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(2) 323–327, 1999.—Dopamine (DA) systems are
activated by stress, and this response has as a corollary the induction of stress-related behaviors such as anxiety. In mice, D

 

2

 

receptor blockade produces an apparent anxiogenic effect, although locomotor impairments might have been present. We in-
vestigated the effects of D

 

1

 

 and D

 

2

 

 antagonists on a variety of anxiety-like behaviors induced by the black-white box in rats
and carefully screened for any locomotor deficits. Adult male Lister hooded rats were injected with either the D

 

1

 

 antagonist
SCH23390 (0, 0.1, or 0.25 mg/kg IP) or the D

 

2

 

 antagonist raclopride (0, 0.05, or 0.10 mg/kg IP) 20 min prior to being placed
into the white chamber of the black-white box (

 

n

 

 

 

5

 

 8–10/group). Rats were videotaped and the tapes were scored for latency
to exit the white chamber, latency to reenter the white chamber, time spent in the white chamber, intercompartmental cross-
ing, and locomotor activity. ANOVA revealed no effect of the D

 

1

 

 antagonist SCH23390 on any behavioral measure. How-
ever, the raclopride-treated rats left the white area sooner than control rats (

 

p

 

 

 

,

 

 0.01). Raclopride-treated rats also exhibited
delayed reentry times to the white chamber compared to control rats (

 

p

 

 

 

,

 

 0.01) and spent significantly less time in the white
chamber (

 

p

 

 

 

,

 

 0.05). Neither SCH23390 nor raclopride affected locomotor activity in a manner that confounded these behav-
iors. These results confirm that D

 

2

 

 receptor blockade enhances anxiety in rats tested in the black-white box. © 1999 Elsevier
Science Inc.
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THERE has been long-standing interest in the effects of
stress on central neurotransmission and reciprocal interest in
the actions of transmitter systems on the perception/initiation
of stress responses. Stressful stimuli produce a thoroughly
characterized activation of the hypothalamic–pituitary–adre-
nal (HPA) axis, culminating in the enhanced synthesis and se-
cretion of adrenocorticotrophin (ACTH) and corticosterone
(CORT) into the systemic circulation (3,12,22). The HPA axis
is, in part, controlled by a negative-feedback mechanism in
the form of brain and pituitary CORT receptors that produce
an inhibitory signal on further HPA axis activity.

Recent findings suggest that ventral tegmental area (VTA)
dopamine (DA) neurons respond to stress, a finding with
some theoretical and practical implications. Initial reports,
based on postmortem analysis by of acutely stressed rats,

showed elevated DA turnover/utilization, principally in pre-
frontal cortex (PFC), with comparatively little activation in
nucleus accumbens (NAcc) (21,26,34). Other researchers us-
ing microdialysis techniques (1,5,10) demonstrated that me-
solimbic DA activation was present, but the magnitude of the
response varied with stress intensity and detection method
employed. There is general agreement that both meso-PFC
and meso-NAcc DA projections respond to stress, as mea-
sured by increased extracellular DA levels, an effect more
pronounced in the PFC compared to NAcc. Moreover, CORT
has been shown to stimulate stress-induced DA release, sug-
gesting a functional relationship between DA and HPA activ-
ities (14,20).

The significance of increased DA utilization during stress
is largely enigmatic, although there are some obvious behav-
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ioral changes that accompany brief periods of stress. In a pre-
vious report, we examined the effects of exogenous CORT
administration on anxiety-like behavior (ALB) assessed by
the black-white box test. We found that doses of CORT, de-
signed to mimic stress-induced levels, increased ALB in a
time-dependent fashion, with the most efficacious pretreat-
ment time at 5 min (33). This result was somewhat surprising,
because previous research using the social interaction test
(13) and elevated plus maze (2) had shown CORT to be anxi-
olytic. These differences are difficult to reconcile, but may be
due to differential activation of CORT receptor subtypes (31).
Given that DA activity increases during stress, it is not sur-
prising that psychotrophic agents that target DA function
have also been shown to modulate ALB. For instance, Simon
et al. (28) reported that the D

 

2

 

 antagonist sulpiride increased
anxiety as measured by delayed times for mice to move from a
black to white compartment. Moreover, the D

 

1

 

 antagonist
SCH23390 blocked the effect of sulpiride, suggesting that the
anxiogenesis produced by sulpiride might be the result of in-
creased DA release caused by the antagonism of D

 

