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Introduction

Chronic use of opioids may induce drug 

dependence (1) and behavioral reinforcing 
effects (2). Central catecholamines seem to 
have an important role in the expression of the 
somatic signs of withdrawal and the abstinence 
syndrome of opioids (3). Several effects of 
morphine, such as locomotion (4) and change in 
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Abstract 

In the present study, interactions of dopamine receptor agonists and antagonists with water 
swimming stress (WSS) on naloxone-induced jumping in morphine-dependent mice were 
examined. Mice were rendered dependent as described in the methods section. The opioid 
receptor antagonist, naloxone (1 mg/kg), was injected to elicit jumping (as a withdrawal 
sign). The first group exposed to WSS in the presence or absence of dopamine receptor drugs, 
before naloxone injection, in order to test the interaction of dopamine receptor mechanisms 
with WSS on expression of jumping behavior. When the animals were exposed to WSS for 
periods of 0.5, 1 or 3 min, 15 min prior to naloxone injection, WSS administration for a period 
of 3 min decreased the expression of jumping, but not diarrhea induced by naloxone. The D1 
receptor agonist, SKF38393 (1-phenyl-7,8-dihydroxy-2,3,4,5-tetrahydro-1H-3-benzazepine 
hydrochloride; 8 and 16 mg/kg),  D1 receptor antagonist, SCH 23390 (R-(+)-8-chloro-2,3,4,5-
tetrahydro-3-methyl-5-phenyl-1Hbenzazepine=7-ol maleate; 0.0025 and 0.005 mg/kg), D2 
receptor agonist, quinpirole (0.3 and 0.5 mg/kg) and D2 receptor antagonist, sulpiride (50 
mg/kg), potentiated the inhibition of jumping induced by WSS. Quinpirole, but not other 
dopamine receptor agents, increased diarrhea. In the second group of animals, effects of the 
dopamine receptor drugs; during development of morphine dependence, in the presence of 
WSS administration were tested. Administration of apomorphine (1 and 2 mg/kg) or SKF 
38393 (8 mg/kg) in the presence of WSS, during the development of morphine dependence 
increased jumping, while quinpirole (0.5 mg/kg) decreased diarrhea. In contrary, neither 
sulpiride nor SCH 23390 did not alter jumping or diarrhea induced by naloxone. It could be 
concluded that dopamine receptor mechanism(s) and/or WSS could be related the development 
of morphine dependency.
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temperature (5), may be mediated through the 
dopaminergic system. Furthermore, morphine 
inhibits yawning (6) or penile erection (7) are 
induced by dopamine D2 receptor stimulation. 
The action of morphine at opiate receptors has 
been reported to decrease the number (8) and 
activity (9) of D2 receptors. Chronic morphine 
treatment has been reported to cause development 
of hyperactivity within the dopaminergic system 
(10). Behavioral signs induced during morphine 
withdrawal are similar to those elicited during 
activation by dopamine D2 receptors (11). 
It has been proposed that during morphine 
dependence, dopamine and morphine exert 
opposite effects on striatal neurons, and also 
withdrawal is associated with a down-regulation 
of postsynaptic dopamine D1 and D2 receptors 
(12). Several biochemical changes have also 
been described in noradrenergic neurons of the 
lucus coeruleus (LC) after chronic morphine 
treatment (13).

Furthermore, various studies have shown that 
stress produces a reduction in various dopamine 
affected behaviors, including locomotor activity 
in an open field (14), avoidance and escape 
behavior in maze (15) and swimming activity 
(16). As previously reported, reduced central 
noradrenergic function has been involved as a 
factor in reduced behavioral activity after stress 
(17, 18). Noradrenaline levels were suppressed 
by stress in the dorsal cortex and lucus coeruleus 
of mice. While, stress produced lower dopamine 
levels in the hypothalamus, dopamine levels 
demonstrated a marked increase in the amygdala 
of mice. Furthermore, stress induced an increase 
in dopamine turnover in the lucus coeruleus of 
mice. 

In the present study, the influence of water 
swimming-stress (WSS) in the presence or 
absence of dopamine receptor agents on the 
expression of jumping as a withdrawal sign, and 
development of morphine dependence in mice 
has been investigated. 

Experimental

Materials   
 Animals 
Male NMRI mice (20-30g) were used In 

this study. They were housed in plastic cages 

in an animal room maintained at 22±3 °C with 
a light cycle of 12h light/12h darkness (lights 
on at 7:30 am.). Standard food and water were 
freely available at all times except during the 
experiments. Each animal was used only once.   

