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SUMMARY

Regulation of the rate of dopamine synthesis was studied using dopamine receptor
agonists in two biochemical models of the dopamine autoreceptor. An in vivo model was
used to measure the ability of dopamine receptor agonists to antagonize the increase in
striatal tyrosine hydroxylase activity that occurs when rats are treated with -y-butyrolac-
tone (GBL) to diminish the rate of dopamine release. The following compounds were
active in this model (in order of potency): N-n-propylnorapomorphine > pergolide >

apomorphine > lergotrile> 3,3’-[(propylimino)di-2,1-ethanediyl]bis[phenol] (RU-24926)
> bromocriptine > 9,10-didehydro-6-methyl-3f3-(2-pyridylthiomethyl)ergoline (CF 25-

397) > N-n-propyl-3-(hydroxyphenyl)-piperidine (3-PPP). The duration of activity of
these compounds ranged from less than 4 hr for the aporphines and 3-PPP to up to 8 hr

for some of the ergots. The ability of all eight compounds to reverse the GBL-induced
stimulation of tyrosine hydroxylase activity was antagonized by pretreatment with
haloperidol. Administration of the dopamine agonists, 3,4-dihydroxyphenylamino-2-imi-
dazoline or 2-amino-6,7-dibenzoyloxy-1,2,3,4-tetrahydronaphthalene (ADTN ester), had
little or no effect in the GBL model of the dopamine autoreceptor. An in vitro model was
used to assess the ability of dopamine agonists to inhibit the rate of hydroxylation of [3H]
tyrosine by synaptosomes from the corpus striatum of rat brain. In this synaptosomal

model, the rate of hydroxylation of tyrosine was inhibited by low concentrations (IC�
values < 1 �tM) of the following dopamine receptor agonists (in order of potency): 2-amino-

6,7-dihydroxy-1,2,3,4-tetrahydronaphthalene (ADTN) > RU-24926 � N-n-propylnora-
pomorphine > apomorphine. Haloperidol reversed the inhibitory effect in vitro of apo-
morphine and N-n-propylnorapomorphine, but failed to antagonize the inhibitory actions

of ADTN or RU-24926, suggesting that the latter two compounds inhibit synaptosomal
tyrosine hydroxylase activity by a mechanism that is not linked to a dopamine receptor
located upon the nerve membrane. 3-PPP and the ergoline-type dopamine receptor
agonists did not appreciably inhibit the rate of synaptosomal tyrosine hydroxylation.
Furthermore, the ergolines failed to reverse the inhibitory effect of apomorphine, mdi-
cating that such compounds lack affinity for the receptor that controls the rate of
dopamine synthesis in synaptosomes. These results suggest that more than one type of
autoreceptor regulates the rate of synthesis of dopamine.

INTRODUCTION The rate of synthesis of dopamine is also controlled by

The existence of receptors for dopamine and dopami- dopamine receptors. For example, dopamine and dopa-
nergic compounds located presynaptically (“autorecep- mine receptor agonists have been shown to inhibit the
tors”) is now widely accepted (for reviews, see refs. 1 and rate of conversion of [3H]tyrosine to [3H]dopamine in
2), and can explain the paradoxical findings that dopa- synaptosomes or slices prepared from the corpus striatum
minergic agonists (a) inhibit the firing rate ofnigrostriatal (79). Inhibition of the rate of dopamine synthesis also
neurons (3), (b) cause a decrease in motor activity of occurs in vivo when rats are treated with compounds
animals (4), (c) improve the symptoms of schizophrenia that stimulate dopamine receptors (10). Although this
in humans (5), and (d) inhibit the rate of release of inhibition in vivo of the dopamine synthesis rate could
dopamine in vitro (6). result from a postsynaptic action mediated via neuronal

feedback mechanisms, studies have shown that admin-

I Present address, Department of Pharmacology, Sterling-Winthrop istration of dopamine agonists counteracts the increases
Research Institute, Rensselaer, N. Y. in dopamine synthesis rate that occur when impulse flow
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through the pathway is blocked either pharmacologically

(e.g., by administration of GBL2) or by placement of a
lesion in the nigrostriatal pathway (7, 11). Because the
neuronal feedback process presumably cannot operate
under conditions of reduced impulse flow, Roth and co-
workers (11-13) have proposed that dopamine agonists
counteract the increase in the dopamine synthesis rate
induced by these procedures through activation of do-
pamine receptors located presynapticaily.

