohexadione (23.1 g, 0.2 mol),

paraformaldehyde (6.0 g, 0.2 mol based on CH2O), and di-n-propylamine (21.2 ml, 0.2 mol) was

stirred in 310 ml of toluene for 1 h with 60 g powdered 4Å molecular sieves at 85°C. After 1 h,

acetone (15 ml, 0.2 mol) was added, and the mixture was stirred at 85°C for a further 2 hours.

After cooling, the reaction mixture was filtered through Celite®, concentrated and dissolved in a

mixture of 250 ml of tetrahydrofuran and 12 ml of acetic acid. At 0°C, 5 g of sodium

cyanoborohydride was added in small portions. After stirring overnight at RT, standard work-up
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afforded 40 g of red oil. The oil was dissolved in boiling isopropyl acetate (150 mL) and a

solution of (S)-ditoluyltartaric acid (15.4 g, 0.04 mol) in isopropyl acetate (100 mL) was added

dropwise.

Racemate (2.3): The formed precipitate was collected and basified with a 5% NaHCO3

solution (150 mL), extracted with ethyl acetate (4 x 50 mL), and the free base was converted

into the hydrochloride salt. Yield 4.67 g, 0.016 mol (8%), mp 145-147°C. IR (KBr) 2955, 2822,

1666, 1382,1069 cm-1; 1H-NMR (CDCl3) δ 2.72-2.77 (m, 1H), 2.21-2.56 (m, 11H), 1.82-2.00

(m, 4H), 1.34-1.54 (m, 5H), 0.83 (t, 6H) ppm; 13C-NMR (CDCl3) δ 197.5, 155.0, 129.7, 55.0,

51.1, 36.1, 31.0, 29.3, 24.1, 22.1, 20.8, 20.2, 10.3 ppm; MS (EI) m/z 249 (M+); Anal.

(C16H27NO) C, H and N.

S-enantiomer (2.3a): The formed precipitate was collected, dried and recrystallized 3

times from 300 mL of ethanol (90%). The salt was basified with a 5% NaHCO3 solution (150

mL), extracted with ethyl acetate (4 x 50 mL), and the free base was converted into the

hydrochloride salt. Yield 2.0 g (3.5%) of 2.3a·HCl, with [α]20
D –152º (c 0.1, methanol), ee

>99%, mp. 148-150ºC.

R-enantiomer (2.3b): The combined mother liquids were basified with a 5% NaHCO3

solution (150 mL), extracted with ethyl acetate (4 x 50 mL). After evaporation of the solution,

the free base was dissolved in isopropyl acetate (150 mL) and, as described previously, treated

with a solution of (R)-ditoluyltartaric acid (15.4 g, 0.04 mol) in isopropyl acetate (100 mL). The

formed precipitate was collected, dried and recrystallized 3 times from 90% ethanol (300 mL).

The salt was basified with a 5% NaHCO3 solution (150 mL), extracted with ethyl acetate (4 x 50

mL), and the free base was converted into the hydrochloride salt. Yield 2.5 g (4.4%) of

2.3b·HCl, with [α]20
D +152º (c = 0.1, methanol), ee >99%, mp. 149-151ºC.

Isolated by-product Di-(2-(1,3-cyclohexadione)methane (2.4). Yield 14 g, 0.06 mol

(30%), IR (KBr) 2933 (enol), 1597, 1579, 1384, 915 cm-1; 1H-NMR (CDCl3) (enolic state) δ

3.11 (s, 2H), 2.32-243 (m, 8H), 1.89-194 (m, 4H) ppm; 13C-NMR (CDCl3) δ 189.5, 113.2, 30.8,

18.8, 15.0; MS (EI) m/z 236 (M+);

6-(N,N-di-n-Propylamino)-3,4,7,8-tetrahydro-2H-naphthalen-1-one (2.5). A mixture

of 1,3-cyclohexadione (23.1 g, 0.2 mol), paraformaldehyde (6.0 g, 0.2 mol based on CH2O), and

di-n-propylamine (21.2 ml, 0.2 mol) was stirred in 310 ml of toluene for 1 h with 60 g powdered

