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(2) 275–
279, 2000.—In the present study, intraperitoneal (IP) administration of the dopaminergic receptor agonist apomorphine (0.1,
0.25, and 0.5 mg/kg) induced a dose-dependent licking in rats. The intraperitoneal injection of the 

 

a

 

1

 

-

 

adrenoceptor agonist
phenylephrine (1–8 mg/kg) but not the 

 

a

 

2

 

-adrenoceptor agonist clonidine (0.025–0.05 mg/kg) decreased licking induced by
apomorphine. The 

 

a

 

-adrenoceptor antagonists prazosin, phenoxybenzamine, and yohimbine also reduced the apomorphine
response significantly. The response induced by phenylephrine was decreased by a dose of prazosin. The 

 

b

 

1

 

-adrenenocepor
agonist dobutamine and 

 

b

 

2

 

-adrenenocepor agonist salbutamol did not alter the apomorphine response. However, 

 

b

 

2

 

-
adrenenocepor antagonists atenolol and propranolol reduced the apomorphine effect. It may be concluded that 

 

a

 

1

 

- and possibly

 

b

 

1

 

-adrenoceptor mechanisms may be involved in modulation of licking behavior. © 2000 Elsevier Science Inc.

 

Adrenergic agents Apomorphine Licking Rats

 

APOMORPHINE directly activates dopamine receptors in
the brain (17,19), and larger doses of the drug induced stereo-
typed behaviors (sniffing, licking, and gnawing) (1,5). The
drug also elicits stereotyped behaviors such as locomotion
(23) in mice, yawning (27), chewing (26), and penile erection
(29) in rats, while it produces pecking in pigeons (24) and
chicks (22). The stimulant effect of high doses of apomor-
phine is attributed to activation of postsynaptic receptors in
the central nervous system (1). The behavioral responses ob-
served in animals after administration of the dopamine ago-
nist apomorphine are attributed to activation of D

 

1

 

 and D

 

2

 

 re-
ceptors (17,19).

Mesolimbic and nigrostriatal dopaminergic pathways may
be important in the mediation of locomotor activity and ste-
reotyped behaviors. Locomotion has been related to nucleus
accumbens (9), whereas stereotyped behaviors (e.g., head

movement, licking, and localized sniffing) are more closely as-
sociated with the caudate striatum (12).

There is a report indicating that adrenoceptor mechanisms
may influence locomotion and stereotyped behaviors in the
rat (4). The purpose of the present study was to determine
the possible interaction of adrenoceptor mechanisms with the
apomorphine-induced licking in rats.

 

METHOD

 

Animals

 

Male albino Wistar rats (150–250 g) were used in these ex-
periments. They were housed in plastic cages in an animal
room maintained at 22 

 

6

 

 2

 

8

 

C on a 12 L:12 D cycle. Food and
water were available at all times except during the time of the
experiments.
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Behavioral Observation

 

The rats were placed individually in a glass cylinder (25 cm
wide, 25 cm high) and a mirror was arranged in an oblique po-
sition under the cylinder to make recording of the licking pos-
sible. Animals were allowed to adapt for 30 min before the
first drug injection. No more than two rats were observed si-
multaneously. Immediately after drug administration, the ani-
mals placed into the cylinder and the behavior was scored
(protrusion of the tongue against the cylinder wall or floor)
were recorded by a direct inspection. The subject’s behavior
was sampled at the end of each 60 s for a period of 60 min,
and the licking was scored as “present” or “absent.” The re-
sults are expressed as the mean 

 

6

 

 SEM.

 

Drugs

 

The following drugs were used: apomorphine hydrochlo-
ride (MacFarlan Smith, Ltd, UK), phenoxybenzamine HCL
(Smith-Kline & French Labs, Philadelphia, PA), propranolol
(ICI, UK), phenylephrine hydrochloride, prazosin hydrochlo-
ride, clonidine hydrochloride, and yohimbine (Sigma, Poole,
UK), dobutamine (Lilly, Germany), salbutamol, and atenolol
(Darupakhsh, Iran). The drugs were given intraperitoneally
and in a volume of 5 ml/kg, and were prepared immediately
before use. The control groups received saline. Apomorphine
was injected 15 min after adrenoceptor agonists and antago-
nists.

