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Enhancement of D2 receptor agonist-induced inhibition by DI
receptor agonist in the ventral tegmental area
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1 A microiontophoretic study was performed on chloral hydrate-anaesthetized rats to examine the role
of DI receptors in the ventral tegmental area (VTA) neurones, which are inhibited by autoreceptor and
D2 receptor agonists.
2 Inhibition by microiontophoretic application of quinpirole (a D2 agonist) of antidromic spikes
elicited by stimulation of the nucleus accumbens in dopaminergic neurones of the VTA, was significantly
enhanced by simultaneous application of SKF 38393 (DI agonist), although SKF 38393 alone had little
effect on the neurones.
3 In addition, quinpirole-induced inhibition was antagonized by iontophoretic application of
domperidone (D2 antagonist), but was not affected by SCH 23390 (Di antagonist).
4 Furthermore, SKF 38393-induced enhancement of inhibition by quinpirole was antagonized by
simultaneous application of SCH 23390.
5 These results suggest that activation of DI receptors located on the VTA dopaminergic neurones or
on non-dopaminergic nerve terminals is not essential for inducing inhibition of the dopaminergic
neurones, but enhances D2 receptor-mediated inhibition directly or indirectly via inhibitory neurones.
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Introduction

The ventral tegmental area (VTA) is composed of dopamine-
containing neurones and non-dopaminergic neurones. Both
neurone types project to limbic areas such as the nucleus
accumbens (Acc) and frontal cortex (Anden et al., 1966;
Beckstead et al., 1979; Simon et al., 1979). The spontaneous
and/or glutamate-induced firing of VTA dopaminergic
neurones are reported to be inhibited by dopamine as well as
dopamine agonists such as apomorphine, LY 141865, (+)-
amphetamine and quinpirole (LY 171555), through
dopamine autoreceptors (Aghajanian & Bunney, 1977; Wang,
1981b; White & Wang, 1984a,b). Recently, we have also
found that dopamine, a D2 agonist, talipexole (B-HT 920)
and a dopamine autoreceptor agonist, OPC-4392, produced
D2 receptor antagonist-reversible inhibition of the antidromic
spike induced by stimulation of the Acc in dopaminergic
neurones of the VTA (Momiyama et al., 1990; 1991). Similar
results in the VTA neurones were also obtained by Seutin et
al. (1990) with systemic injection of talipexole. However, an
autoradiographic study shows that in addition to D2 recep-
tors, D, receptors also exist in the VTA of man and rats
(Boyson et al., 1986; Dawson et al., 1986; 1988; Cortes et al.,
1989). Furthermore, a recent biochemical study has demon-
strated that neurones, probably in the ventral tegmental area,
superio-medial to the lateral mammillary nuclei, express
mRNAs of a subtype of the DI receptor (DIB) (Tiberi et al.,
1991). Therefore, a microiontophoretic study was performed
to elucidate the role of D, receptors in the VTA.

Methods

Twenty-eight male Wistar rats weighing 270-350 g were
anaesthetized with chloral hydrate (400mgkg-', i.p.). After
tracheal cannulation, the animals were fixed in a stereotaxic
apparatus and immobilized with gallamine triethiodide
(80 mg/animal, i.p.) under artificial respiration. ECG (II lead)
was continuously recorded to monitor the anaesthetic condi-
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tion of the animal. When the experiments exceeded 5 h, a
supplemental dose of 200 mg kg-' chloral hydrate was
administered. Gallamine triethiodide (40 mg/animal) was also
given when required. Lignocaine was sprayed on all pressure
points and incision sites repeatedly throughout the
experiments. Body temperature was maintained between
36.5-37.5°C with a heating pad.
A bipolar stimulating electrode with a tip 0.1 mm in