The objective of the present study was to evaluate the
pharmacology of the dopamine receptor(s) that control
the rate of dopamine synthesis. Compounds representing

several chemical classes, but all of which are known to
have dopamine agonist activity in various other systems,
were evaluated in the in vivo model of the dopamine
autoreceptor using GBL to inhibit nerve impulse flow,
and in the presumably analogous in vitro model using
synaptosomes that synthesize [3H]dopamine from [1H]
tyrosine.

METHODS

Male Sprague-Dawley rats weighing 180-250 g were
used. In the in vivo experiments, rats were treated with
GBL (750 mg/kg i.p.; Sigma Chemical Company, St.

Louis, Mo.). Five minutes later, NSD-1015 (Sigma Chem-
ical Company) was administered i.p. to inhibit aromatic
L-amino acid decarboxylase (EC 4.1.1.28). The rate of
accumulation of dopa was used as an index of the activity
of tyrosine hydroxylase. Dopa was measured in paired
corpora striata from a single rat using the fluorometric
method of Kehr et al. (7). All treatments and assays were
performed using a random design protocol.

For the in vitro experiments, a crude synaptosomal

fraction (P2) was prepared at 4#{176}by homogenization of
the corpus striatum in 9 volumes of 0.32 M sucrose. The
homogenate was centrifuged at 1,000 x g (10 mm) and

the supernatant fluid was decanted and centrifuged again
at 27,000 x g (20 mm) to obtain the P2 fraction, which
was resuspended in oxygenated Krebs bicarbonate buffer.
Synaptosomal tyrosine hydroxylase activity was mea-

sured essentially as described by Iversen et al. (8). L-

[ring-2,6-3H]Tyrosine (specific activity 37.4 Ci/mmole)
was incubated with the tissue in 200 �l of Krebs bicar-
bonate buffer. Total radioactive products (dopa and do-
pamine) were isolated by ion exchange chromatography
from unreacted [3H]tyrosine and quantitated by liquid
scintillation spectrometry. Average blank and control
values were 2.1 x 1ff’ and 3.1 x i0� dpm/mg of protein,

respectively.
Uptake of [3H]tyrosine or [:)H]dOpamine (3,4-[ethyl-1-

3H(�)]� specific activity 31.8 Ci/mmole) was assessed by
addition of the isotopes (10 ‘ M final concentration) to
the P2 suspension, incubation for 5 mm, and harvesting

2 The abbreviations used are: GBL, y-butyrolactone; NSD-1015, m-

hydroxybenzylhydrazine dihydrochloride; dopa, 3,4-dihydroxyphenyl-

alanine; RU-24926, 3,3’-[(propylimino)di-2,1-ethanediyl]bis[phenol];

CF 25-397, 9,l0-didehydro-6-methyl-8$-(2-pyridylthiomethyl) ergoline;

DPI, 3,4-dihydroxyphenylamino-2-imidazoline; ADTN, 2-amino-6,7-di-

hydroxy-1,2,3,4-tetrahyclronaphthalene; ADTN ester, 2-amino-6,7-di-

benzoyloxy-1,2,3,4-tetrahydronaphthalene; 3-PPP, N-n-propyl-3-(hy-

droxyphenyl)piperidine; DMSO, dimethyl sulfoxide; HVA, homovanil-

lic acid.

of the pellets by centrifugation. Radioactivity taken up

into the pellet was measured by liquid scintillation spec-
trometry (38% counting efficiency) in the presence of a
tissue solubiizer and used as an index of uptake.

To measure soluble tyrosine hydroxylase activity, the

corpora striata were homogenized in 0.2% Triton X-100
and centrifuged, then incubated with L-[rrng-2,6-3H]ty-

rosine (specific activity 37.4 Ci/mmole) as described by
Nagatsu et al. (14). Dopa was isolated by means of
alumina columns and measured by liquid scintillation
spectrometry.

