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MATERIALS AND METHODS

Fresh rat striata were homogenized in
100 volumes of ice-cold buffer mix (50 mM

Tris, 0.1% ascorbic acid, pH 7.1) at 37#{176}with
a sonicator cell disruptor model W22OF
(setting 6, 30-60 sec). The homogenate was
centrifuged twice at 50,000 x g for 10 mm
(Sorvall RC2-B) with rehomogenization of
the intermediate pellet in fresh buffer. The
final pellet was resuspended in buffer mix
at a concentration of 5 mg/mI for [3H]apo-
morphine and [3H]spiroperidol binding and

10 mg/mi for [3H]ADTN binding expen-
ments.

[1 - phenyl-4 - 3H]spiroperidol 23.6 Ci!

mmole (New England Nuclear) was stored
in ethanol at 0#{176};[3H(G)]-apomorphine 10
and 7.35 Ci/mmole (New England Nuclear)
was stored in 0.03 M ascorbic acid in the
dark under nitrogen at 0#{176};ADTN (2-amino-
6,7 - dihydroxyl- 1 ,2,3,4 - tetrahydronapthal-
ene) (Amersham), 3 Ci/mmole was stored

in ethanol at 4#{176}.All drugs were diluted in
0.1% ascorbic acid just before use.

Incubation tubes in triplicate received
100 �tl of diluted [3H]spiroperidol, [3H]apo-

morphine, [3H]ADTN, 100 .tl of “ion mix”
(final incubation concentration 120 mi’,i
NaC1, 5 mM KC1, 2 mM CaCl2 and 1 mM

MgC12) or H20 for [3H]spiroperidol and
[3H]apomorphine and 1 mi�i MnC12 for
[3H]ADTN experiments, 50 �i1 or 100 �tl
of various drugs, tissue suspension and 50
mM Tris-HC1 buffer to 1 ml. For standard
[3H]spiroperidol assays 5000 cpm (.21 ni�i)

spiroperidol was added to each tube of
which about 2000 cpm bound to the mem-
branes with a blank of about 400 cpm. For
standard [3H]apomorphine assays 25,000
cpm (2.6 n3�I) were added to tubes, which
gave total binding of about 1500 cpm with
a blank of 700 cpm. For [3H]ADTN assays
24,000 cpm (8.7 nM)/tube gave total binding
of 700 cpm with a blank of 400 cpm. The
tubes were incubated at 370, 10 mm for
[3H]apomorphine and [3H]ADTN, and 15
mm for [3H]spiroperidol, and then rapidly
filtered under vacuum through Whatman

GF/B filters with three 5-mi rinses of ice-
cold 50 mM Tris buffer, pH 7.7 at 25#{176}.The
ifiters were counted by liquid scintillation

spectrometry in 9 ml of Formula 947 (New
England Nuclear) after 12 hours extraction

at 4#{176}at efficiencies of 37-44%.

Saturable or specific binding of [3H]spi-
roperidol and [3H]ADTN was measured as

the excess over blanks taken in the presence
of 1 /LM (+)-butaclamol while 10 �tM (+)-

butaclamol was used for [3H]apomorphine

binding.
Butyrophenones and similar drugs were

dissolved in a minimal volume of hot glacial
acetic acid (less than 1% final volume) and
brought up to 1 mM with 0.1% ascorbic acid.
Other drugs were dissolved in 0.1% ascorbic
acid except for nucleotides which were dis-
solved in distified H2O.

The sources of drugs were as follows:
dopamine, ATP, ADP, GMP, GDP, Sigma
Chemical Company; haloperidol, McNeil
Laboratories; serotonin, Regis Chemical
Company; chiorpromazine, Smith Kline &
French; fluphenazine, E. R. Squibb and
Sons; GTP, Gpp(NH)p, P & L Biochemi-
cals; ADTN, Burroughs Wellcome; and
bromocryptine and dihydroergokryptine,
Sandoz.

RESULTS

3H-Apomorphine binding in the pres-
ence and absence of ions: In the standard
incubation mixture with “ion mix” [3H]apo-
morphine binding is displaced stereospecif-
ically by butaclamol as first reported by

Seeman and associates (25). The (+)-iso-
mer inhibits specific binding 50% at about
3 n�i concentration being 10,000 times more
potent than the (-)-isomer (Fig. 1). By
contrast, in the absence of ions, both (+)-

and (-)-butaclamol give negligible inhibi-

tion of binding even at 1 �tM concentration
with only a 10% difference in potency.