diameter was inserted into the Acc (1.7-2.2 mm anterior to
bregma, 1.5 -2.0 mm lateral to midline, 7.5 -8.0 mm from the
cortical surface) (Paxinos & Watson, 1986) ipsilateral to the
recording site to activate the VTA neurones antidromically.
A stimulus composed of a rectangular pulse (0.1 ms duration
and 0.1 -0.3 mA) was applied to the Acc every 1.6 s. The
stimulus intensity was 1.5 times higher than the threshold
which was the minimum current to produce an antidromic
action potential in the VTA neurone. Single neuronal
activities were extracellularly recorded in the VTA
(4.7-5.0 mm posterior to bregma, 0.5-1.0mm lateral to
midline, 7.5-8.8mm from the cortical surface) (Paxinos &
Watson, 1986) using a glass-insulated silver wire microelec-
trode (electrical resistance; 1-2 MQ) attached along a seven-
barreled micropipette with an outer diameter of 3 -5 gm. The
distance between the tips of the recording electrode and
micropipette was 20-30 im.
Each seven-barreled micropipette was filled with 0.2 M

dopamine hydrochloride (Sigma, pH 5.5), 30 mM SKF 38393
(2, 3, 4, 5-tetrahydro- 1 -phenyl-1 H-3-benzazepine-7,8-diol
hydrochloride; Smith Kline and French Lab., pH 6.0), 10 mM
quinpirole (LY 171555; Eli Lilly Co., pH 5.5), 5 mM SCH
23390 ((R)-( + )-8-chloro-2, 3, 4, 5-tetrahydro-3-methyl-5-
[phenyl-1H-3-benzazepine-7-ol hemimaleate; Schering Corp.,
dissolved in 0.3% tartrate, pH 4.0), 30 mM domperidone
(Kyowa Hakko, dissolved in 1% lactate, pH 4.5), 1 M
monosodium L-glutamate (Sigma, pH 7.4) and 3 M NaCl.
These chemicals were applied iontophoretically to the
immediate vicinity of the target neurone being recorded, with
a microiontophoresis programmer (WP-I, model 160). NaCl
solution (3 M) was used for automatic current-balancing and
for checking the current effects. Retaining currents of ap-
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proximately - 20 nA were used between application periods
for all these drugs except L-glutamate, which was retained
with a + 20 nA current and applied as an anion.
The successive responses to Acc stimulation displayed on

an oscilloscope (Nihon-Kohden VC-1 1) were photographed.
The mean number and latency of spikes produced by Acc
stimulation in each neurone were obtained by 10 successive
responses before and during iontophoretic application of
each drug; then, the mean spike number and latency of each
group of neurones were calculated from the mean value of
each neurone. The statistical significance of the data was
determined by the paired t test. The positions of the
stimulating and recording electrode tips were marked by
passing a direct current of 0.3 mA for 10 s and 20 tLA for
2 min, respectively, and histologically checked by staining
with cresyl violet. Typical examples of the locations of recor-
ding and stimulating electrodes are shown in Figure 1 a and
b, respectively. Other details of the experiment have been
previously reported (Akaike et al., 1984; Momiyama et al.,
1990; 1991).

Results

Forty-five neurones were antidromically activated by Acc
stimulation. Of these 45 neurones, 39 were histologically
confirmed to be located in the VTA. As previously reported
(Momiyama el al., 1990; 1991), VTA neurones activated by
antidromic Acc stimulation were classified into type I and II
neurones according to their responses to Acc stimulation;
presumably corresponding to dopaminergic and non-
dopaminergic neurones, respectively, since they had long and
short latencies of the antidromic spike, respectively (Figure
2a and b).