All isotopes were purchased from New England Nu-

clear Corporation (Boston, Mass.), and D,L-a-methylty-
rosine from Aldrich Chemical Company (Milwaukee,
Wisc.). The following compounds were generously do-
nated by the companies indicated: N-n-propylnorapo-
morphine (Sterling-Winthrop, New York, N. Y.), pergo-
lide and lergotrile (Eli Lilly and Company, Indianapolis,
Ind.), RU-24926 (Roussell-Uclaf, Romainville, France),
CF 25-397 and bromocriptine (Sandoz Pharmaceuticals,
East Hanover, N. J.), DPI (Boehringer-Ingelheim, Ingel-

heim, Federal Republic of Germany), sulpiride (Labora-
toire Delagrange, Paris, France), metoclopramide (Led-
erle Laboratories, Wayne, N. J.), chlorprothixene (Hoff-
mann-La Roche, Nutley, N. J.) clozapine (Wander, Bern,
Switzerland), nomifensin (Hoechst-Roussel Pharmaceu-
ticals, Somerville, N. J.), and chlorpromazine (Smith

Kline & French Laboratories, Philadelphia, Pa.). The
following compounds were synthesized in the Medicinal

Chemistry Department, Merck Sharp & Dohme Labo-
ratories (Rahway, N. J.): ADTN, ADTN ester, 3-PPP,
apomorphine, and tiapride. For in vitro experiments, the
water-insoluble compounds were dissolved in DMSO to
give a final concentration no higher than 0.05% DMSO,
and values were compared with samples that contained
the vehicle. A concentration of 0.05% DMSO had no
effect on the assay. For in vivo experiments, water-insol-

uble compounds were suspended in 1% methylcellulose
and rats were treated with the vehicle.

RESULTS

In vivo assay of dopamine autoreceptors (GBL tech-
nique). The optimal dose of NSD-1015 and the optimal
time for measurement of dopa accumulation were deter-
mined. As shown in Fig. 1, maximal elevation of striatal

dopa occurred when a dose of NSD-1015 between 100
and 200 mg/kg i.p. was administered, and the peak in-
crease occurred 30 mm after treatment. No significant
fluorescence could be detected in brains of rats not

treated with NSD-1015. In all subsequent experiments,
rats were given 100 mg/kg of NSD-1015 and were killed

30 mm later.
Administration of GBL (750 mg/kg i.p.) to rats 5 mm

before NSD-1015 accelerated the rate of accumulation of
dopa by more than 3-fold in the corpus striatum. In 33
experiments performed over a 10-month period, the av-
erage rates of accumulation of dopa were 12.6 ± 2.4 (SD)
nmoles/g . hr (N = 122) in control rats and 42.0 ± 7.4
(SD) nmoles/g.hr (N = 177) in rats treated with GBL.

The increase in the rate of synthesis of dopamine
induced by GBL was inhibited by pretreatment with
dopamine agonists. Figure 2 shows the duration of action
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I Studies of the binding of haloperidol to receptors have shown that

equilibrium is reached within this time (17).

FIG. 1 . Concentration of dopa in rat corpus striatum plotted as a

function ofthe dose ofNSD-1015 (left) or the time after administration

ofNSD-1015, KXimg/kg (right)

Values are averages of results from four animals.

of eight dopamine agonists administered in doses that

induced between 51% and 64% inhibition of the GBL-
induced increase in the rate of dopa accumulation when
given 5 mm before GBL. As may be seen (Fig. 2), the
duration of action of the aporphine-type compounds was

relatively short, lasting for less than 2 hr, whereas the
activity of the ergot derivatives persisted for at least 4 hr

after treatment. Furthermore, the magnitude of the in-
hibitory action of pergolide and bromocriptine increased
with time after treatment. There was a wide range of

potencies in the compounds studied, with N-n-propyl-
norapomorphine displaying more than 1000 times the
potency of 3-PPP in reversing the effect of GBL.