4Å molecular sieves at 85°C. After 1 h, acetone (15 ml, 0.2 mol) was added, and the mixture
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was stirred at 85°C for a further 2 hours. After cooling, the reaction mixture was filtered through

Celite® and concentrated in vacuo to give a dark oil (~44 g). This was washed though a column

of silica gel (300 g, 230-400 mesh) with ethyl acetate. The yellow product containing fractions

were combined and concentrated to afford a red-yellow oil (~30 g) containing the dienaminone.

This material was further purified by column chromatography (Al2O3, tetrahydrofuran/hexane,

1:1) to give a yellow solid. Yield: 23.7 g, 97.0 mmol (48%), mp 56-57°C. IR (KBr) 1614,1509,

1470 cm-1; 1H-NMR (CDCl3) δ 4.65 (s, 1H), 3.12 (t, 1), 2.30-2.48 (m, 8H), 1.87 (m, 2H), 1.54

(m, 2H), 0.85 (t, 6H) ppm; 13C-NMR (CDCl3) δ 194.6, 157.8, 156.3, 115.2, 93.8, 37.3, 31.0,

25.9, 23.0, 21.0, 19.8, 11.2 ppm; MS (EI) m/z 247 M+); Anal. (C16H25NO) C, H and N.

N-n-Propyl-5-keto-2-methyl-1,2,3,4,7,8-hexahydro-[6H]-quinoline (2.8). To a

solution of 1,3-cyclohexadione (3.5 g, 31 mmol) and triethylamine (8.6 mL, 62 mmol) in

dichloromethane (50 mL) was added trimethylsilylchloride (7.8 mL, 62 mmol). After stirring at

RT for 15 min, TLC analysis showed the reaction was complete. Methyl-vinyl-ketone (2.6 mL,

31 mmol) was added dropwise and the mixture was stirred for 1h. Solvent was evaporated and

the residue was redissolved 2N HCl (60 mL). After stirring for 1h, the acidic phase was

extracted with dichloromethane (6 x 50 mL). The combined organic layers were dried (MgSO4)

and evaporated (4.16 g). The residue was redissolved in tetrahydrofuran (50 mL) and n-

propylamine (8.8 mL, 64 mmol) was added carefully. After the initial reaction had ceased

stirring was continued for 1h. After filtration, acetic acid (3 mL) was added to the filtrate,

followed by addition in small portions of NaBH3CN (3.0 g, 48 mmol). The reaction mixture was

stirred at RT, overnight. Water (50 mL) and 3N NaOH (30 mL) were added followed by

extraction with diethyl ether (3 x 50 mL). The combined organic layers were dried (MgSO4) and

evaporated. Yield 4.0 g, 16 mmol (50%), IR (KBr) 2960, 2835, 1650, 1400, 1085 cm-1; 1H-

NMR (CDCl3) δ 3.63-3.75 (m, 2H), 2.99-3.32 (m, 2H), 2.52-2.83 (m, 4H), 2.09-2.26 (m, 1H),

1.65-1.92 (m, 6H), 1.20 (d, 3H), 0.92 (t, 3H) ppm; 13C-NMR (CDCl3) δ 183.2, 171.8, 104.4,

55.0, 53.8, 28.8, 27.0, 25.1, 21.9, 20.0, 17.4, 14.2, 12.3 ppm; MS (EI) m/z 249 (M+).
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2.6.2 Pharmacology

Pharmacology. All compounds were tested as hydrochloride salts unless noted

otherwise. All in vitro and in vivo experiments were performed at Parke Davis Pharmaceutical

Research (Ann Arbor, MI, USA) or at the Rijksuniversiteit Groningen (The Netherlands).