Similarly chlorpromazine, fluphenazine
and spiroperidol are substantially more po-
tent in the presence than the absence of
ions (data not shown). Dopamine is almost

50 times more potent in reducing [3H]-
apomorphine binding in the presence than
in the absence of ions. In the presence of

ion mix, norepinephrine is substantially
weaker than dopamine (Fig. 1). Norepi-
nephrine effects are less sensitive to ions
than dopamine effects so that in the ab-
sence of ions norepinephrine and dopamine
have similar potencies. Serotonin shows
very low affinity for [3H]apomorphine bind-
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FIG. 1. Drug competition for [3H]-apomorphine

binding

Increasing concentrations of each drug were added

to tubes containing 2.6 nat [3H]-apomorphine and H20
(top) or “ion mix” (120 mat NaCl, 5 mat KC1, 2 mat

CaCl2 and 1 mM MgCl2 final concentration) and other

additions described in METHODS (bottom). Results are

expressed as percent total binding in the absence of

drugs and are typical of 3-5 determinations (top) or

the means of 3-6 experiments (bottom). Total bind-

ing/tube was typically 1500 cpm in the presence of

ions and 2500 in the absence of ions with an addition

of 25,000 cpm/tube.

ing sites in the presence or absence of ions.
Thus in the absence of ions [3H]apomor-
phine binding does not display the charac-
teristic drug specificity of dopamine recep-
tors while in the presence of “ion mix,” the
previously reported (22) homogeneous dis-
placement by agonists and biphasic dis-
placement by antagonists is observed. This
is thought to reflect labeling, in part, of
different populations of receptors by ago-
iilsts and antagonists, respectively (26). In
the present study, for routine experiments
[3H]apomorphine and [3H]spiroperidol
binding has been examined in the presence
of “ion mix” since this incubation medium
has been utilized routinely in this labora-
tory in an extensive number of investiga-

tions of dopamine receptor binding (26).
However, because NaCl decreases [3H]-
ADTN binding, these experiments were
conducted in the presence of 1 mM MnCl2
which gives maximal binding with a char-
acteristic dopaminergic profile (23) (Usdin,
Creese and Snyder, in preparation).

Guanine nucleotide effects on [3H]-apo-

morphine and [3H]-spiroperidol binding:

Guanine nucleotides selectively reduce
[3H]-apomorphine binding to dopamine re-
ceptors (Fig. 2, Table 1). Half maximal re-
duction of binding occurs at about 5 �LM

GTP (Fig. 2). Gpp(NH)p (5’-guanylylimi-
dodiphosphate) and GTP inhibit [3H]-apo-
morphine binding with similar potency and
with displacement curves which have sim-
ilar slopes. By contrast GMP, ATP, ADP
and AMP have negligible effects at concen-
trations up to 50 �tM (Table 1). In contrast
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FIG. 2. Effect of GTP on [3H]-ligand binding

Increasing concentrations of GTP were added to

tubes containing standard concentrations of [‘H]-apo-

morphine, [3H]-ADTN and [3H]-spiroperidol. Specific

binding of each ligand was determined under standard

assay conditions and is the mean of three experiments

for [3H]-apomorphine and [3H]-ADTN while the

[�H]spiroperidol points are from one experiment re-

peated at least 25 times at a single (50 �M) concentra-

tion. Bars indicate S.E.M.

TABLE 1

Nucleotide regulation of specific 3H-apomorphine

binding

Various concentrations of nucleotides were added

to tubes containing 2.6 nat [3H]apomorphine. Specific

binding was determined as previously described and

expressed as the percentage of specific binding in the

absence of nucleotides. The results are the means ±

S.E.M. of 3-8 experiments.