Two compounds known to have dopamine agonist
activity in other systems, the ester of ADTN (15) and
DPI (16) were not active in the in vivo assay for dopa-
mine autoreceptor activity at nonlethal doses (Table 1).

In order to determine whether the effect of the dopa-
mine agonists was mediated via an action at a dopamine

receptor, rats were pretreated with haloperidol prior to
administration of the dopamine receptor agonists. As
shown in Fig. 3, haloperidol pretreatment reversed the
inhibitory action of all eight active compounds. Haloper-

idol administered alone enhanced the rate of accumula-
tion of dopa induced by GBL administration by 18%

[GBL alone = 42.2 ± 4.2 nmoles/g.hr (N = 9); GBL plus
haloperidol = 49.8 ± 9.2 nmoles/g.hr (N = 9); p <

0.011.
In vitro assay of dopamine autoreceptors. The syn-

aptosomal tyrosine hydroxylase assay was evaluated and
found to be linear with respect to tissue concentration

with up to 1.25 mg/mi and with time for up to 60 mm
(Fig. 4).

As shown in Fig. 5, addition of N-n-propylnorapomor-
phine or apomorphine to the incubation mixture resulted
in marked inhibition of the reaction, and this was re-
versed by preincubation for 5 mm3 of the samples with

I I � I I I
) 2 4 8 6 0 4

TINE (HR) BEFORE GBL

FIG. 2. Duration of action of dopamine agonists as inhibitors of

the GBL-induced increase in the rate ofdopa accumulation

Agonists were administered at various times before GBL. NSD-1015

was given 5 mm after GBL, and rats were killed 30 mm later. Each

point is the average of results from 6-12 rats. Doses shown in paren-

theses are micromoles per kilogram (i.p.).

haloperidol, as indicated by the shift to the right in the
dose-response curve. Other dopamine receptor-blocking
drugs also reversed the inhibitory action of apomorphine
on the rate of synaptosomal tyrosine hydroxylation. As
shown in Table 2, chlorprothixene was the most potent,
and metoclopramide the weakest.

ADTN and RU-24926 also inhibited the rate of syn-
aptosomal tyrosine hydroxylation, as shown in Fig. 6.
However, in contrast to the inhibitory action of the
aporphines (Fig. 5), the inhibition induced by ADTN or

RU-24926 was not reversed by haloperidol (Fig. 6).
Unlike the aporphines, the ergot-type dopamine ago-

nists did not inhibit the rate of synaptosomal tyrosine
hydroxylation more than 50% at concentrations less than
100 /IM. These results are illustrated in Fig. 7, which also

TABLE 1

Effect ofDPI or ADTN ester on the GBL-induced increase in

dopamine synthesis rate in rico

Treatment Dose Pretreat- Lethality Inhibition of dopa
ment accumulation
time”

�±SD N

�.unoles/kg i.p. mm dead/total

I)PI 3
10

30

100

5

5

5

5

0/6

2/6

2/6

3/6

0
22±22

11±18

27±16

4

4

3
ADTN ester 200

400
400

400

55

55

115

235

0/6

0/5

3/6

4/6

5 ± 6

12±9

33±19

0

6

5

3

2

“ Time mt erval before adm inistration of GBL.
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FIG. 3. Reversal by haloperidol ofthe inhibitory effect ofdopamine agonists on the GBL-induced increase in the rate ofdopa accumulation

Values are averages of results from six rats. Haloperidol (5 mg/kg p.o.) was administered 1 hr before the dopamine agonists, which were

administered either 10 mm (apomorphine, N-n-propylnorapomorphine, and 3-PPP) or 1 hr (other compounds) before GBL.
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shows the relatively weak activity of 3-PPP in this sys-
tem. In order to determine whether the ergolines bind as

antagonists to the receptor that controls the rate of
dopamine synthesis in vitro, lergotrile and bromocriptine
were tested for ability to reverse the effect of apomor-
phine but, as shown in Table 2, neither compound was
active when tested. Other compounds tested and found
to be inactive (<50% inhibition at 10 �rM) as inhibitors of

synaptosomal tyrosine hydroxylation include adrenergic

agonists (isoproterenol, amphetamine, methylphenidate,
and clonidine), amino acids (-y-aminobutyric acid, mus-

cimol, taurine, glycine, aspartate), purines (2-chloroad-
enosine, dibutyryl cyclic AMP), and cholinomimetics
(carbachol, arecoline).