2

 

 autore-
ceptors. As support for this idea, Simon et al. (29) reported
that the DA agonists GBR12783 and RU24926 both produced
an anxiogenic response in mice. Taken together, these data
would suggest that the DA activation accompanying stressful
conditions (i.e., placement into the black-white box) contrib-
utes to an animal’s emotional state and alters behavior ac-
cordingly. However, these data must be interpreted cautiously
because only one behavior was examined, and changes in lo-
comotor activity may well have affected the results, as these
authors note in their reports. Interestingly, Feenstra et al. (11)
have shown that the increase in PFC levels of DA following a
mild stressor are blocked by pretreatment with diazepam, a
finding that supports the contention that DA activation is cen-
tral to the expression of anxiety.

The anxiolytic profiles of DA agents administered to rats
have received relatively less attention. We have recently pro-
vided evidence that the black-white box test does generalize
to rats as well as mice (23,30,31), although in rats it may well
be comparatively more sensitive to anxiogenic rather than
anxiolytic agents. The following study was undertaken to pro-
vide further corroboration of the test validity of the black-
white box model of anxiety in rats, and to assess the effects of
DA antagonists on ALB. Moreover, the earlier reports by Si-
mon et al. (28,29) reported only limited behavioral measures
of anxiety and failed to take account of any motoric distur-
bances that might have affected the dependent variables. We
have examined extensive behavioral profiles of our subjects
and monitored locomotor activity.

 

METHOD

 

Subjects

 

Adult male, Lister Hooded rats weighing between 350 and
450 g, served as experimental subjects. These were obtained
from the breeding unit of the University of Bradford and
maintained on site until testing. Rats were housed in groups
of five in clear polycarbonate cages, with wood chip bedding
material. Cage maintenance was undertaken twice weekly,
but never on the day of testing. Food (standard rat chow) and
tap water were provided ad lib. The housing room was climate
controlled with 60% humidity and temperatures of approxi-
mately 22

 

8

 

C. Rats were housed under normal light cycle (on
at 0800 and off at 2000 h). Testing was conducted during the
lights-on period, and always starting at 1200 h.

 

Black-White Box Apparatus

 

The black-white box was similar to that previously em-
ployed in our laboratory (6,7), but built slightly larger to ac-
commodate the increase in size of rats over mice. The overall
dimensions of the box were 50 

 

3

 

 30 

 

3

 

 30 cm (length, width,
height). The bottom of the box was dissected by lines creating
a grid appearance consisting of 10-cm squares. The box was
further divided into two chambers—the black (20 

 

3

 

 30 

 

3

 

 30
cm), and the white (30 

 

3

 

 30 

 

3

 

 30 cm)—by a barrier possess-
ing a doorway (10 

 

3

 

 10 cm) through which rats could traverse.
The black compartment was illuminated with red lights, while
the white compartment was intensely illuminated by bright
white lights. A video camera, connected to a VHS recorder
and monitor was used to record each rats activities in the box.
The entire black-white box was completely circumscribed by a
heavy, black curtain to minimize any possibility of distraction
created by experimenter movement or ambient room lights.
The testing room was isolated from other rooms and acoustic
distractions did not occur.

 

Testing Procedure

 

On the day of testing, the rats were brought to the testing
room and left for a 3-h period to acclimatize to the novel sur-
roundings. They had continual access to food and water dur-
ing this period and remained with their housing companions.
Each rat was injected IP with a single dose of SCH23390 (0.0,
0.10, or 0.25 mg/kg/ml; 

 

n

 

 

 

5

 

 8/group), or raclopride (0.0, 0.05,
or 0.10 mg/kg/ml; 

 

n

 

 

 

5

 

 10/group) 20 min prior to testing by an
investigator using coded drug bottles. In preliminary investi-
gations we noted that doses above these produced locomotor
retardation, and we excluded them from further study. Indi-
vidual rats were placed into the middle of the white compart-
ment at the start of the trial and left for 5 min. The group or-
der was counterbalanced according to a Latin square design.
At the conclusion of the test period, the rats were returned to
their cages, and another animal was placed into the box. In
between rats, the box was cleaned out with a 70% alcohol so-
lution.