1ILM 10pM 50(LM

(‘� Control) (‘� Control) (‘� Control)

GTP 77±7 52±6 46.7±6

GppNHp 60 ± 5 59 ± 6 45.7 ± 6

GDP 72±3 58±9 51±10

GMP 96±2

ATP 89±5

ADP 86±4
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The major finding of the present study is

to the potent influences of GTP upon
[3H]apomorphine binding, as much as 100

ILM GTP fails to affect stereospecific [3H]-
spiroperidol binding (Fig. 2). The differen-
tial effect of GTP on [3H]-apomorphine and
[3HJ-spiroperidol binding appears to de-
pend on the agonist versus antagonist prop-
erties of the respective [3HJ-ligands since
influences of GTP upon binding of the ag-
onist [3H]-ADTN are quite similar to ef-
fects on [3H]-apomorphine binding (Fig. 2).
The smaller effect of GTP on [3H]-ADTN

binding may be explained by the use of
MnCl2 in the incubation mixture, since 1

mM MnCl2 reduces the inhibition of [3H]-
apomorphine binding by GTP from 50% to
26% at 100 �ZM GTP concentration.

To determine whether guanine nucleo-
tides alter the affinity or the number of
binding sites for [3H]-apomorphine, we
measured binding of progressively increas-
ing concentrations of [3H]-apomorphine
(Fig. 3). In the absence of GTP only one

population of [3H]-apomorphine binding
sites are apparent with a dissociation con-
stant (KD) of 4.8 ± 0.5 ni�i and a maximal
number of binding sites (Bmax) of 27.1 ± 0.9
pmole/g. GTP (5 �zM) reduces the apparent
affinity of the binding sites by 59±6% with
no change in the number of binding sites.

Inhibition of specific [3H]-spiroperidol

binding by drugs in the presence and ab-

sence of guanine nucleotides: Lesion stud-

SPEC! FIC[�H] APOMORPHINE BOUND (x IO’4moles)

FIG. 3. Scatchard plot of [3H]-apomorphine sat-

uration as altered by GTP

Increasing concentrations of [3H]-apomorphine

were added to tubes with and without 5 �tat GTP.

Specific binding was determined as previously de-

scribed. The experiment was replicated five times.

ies indicate that some dopamine receptors
labeled by the antagonists [3H]-haloperidol
and [3H]-spiroperidol are localized to differ-
ent neuronal populations than dopamine
receptors monitored by assays of the do-
pamine-sensitive adenylate cyclase or by
[3H]-apomorphine binding (27). However,
at least some dopamine receptors are
thought to exist in interconvertible states
labeled by agonists such as [3H]-apomor-
phine or [3H]-dopamine and antagonists
such as [3H]-haloperidol or [3H]-spiroperi-
dol (26). If [3H]-spiropendol does label
some of the same receptors which bind
dopamine and apomorphine, then one
might expect guanine nucleotides to affect

dopamine induced inhibition of [3H]-spiro-
peridol binding. Accordingly we examined
the potencies of dopamine, apomorphine,
ADTN and several neuroleptics as inhibi-
tors of [3H]-spiroperidol binding in the
presence and absence of GTP (Fig. 4 and
5). Addition of GTP (50 LM) reduces the
potency of dopamine in inhibiting [3H]-spi-
roperidol by about 3 fold. Though the dis-
placement curve of dopamine is shifted to
the right in the presence of GTP, its slope

appears the same in the presence or ab-
sence of GTP. GDP and Gpp(NH)p reduce
the potency of dopamine to the same extent
as GTP, while ATP, ADP, AMP and GMP
are without effect at 50 �LM concentration.
GTP reduces ADTN and apomorphine in-
hibition of [3H]-spiroperidol binding to the
same extent as it reduces dopamine effects.

Unlike the behavior of the agonists, several
neuroleptic dopamine antagonists display
the same potency in inhibiting [3H]-spiro-
peridol in the presence and absence of GTP
(Fig. 4). Two ergots, dihydroergokryptine
and bromocryptine, are dopamine agonists
in the pituitary (28) while bromocryptine
exhibits central dopaminergic activity in
rats and man (29). However, neither of
these drugs exhibits agonist activity at the
striatal dopamine-sensitive adenylate cy-
clase where they act as antagonists at high
concentrations (29). GTP has no effect on
the inhibition of [3H]-spiroperidol binding
by these ergots (Fig. 5).