Effects of agonists

The effects of microiontophoretic application of dopamine,
quinpirole and SKF 38393 were examined in 16 type I
neurones and 13 type II neurones. In 15 of 16 type I
neurones, antidromic spike generation was inhibited by
dopamine at a current of 40 nA, although that of the remain-
ing one neurone was not affected (Figure 3b). When
dopamine (40 nA) was applied for 60 s, the mean spike
number of 16 type I neurones significantly (P<0.01)
decreased to 0.41 ± 0.05 from the control (1.06 ± 0.02), while
the spike latency was not affected (Table la). Quinpirole also
inhibited antidromic spike generation current-dependently in
type I neurones without affecting the spike latency; the
inhibition of the antidromic spike generation during applica-
tion of 20, 40 and 70 nA of quinpirole was seen in 7, 11 and
14 of 16 type I neurones, respectively (Figure 3c,d and e).
The mean spike number of 16 type I neurones upon Acc
stimulation current-dependently and significantly (P<0.01)
decreased from 1.06 ± 0.02 to 0.83 ± 0.04, 0.68 ± 0.05 and
0.43 ± 0.06 during application of quinpirole at currents of 20,
40 and 70 nA, respectively (Table la). However, SKF 38393
at a current of 40 nA did not significantly affect antidromic
spikes in 15 of 16 type I neurones, although an inhibition of
the spike generation was seen in the remaining neurone and
at a current of 70 nA, the drug did not affect any of the 16
type I neurones tested (Figure 2f and g). The mean spike
number of 16 type I neurones was unaffected by SKF at a
current of 40 or 70 nA, (Table la). In contrast, simultaneous
application of SKF 38393 with quinpirole enhanced the
quinpirole-induced inhibition of antidromic spikes of type I
neurones upon Acc stimulation without affecting the spike
latency. When SKF 38393 at a current of 70 nA was simul-
taneously applied, significant (P< 0.05) enhancement of
quinpirole (20 nA)-induced inhibition was observed in 6 of 16
type I neurones, compared with the spike number during
application of quinpirole alone at a current of 20 nA (Figure

Figure 1 (a) The location of the recording electrode (arrow) within
the ventral tegmental area (VTA). (b) The location of stimulating
electrode (arrow) within the nucleus accumbens (Acc). Abbrevia-
tions: CN, caudate nucleus; SNC, substantia nigra pars compacta;
SNR, substantia nigra pars reticulata. Calibration bar: 1.0 mm.
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Figure 2 Spikes of type I (a) and type 11 (b) neurones in the ventral
tegmental area elicited by stimulation of the nucleus accumbens
antidromically: (A) indicate stimulus artifacts. Calibration: 5 ms,
1 mV.
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Table 1 Effects of dopamine, quinpirole (LY 171555) and
SKF 38393 on antidromic spikes elicited by stimulation of
the nucleus accumbens in type I (a) and type II (b) neurones
of the ventral tegmental area

a Type I neurone

Control
DA (40 nA)a
LY (20 nA)
LY (40 nA)
LY (70 nA)
SKF (40 nA)
SKF (70 nA)

SKF (70 nA)
+ LY (20 nA)
SKF (40 nA)
+ LY (40 nA)

b Type II neurone

Control
DA (40 nA)a
LY (20 nA)
LY (40 nA)
LY (70 nA)
SKF (40 nA)
SKF (70 nA)

SKF (70 nA)
+ LY (20 nA)
SKF (40 nA)
+ LY (40 nA)

(n= 16)
Number of
spikes

1.06 ± 0.02
0.41 ± 0.05*
0.83 ± 0.04*
0.68 ± 0.05*
0.43 ± 0.06*
1.03 ± 0.06
1.05 ± 0.05

Latency
(ms)

9.36 ± 0.40
9.34 ± 0.40
9.36 ± 0.40
9.35 ± 0.43
9.35 ± 0.43
9.37 ± 0.40
9.36 ± 0.40

(15)b

(7)
(1 1)
(14)
(1)
(0)

0.46± 0.06t (I3)b
(6)c

0.44 ± 0.06t (14)b
(3)c

(n= 13)

1.08 ± 0.08
1.05 0.09 (I)b
1.06 0.10 (0)
0.98 0.10 (2)
0.98 0.10 (2)
1.03 ±0.09 (1)
1.04 0.09 (1)

0.98 ±0.10 (2)b
(M)C

0.95 ±0.12 (2)b
(1)C

9.36 ± 0.40

9.35 ± 0.43

2.85 ± 0.43
2.85 ± 0.43
2.85 ± 0.42
2.79 ± 0.50
2.79 ± 0.50
2.85 ± 0.43
2.85 ± 0.43