Receptor binding studies. The affinity of compounds for brain DA D1 and D2 receptors

using [3H]SCH-23390 or [3H]Spiperone respectively, was determined by standard receptor

binding assays,50 according to methods previously described.51 The affinity of compounds for

brain DA D1 and D2 receptors using [3H]N-0437 were as described below.

Cell lines expressing the DA D2 receptor. A cell line expressing the human DA D2L

was purchased from Dr. O. Civelli, Oregon Health Sciences University. The D2L receptor cDNA

was subcloned into the expression vector, pRc/CMV. The plasmids were transfected by

electroporation into CHO K1 cells. A single stable transfectant, resistant to the antibiotic G418,

was isolated and selected for use in the binding studies.

Cell culture and preparation of cell membranes. CHO K1 cells expressing either

human DA D2L receptors were grown in 162 cm 2 culture flasks in F12 medium (Gibco

Laboratories, Grand Island, N.Y., USA) supplemented with 10 % fetal bovine serum (FBS,

Hyclone, Logan, UT) in an atmosphere of 5 % CO2 / 95 % air at 37ºC. Cells were grown until

confluent after which growth medium was removed and replaced with 0.02 % EDTA in a

phosphate-buffered saline solution (Sigma Chemical Co. St. Louis, MO, USA) and scraped from

the flasks. The cells were centrifuged at about 1000 x g for 10 min at 4ºC and than re-suspended

in TEM buffer (25 mM Tris-HCl, pH 7.4 at 37ºC, 1 mM EDTA, and 6 mM CaCl2) for D2L and

homogenised with a Brinkman Polytron homogenizer at setting 5 for 10 sec. The membranes

were pelleted by centrifugation at 20000 g at 4ºC for 20 min, then the pellets were re-suspended

in appropriate buffer at 1 ml/flask and stored at -70ºC until used in the receptor binding assay.

Receptor binding assays: DA D2L receptors. A cell membrane preparation (400 µL)

was incubated in triplicate with 50 µL [3H]N-0437 (2nM), 50 µL buffer, or competing drugs

where appropriate to give a final volume of 0.5 mL. After 60 min incubation at 25ºC, the

incubations were terminated by rapid filtration through Whatmann GF/B glass fibre filters

(soaked for 1 hr in 0.5 % polyethylenimine) on a Brandel MB-48R cell harvester, with 3 washes

of 1 mL ice-cold buffer. Individual filter discs containing the bound ligand were placed in

counting vials with 4 mL of scintillation fluid (Ready Gel, Beckman Instrument Inc., Fullerton,
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CA, USA) and then counted in a Beckman LS-6800 liquid scintillation counter at an efficiency

of 45 %. Non-specific binding was defined in presence of 1 µM of haloperidol.

Data calculation. Saturation and competition binding data were analyzed using the

iterative non-linear least square curve-fitting Ligand program. In competition experiments,

apparent Ki values were calculated from IC50 values by method of Cheng and Prusoff.52

Experimental compounds were made up as stock solutions in dimethylsulfoxide

(DMSO). The final concentration of 0.1 % DMSO used in the incubation mixture had no effect

on the specific binding. Each observation was carried out in triplicate. To allow these

calculations, Kd values were measured for the interaction of various ligands with the receptor

([3H]N-0437 binding, human D2L, 2.24 ± 0.05, nM (n=3).

Functional assays. The intrinsic activity of the compounds at the DA D1 and D2 receptor

were determined according to methods previously described.53,54

Electrophysiology experiments and GBL-test. The effect on the firing rate of

dopaminergic neurons and the inhibition of GBL-stimulated DA synthesis were determined by

methods previously described.34

Contralateral turning in 6-OH-DA lesioned rats (Ungerstedt’s model for PD).