In an effort to assess other possible actions of dopamine
receptor agonists that could account for their ability to
inhibit synaptosomal tyrosine hydroxylation, some of the
compounds were tested for inhibition of other metabolic
processes for dopamine. As shown in Table 3, none of the
compounds was as active an inhibitor of soluble tyrosine
hydroxylase as a-methyltyrosine, although apomorphine

E

0

(I)

I-.

>-

0
0

FIG. 4. Synthesis of dopamine in striatal synaptosomes plotted as

a function of time

The concentrations of tissue (original wet weight in milligrams per

milliliter during incubation) were 0.625 (0), 0.82 (D) and 1.25 (Li). The

inset shows the 60-mm data plotted as a function of the tissue concen-

tration. Each point is the average of four determinations.

and ADTN did exert a weak inhibitory action on the
soluble enzyme at high concentrations. ADTN and RU-
24926 inhibited the uptake of [3H]dopamine, with poten-
cies nearly equal to that of nomifensin (Table 3). 3-PPP
also inhibited uptake of dopamine but was less potent
than ADTN or RU-24926 (Table 3). None of the com-
pounds tested inhibited accumulation of [3H]tyrosine by
synaptosomes (Table 3).

DISCUSSION

The results of this study show that dopamine receptor

agonists from four different chemical classes [i.e., apor-

phine, ergots, a piperidine (3-PPP), and a tertiary amine
(RU-24926)] reverse the increase in dopamine synthesis
rate that occurs in the corpus striatum f rats treated
with GBL. This finding extends the findings of other
investigators who have obtained similar results with apo-

morphine (13), lergotrile (18), bromocriptine (19), and 3-
PPP (20). In general, the duration of action of the ergot
compounds was nearly twice that of either the aporpl ines
or 3-PPP. The aporphines were the most potent cl�ss of

05 01 I

Concentration (SM)

FIG. 5. Inhibition of synaptosomal tyrosine hydroxylation by N-n-

propylnorapomorphine (E1, #{149})and apomorphine (0, #{149})
The IC� values (micromolar) with 95% confidence limits were 0.10

(0.07-0.14) for N-n-propylnorapomorphine and 0.42 (0.05-0.66) for apo-

morphine. The shift in the concentration-response curves induced by

haloperidol (t #{149})was statistically significant (p < 0.05; (-test).

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


4) � 90
.E �

a.

E
� 0

0

U)

C ,9 0
0�, I

Sold . � hoIop.,sdol I 19M)

0 01 01 05

Concentration (�& N)

10 100 1000
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droxylation

Values are averages of three or four determinations with standard

deviations.
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TABLE 2

Reversal of the apomorphine-induced inhibition of synaptosomal

tyrosine hydroxylation

Apomorphine was added at a concentration of 1 jzM. Values are

averages of two or three samples, and were corrected for changes

induced by the neuroleptic alone, which induced 21-38% inhibition.

Variability was less than ±5%.

Compound Concentration % Reversal

fLM

Chlorprothixene 1 89

Chlorpromazine 1 61

Tiapride 1 56

Sulpiride 1 52

Clozapine 1 24

Metoclopramide 1 22

Lergotrile 100 0

Bromocriptine 10 0

compounds, whereas 3-PPP was the least potent of the
active compounds.4 The inhibitory effect in vivo of these
dopaminergics was prevented by pretreatment of rats
with haloperidol, which indicates that the inhibitory
effect was mediated by stimulation of a dopamine recep-
tor.