2.88 ± 0.43

2.83 ± 0.55

Each value represents the mean ± s.e.
Each drug was applied iontophoretically for 60 s.
aCurrent applied; bnumber of neurones, in which spike
generation by stimulation of the nucleus accumbens was
significantly (P<0.05) inhibited, when tested in 16 type I
and 13 type II neurones; cnumber of neurones in which
quinpirole-induced inhibition was enhanced by SKF, when
tested in 16 type I and 13 type II neurones.
*P<0.01, significantly different from control;
tP<0.01, significantly different from LY (20 nA) or LY
(40 nA) alone.
DA: dopamine, LY: quinpirole, SKF: SKF 38393.
SKF + LY: simultaneous application of SKF 38393 and
quinpirole.

3h, Table 2). The inhibition of the antidromic spike genera-
tion was seen in 13 of 16 type I neurones when SKF 38393
at a current of 70 nA and quinpirole at a current of 20 nA
were simultaneously applied (Tables la and 2). Similar effects
were observed during simultaneous application of SKF 38393
at a current of 40 nA with quinpirole at a current of 40 nA
(Figure 3i, Table 2). The mean spike number of 16 type I
neurones significantly (P< 0.01) decreased from 0.83 ± 0.04
to 0.46 ± 0.06 during simultaneous application of SKF 38393
(70 nA) and quinpirole (20 nA), and from 0.68 ± 0.05 to
0.44 ± 0.06 with SKF 38393 (40 nA) plus quinpirole (40 nA),
compared with the controls by quinpirole alone (Tables la
and 2). However, when dopamine (40 nA), quinpirole (20, 40
and 70 nA) or SKF 39393 (40 and 70 nA) alone was given to
13 type II neurones, there were no effects on the antidromic
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Figure 3 Effects of microiontophoretic application of dopamine,
quinpirole and SKF 38393 on antidromic spikes elicited by stimula-
tion of the nucleus accumbens in a type I neurone in the ventral
tegmental area. The poststimulus latency histogram was obtained
from 20 successive responses of the neurones. (a) Control; (b) during
iontophoretic application of dopamine at a dose of 40 nA; (c), (d)
and (e): during application of quinpirole at doses of 20, 40 and
70 nA, respectively; (f) and (g) during application of SKF 38393 at
doses of 40 and 70 nA; (h) and (i) simultaneous application of SKF
38393 (70 nA) with quinpirole (20 nA) and SKF 38393 (40 nA) with
quinpirole (40 nA), respectively.

Table 2 Effects of quinpirole (LY) in the presence of SKF 38393 (SKF) on number of antidromic spikes elicited by stimulation of the
nucleus accumbens in type I neurones in the ventral tegmental area

Neurone
no.

2
3
4
S
6
7
8
9
10
11
12
13
14
15
16

LY LY SKF (70 nA) SKF (40 nA)
Control (20 nA) (40 nA) + L Y (20 nA) + L Y (40 nA)

1.on
1.0
1.2
1.0
1.0
1.0
1.1
1.2
1.0
1.0
1.0
1.2
1.0
1.0
1.0
1.2

1.0
0.7*
0.7*
0.9
0.4**
0.8
0.6*
1.1
0.9
0.9
1.0
0.8*
0.8
0.7*
1.0
0.9*

0.8
0.7*
0.6**
0.7*
0.5**
0.6*
0.5**
0.9
0.5**
0.6*
1.0
0.7**
0.9
0.3**
1.0
0.6*

0.5**
0.4**
0.4**
0.2**
0.5**
0.4**
0.3**
0.4**
0.2**
0.3**
0.9
0.4**
0.8
0.3**
0.9
0.5**

Mean 1.06 0.83** 0.68** 0.46tt
s.e. 0.02 0.04 0.05 0.06

n: mean spike number of 10 successive responses.
*P<0.05, significantly different from the control. **P<0.01, significantly different from the control.
t'P<0.01, significantly different from LY (20nA) or LY (40nA) alone.