DISCUSSION
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FIG. 4. Drug competition for [3H]-spiroperidol binding in the presence and absence of nucleotides

Increasing concentrations of each drug in the presence or absence of 50 �at nucleotide were added to tubes

containing [3H1-spiroperidol. Specific binding with added drugs is expressed as a percentage of the specific

binding in the absence of drugs. Data are means of 3-7 experiments. Bars indicate S.E.M.
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FIG. 5. Drug competition for [3H]-spiroperidol binding in the presence and absence of nucleotides

Increasing concentrations of each drug in the presence or absence of 50 �.LM nucleotide were added to tubes

containing [3H]-spiroperidol. Specific binding with added drugs is expressed as a percentage of the specific

binding in the absence of drugs. Data are means of 3-7 experiments. Bars indicate S.E.M.

DOPAMINE BINDING REGULATED BY GUANINE NUCLEOTIDES 73

a selective effect of guanine nucleotides
upon agonist interactions with dopamine
receptors. These effects are quite similar to
those described at glucagon, $-noradrener-
gic, opiate and angiotensin receptors (1-20).
Thus the effect is elicited by GTP, its non-
metabolized analogue, Gpp(NH)p, and by

GDP but not by GMP, ATP, ADP and

AMP. Also the effect is agonist-specific

since it is apparent with [3H]-apomorphine
and [3H]-ADTN but not with [3H]-haloper-
idol or [3H]-spiropendol. GTP reduces the

affinity of [3H1-apomorphine for binding
sites with negligible effects on the number
of sites. Guanine nucleotides also decrease
the affinity of a-noradrenergic receptors
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without changing the numbers of sites (17).
Similar selective effects on affinity are elic-
ited by GTP at opiate (18-20), angiotensin
(16), and glucagon binding sites (6).

Interestingly, guanine nucleotides also
selectively reduce agonist potency in in-
hibiting [3H]-spiroperidol binding. Consid-
erable differences in drug specificity have
suggested that [3H]-haloperidol in part la-
bels distinct receptors from those associ-
ated with the dopamine-sensitive adenylate
cyclase and labeled by [3H]-dopamine (30,
31). However the nucleotide specificity of

guanine nucleotides in reducing agonist po-
tency in inhibiting [3H]-spiroperidol bind-

ing is similar to their specificity on [3H]-
apomorphine binding. This suggests that in
altering agonist inhibition of [3H]-spiroper-
idol binding, guanine nucleotides may act
at the site labeled by [3H]-apomorphine.

Lesion studies have indicated that in part

[3H]-spiroperidol and [3H]-haloperidol do
label dopamine receptors which are located
on different neuronal populations than
those labeled by [3H]-apomorphine (27).
Thus, kainic acid microinjection in the cor-
pus striatum, a treatment which selectively
destroys neurons intrinsic to the corpus
striatum, reduces dopamine-sensitive ade-

nylate cyclase activity 85% and specific

[3H]apomorphine binding 65% while [3H]-

haloperidol and [3H]-spiroperidol binding

are reduced only about 45-50%. The portion

of [3H]..halc�peridol binding not contained
on intrinsic neurons lesioned by kainic acid
appears to be localized in major part to
neurons projecting to the corpus striatum

from the cerebral cortex, since [3H]-halo-
peridol binding not eliminated by kainic
acid treatment is abolished by cerebral cor-
tex ablation. The fact that the majority of
[3H]-apomorphine binding and almost all
the dopamine-sensitive adenylate cyclase

are eliminated by kainic acid suggests that
[3H]-apomorphine may label in large part
dopamine receptors associated with the do-
pamine-sensitive adenylate cyclase.

Whether or not the [3H]haloperidol or
[3H]spiroperidol binding abolished by
kainic acid treatment involves the cyclase
linked receptors labeled by [3H]apomor-
phine has not been clear. This possibility is
favored by our data indicating that GTP

alters agonist inhibition of spiroperidol

binding. It is also supported by the obser-
vation that GTP fails to affect the potency

of dopamine in displacing [3Hjspiropendol
binding in kainate lesioned animals (Creese,
Usdin and Snyder, in preparation, 32). That
this effect is specific for only agonists which
act at the recognition site of the dopamine-

sensitive adenylate cyclase is argued by the
lack of effect of GTP in changing the po-
tency of bromocryptine in inhibiting
[3H]spiroperidol binding. Bromocryptine is
an agonist at pituitary dopamine receptors
presumably not linked to adenylate cyclase
but an antagonist at the dopamine-sensitive

adenylate cyclase (28, 29).