Drugs  
Morphine sulphate (Temad, Iran), naloxone 

hydrochloride ampoules (Tolidaru, Iran), SCH 
23390, sulpiride, apomorphine hydrochloride 
(Sigma, Poole, UK), quinpirole and SKF 38393 
(Research Biochemical USA) were used. The 
doses of drugs used were those found to be 
active in a previous study [19].

Methods    
Stress procedure 
Mice were subjected to swim stress (0.5,1 

and 3 min swimming at 20°C). The swimming 
tank (28cm diameter, 25cm height) was filled 
up with water up to a height of 15 cm. After 
swimming, the animals were dried by a towel 
and placed near the heater. 

 Induction of dependence  
The mice were rendered dependent on 

morphine, based on the method used previously 
(19). Morphine sulphate was injected 
subcutaneously (s.c.) three times daily at 8, 
12 and 16 h (with 4 intervals), based on the 
following dosage schedule. The three doses 
were 50, 50 and 75 mg/kg respectively. The 
highest dose of the third daily injection was 
used to minimize any overnight withdrawal. 
Morphine administration was carried out over 
a maximum of 3 days for all groups of mice. 
A dose of 50 mg/kg of morphine sulphate was 
also injected on the 4th day (2 h before naloxone 
injection). Weight loss (8-9%) and death (1%) 
were observed during chronic administration of 
morphine sulphate. 

 Naloxone-induced Jumping and Diarrhea 
Groups of 10 mice were tested for the 

occurrence of jumping, after their tenth injection 
of morphine on day 4. Two hours after the last 
dose of morphine (50 mg/kg), abstinence was 
precipitated by a subcutaneous (s.c.) injection of 
naloxone (1 mg/kg). Then animals were placed 
individually in a Perspex observation cylinder 

Fazli Tabaei S, Yahyavi H, Alagheband P, Zartab H, Safari S, Samiee HR, Rastegar F and Zarrindast MR / IJPR 2006, 2: 107-115



109

(15 cm diameter, 50 cm height) lined with pre-
weighed paper toweling to allow collection of 
wet and dry faecal material. The number of 
jumps was recorded immediately after naloxone 
injection over a 30-min period. The diarrhea 
induced after naloxone administration was 
expressed as the weight in grams of faecal 
material/100g body weight in 30 min. 

 Drug Treatment
The animals received 10 injections of 

morphine in order to develop dependence to 
morphine. The number of jumps induced by 
naloxone was compared to those that received 
10 injections of saline instead of morphine. 
Drugs were injected either before naloxone 
administration (effect of drugs on the expression) 
or during the development of dependency to 
morphine (effect of drugs on the development). 

Experiment 1: Effect of water swimming-
stress (WSS) on the expression of naloxone-
induced jumping. 

All the animals were rendered dependent on 
morphine. One group of animals received no 
WSS. Other groups of animals were exposed to 
WSS for periods of 0.5, 1 and 3 min, 15 or 30 min 
before naloxone administration and compared 
with the non-exposed-WSS control group. The 
number of jumps (Figure 1A) and diarrhea 
(Figure 1B) after naloxone administration were 
recorded in order to test the effect of WSS on 
expression of morphine withdrawal signs.

 Experiment 2: Effect of dopamine receptor 
agents, in the presence of WSS, on the expression 
of naloxone-induced withdrawal signs. 

The morphine dependent animals received 
either saline (5 ml/kg) or SKF 38393 (8 and 16 
mg/kg), SCH 23390 (0.0025 and 0.005 mg/kg), 
quinpirole (0.3 and 0.5 mg/kg) and sulpiride 
(25 and 50 mg/kg) 30 min, and WSS 15 min 
before naloxone injection. The number of jumps 
or diarrhea were recorded for 30 min after 
naloxone injection (Table 1). 

Experiment 3: Effects of WSS on the 
development of naloxone-induced jumping and 
diarrhea in the morphine dependent mice. 

The morphine dependent animals were forced 

to swim for different periods of time (0.5, 1 and 
3 min), on day 2 and day 3; 15 min either after 
the first morphine injection (2 Stress), or first and 
second morphine injections (4 Stress) or first, 
second and third morphine injections (6 Stress), 
during development of morphine dependence. 
The number of jumps (Figure 2A) or diarrhea 
(Figure 2B) were recorded for a period of 30 min, 
on day 4 after naloxone injection and compared 
with the non-exposed-WSS control group.