The ester of ADTN was not active in reversing the
increase in dopamine synthesis rate induced by admin-

istration of GBL. This finding was unexpected in view of
the fact that ADTN is a potent dopaminergic agonist in
both the in vitro adenylate cyclase system (21) and in
the in vivo turning rat model when given intraventncu-
larly (22). The ester of ADTN, when administered par-
enterally to rats, is hydrolyzed in vivo to ADTN, which

accumulates in brain (23). Administration of ADTN has
also been shown to reduce the concentration of HVA in
the corpus striatum of rats and to attenuate the increase
in concentration of HVA induced by administration of

GBL (15). However, changes in the level of HVA may
not accurately reflect changes in the rate of synthesis of

dopamine and, like other catechols, ADTN may inhibit
catechol O-methyltransferase to lower the level of HVA.
The present results, in which the synthesis rate of do-
pamine was measured by a direct method (i.e., accumu-
lation of dopa after decarboxylase inhibition) suggest
that ADTN does not stimulate the receptor that controls
the rate of dopamine synthesis in vivo. This suggestion
is supported by the present in vitro results (see Fig. 6
and discussion below) and by results of other studies (8,

9) which show that the inhibitory effect of ADTN on
dopamine synthesis rate in vitro is blocked by an inhib-
itor of dopamine uptake and therefore is not mediated
by a dopamine receptor located upon the neuronal mem-

brane.
DPI was also inactive as an inhibitor of the increase in

dopamine synthesis rate induced by GBL, even though
the compound is a potent agonist at the inhibitory do-
pamine receptors in the brains of the invertebrate Helix

aspersa (16). Although the reason for the lack ofan effect

of DPI is not clear from the present results, it is possible
that the compound does not adequately cross the blood-

4 Differences in rates of absorption, distribution, and metabolism as

well as affinity for the receptors may contribute to differences in

potency.

Concentration ( �M)

FIG. 6. Inhibition of synaptosomal tyrosine hydroxylation by

ADTN (0, #{149})and RU-24926 (0, U).
The ICr�, values (micromolar) with 95% confidence limits were 0.04

(0.02-0.06) for ADTN and 0.13 (0.10-0.16) for RU-24926. Haloperidol

(#{149},U) did not significantly affect the ICr�, values.

brain barrier or, if it does, is unable to stimulate dopa-
mine receptors in mammalian brain.

In the in vitro assay of the autoreceptor control of

dopamine synthesis rate, only the aporphine-type dopa-

mine agonists inhibited the rate of synaptosomal tyrosine
hydroxylation by interaction with dopamine receptors on

the presynaptic membrane, since these were the only
compounds whose inhibitory effects were reversed by
addition of haloperidol to the incubation medium (see
Fig. 5). ADTN and RU-24926 did inhibit the reaction in

vitro, but by a mechanism that was not reversible by
haloperidol (see Fig. 6) and therefore did not involve a
dopamine receptor located on the neuronal membrane.
The mechanism by which ADTN and RU-24926 inhibit

synaptosomal tyrosine hydroxylation was not determined
in the present study. Neither compound appreciably
inhibited the uptake of [3H]tyrosine into synaptosomes.
ADTN is a weak inhibitor of soluble tyrosine hydroxylase

(8, 9) (Table 3) and has affinity for the dopamine trans-
port system, as judged by its ability to block transport of
[3H]dopamine (24) (Table 3), and may, therefore, be
taken up into synaptosomes of the corpus striatum and

0,_

,� 0
I-

�
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TABLE 3

Effects of dopamine receptor agonists on metabolic processes for dopamine

Compound Concentration Inhibiti on (� ± SD or IC-� with 95� CL)”

Soluble tyrosine [HiDopamine uptake [ H�Tyrosine uptake
hydroxylase

�LM

Reference agent

D,L-e-methyltyrosine”

Nomifensin

5

50

100

-

0

70±22

89±30

-

-

IC�,o 0.1 ‘

(0.02-0.03)

-

Dopamine agonist

N-n-propylnorapomorphine 10

50

-

-

32 ± 9

77±2

-

-

Apomorphine 10

50

100

-

26±12

34±18

9 ± 1 1

60±29

-

-

20±9

-

ADTN 0.5

10

50

100

-

22 ± 12

36±14

26±16

IC� = 0.13

(0.08-0.18)

18 ± 6

-

-

-

RU-24926 10

50

100

-

0

0

1C5=0.18

(0.007-0.95)

18±11

-

-

3-PPP - - IC� = 1.6

(1.2-2.0)

-

1� IC� values were determined by regression analysis of 12- 15 determinations at three or four concentrations. Other values are means of three

or four determinations.
b IC5, in synaptosomal tyrosine hydroxylase assay was 1 �zM.