0.5**
0.4**
0.2**
0.6*
0.2**
0.4**
0.3**
0.4**
0.3**
0.3**
0.7*
0.4**
0.8
0.1I**
0.9
0.6**

0.44tt
0.06
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spike elicited by Acc stimulation in most of the neurones
examined, although the inhibition was seen in 1-2 neurones
(Figures 4b-g, Table lb). In addition, SKF 38393 given
simultaneously with quinpirole had no effect on the anti-
dromic spikes in 12 of 13 type II neurones tested, although
enhancement of the inhibition was seen in the remaining one
neurone (Figure 4h and i, Table lb).

Effects of antagonists

When domperidone (40nA) was applied 30s prior to the
application of quinpirole (40 nA), the quinpirole-induced
inhibition was antagonized during application of
domperidone in 5 of 10 type I neurones (Figure 5a-d). The
mean spike number of 10 type I neurones significantly
(P<0.01) decreased to 0.69 ± 0.03 from 1.09 ± 0.05 during
microiontophoretic application of quinpirole, and then in-
creased to 1.07 ± 0.05 in the presence of domperidone (Table
3).
To examine whether or not activation of DI receptors by

intrinsic dopamine enhances the inhibition resulting from D2
receptor stimulation in the VTA type I neurones, the effects
of SCH 23390 (Di antagonist) on the quinpirole-induced
inhibition were investigated. When SCH 23390 at currents up
to 70 nA was applied 30 s prior to, and then simultaneously
with quinpirole (40 and 70 nA), quinpirole-induced inhibition
was not antagonized in any of 10 type I neurones (Figure Se
and f). There was no significant difference in the mean spike
number between application of SCH 23390 plus quinpirole
and quinpirole alone (Table 3).

Effect ofSCH 23390 on SKF 38393-induced
enhancement

SCH 23390 at a current of 40 nA was applied iontophor-
etically for 30 s and then SKF 38393 and quinpirole at a
current of 40 nA were given simultaneously in the presence of
SCH 23390. Under these conditions, an enhancement by
SKF 38393 of quinpirole-induced inhibition of antidromic
spike generation in VTA type I neurones was antagonized by
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Figure 4 Effect of microiontophoretic application of dopamine,
quinpirole and SKF 38393 on antidromic spikes elicited by nucleus
accumberns stimulation in a type II neurone in the ventral tegmental
area. The poststimulus latency histogram was obtained from 20
successive responses of the neurone. (a) Control; (b) during ion-
tophoretic application of dopamine at a dose of 40 nA; (c), (d) and
(e) during application of quinpirole at doses of 20, 40 and 70 nA,
respectively; (f) and (g) during application of SKF 38393 at doses of
40 and 70nA; (h) and (i) simultaneous application of SKF 38393
(70 nA) with quinpirole (20 nA) and SKF 38393 (40 nA) with quin-
pirole (40 nA), respectively.

SCH 23390. As shown in Table 4, the mean number of
antidromic spikes of 10 type I neurones tested was
significantly (P<0.01) decreased by iontophoretic applica-
tion of quinpirole (40nA) from 1.13±0.08 to 0.68±0.06
(Table 4). The inhibitory effect induced by quinpirole was
significantly (P<0.01) enhanced from 0.68 ± 0.06 to
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Figure 5 Antagonistic effects of domperidone and SCH 23390 on
quinpirole-induced inhibition of antidromic spikes elicited by
stimulation of nucleus accumbens in a type I neurone in the ventral
tegmental area. The poststimulus latency histogram was obtained
from 20 successive responses of the neurone. (a) Control; (b) and (c)
during iontophoretic application of quinpirole at doses of 40 and
70 nA, respectively; (d) simultaneous application of domperidone at
a dose of 40 nA with quinpirole (40 nA); (e) during simultaneous
application of SCH 23390 at a dose of 40 nA with quinpirole
(40 nA); (f) during simultaneous application of SCH 23390 (70 nA)
and quinpirole (70 nA).