 

Behavioral Measures

 

The videotapes made on the day of testing were later
scored by an investigator who was blind to the pretreatment
regime. Each animal was scored for the following measures:
1) time to exit from the white compartment to the black; 2)
time to reenter the white compartment from the black; 3) to-
tal time in the white compartment; 4) activity (squares crossed
per unit time) in the white compartment; 5) activity (squares
crossed per unit time) in the black compartment; and 6) num-
ber of crossings between the black and white chambers. To
control for changes in activity levels due to differences in time
distribution (i.e., rats spending more time in the black cham-
ber invariably cross more squares), measures of activity are
expressed as squares crossed per 10 s. These behavioral mea-
sures were selected because they had previously been seen to
provide a reliable measure of anxiety (30–33).

 

Drugs

 

SCH23390 (Schering Corporation, Bloomfield, NJ) and
raclopride (RBI, UK) D

 

1

 

- and D

 

2

 

-antagonists, respectively, at
the above concentrations were used. These were prepared
fresh each day in distilled water.
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Statistical Analysis

 

All dependent measures were assessed using univariate
analyses of variance (ANOVA). Each drug was analyzed in-
dependently from the other. Post hoc tests were performed
using Student’s 

 

t

 

-test, applying a Bonferroni correction proce-
dure to maintain the pairwise comparison alpha level at 0.05
and minimize type 1 errors (4).

 

RESULTS 

 

Time to Exit From the White Chamber

 

There was no effect of SCH23390 on this variable, 

 

F

 

(2, 21) 

 

5

 

0.14, NS, but ANOVA did reveal a significant effect of raclo-
pride, 

 

F

 

(2, 27) 

 

5

 

 6.1, 

 

p

 

 

 

,

 

 0.01. As shown in Fig. 1, both doses
of raclopride significantly reduced exit latencies (

 

p

 

s 

 

,

 

 0.01)
compared to the VEH group.

 

Time to Reenter White Chamber

 

Analysis of these data again failed to isolate any effect of
SCH23390 administration with 

 

F

 

(2, 21) 

 

5

 

 0.07, NS. Raclo-
pride, on the other hand, did affect this measure as demon-
strated by ANOVA with 

 

F

 

(2, 27) 

 

5

 

 4.6, 

 

p

 

 

 

,

 

 0.03. Both the
0.05 and 0.10 doses of raclopride significantly delayed reentry
into the white compartment compared to the VEH group (

 

p

 

s 

 

,

 

0.04 and 0.03, respectively). These data are also depicted in
Fig. 1. The contrasting effects of raclopride on times to exit
and reenter the white chamber argue against any motoric def-
icits underlying these effects.

 

Time Spent in White Chamber

 

ANOVA on data from SCH23390-treated rats revealed no
significant effect, 

 

F

 

(2, 21) 

 

5

 

 0.14, NS, but there was a signifi-
cant effect of raclopride administration, 

 

F

 

(2, 27) 

 

5

 

 5.5, 

 

p

 

 

 

,

 

0.01. Raclopride, in a dose-dependent fashion, decreased total
time spent in the white compartment (

 

p

 

s 

 

,

 

 0.01–0.04). These
data are illustrated in Fig. 1.

 

Number of Intercompartmental Crossings

 

Neither SCH23390 nor raclopride had any obvious effect
on crossing behavior with 

 

F

 

(2, 21) 

 

5

 

 0.16, NS, and 

 

F

 

(2, 27) 

 

5

 

1.7, NS, respectively. These data are shown in Fig. 2.

 

Locomotor Activity in Black and White Chambers

 

Figure 2 also shows results from analysis of activity mea-
sures. Raclopride, but not SCH23390, affected activity scores
in the white compartment, 

 

F

 

(2, 27) 

 

5

 

 4.2, 

 

p

 

 

 

,

 

 0.03. Post hoc
comaprisons revealed that the 0.05 dose of raclopride signifi-
cantly increased locomotor activity (

 

p

 

 

 

,

 

 0.01) compared to
the VEH group. Neither drug affected activity measures in
the black compartment, however.

 

DISCUSSION

 

The results of the present study confirm that DA systems
are involved in modulating anxiety and specifically indicate
that D

 

2

 

, but not D

 

1

 

, receptors are central to the result. It is in-
triguing that raclopride produced enhanced anxiety in the
black-white box because the effect can occur at postsynaptic
receptors, thus implicating decreased DA activity as a mecha-

FIG. 1. Latencies to exit from the white chamber to the black cham-
ber (top panel) following initial placement in the black-white box.
Middle panel shows reentry times to the white from the black cham-
ber. Bottom graph shows total time spent in the white chamber for
the entire test trial. Values shown are means 6 SEM. *Significantly
different from VEH control group (p , 0.01); †significantly different
from VEH control group (p , 0.05).
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nism of anxiety. Alternatively, raclopride can stimulate soma-
todendritic autoreceptors that regulate DA release (15);
blocking these sites would increase DA availability at postsyn-
aptic receptors. In fact, Simon et al. (29) argued that D