‘. IC�1 values are micromolar.

be sufficiently concentrated within dopaminergic neu-
rons to inhibit directly the synthetic reaction. RU-24926
is also a relatively potent inhibitor of [3H]dopamine

uptake (Table 3) and may also be accumulated within
dopamine nerve terminals, possibly to inhibit the rate of
synthesis of dopamine by a mechanism not evaluated in

the present studies (e.g., by inhibition of dopa decarbox-
ylase or particulate tyrosine hydroxylase). Further stud-

ies are needed to determine precisely the mechanism of
action ofthese compounds to inhibit the rate of dopamine
synthesis.

The finding that all four ergot derivatives used in the
present study were active in the in vivo model of the

dopamine autoreceptor, but not in the in vitro model,
agrees with results of Kebabian and Kebabian (25) show-
ing that 10 /iM lergotrile and lisuride do not inhibit
synaptosomal tyrosine hydroxylation. One possible ex-
planation for this paradoxical result is that these com-
pounds are metabolically activated in vivo. Formation of
an active metabolite of lergotrile has previously been
suggested as a possible explanation for the finding that
the parenteral administration of lergotrile stimulates
postsynaptic dopamine receptors, whereas no such activ-

ity was observed when the compound was given directly
into brain (26). Our results show a relatively slow onset
of maximal activity of pergolide and bromocriptine in
vivo, which is consistent with such an interpretation;
however, this was not observed to occur with the other
ergots, lergotrile and CF 25-397 (see Fig. 2). Furthermore,

ergots are active either as dopamine agonists in other in

vitro systems such as the rabbit retina (27) and hypotha-

lamic cultures (28), or as antagonists in the apomorphine-
stimulated adenylate cyclase system (29). Our results
indicate that, in contrast to the adenylate cyclase system,
ergots do not block apomorphine in the synaptosomal
tyrosine hydroxylase system (see Table 2). Thus it ap-
pears that the in vitro regulation of dopamine synthesis
rate is controlled by dopamine receptors to which the
ergot-type dopaminergic compounds do not bind either

as agonists or antagonists.

The poor correlation between the in vivo and in vitro
activity of dopamine agonists at the receptor that con-

trols the rate of dopamine synthesis may also be ex-
plained by the operation of neuronal circuitry in the
intact brain that is not present in the in vitro system

because of the drastic isolation procedures involved. The
possibility of any influence of neuronal feedback on the
regulation of dopaminergic neuronal activity is presum-

ably excluded by treatment of rats with GBL. Neverthe-
less, as Nowycky and Roth (10) have pointed out, it may

not be possible to exclude an effect of dopamine agonists
on a trans-synaptic feedback mechanism, initiated by an
effect of the dopamine agonists on postsynaptic recep-
tors.

The results of the present study may also be inter-
preted to suggest that the rate of synthesis of dopamine
is regulated by more than one class of receptor. The
existence of several classes of dopamine receptors has
already been inferred from the results of studies that
used radioactive ligands to identify sites on the mem-

brane with high affinity for dopamine agonists and an-
tagonists (see ref. 17). In addition, it is known that the
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susceptibility of tyrosine hydroxylase to inhibition by

dopamine can be altered by changes in impulse flow
through dopaminergic neurons (30), and it is tempting to

speculate on the possibility that a normally quiescent

class of dopamine autoreceptors is “unmasked” by treat-
ments (e.g., GBL) that influence impulse flow through
this pathway. The fact that the aporphines are active in
both the synaptosomal tyrosine hydroxylase assay and
in the clinic as dopamine autoreceptor agonists (5),

whereas the ergots are not active either in the in vitro

preparation or in humans (31) suggests that the synap-
tosomal tyrosine hydroxylase system may be a better
predictor of potential clinical efficacy.
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