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The aim of the present study was to examine a potential anxiolytic-like action of
(+)-7-hydroxy-2-(di-n-propylamino)tetralin hydrobromide (7-OH-DPAT), a preferential do-
pamine D� receptor agonist, and (N-[4-[4-(2-methoxyphenyl)-1-piperazinyl]butyl]-2-naph-
thylcarboxamide (BP 897), partial dopamine D� receptor agonist. Diazepam was used as
a reference compound. The anxiolytic-like effect of those drugs was tested in the conflict
drinking test (Vogel test) in male Wistar rats. The obtained results showed that 7-OH-DPAT
and BP 897 (like diazepam) induced anxiolytic-like effects in the conflict drinking test.
7-OH-DPAT (0.05 and 0.1 mg/kg), BP 897 (0.5 mg/kg) and diazepam (5 and 10 mg/kg),
tested at the effective doses in an animal model, did not affect motor coordination but
produced significant reduction in exploratory activity in the open field test. These data
suggest that preferential dopamine D� agonists may play a role in the therapy of anxiety,
however, further studies are necessary to elucidate the mechanism of these actions.
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INTRODUCTION

Behavioral and biochemical data indicate the
involvement of dopamine (DA) neurotransmitter
system in pathophysiology of anxiety. It is well es-
tablished that stress activates the mesocorticolim-
bic DA system and increases extracellular DA level
in the nucleus accumbens septi and medial prefron-
tal cortex, inducing anxiolytic-like behavioral ef-
fects [3, 6, 21, 22]. There is also evidence that
stress-induced increases in DA metabolism can be
attenuated by antianxiety drugs, such as diazepam
and ICS 205930 [7, 11]. However, behavioral evi-
dences of the involvement of D� receptors in anxi-
ety are week and inconsistent [1, 18]. On the other
hand, animal studies indicated the anxiolytic-like
effects of D� receptor antagonists such as haloperi-
dol or sulpiride [4, 15]. Also D� agonists have been
discussed to be involved in anxiety because low
doses of apomorphine or quinpirole exhibited an-
xiolytic-like effects in animals whereas their higher
doses produced anxiogenic-like effects [8, 22].
Biochemical studies have indicated that haloperi-
dol, sulpiride and quinpirole show affinity not only
for D� and also for D receptors [23].

The D receptor, which was cloned and its neu-
roanatomical distribution was identified in 1990, is
principally located in the limbic projection areas
associated with cognitive, emotional and endocrine
functions [2, 23]. It has been demonstrated that mice
without functional D receptors show the reduced
anxiety in the open field and plus-maze tests [24].
Putative D receptor antagonists such as PNU 99194A
and nafadotride have been found to have antianxi-
ety effects in the conflict drinking test in rats and
exploration models in rats or mice [9, 19, 20]. Also
D receptor agonists, used at low doses, have been
suggested to be involved in modulation anxiety
level [1].

The present study was carried out to determine
whether (+)-7-hydroxy-2-(di-n-propylamino)tetra-
lin hydrobromide (7-OH-DPAT), preferential D 

receptor agonist, which has been found to possess
10- to 200-fold greater preference for D than for
D� receptors [5, 10, 13], and (N-[4-[4-(2-methoxy-
phenyl)-1-piperazinyl]butyl]-2-naphthylcarboxami-
de (BP 897), a partial D receptor agonist [16],
whose antianxiety effect has not been studied as
yet, induce anxiolytic effect in the conflict drinking
test in rats.

MATERIALS and METHODS

The experiments were carried out on male Wis-
tar rats (250–270 g). The animals had free access to
food and water and were kept at a constant room
temperature (21 ± 1°C) under a 12 h ligh/dark cycle
(light on at 07.00 h). 7-OH-DPAT (0.01, 0.05, 0.1
mg/kg sc) and BP 897 (0.1, 0.25, 0.5 mg/kg ip)
were dissolved in saline. Both drugs were injected
in a volume of 2 ml/kg 30 min before the test. Di-
azepam (2.5, 5 and 10 mg/kg) used as a reference
compound (suspended in a 1% aqueous solution of
Tween 80) was given ip 60 min before the test.
Each experimental group consisted of 6–8 naive
animals/dose, and the animals were used only once
in each test. The experiments were performed by an
observer blind to the treatment. All experimental
procedures were approved by the Animal Care and
Use Committee at the Institute of Pharmacology,
Polish Academy of Sciences in Kraków.