Experiment 4: Effects of apomorphine in the 
presence or absence of WSS on development of 
morphine dependence. 

The first group of morphine dependent animals 
received either saline (5 ml/kg) or different 
doses of apomorphine (0.25, 0.5, 1 and 2 mg/
kg), 30 min after injections of  morphine, on day 
2 and day 3 during development of morphine 
dependence. The second group of morphine 
dependent animals received WSS (for a period 
of 3 min), 15 min, and saline or different doses 
of apomorphine (0.25, 0.5, 1 and 2 mg/kg) 30 
min after morphine injections, on day 2 and day 
3, during development of morphine dependence. 
The number of jumps (Figure 3A) or diarrhea 
(Figure 3B) were recorded on the fourth day, 
after naloxone administration in order to test 
effect of apomorphine on inhibition of naloxone-
induced withdrawal signs by WSS.     

Experiment 5: Effect of dopamine receptor 
agents, in the presence of WSS, on the development 
of morphine dependency. 

The animals received either saline (5 ml/kg) 
or SKF38393 (8 and 16 mg/kg), SCH 23390 
(0.0025 and 0.005 mg/kg), quinpirole (0.3 and 
0.5 mg/kg) or sulpiride (25 and 50 mg/kg) 30 
min, and WSS 15 min after morphine injections, 
on the day 2 and 3, during development of 
morphine dependence. The number of jumps 
(Figure 4A) or diarrhea (Figure 4B) wererecorded 
on day 4 after naloxone injection. 

Statistical analysis    
Data were analyzed by using one-way or two-

way analysis of variance (ANOVA), followed by 
Newman-Keuls post-hoc tests. The results were 
considered significant at p<0.05. Data obtained 
are reported as mean ± SEM for 10 mice. 

The effects of dopamine receptor agents on Swim Stress-induced inhibition of  ...



110

Results and discussion 

Naloxone-induced jumping in morphine-
dependent mice

The animals were divided into two groups. 
The first group received three doses of morphine 
for three days

, in order to induce dependence. The second 
group received saline (5 ml/kg), instead of 
morphine, subcutaneously (s.c.). Naloxone (1 
mg/kg, s.c.) increased the number of jumps 
in morphine-dependent mice (73.5±6.8; n=10), 
compared with the non-dependent (control saline-
treated) mice (0.70±0.6; n=10, p<0.05). Jumping 
and diarrhea were considered as withdrawal in the 
other experiments. Hyperactivity and Straub-tail 
were seen after morphine administration. Weight 
loss (8-9%) and death (1%) were observed with 
chronic injection of morphine sulphate. 

In agreement with our previous report (20), the 
present data showed that chronic administration 
of morphine (for 3 days) and administration 
of naloxone on fourth day induced jumping 
behavior and diarrhea in mice.  

Effect of water swimming-stress (WSS) or 
dopamine receptor agents in the presence of 
WSS on expression of naloxone-induced jumping 
behavior and diarrhea in morphine-dependent 
mice

Figure1 indicates the effect of WSS on the 
expression of naloxone-induced withdrawal signs. 

All animals received morphine, (s.c.) 
three times daily for 3 days in order to induce 
dependence on morphine, as described earlier. 
One-way ANOVA showed that when animals 
were forced to swim for different periods of 
times (0.5, 1 and 3 min), 15 min [F(3,36)=5.9, 
p<0.01] or 30 min [F(3,36)=4.18, p<0.05] 
before naloxone injection, 3 min WSS decreased 
jumping but not diarrhea.  

Our present results show that administration of 
water swimming-stress (WSS) before naloxone, 
reduced the expression of jumping. It has been 
reported that endogenous opioid released into 
the ventral tegmental area in response to stress, 
modulates mesocorticolimbic dopamine (21). 
Therefore, the possibility may exist that response 
induced by WSS is due to such mechanism.