In conclusion, GTP inhibits dopamine
[3H]agonist binding by lowering receptor-
ligand affinity. This effect appears specific
to agonists of the dopamine-sensitive ade-
nylate cyclase. The fact that GTP reduces
agonist potency in inhibiting [3H]-spiroper-
idol binding argues that, in spite of different
drug specificities, [3H]spiroperidol and
[3H]apomorphine may in part both label
states of the dopamine receptor associated

with the striatal dopamine-sensitive ade-
nylate cyclase.

ACKNOWLEDGMENTS

We thank Mr. F. Douglas Reynolds for his help in

initiating this study and Ms. Kim Stewart and Mr.

Tim Prosser for their fine technical assistance.

REFERENCES

1. Rodbell, M., Lin, M. C., Salomon, Y., Londos, C.,

Harwood, J. P., Martin, B. R., Rendell, M. &

Berman, M. (1975) Role of adenine and guanine

nucleotides in the activity and response of ade-

nylate cyclase systems to hormones: evidence of

multisite transition states. In Advances in

Cyclic Nucleotide Research, (Drummond, G. I.,

Greengard, P. & Robison, G. A., eds.), pp. 3-29,

Raven Press.

2. Yamamura, H., Rodbell, M. & Fain, J. N. (1976)

Hydroxybenzylpindolol and hydroxybenzylpro-

pranolol: Partial beta adrenergic agonists of ade-

nylate cyclase in the rat adipocyte. Mol. P/tar-

macol., 12, 693-700.

3. Lucas, M. & Bockaert, J. (1977) Use of (-)-

[3H]dihydroalprenolol to study beta adrenergic

receptor-adenylate cyclase coupling in C6

glioma cells: role of 5’-guanylylimidodiphos-

phate. Mol. Pharmacol., 13, 314-329.

4. Blume, A. J. & Foster, C. J. (1977) Neuroblastoma



DOPAMINE BINDING REGULATED BY GUANINE NUCLEOTIDES 75

adenylate cyclase; role of 2-chloroadenosine,

prostaglandin E, and guanine nucleotides in reg-

ulation of activity. J. Biol. Chem., 252, 5942-

5948.

5. Pecker, F. & Hanoune, J. (1976) Activation of

epinephrine-sensitive adenylate cyclase in rat

liver by cytosolic protein-nucleotide complex. J.

Biol. Chem., 251, 3399-3404.

6. Rodbell, M., Birnbaumer, L, Pohl, S. L. & Krans,

H. M. J. (1977) The glucagon-sensitive adenyl

cyclase system in plasma membrane of rat liver,

V. An obligatory role of guanyl nucleotides in

glucagon action. J. Biol. C/tern., 246, 1877-1882.

7. Wolff, J. & Cook, G. H. (1977) Activation of thy-

roid membrane adenylate cyclase by purine nu-

cleotides. J. Biol. Chem., 248, 2784-2786.

8. Lefkowitz, R. J. (1974) Stimulation of catechola-

mine-sensitive adenylate cyclase by 5’-guanylyl-

imidodiphosphate. J. Biol. C/tern., 249, 6119-

6124.

9. Levitzki, A., Sevilla, N. & Steer, M. L. (1976) The

regulatory control of fl-receptor dependent ade-

nylate cyclase. J. Suprarnol. Struct., 4, 405

(365)-418 (378).

10. Rodbell, M., Krans, H. J., Pohl, S. L & Birnbau-

mer, L. (1971) The glucagon-sensitive adenyl

cyclase system in plasma membranes of rat liver;

IV. Effects of guanyl nucleotides on binding of

‘9-glucagon. J. Biol. Chern., 240, 1872-1876.

11. Lin, M. C., Nicosia, S., Lad, P. M. & Rodbell, M.

(1977) Effects of GTP on binding of [3Hjgluca-

gon to receptors in rat hepatic plasma mem-

branes. J. Biol. Chern., 252, 2790-2792.

12. Lefkowitz, R. J., Mullikin, D. & Caron, M. G.

(1976) Regulation of $-adrenergic receptors by

guanyl-5’-yl imidodiphosphate and other purine

nucleotides. J. Biol. Chem., 251, 4686-4692.