Substances

(+)-7-hydroxy-2-(di-n-propylamino)tetralin hy-
drobromide (7-OH-DPAT) was purchased form Re-
search Biochemicals Int. (USA), (N-[4-[4-(2-me-
thoxyphenyl)-1-piperazinyl]butyl]-2-naphthylcarbo-
xamide (BP 897) was synthesized by Dr. J. Boksa,
Department of Medicinal Chemistry, Institute of
Pharmacology, Polish Academy of Sciences, Kra-
ków, Poland, and diazepam was obtained from
Polfa, Poznañ (Poland).

Data analysis

The data were evaluated by a one-way analysis
of variance (ANOVA), followed, when appropriate,
by individual comparisons with the control using
Dunnett’s test.

Conflict drinking test (Vogel test)

A modification of the method of Vogel et al.
[25], described below, was used. On the first day of
the experiment, the rats were adapted to the test
chamber for 10 min. It was a plexiglass box (27 ×
27 × 50 cm), equipped with a grid floor of stainless
steel bars and a drinking bottle containing tap wa-
ter. After the adaptation period, the animals were
deprived of water for 24 h, and then they were
placed in the test chamber for another 10-min adap-
tation period, during which they had free access to
the drinking bottle. Afterwards, they were allowed
a 30-min free-drinking session in their home cage.
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After another 24-h water deprivation period, the
rats were again placed in the test chamber and al-
lowed to drink for 30 s. Immediately afterwards,
drinking attempts were punished with an electric
shock (0.5 mA). The impulses were released every
2 s (timed from the moment when a preceding
shock was delivered), between the grid floor and
the spout of the drinking bottle. Each shock lasted
1 s, and if the rat was drinking when an impulse
was released, it received a shock. The number of
shocks accepted throughout a 5-min experimental
session was recorded.

Shock threshold and free-drinking tests in rats

In order to account for the possibility of drug-
induced changes in the perception of a stimulus or
in the thirst drive, which might have contributed to
the activity in the conflict drinking test, stimulus
threshold measurements and a free-drinking ex-
periment were also carried out. In both cases, the
rats were treated before the experiment in the same
manner as that described in the conflict drinking
test, including two 24-h water deprivation periods
separated by 30 min of water availability. In the
shock threshold test, the rats were placed individu-
ally in the box, and electric shocks were delivered
through the grid floor. The shock threshold was de-
termined stepwise with 15 s shock-free intervals by
increasing manually the current (0.1, 0.2, 0.3, 0.4,
0.5 mA). The shock lasted for 1 s and was deli-
vered through the grid floor until a rat showed an
avoidance reaction to an electric stimulus (jump or
jerk).

In the free-drinking test, each animal was al-
lowed to drink from the water spout. Licking was
not punished. The total amount of water (ml), con-
sumed within 5 min, was recorded for each rat.

Open field test

The studies were carried out on rats according
to a slightly modified method of Janssen et al. [12].
The center of the open arena (1 m in diameter), di-
vided into six symmetrical sectors without walls,
was illuminated with a 75 W electric bulb hung di-
rectly 75 cm above it. During all the experiments,
the laboratory room was dark. Individual control or
drug-injected animals were placed gently in the
center of the arena and were allowed to explore it
freely. The time of walking, ambulation (the num-
ber of crossings of sector lines) and the number of

rearing and peeping episodes (looking under the
edge of the arena) were recorded for 5 min.

Rota-rod test

Rats were preselected 1 h before the test on the
rotating rod (8 cm in diameter, 6 r.p.m.). Those
staying on the rotating road for 2 min (approxi-
mately 95% of animals) were placed again on the
same rotating rod after drug administration and
were observed for 2 min. The number of animals
falling from the rota-rod within 2 min was recorded.