Table 1 indicates the effect of dopamine 
receptor drugs on inhibition of expression of 
naloxone-induced jumping by WSS. The 
morphine-dependent animals were forced to 
swim for a period of 3 min, 15 min prior 
to naloxone injection. Dopamine receptor 
agents were used 30 min before naloxone 
administration, and the number of jumps were 
recorded following naloxone injection. One-Way 
ANOVA revealed that administration of different 
doses of dopamine D1 receptor agonist, SKF 
38393 (8 and 16 mg/kg), dopamine D1 receptor 
antagonist, SCH 23390 (0.0025 and 0.005 mg/
kg), dopamine D2 receptor agonist, quinpirole 
(0.3 and 0.5 mg/kg) and dopamine D2 receptor 

Table 1. Effect of dopamine receptor agents on the expression of naloxone-induced

++Treatment(mg/kg,i.p.) Number of jumps/30 min (mean±S.E.M)  Diarrhea (g/100g) (mean±S.E.M)

Saline     (5 ml/kg)                    6.2±3.24 0.17±0.05

SKF 38393   8 0.0±0.0** 0.19±0.03

SKF 38393   16 0.0±0.0** 0.45±0.13

Quinpirole  0.3 0.0±0.0** 0.76±0.18**

Quinpirole  0.5 0.0±0.0** 0.87±0.16***

Sulpiride   25 0.0±0.0** 0.16±0.06

Sulpiride   50 0.0±0.0** 0.14±0.03

SCH 23390   0.0025 0.0±0.0** 0.21±0.03

SCH 23390   0.005 0.0±0.0** 0.27±0.04

withdrawal signs in the presence of swimming-stress (WSS). The morphine dependent animals received WSS for a period of 3 min, 
15 min and saline or dopamine receptor agents 30 min before naloxone injection. The number of jumps were recorded after naloxone 
administration. Each group comprised 10 mice. Data are presented as mean±S.E.M. *p<0.05, **p<0.01, ***p<0.001 different from the 
saline control group.    
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antagonist, sulpiride (25 and 50 mg/kg), 30 
min before naloxone injection potentiated the 
inhibition of naloxone-induced jumping by WSS 
[F(8,81)=3.66, p<0.01]. 

One-Way ANOVA also showed that 
administration of quipirole (0.3 and 0.5 mg/kg), 
but not SKF 38393 (8 and 16 mg/kg), SCH23390 
(0.0025 and 0.005 mg/kg) or sulpiride (50 mg/
kg), in the presence of WSS, increased diarrhea 
[F(8,81)=8.1, p<0.0001].  

The complex behaviors, such as tolerance, 
dependence, sensitization and craving, that 
characterize the addicted state, appear to result 
from nueroadaptations at the receptor/effector 
level. It has been shown that chronic morphine 
treatment results in the development of central 
supersensitivity of dopaminergic receptors 

(22, 23). The enhancement of dopaminergic 
transmission by dopamine receptor agonists 
could produce withdrawal symptoms, such as 
jumping “wet dog” shakes and hypothermia, 
but inhibits other withdrawal symptoms such as 
body weight loss. 

Two dopamine receptor subtypes, named 
D1 and D2, have been distinguished on the 
basis of pharmacological and biochemical 
data. The dopamine D1 stimulates adenylate 
cyclase, while dopamine D2 inhibits it (24). 
Gene cloning studies have split these into 
further subgroups (25, 26). The dopamine D1 
family is now known to include dopamine D1 
and D5, while the D2 family has been split 
into D2, D3 and D4 subtypes. These subtypes 

Figure 1. Effect of WSS on the expression of naloxone-
induced jumping and diarrhea in morphine dependent mice. 
Mice became dependent as described in the Material and 
methods section. All the dependent animals received naloxone 
(1 mg/kg) to induce jumping. Animals were exposed to WSS 
(for periods of 0.5, 1 and 3 min), 15 or 30 min before naloxone 
administration and compared with the non-exposed WSS 
control group. Each group comprised of 10 mice. Data are 
presented as means±S.E.M. **p<0.01, ***p<0.001
different from the non-exposed WSS control group.    

Figure 2. Effect of WSS on the development of naloxone-
induced jumping and diarrhea in morphine dependent mice. 
The animals were forced to swim for different periods of time 
(0.5, 1 and 3 min), on days 2 and 3; either 15 min after the first 
morphine injection (2 Stress), or first and second morphine 
injections (4 Stress) or first, second and third morphine 
injections (6 Stress), during the development of morphine 
dependence. The number of jumps were recorded on day 4 
after naloxone injection and compared with the non-exposed 
WSS control group. Each group comprised of 10 mice. Data 
are presented as mean±S.E.M. * p<0.05, ** p<0.01 different 
from the non-exposed WSS.
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of dopamine receptors are distinct molecular 
entities (27, 28) with different distributions 
(29, 30, 31).   