13. Mukherjee, C. & Lefkowitz, R. J. (1977) Regula-

tion of beta adrenergic receptors in isolated frog

erythrocyte plasma membranes. Mol. Pharma-

col., 13, 291-303.

14. Lad, P. M., Welton, A. F. & Rodbell, M. (1977)

Evidence for distinct guanine nucleotide sites in

the regulation of the glucagon receptor and of

adenylate cyclase activity. J. Biol. Chem., 252,

5942-5946, 1977.

15. Ross, E. M., Howlett, A. C., Ferguson, K. M. &

Gilman, A. G. (1978) Reconstitution of hormone

sensitive adenylate cyclase activity with re-

solved components of the enzyme. J. Biol.

C/tern., 253, 6501-6512.

16. Glossman, H., Baukal, A. & Catt, K. J. (1973)

Angiotensin II receptors in bovine adrenal cor-

tex; modification of angiotensin II binding by

guanyl nucleotides. J. Biol. Chem., 249, 664-

666.

17. U’Prichard, D. C. & Snyder, S. H. (1978) Guanyl

nucleotide influences on 3H-ligand binding to

a-noradrenergic receptors in calf brain mem-

branes. J. Biol. Chern., 253, 3444-3452.

18. Blume, A. J. (1978) Interaction of ligands with the

opiate receptors of brain membranes: regulation

by ions and nucleotides. Proc. NatI. Acad. Sci.

USA, 75, 1713-1717.

19. Blume, A. J. (1978) Opiate binding to membrane

preparations of neuroblastoma x glioma hybrid

cells NG1O8-15: effects of ions and nucleotides.

Life Sci., 22, 1843-1852.

20. Childers, S. R. & Snyder, S. H. (1978) Guanine

nucleotides differentiate agonist and antagonist

interactions with opiate receptors. Life Sci., 23,
759-762.

21. Clement-Cormier, Y. C., Parrish, R. G., Petzold,

G. L., Kebabian, J. W. & Greengard, P. (1975)

Characterization of a dopamine sensitive ade-

nylate cyclase in the rat caudate nucleus. J.

Neurochern., 25, 143-149.

22. Creese, I., Prosser, T. & Snyder, S. H. (1978)

Dopamine receptor binding: specificity, locali-

zation and regulation by ions and guanyl nucleo-

tides. Life Sci., 23, 495-500.
23. Creese, I. & Snyder, S. H. (1978) Dopamine recep-

tor binding of 3H-ADTN (2-amino-6,7,di-

hydroxy- 1,2,3,4-tetrahydronaphthalene) regu-

lated by guanyl nucleotides. Eur. J. Pharma-

col., 50, 459-461.

24. Zahniser, N. R. & Molinoff, P. B. (1978) Effect of

guanine nucleotides on striatal dopamine recep-

tors. Nature., 275, 453-454.

25. Seeman, P., Lee, T., Chau-Wong, M., Tedesco, J.,

& Wong, K. (1976) Dopamine receptors in hu-

man and calf brains, using [3H1-apomorphine

and an antipsychotic drug. Proc. NatI. Acad.

Sci. USA, 73,4354-4358.

26. Creese, I., Burt, D. R. & Snyder, S. H. (1978)

Biochemical actions of neuroleptic drugs: focus

on the dopamine receptor, in Handbook of Psy-

chopharmacology, (Iversen, L.L., Iversen, S.D.

& Snyder, S.H. eds.), pp. 37-89, Plenum Press.

27. Schwartz, R., Creese, I., Coyle, J. T. & Snyder, S.

H. (1978) Dopamine receptors localized on cer-

ebral cortical afferents to rat corpus striatum.

Nature, 271, 766-768.

28. Caron, M. G., Beaulieu, M., Raymond, V., Gagne,

B., Drovin, J., Lefkowitz, R. J. & Labrie, F.

(1978) Dopaminergic receptors in the anterior

pituitary gland; correlation of 3H dihydroergo-

cryptine binding with the dopaminergic control

of prolactin release. J. Biol. Chem., 253, 2244-

2253.