RESULTS and DISCUSSION

An anxiolytic-like effect of preferential D re-
ceptor agonist, 7-OH-DPAT and BP 897, was
evaluated in the conflict drinking test (Vogel test).
The Vogel test in rats [25] is a procedure widely
employed as a screening method for anxiolytics,
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Table 1. Effect of 7-OH-DPAT, BP 897 and diazepam on the
conflict drinking test in rats

Compounds
(mg/kg)

Number of shock accepted /5 min
(mean ± SEM)

Vehicle

7-OH-DPAT 0.01

7-OH-DPAT 0.05

7-OH-DPAT 0.1

9.1 ± 1.0

11.0 ± 2.2

43.5 ± 3.9*

32.0 ± 4.6*

F(3, 28) = 26.33

� = 0.001

Vehicle

BP 897 0.1

BP 897 0.25

BP 897 0.5

7.0 ± 1.2

13.0 ± 4.5

20.9 ± 2.3

41.5 ± 6.2*

F(3, 27) = 13.65

� = 0.001

Vehicle

Diazepam 2.5

Diazepam 5

Diazepam 10

9.3 ± 2.1

23.1 ± 3.5

37.6 ± 6.1*

52.8 ± 5.7*

F(3, 24) = 14.79

� = 0.001

7-OH-DPAT (sc), BP 897 (ip) were administered 30 min, diaze-
pam (ip) 60 min before the test. The values represent mean
± SEM (n = 6–8 rats per group) of the number of shocks
accepted during a 5 min experimental session; * p < 0.001
(ANOVA followed by Dunnett’s test) vs. vehicle-treated group



and it is considered to be one of the most specific
screening methods for these drugs.

Our results indicate that 7-OH-DPAT at doses
of 0.05 and 0.1 mg/kg (but not at 0.01 mg/kg) sig-
nificantly increased the number of shocks accepted
during the experimental session in the Vogel test
(Tab. 1). BP 897 showed an antianxiety-like effect
only at the higher dose of 0.5 mg/kg, significantly
increasing the number of shocks accepted but its

lower doses (0.1 or 0.25 mg/kg) were inactive in
this test (Tab. 1). Diazepam (2.5–10 mg/kg), used
as a reference drug, significantly and dose-depen-
dently increased the number of accepted shocks,
the maximum effect having been observed after the
administration of 10 mg/kg of the drug (Tab. 1).
The effect of 7-OH-DPAT (0.05 mg/kg) or BP (0.5
mg/kg) was comparable to that evoked by diaze-
pam at a dose of 5 mg/kg (Tab. 1). The possibility
that the efficacy of effective dose of 7-OH-DPAT or
BP 897 was dependent upon the reduced percep-
tion of the stimulus or to an increased thirst drive
was excluded since 7-OH-DPAT or BP 897, tested
at the effective doses in the conflict drinking test,
increased neither the threshold current nor water
intake (in the case of BP 897) but 7-OH-DPAT
even decreased it (Tab. 2). 7-OH-DPAT (0.05 or 0.1
mg/kg) and BP 897 (0.5 mg/kg) at doses effective
in the conflict drinking test did not disturb motor
coordination tested in the rota-rod test in rats (data
not shown).

Administration of 7-OH-DPAT at doses of 0.05
or 0.1 mg/kg and BP 897 at the dose of 0.5 mg/kg
(but not at 0.25 mg/kg) produced significant reduc-
tion in exploratory activity of rats, as evaluated
in the open field test (Tab. 3). Diazepam, used as
a reference drug, at doses of 2.5, 5 and 10 mg/kg
evoked a dose-dependent and statistically signifi-
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Table 2. Effects of 7-OH-DPAT and BP 897 on the shock
threshold and amount of water consumed by water deprived rats

Compounds
(mg/kg)

Shock threshold
(mA)

(mean ± SEM)

Water consumption
(ml)

(mean ± SEM)

