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THYROTROPHIN RELEASING HORMONE STIMULATES RELEASE OF
[3H]-DOPAMINE FROM SLICES OF RAT NUCLEUS ACCUMBENS in

vitro

R.W. KERWIN & C.J. PYCOCK
Department of Pharmacology, Medical School, University of Bristol, Bristol BS8 ITD

Thyrotrophin releasing hormone (TRH) (25 to 100 pM)
was found to stimulate the efflux of [3H]-dopamine
from small slices of rat nucleus accumbens, but not
from similar slices of rat caudate nucleus. Uptake inhi-
bition was not responsible for this action, since at 10
and 50 pM TRH had no effect on the ability of small
slices of nucleus accumbens to accumulate radioactivity
when incubated with 10'7 M [3H]-dopamine. In addi-
tion the hormone had no effect on basal or dopamine-
stimulated adenylate cyclase, nor did it displace
[3H]-spiperone binding, in membrane preparations
from nucleus accumbens.

Introduction Thyrotrophin releasing hormone
(TRH) is a putative peptide neurotransmitter which
is thought to have an important role in the modu-
lation of cerebral dopamine systems (Plotnikoff,
Prange, Breese, Anderson & Wilson, 1972; Green &
Grahame-Smith, 1974; Mora, Loizzo & Longo, 1976).
Green, Heal, Grahame-Smith & Kelly (1976) have
suggested that TRH modulates dopamine-mediated
behavioural responses by a presynaptic mechanism of
action, possibly by releasing dopamine. Further-
more, it has been suggested that, of the two major
dopamine terminal areas in the rat brain, the meso-
*limbic nucleus accumbens (ACB) rather than the
extrapyramidal nucleus caudatus (NC) is the site
where TRH selectively modulates presynaptic dopa-
minergic mechanisms (Heal & Green, 1979). These
conclusions are based on predominantly behavioural
data. To test this hypothesis biochemically we have
studied the effects of TRH on two presynaptic dopa-
mine mechanisms: high affinity uptake and release of
radiolabelled dopamine in small tissue slices from rat
ACB and NC. To investigate a possible post-synaptic
effect of TRH on dopamine receptors in ACB, we
have also studied its effect on the dopamine-stimu-
lated adenylate cyclase and dopamine receptor bind-
ing in membranes from this nucleus.

Methods The methods used to study the uptake
and release of [3H]-dopamine have been described in
detail elsewhere (Kerwin & Pycock, 1979). Briefly, tis-
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sue cubes (0.2 mm) were prelabelled for 20 min in
Krebs bicarbonate buffer pH 7.4, containing 10-7 M
[3H]-dopamine (9.0 Ci/mmol; Radiochemical Centre,
Amersham) and superfused at 0.5 ml/min. Following
a 30 min washout period, 1 ml fractions were col-
lected every 2 min. The effect of a depolarizing stimu-
lus (50 mm KCI) or TRH (25 to 100 JM) included in
the superfusion, was studied on the efflux of radioac-
tivity. Results are expressed as percentage rate con-
stants, which is the amount of radioactivity released
into the medium per min expressed as a percentage of
total radioactivity in the tissue at the time of collec-
tion. In uptake studies, tissue slices (5 mg) were prein-
cubated for 10 min at 37°C in Krebs Ringer bicar-
bonate buffer in the presence or absence of TRH (10
and 50 gM). [3H]-dopamine was added to each tube
(final concentration I0-' M) and the reaction con-
tinued for a further 10 min. Uptake was terminated
by rapid filtration through Whatman GF/B glass fibre
filters. Following washing with 15 ml of ice-cold
Krebs bicarbonate buffer, radioactivity remaining on
the filters was determined. Combined tissue and filter
blanks were determined by incubating tissue with
[3H]-dopamine at 0°C. Accumulation of [3H]-dopa-
mine is expressed as d minm mg1 wet weight tis-
sue/10 min.
The effect of TRH (50 JM) on basal and dopamine

(20 JM-stimulated adenylate cyclase was studied in
crude membranes prepared from ACB using the
method of Clement-Cormier, Parrish, Petzold, Keba-
bian & Greengard (1975). Results are expressed as
pmol cyclic adenosine 3',5'-monophosphate (cyclic
AMP) formed/mg protein in 10 min (pmol mg-' pro-
tein 10 min-'). The effect of TRH (up to 1 gM) on
dopamine receptor binding was assessed in purified
synaptic membranes using the method of Creese, Burt
& Snyder (1975). [3H]-spiperone (30 Ci/mmol;
Radiochemical Centre, Amersham) was used as the
ligand in the concentration range 50 to 250 pmol and
specific binding was defined as that displaced by an
excess (0.1 pM) of (+ )-butaclamol. Results are
expressed as d min-' bound mgi' protein.
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Figure 1 Upper traces: calcium-dependent, potassium-evoked (50 mM KCI) release of radioactivity from super-
fused slices of (a) rat nucleus accumbens, or (b) rat caudate nucleus prelabelled in vitro with 10'- M [3H]-dopa-
mine. (o) Represent control potassium stimulation as indicated by the bar: 50 mM K + was added for 4 min, 36 min
after the start of superfusion; (-) show experiments performed in the absence of calcium (2 mM MgCI2). Results are
shown as a rate constant derived from the recovered radioactivity and expressed as a percentage of the total
radioactivity at the time of collection. Each point is the mean of 4 or 8 determinations. Vertical bars denote s.e.
mean. Lower traces: effect of TRH on release of radioactivity from superfused slices of (a) nucleus accumbens, or
(b) caudate nucleus prelabelled in vitro with 10' M [3H]-dopamine. TRH was added for 8 min, 36 min after the
start of superfusion as indicated by the bar. Doses of TRH used were 25 pm (El), 50 pM (-) and 100 pM (0).