29. Goldstein, M., Lieberman, A., Battiota, A. F., Law,

S. Y. & Hata, F. (1978) Bromocriptine, lergotrile:

the antiparkinsonian efficacy and the interac-

tion with monoaminergic receptors. Pharma-

col., 16 (Suppl. 1), 143-149.

30. Burt, D. R., Creese, I. & Snyder, S. H. (1976)



76 CREESE ET AL.

Properties of [3H]halopendol and [3H]dopamine

binding associated with dopamine receptors in

calf brain membranes. Mol. Pharmacol., 12,

800-812.

31. Kebabian, J. W. (1978) Multiple classes of dopa-

mine receptors in mammalian central nervous

system: the involvement of dopamine-sensitive

adenylyl cyclase. Life Sci., 23, 479-484.

32. Creese, I. & Snyder, S. H. (1979) Multiple dopa-

mine receptors in Proceedings 4th Interna-

tional Catecholamine Symposium, (Usdin, E.,

ed.), Pergamon Press, (in press).



MOLECULAR PHARMACOLOGY, 16, 77-90

Characterization of Alpha-Adrenergic Receptors in Guinea-pig Vas

Deferens by [3H]Dihydroergocryptine Binding

MARK I. H0LCK, BERNARD H. MARKS, AND CYNTHIA A. WILBERDING

Department of Pharmacology, Wayne State University School of Medicine, Detroit, Michigan 48201

(Received May 4, 1978)

(Accepted January 8, 1979)

SUMMARY

HOLCK, M. I., B. H. MARKS, AND C. A. WILBERDING: Characterization of alpha-

adrenergic receptors in guinea-pig vas deferens by [3H]dihydroergocryptine binding.
Mol. Pharmacol. 16, 77-90 (1979).

[3H]Dihydroergocryptine binds to membrane sites on guinea-pig vas deferens, which have

the characteristics expected of a-adrenoreceptors. Specific binding is rapid, reversible and
saturable, with a maximal occupancy of 190 fmol [3H]dihydroergocryptine bound/mg
protein. Saturable binding occurs to a single population of high affinity sites (KD = 1.55

nM) with no evidence for cooperative interactions. [3H]Dihydroergocryptine binding is
markedly pH and temperature sensitive. While Na� and K� do not affect binding, maximal
[3H]dihydroergocryptine binding observed in the presence of Mg�� is antagonized by
increasing concentrations of Ca2�. a-Adrenoreceptor agonists and antagonists of several
classes inhibit binding to vas deferens membranes. Catecholamines show marked stereo-
specificity in relation to inhibition of binding of [3H]dihydroergocryptine. The potency
for displacement of [3H]dihydroergocryptine by phenylethylamine agonists is identical to
their agonistic potency in eliciting contractile responses of the isolated guinea-pig vas
deferens. Some discrepancies between binding and physiological affinities of imidazoline
a-adrenoreceptor ligands were observed and discussed. There is close agreement between
dissociation constants of azapetine and dihydroergocryptine, as estimated from radiolig-

and bindirig and antagonism of physiological responses. As no other biogenic amine
receptors binds [3H]dihydroergocryptine, there is no interference in using this radioligand
to study a-adrenoreceptor mechanisms in guinea-pig vas deferens.

INTRODUCTION

In recent years, the availability of radio-
ligands labeled to high specific activity has
provided the means for identification and
characterization of numerous membrane-

bound receptors for neurotransmitters.
Among these radioligands, the a-adrenergic

antagonist, [3H]DHE’, has been used to
identify a-adrenergic binding sites in mem-
branes prepared from rabbit uterus (1), rat
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‘The abbreviation used is [3H]DHE, [3H]dihydro-
ergocryptine.

parotid acinar cells (2), rat brain (3, 4) and
human platelets (5). In these studies,

[3H]DHE binding appeared to be rapid and
reversible, with the labeled sites exhibiting
the specificity characteristic of a-adrener-
gic receptors. a-Adrenoreceptor agonists

and antagonists competed with [3H]DHE
for its binding site with the stereospecificity
and order of potency paralleling their phys-
iological actions.

The guinea-pig vas deferens is character-
ized by a dense, predominantly sympathetic
innervation (6) and a narrow, 20 nm wide
synaptic cleft (7). Electrophysiological (8)
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