Vehicle

7-OH-DPAT 0.05

7-OH-DPAT 0.1

BP 897 0.25

BP 897 0.5

0.4 ± 0.02

0.4 ± 0.02

0.4 ± 0.03

0.4 ± 0.04

0.4 ± 0.03

10.7 ± 0.5

7.5 ± 0.7*

6.9 ± 0.5*

10.5 ± 0.4

10.1 ± 0.5

F(4, 25) = 0.27

ns

F(4, 25) = 12.27

� = 0.001

7-OH-DPAT (sc), BP 897 (ip) were given 30 min before the
test. The animals were observed for 5 min. The values represent
mean ± SEM (n = 6 rats per group), * p < 0.001 (ANOVA fol-
lowed by Dunnett’s test) vs. vehicle-treated group

Table 3. Effect of 7-OH-DPAT, BP 897 and diazepam on exploratory activity in the open field test in rats

Compounds
(mg/kg)

Exploratory activity (mean ± SEM)

Time of walking Ambulation Peeping + rearing

Vehicle

7-OH-DPAT 0.05

7-OH-DPAT 0.1

BP 897 0.25

BP 897 0.5

42.0 ± 2.1

14.0 ± 1.5*

19.6 ± 1.6*

37.3 ± 1.9

33.4 ± 1.3*

18.0 ± 1.4

7.1 ± 0.7*

8.0 ± 0.7*

13.6 ± 1.0

11.5 ± 1.7*

16.6 ± 1.1

6.1 ± 0.8*

8.1 ± 0.7*

12.3 ± 1.4

13.1 ± 0.7

F(4, 35) = 48.60

� = 0.001

F(4, 35) = 14.66

� = 0.001

F(4, 35) = 18.00

� = 0.001

Vehicle

Diazepam 2.5

Diazepam 5

Diazepam 10

37.7 ± 3.8

28.3 ± 3.8

17.0 ± 1.9*

9.8 ± 0.9*

14.2 ± 1.9

11.3 ± 1.2

5.3 ± 0.5*

4.3 ± 0.6*

11.2 ± 1.2

9.2 ± 1.5

4.8 ± 0.6*

3.8 ± 0.6*

F(3, 20) = 18.16

� = 0.001

F(3, 20) = 15.55

� = 0.001

F(3, 20) = 8.33

� = 0.001

7-OH-DPAT (sc), BP 897 (ip) were given 30 min and diazepam (ip) 60 min before the test. The animals were observed for 5 min. The
values represent mean ± SEM (n = 6–8 rats per group) * p < 0.001 (ANOVA followed by Dunnett’s test) vs. vehicle treated group



cant reduction in exploratory activity (time of walk-
ing, ambulation and peeping + rearing episodes,
Tab. 3) in rats. The results showed that an anxio-
lytic-like effect induced by 7-OH-DPAT, BP 897 or
diazepam, evaluated in the conflict drinking test, as
an increase in a number of accepted shocks, was
not connected with reduction in exploratory activ-
ity in the open field test in rats.

An involvement of a preferential D receptor
agonist in psychiatric disorders, such as anxiety,
has been suggested by other authors [1, 17]. Anxio-
lytic-like effects of (±)-7-OH-DPAT were observed
in the elevated plus-maze paradigm in mice [17]
and in the vocalization test in rats [1]. In the latter
test, only D receptor agonists at low doses inhib-
ited ultrasonic vocalization with the following
ED1& values: quinpirole (0.04 mg/kg), pramipexole
(0.09 mg/kg), roxindole (0.04 mg/kg), talipexole
(0.04 mg/kg), (±)-7-OH-DPAT (0.05 mg/kg) and
PD 128907 (0.13 mg/kg) [1]. The D� (haloperidol,
raclopride) and D (U99194A, S(–)DS121) recep-
tor antagonists and D� agonist (R(+)-SKF 38393)
or antagonist (SCH 23390) and DA uptake inhibi-
tors (GBR 12909, GBR 12935) laced significant in-
hibitory effects on ultrasonic vocalization [1].

The above data indicated that preferential D re-
ceptor agonists, such as 7-OH-DPAT or BP 897, at
low doses, produced an anxiolytic-like effect, and
suggested the involvement of D receptors in patho-
mechanism of anxiety. Future studies are necessary
to elucidate the mechanism of these effects using
the selective D antagonists, such as S33084 [14].
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