 

Statistical Analysis

 

One-way analysis of variance (ANOVA) followed by
Newman–Keuls test was used for statistical analysis. Differ-
ences with 

 

p

 

 

 

,

 

 0.05 were considered statistically significant.

 

RESULTS

 

Apomorphine-Induced Licking in Rats

 

Figure 1 shows effect of apomorphine on licking behavior
in rats. Intraperitoneal (IP) injection of different doses of
apomorphine produced licking behavior dose dependently,

 

F

 

(4, 40) 

 

5

 

 42.6, 

 

p

 

 

 

,

 

 0.0001. The maximum response was ob-
tained with 0.5 mg/kg of the drug. The dose of 0.5 mg/kg of
apomorphine was chosen for the rest of experiments.

 

Effect Adrenoceptor Agonists and Antagonists on 
Apomorphine-Induced Licking

 

Effects of phenylephrine on apomorphine-induced licking
are shown in Fig. 2.

Pretreatment of the animals with different doses of 

 

a

 

1

 

-
adrenoceptor agonist, phenylephrine (1, 2, 4, 6, and 8 mg/kg
IP), 15 min prior to apomorphine (0.5 mg/kg IP) reduced lick-
ing induced by apomorphine, 

 

F

 

(5, 48) 

 

5

 

 16.11, 

 

p

 

 

 

,

 

 0.0001.
The 

 

a

 

2

 

-adrenoceptor agonist clonidine (0.025, 0.05, and 0.1
mg/kg IP) did not alter licking induced by apomorphine 0.5
mg/kg, 

 

F

 

(3, 32) 

 

5

 

 2.55, 

 

p

 

 

 

.

 

 0.05, or 0.25 mg/kg, 

 

F

 

(3, 20) 

 

5

 

0.44, 

 

p

 

 

 

.

 

 0.05 (data not shown).
Effects of 

 

a

 

-adrenoceptor antagonists on apomorphine-
induced licking are shown in Fig. 3.

ANOVA indicates a significant difference between ani-
mals that were treated with apomorphine (0.5 mg/kg IP)
alone and those treated (IP) with apomorphine in the pres-
ence of prazosin (0.5, 1, and 2 mg/kg, 

 

F

 

(3, 32) 

 

5

 

 5.59, 

 

p

 

 

 

,

 

0.05, yohimbine (0.25, 0.5, 1, and 2 mg/kg), 

 

F

 

(4, 40) 

 

5

 

 6.61, 

 

p

 

 

 

,

 

0.001, phenoxybenzamine (2.5, 5, and 10 mg/kg or 

 

F

 

(3, 32) 

 

5

 

18.56, 

 

p

 

 

 

,

 

 0.0001. Further analysis showed that prazosin,

FIG. 1. Rats were treated intraperitoneally (IP) either with saline (5
ml/kg) or with different doses of apomorphine (0.125, 0.25, 0.5, and 1
mg/kg). Licking behavior was scored each 60 s for a period of 60 min
after the drug injection. Each point is the mean 6 SEM of nine ani-
mals. *p , 0.01, **p , 0.001 different from the saline control group.

FIG. 2. Animals were treated intraperitoneally (IP) with saline (5
ml/kg) or different doses of phenylephrine (1–8 mg/kg) 15 min before
apomorphine (0.5 mg/kg, IP) administration. Licking was scored each
60 s for 60 min after apomorphine injection. Each point is the mean 6
SEM of nine animals. *p , 0.05, **p , 0.001 different from the con-
trol group. 
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yohimbine, and phenoxybenzamine reduced the apomor-
phine effect on licking behavior.

Effects of prazosin on apomorphine-induced licking in the
presence or absence of phenylephrine are shown in Table 1.

ANOVA showed that there is a significant difference be-
tween data obtained with apomorphine in the presence or ab-
sence of prazosin, 

 

F

 

(3, 32) 

 

5

 

 5.9, 

 

p

 

 

 

,

 

 0.01. There is also a dif-
ference in response to apomorphine plus phenylephrine in
the presence or absence of prazosin, 

 

F

 

(3, 32) 

 

5

 

 5.01, 

 

p

 

 

 

,

 

 0.01.