 

2

 

-medi-
ated anxiogenesis was actually due to enhanced DA release
because the D

 

1

 

 antagonist SCH23390 blocked the effect.
These contentions are speculative, however. If it were the
case that enhanced D

 

1

 

 activity was anxiogenic it would seem
probable that SCH23390 should modulate intrinsic levels of
anxiety induced by placing rats in the black-white box. How-
ever, neither Simon et al.’s (29) nor our present results
showed any effect of SCH23390 on its own. Presumably, this
means that basal DA activity has little significance for anxi-
ety, but is relevant when levels are augmented (by autorecep-
tor blockade, or by postsynaptic DA receptor agonists).
Moreover, there were no obvious motor effects that could ac-
count for or interfere with the measures of anxiety reported
here. At the doses tested here, raclopride produced an in-
crease in activity, but only in the white compartment. If a pau-
city of movement was hypothesized to influence measures of
anxiety, then times to exit and reenter the white compartment
would be similar. Thus, a change in anxiety is reflected by
these times being opposite in direction, which is the effect we
observed.

In previous studies, we reported that cholinergic blockade
increased anxiety in the black-white box (30). We have also
seen that cholinergic blockade aimed specifically at the hip-
pocampus can increase the amount of anxiety expressed by
rats, although qualitatively different from that resulting from
systemic cholinergic blockade (32). There is substantial evi-
dence to support the contention that the hippocampus is an
important regulator of behavioral and physiological measures
of arousal (9,17,18). Recent studies have demonstrated that
DA systems regulate hippocampal cholinergic function. For
instance, Day and Fibiger (8) have shown that 

 

d

 

-amphet-
amine–stimulated release of acetylcholine (ACh) in vivo is
blocked by D

 

1

 

, but not D

 

2

 

, receptors. Similarly, Hersi et al.
(19) reported that the D

 

1

 

 agonist SKF38393 elicited ACh re-
lease in the hippocampus, although SCH23390 had no intrin-
sic effect on its own. The lack of an effect of D

 

2

 

 agonists or an-
tagonists on ACh release would argue against the notion that
raclopride produces anxiogenesis via an action at hippocam-
pal cholinergic terminals. Presumably, this means that meso-
cortical or mesoaccumbens DA projections are likely targeted
by raclopride to affect anxiety. Although it appears highly im-
probable that the hippocampus is involved directly in the ef-
fects of DA agents on anxiety, O’Donnell and Grace (24)
have suggested that mesoaccumbens neurons can only be
brought to depolarization if hippocampal–cortical afferents
are intact and active. They argue that the hippocampus gates
PFC inputs to the NAcc. Thus anxiety may be controlled by
numerous foci that form a neural network involving both DA
projections to NAcc and hippocampal cholinergic systems.

Stress-dependent induction of DA activity, and the corre-
sponding augmentation of anxiety, is both surprising and in-
triguing because of the wealth of evidence for DA projections
in the mediation of reward and motivated behaviors (16,25,35).
It seems paradoxical that both aversive and rewarding stimuli
would have similar neurochemical substrates. It may be ar-
gued that this commonality reflects a dynamic balance be-
tween pleasurable and unpleasurable environmental influ-
ences; what is perceived as rewarding and pleasant is contrasted
with simultaneous perceptions of negative events, and both
are translated into meso-NAcc/PFC DA activation. Alterna-
tively, DA neuronal activity may represent some basic atten-

FIG. 2. Graphs showing locomotor activity for all groups. Top panel
shows overall intercompartmental crossing behavior. Middle panel
shows activity rates in the black compartment, and the bottom panel
depicts activity rates in the white chamber. Values shown are means
6SEM. *Significantly different from VEH-treated rats (p , 0.05).
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tional mechanism necessary for producing motivated behav-
iors (27).

In conclusion, we have demonstrated that D

 

2

 

 receptor
blockade enhances anxiety in rats. Although considerable evi-
dence suggests that the hippocampus is important for the reg-
ulation of anxiety, it is likely that mesoaccumbens or meso-
cortical DA projections are involved in the DA effect on
anxiety. It remains possible that hippocampal–PFC–NAcc af-

ferents form part of a neural network controlling the expres-
sion of anxiety.
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