Table 3 Effect of quinpirole (LY) on antidromic spikes of
type I neurones in the VTA upon Acc stimulation, and
antagonistic effects of domperidone (Dom) and SCH 23390
(SCH) on quinpirole-induced inhibition of the spike

Control
LY (40 nA)a
LY (70 nA)

Dom (40 nA)
+ LY (40 nA)

SCH (40 nA)
+ LY (40 nA)
SCH (70 nA)
+ LY (70 nA)

Number of
spikes

1.09 ± 0.05
0.69 ± 0.03* (9)b
0.41 ± 0.04* (10)

1.07 ± 0.05t (0)

0.68 ± 0.05* (9)

0.36±0.04* (10)

Latency
(ms)

10.01 ± 0.43
10.05 ± 0.40
10.07 ± 0.40

10.12 ± 0.39

10.06 ± 0.40

10.06 ± 0.41

n= 10
Each value represents the mean ± s.e.
Each drug was applied iontophoretically for 60 s.
*P<0.01, significantly different from control.
tP<0.01, significantly different from LY alone.
aCurrent applied; bnumber of neurones, in which spike
generation by stimulation of the nucleus accumbens was
significantly (P<0.05) inhibited.
Dom + LY and SCH + LY: simultaneous application of
domperidone with quinpirole, and SCH 23390 with
quinpirole, respectively.
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Table 4 Effect of SCH 23390 (SCH) on SKF 38393 (SKF)
-induced enhancement of inhibition by quinpirole (LY) in
type I neurones

Control
DA (40 nA)a
LY (40 nA)
SKF (40 nA)

SKF (40 nA)
+ LY (40 nA)

SCH (40 nA)
+ SKF (40 nA)
+ LY (40 nA)

Number of
spikes

1.13 ± 0.08
0.46 ± 0.05*
0.68 ± 0.06*
1.08 ± 0.06

0.46 ± 0.04"t

0.73 ± 0.08t

Latency
(ms)

11.39 ± 0.59
11.44 ± 0.59
11.51 ± 0.56
11.46 ± 0.54

11.56 ± 0.55

11.43 ± 0.56

n = 10.
Each value represents the mean ± s.e.
Each drug was applied iontophoretically for 60 s.

*P<0.01, significantly different from control.
ttP<0.01, significantly different from LY alone.
tP<0.01, significantly different from the value without
SCH.
aCurrent applied.
SKF + LY: simultaneous application of LY with SKF.
SCH + SKF + LY: simultaneous application of SCH with
SKF and LY.

0.46 ± 0.04 by simultaneous application of SKF 38393
(40 nA) with quinpirole (Table 4). Furthermore, when quin-
pirole (40 nA), SKF 38393 (40 nA) and SCH 23390 (40 nA)
were simultaneously applied to these 10 type I neurones, the
mean number of antidromic spikes was significantly
(P<0.01) increased from 0.46 ± 0.04 to 0.73 ± 0.08, com-
pared with the value without SCH 23390 (Table 4).

Discussion

The present study confirmed the previous findings that the
VTA neurones projecting to the Acc are composed of two
types (Wang, 1981a; Momiyama et al., 1990; 1991): type I
and type II neurones, probably corresponding to dopaminer-
gic and non-dopaminergic neurones, respectively, since in the
former neurones, an antidromic spike elicited by Acc stimula-
tion had a long duration and latency while the latter
neurones, in contrast, had a short duration and latency
(Grace & Bunney, 1980; Wang, 1981a; Momiyama et al.,
1990; 1991).