Further analysis indicates that prazosin reduced a response to
apomorphine. The antagonist also reduced the inhibitory ef-
fect of phenylephrine. 

 

Effect of 

 

b

 

-Adrenoceptor Agonists and Antagonists on 
Apomorphine-Induced Licking

 

Effect of 

 

b

 

-adrenoceptor agonists are shown in Fig. 4.
ANOVA indicates that pretreatment of the animals with dif-
ferent doses of the 

 

b

 

1

 

-adrenoceptor agonist dobutamine (0.5,
1, and 2 mg/kg, IP) 15 min prior to apomorphine (0.5 mg/kg
IP), 

 

F

 

(3, 32) 

 

5

 

 6.5, 

 

p

 

 

 

,

 

 0.01, but not 

 

b

 

-

 

2

 

adrenoceptor salbuta-
mol (0.5, 1, and 2 mg/kg, IP), 

 

F

 

(3, 32) 

 

5

 

 2/5, 

 

p

 

 

 

.

 

 0.05, reduced
licking induced by apomorphine.

Effect of 

 

b

 

-adrenoceptor antagonists have been shown in
Fig. 5. ANOVA showed a difference between response of
apomorphine (0.5 mg/kg IP) and those of apomorphine plus
atenolol (0.5, 1, and 2 mg/kg), 

 

F

 

(3, 32) 

 

5

 

 7.9, 

 

p

 

 

 

,

 

 0.001, or
plus propranolol (2.5, 5, and 10 mg/kg), 

 

F

 

(3, 32) 

 

5

 

 4.5, 

 

p

 

 

 

,

 

0.01. Further analysis showed that both atenolol and propra-
nolol reduced the apomorphine effect.

 

DISCUSSION

 

Dopamine appears to play a role in stereotyped behaviors.
There is evidence indicating that dopamine (11) and dopa-
mine agents (3) produce behavioral effects through multiple
population of dopamine receptors located in different brain
structures. Two types of receptors, D

 

1

 

 and D

 

2

 

, were distin-
guished on a pharmacological and biochemical basis. D

 

1

 

 stim-
ulates adenylate cyclase, while D

 

2

 

 inhibits it (11,19). Gene
cloning studies have split these into further subgroups (7,18).
The D

 

1

 

 family now includes D

 

1

 

 and D

 

5

 

, while the D

 

2

 

 family

FIG. 3. Rats were treated intraperitoneally (IP) with either saline (5
ml/kg), prazosin (0.125–2 mg/kg), yohimbine (0.25–1 mg/kg), or phe-
noxybenzamine (Phenoxy; 2.5, 5, and 10 mg/kg) 15 min before apo-
morphine (0.5 mg/kg, IP) administration. Licking score was recorded
for a period of 60 min after apomorphine injection. Each point is
mean 6 SEM of nine animals. *p , 0.05, **p , 0.01 different from
respective control groups.

 

TABLE 1

 

EFFECT OF PRAZOSIN ON APOMORPHINE-INDUCED
LICKING IN THE PRESENCE OR ABSENCE

OF PHENYLEPHRINE

Treatment
(mg/kg) Apomorphine 0.5 Apomorphine 

 

1

 

 phenylephrine 4

 

Saline 5 ml/kg 38.4 

 

6

 

 3.2 11.3 

 

6

 

 2.9
Prazosin 0.5 36.1 

 

6

 

 5.9 26.1 

 

6

 

 5.2
Prazosin 1 17.4 

 

6

 

 4.7* 40.1 

 

6

 

 3†
Prazosin 2 14.8 

 

6

 

 6.0* 18.4 

 

6

 

 6.8

Animals were treated intraperitoneally (IP) with either saline (5
ml/kg), or prazosin (0.5–2 mg/kg), or prazosin plus phenylephrine (4
mg/kg) 15 min before apomorphine administration. Licking score was
recorded for a period of 60 min after apomorphine injection. Each
point is mean 

 

6

 

 SEM of nine animals.
*

 

p

 

 

 

, 0.05, †p , 0.01 different from respective control groups.