In all experiments bacitracin (50 pg/ml) was present
to inhibit peptidase activity; in uptake and release
experiments, pargyline (5 x 10-' M) was added to in-
hibit metabolism of [3H]-dopamine and ascorbic acid
(1 mg/ml) to inhibit non-specific oxidation.

Results A depolarizing stimulus (50 mm KCI)
stimulated the efflux of radioactivity from slices of
both ACB and NC. In both cases the effect of KCI
was markedly reduced in the absence of calcium (2
mM MgC12). TRH (25 to 100 pM) stimulated the efflux
of radioactivity from ACB slices but was without
effect at 100 gM on release of radioactivity from NC
slices. These results are shown in Figure 1. Conven-
tional thin layer chromotographic techniques showed
that radioactivity remaining in the tissue at the end of

the experiment was predominantly unchanged [3H]-
dopamine.
At an incubating concentration of 10-7 M

[3H]-dopamine, control slices of ACB accumulated
16,300 + 3032 d min- 1 mg-1 wet wt. tissue/10 min
(n = 6). This was not significantly different from
accumulation in the presence of 10 gM TRH
(18,824 + 2272 d min-' mg-' wet wt./10 min, n = 6)
or 50 gM TRH (17,888 + 1488 d min-1 mg-' wet
wt./10 min, n = 6). In adenylate cyclase studies mem-
branes from ACB synthesized 254 + 26 pmol cyclic
AMP mg-1 protein 10 min-' (triplicate determina-
tions, assayed in triplicate, mean + s.e. mean pooled
from two experiments, i.e. n = 6) which was not sig-
nificantly different in the presence of TRH (50 plm;
242 + 6 pmol mg-1 10 min-'). In the presence of
dopamine (20 pM) the tissue increased its rate of syn-
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thesis to 377 + 34 pmol mg-' 10 min-'. Further
addition ofTRH (50 gM) was without significant effect
(346 + 9 pmol mg-' 10 min-1). [3H]-spiperone was
found to bind specifically (30% of total) and saturably
to purified synaptic membranes from ACB. This was
linear in the range of 50 to 250 pmol [3H]-spiperone
(4140 dmin-' mg-1 protein to 21,840 d min- mg-1
protein, quadruplicate determinations). At doses of
0.1 to I gM TRH no displacement of bound radioac-
tivity was observed in this concentration range of
[3H]-spiperone (4500 d min- mg-1 protein to
21,420 d min-' mg-' protein, at I gM TRH, quad-
ruplicate determinations).

Discussion Neurotransmitter release from nerve
terminals is believed to be sensitive to calcium (Rubin,
1970) and many studies have utilized calcium-depen-
dent potassium-evoked release of previously taken up
radiolabelled transmitter to be characteristic of
neurotransmitter release from intact nerve terminals
(for review, see Baldessarini, 1975). Accordingly dem-
onstration of calcium-dependent, potassium-evoked
release of [3H]-dopamine from rat striatal and ACB

slices suggests that our superfusion system is an ade-
quate one in which to study release processes in vitro.
TRH stimulated the rate of efflux of [3H]-dopamine
from ACB slices but not from striatal slices. This in-
crease in overflow of [3H]-dopamine cannot be
accounted for in terms of uptake inhibition, since at
doses which stimulated [3H]-dopamine release, TRH
was without effect on the accumulation of [3H]-dopa-
mine into ACB slices. These data strongly support the
hypothesis of Heal & Green (1979) that the behav-
ioural effects of TRH are produced by release of
dopamine from ACB rather than NC. TRH had no
apparent effect on basal or dopamine-stimulated
adenylate cyclase, nor did it displace [3H]-spiperone
binding in membranes from ACB. Thus it seems un-
likely that TRH interacts directly with the dopamine
receptor in ACB. It should be noted that one recent
study (Costall, Hui, Metcalf & Naylor, 1979), pro-
vided no evidence for a role of TRH in dopamine-
mediated behaviour. The reason for this discrepancy
must remain a matter of speculation.

In conclusion, in an in vitro preparation, TRH
seems to be able to modulate the release of dopamine
from nerve terminals in ACB. Whether TRH rep-
resents a physiologically important influence on
dopamine release in vivo is not yet known.
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