Microiontophoretically applied dopamine and quinpirole
inhibited antidromic spikes elicited by Acc stimulation in
type I neurones. The quinpirole-induced inhibition was

antagonized by simultaneous application of domperidone,
suggesting that this inhibition is mediated by D2 receptors
located in dopaminergic neurones of the VTA, as shown in
our previous studies (Momiyama et al., 1990; 1991). These
results are also in accordance with those obtained by White
& Wang with D2 agonists, LY 141865 and bromocriptine, as

well as a D2 antagonist, sulpiride, on spontaneous firing of
the VTA neurones (White & Wang, 1984a,b).
On the other hand, microiontophoretic application of SKF

38393 alone had little effect on antidromic spikes of type I
neurones. The quinpirole-induced inhibition of the anti-
dromic spikes was not affected by blocking DI receptors with
SCH 23390. This suggests that DI receptors alone in the
VTA are not essential for dopamine-mediated inhibition of
dopaminergic neurones. However, the inhibitory effects of

quinpirole were significantly enhanced in the presence of
SKF 38393, suggesting that activation of DI receptors
induces synergistic effects on D2 receptor-mediated inhibition
in the VTA. Similar synergistic effects by activation of both
DI and D2 receptors have also been found in globus pallidus
neurones (Walters et al., 1987), the caudate nucleus and the
Acc neurones (Wachtel et al., 1989), although the effects of
DI and D2 receptor activation were opposite in some caudate
nucleus neurones in our studies (Akaike et al., 1987; Ohno et
al., 1987). However, Wachtel et al. (1989) have reported that
the ability of dopamine agonists to stimulate D2 receptors in
the VTA neurones was not altered by manipulation of DI
receptor occupation. These differences are probably due to
the low currents of the DI agonist applied in the presence of
the D2 agonist. Furthermore, in the present study, enhance-
ment of quinpirole-induced inhibition by SKF 38393 was
antagonized by simultaneous application of SCH 23390, a
selective DI antagonist, indicating that this enhancement by
SKF 38393 is mediated by DI type receptors. Our electro-
physiological study suggests that DI type receptors are dis-
tributed in the VTA which have some modulatory function,
although it is not as essential as that of D2 receptors. One
possibility suggested by our results is that under normal
conditions, dopamine acts on the D2 receptors located on the
dendrites of dopaminergic neurones in the VTA, and that
excess dopamine released from dendrites may also activate
DI receptors, thereby enhancing the D2 receptor-mediated
inhibitory effects, although activation of the DI receptors is
not always necessary to inhibit these neurones.

However, contradictory results have been reported regar-
ding the existence of DI receptors in the VTA. One
autoradiographic study found no DI receptors in the pars
compacta of the substantia nigra or the VTA (Alter &
Hauser, 1987); however, other autoradiographic studies
indicated the existence of both DI and D2 receptors in the
VTA (Boyson et al., 1988; Dawson et al., 1986; 1988; Cortes
et al., 1989). In situ hybridization histochemistry studies have
demonstrated that the DI receptor mRNA was not expressed
in the VTA dopaminergic neurones (Dearry et al., 1990;
Sunahara et al., 1990; Weiner et al., 1991; Meador-Woodruff
et al., 1992). Recently, however, Mansour et al. (1992) have
reported that there are marked discrepancies between DI
receptor binding and mRNA in some brain regions; DI
receptor binding can be observed in the VTA, but no DI
receptor mRNA can be detected there. They have discussed
whether these discrepancies may be due to technical problems
such as ligand and probe sensitivity, and to specific transport
of dopamine receptors synthesized. Therefore, conflicting
results - that DI receptors in the VTA dopaminergic
neurones are observed by autoradiographic studies, but their
mRNA cannot be detected by in situ hybridization - appear
not always to mean the lack of DI rceptors.

However, iontophoretically applied SKF 38393 does not
influence only the neurone recorded, but also affects other
neuronal elements in the vicinity of the iontophoretic pipette.
Therefore, it is possible that the SKF 38393-induced response
is mediated by non-dopaminergic elements within the VTA
e.g. it may activate DI type receptors located on the ter-
minals of GABAergic neurones originating in the Acc and
enhance release of GABA, eventually potentiating D2
receptor-mediated inhibition.
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