Contralateral turning experiments were essentially according to the original reference by

Ungerstedt and Arbuthnott.32  Briefly, male Sprague-Dawley rats were lesioned in right medial

forebrain bundle (P4.8mm, L1.1mm, V-8.2mm from bregma) with 2 mg mL-1 of 6-

 hydroxydopamine HBr in saline with ascorbic acid 1 mg mL-1 added. After 3 weeks

recovery, completeness of lesion was assessed with apomorphine 50 mg kg-1 sc. Only animals

rotating more than 100 turns in an hour were used in subsequent experiments. Rats were

removed from home cages in morning, weighed, dosed and placed into harnesses in a rotorat

apparatus. Rats sit in stainless steel, flat bottomed, hemispheric bowls and are connected via the

harness and a flexible spring tether to an automated data collection system. The data is presented

as full rotations in contralateral directions. Rats are used once weekly.

Determination of the active metabolite. Dosing and sampling. Three male Wistar rats,

subjected to a standard striatal microdialysis experiment, were subcutaneously administered

either; 10 mg kg-1 of 2.3a, 50 mg kg-1 of 2.3b or 1.0 mg kg-1 of 5,6-di-OH-DPAT.46 Mobile

phase for perfusion was a pH 4 phosphate buffer (57 mM citric acid monohydrate, 27 mM

Na2HPO4 dihydrate, 1.3 mM EDTA, 2.2 mM TMA and 0.12 mM OSA) in a mixture of 30%
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methanol/water. Dialysate was collected through a striatal microdialysis probe with a continuous

flow (2 µL min-1) at 15 min intervals starting at injection and continued for 3 hours.

Four male Sprague-Dawley rats, following a pre-dose blood sample, were administered

2.3a at 10 mg kg-1 via oral gavage, and three fasted rats were administered 2 mg kg-1 via

intravenous bolus injection. The same number of prepared rats were administered the same

amounts of PD217016. Dosing vehicle for both studies were: 5% dextrose for intravenous bolus

and HPLC grade H2O for oral dose. From the orally dosed rats, blood samples were collected

through a jugular cannula at 45, 75, 105, 135, 165, 225, 285, 345, 405 and 480 min, and

artificial cerebrospinal fluid (ACSF) was collected through a striatal microdialysis probe with a

continuous flow at 30 min intervals using a CMA/142 Microfraction collector (1 µL min-1).

From the intravenously dosed rats, blood samples were collected through a jugular cannula at 0,

5, 15, 30, 60, 120, 240, 360 and 480 min. Each blood sample was placed directly into a serum

separator collection tube for centrifugation and decanting of serum. Upon final sample, brain

probes were removed from oral administered rats euthanized by intravenous overdose of sodium

pentobarbital. Brain samples were collected and parenchyma separated from capillaries by a

depletion technique using 6 mL of Hepes buffer and 8 mL of 26% dextran/Hepes buffer to

homogenize the brain sample immediately, then centrifuge the homogenate to separate

supernatant (parenchyma) and pellet (capillaries).

Analysis. Qualitative analysis of 5,6-di-OH-DPAT was performed using a standard

striatal microdialysis set-up fitted with a 50 µL loop.46 Standard solutions of 5,6-di-OH-DPAT

were injected on the HPLC system in the range of 10-10 M - 10-8 M to determine retention time

and detection limit (5 x 10-10 M). Quantitative analysis was performed by mass spectrometric

detection of 2.3a, 2.3b and 5,6-di-OH-DPAT on striatal dialysate and blood plasma. Samples of

2.3a and 2.3b in serum were prepared by liquid/liquid extraction with methyl t-butyl ether,

AcOH and analysed by LC/MS/MS. Chromatographic conditions were isocratic (acetonitrile:

0.1% formic acid 60:40), reverse phase, 2.1 x 100 mm x 3µ YMC basis column, 0.2 mL min-1

flow rate. Samples were analysed by multiple-reaction monitoring using a Micromass Quattro II

triple quadrupole mass spectrometer with Z-spray ionisation source operating with positive

electron spray. Brain microdialysis samples were analysed by direct injection using similar

LC/MS/MS conditions as described above.
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