FIG. 4. Animals were treated intraperitoneally (IP) with either
saline (5 ml/kg), atenolol (0.5–2 mg/kg), or propranolol (2.5–10 mg/
kg) 15 min before apomorphine (0.5 mg/kg, IP) administration. Lick-
ing score was recorded for a period of 60 min after apomorphine
injection. Each point is mean 6 SEM of nine animals. *p , 0.05, **p ,
0.01 different from respective control groups.
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has been split into D2, D3, and D4. The dopamine D1 and D2
receptors are needed to induce motor behavior (2) and lick-
ing behavior in rats (28,30).

The present data indicate that administration of different
doses of apomorphine induced licking episodes in rats. The
response was dose dependent. This is in agreement with pre-
vious work that D1/D2 dopamine agonist apomorphine (17)
induced licking through activation of dopamine receptors
(28,30).

In this study, we explored the influences of adrenergic
agents on apomorphine-induced licking. The present data in-
dicate that administration of the a1-adrenoceptor phenyleph-
rine, but not the a2-adrenoceptor clonidine, decreased apo-
morphine-induced licking. Therefore, it can be suggested that
the a1-adrenergic mechanism may have an interaction with
the present response. This may also be in agreement with
other reports that adrenoceptor mechanisms may have influ-
ence on some other behaviors in the rat (4). It has been re-
ported that there is an interaction between a1-adrenoceptors
and dopamine D2 receptors in normal and catecholaminergic-
depleted mice (6,14).

Although, the effect induced by phenylephrine was antag-
onized by the a1-adrenoceptor antagonist prazosin, the high-
est dose of prazosin also reduced licking behavior produced
by apomorphine. There are some reports indicating that pra-
zosin decreased the behavioral effects produced by a systemic
injection of apomorphine (13,20,21). This finding with the
highest dose of prazosin may agree with a previous report
that the a1-antagonist, prazosin attenuates sniffing and loco-
motion (4), two behaviors that are induced by dopamine ago-
nists (23,25). The reason why the highest dose of prazosin
cannot reduce the response of all doses of the phenylephrine
response also may be due to this inhibitory effect of the an-
tagonist.

Stereotyped behaviors (e.g., head movement, licking, and
localized sniffing) are more closely associated with the cau-
date striatum (12). Considering evidence for the role of D1
and D2 dopamine receptors in mediating apomorphine-
induced licking behavior (28), and evidence that indicates an
interaction between a1-adrenoceptors and dopamine D2 re-
ceptors in normal and catecholaminergic-depleted mice
(6,14), a possible mechanism could involve a direct action of
the a1-adrenoceptor mechanism with postsynaptic D2 recep-
tor sites located in the striatum.

There is some evidence for an interaction between a2-
adrenoceptors and dopamine systems (4). However, the a2-
adrenoceptor agonist clonidine did not alter the apomorphine
response in the present study. Therefore, direct interaction
between a2-adrenoceptor mechanisms in apomorphine-
induced licking seems unlikely. The a2-adrenoceptor antago-
nist yohimbine also reduced licking induced by apomorphine.
The a2-antagonist has been shown to inhibit stereotyped be-
havior (8,20,31), which may be mediated through a direct in-
hibition of dopamine receptors (15,16). Nevertheless, yohim-
bine may block a2 presynaptic adrenoceptors and, in turn,
may release noradrenaline, which may cause inhibition of
apomorphine’s response through activation of the a1-adreno-
ceptor mechanism. The reason why the a2-adrenoceptor ago-
nist clonidine did not induce opposite effects may indicate
that the central adrenergic system through adrenergic recep-
tors does not have a negative influence on apomorphine-
induced licking.

The involvement of b-adrenoceptors in licking behavior is
not clear. The present study showed that the apomorphine-
induced licking was reduced by atenolol and propranolol.
This may indicate that even b-adrenoceptors are involved in
the behavior. However, the b-adrenoceptor agonists do-
butamine and salbutamol did not alter apomorphine re-
sponse. Various interactions between dopamine and 5-HT
systems have been demonstrated (10). Because both yohim-
bine and propranolol bind to 5-HT1A receptors, the possible
involvement of 5-HT mechanism(s) needs to be examined.

It is concluded that adrenoceptor mechanism(s) may be in-
volved in licking behavior. However, more experiments are
needed to clarify the exact mechanism(s).
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