The present study shows that administration 
of the D1 dopamine receptor agonist, 
SKF38393 (32, 33), and the dopamine D1 
receptor antagonist, SCH23390 (34, 35), the 
dopamine D2 receptor agonist, quinpirole 
(36) and sulpiride, a dopamine D2 receptor 
antagonist (37- 40) in the presence of WSS, and 
30 min before naloxone injection, potentiate 
WSS-induced inhibition of naloxone-induced 
jumping. This indicates that dopamine receptor 
mechanism may be involved in WSS-induced 
inhibition of jumping. One may suggest that 
postsynaptic activation of both D1 and D2 
receptors increases the WSS response. While 
presynaptic blockade with sulpiride releases 
endogenous dopamine, in turn postsynaptic D1 
stimulation potentiates WSS-induced inhibition 

of jumping. Furthermore, SCH 23390 may 
block 5HT receptors, and causes potentiation 
of the WSS response. In the absence of WSS, 
the expression of diarrhea has been shown to 
decrease by quinpirole (19), while the present 
data indicated that the drug in the presence 
of WSS even increases diarrhea. There is a 
report showing that dopamine D2 receptor 
activation may induce an opposite effect to that 
of morphine on the expression of withdrawal 
signs (11). The locus coeruleus has been the 
most widely studied and it has been proposed 
to play a principal, causal role in the expression 
of many withdrawal signs (41). Mesolimbic 
dopamine system is linked to the nucleus 
accumbens and is thought to play a role in 
motivational/reinforcement/reward phenomena 

Figure 3. Effect of apomorphine in the presence or absence 
of WSS on the development of naloxone-induced withdrawal 
signs. The animals received saline (5 ml/kg) or different doses 
of apomorphine (0.25, 0.5, 1 and 2 mg/kg) 30 min after the 
second and third doses of morphine injections, on days 2 and 
3, in the presence (○) or absence of WSS (●) (as in figure 2). 
The number of jumps were recorded on day 4 after naloxone 
injection. Each group comprised of 10 mice. Data are presented 
as mean±S.E.M. *p<0.05, **p<0.01 different from the saline 
control group

Figure 4. The effect of dopamine receptor agents in the 
presence or absence of WSS on the development of naloxone-
induced withdrawal signs. The animals were forced to swim for 
different periods of 3 min, 15 min and under saline or different 
doses of dopamine D1 receptor agonist, SKF 38393 (8 and 16 
mg/kg), dopamine D1 receptor antagonist, SCH 23389 (0.0025 
and 0.005 mg/kg), dopamine D2 receptor agonist, quinpirole 
(0.3 and 0.5 mg/kg) and dopamine D2 receptor antagonist, 
sulpiride (25 and 50 mg/kg), 30 min after the second and third 
doses of morphine injections, on days 2 and  3. The number of 
jumps were recorded on day 4 after naloxone injection. Each 
group comprised of 10 mice. Data are presented as mean±S.
E.M. *p<0.05, **p <0.01 different from the saline control 
group.     
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(42). Moreover, the decrease in dopaminergic 
transmission by dopamine receptor antagonists 
may inhibit all the withdrawal symptoms, 
and only jumping may be mediated by the 
noradrenergic system (43). 

Effect of dopamine agents in the presence 
of WSS on development of naloxone-induced 
jumping behavior and diarrhea in morphine-
dependent mice.

Figure 2 indicates the effect of WSS on 
the development of naloxone-induced jumping. 
The animals were forced to swim for different 
periods of time (0.5, 1 and 3 min), 15 min after 
either the first (2 Stress) or first and second 
(4 Stress) or first, second and third (6 Stress) 
injections of morphine on days 2 and 3, during 
the development of morphine dependence. 
The number of jumps were recorded on day 
4 after naloxone injection. One-way ANOVA 
showed that 2 WSS for a period of 3 min 
decreased jumping, but not diarrhea. Six WSS 
for 0.5 and 3 min also decreased jumping. The 
present findings show that exposure to WSS 
during development of morphine dependency 
reduces naloxone-induced jumping. It has been 
proposed that WSS releases the endogenous 
substance (44). Whether this modulates the 
dopamine system (21) and in turn accounts for 
inhibition of morphine dependence should be 
tested.

Figure 3 indicates the effect of dopamine 
D1/D2 receptor agonist, apomorphine, in the 
presence or absence of WSS on the development 
of morphine dependence. The animals were 
forced to swim for a period of 3 or 15 min 
and saline or different doses of apomorphine 
(0.25, 0.5, 1 and 2 mg/kg) were injected 30 min 
after the second and third doses of morphine 
on days 2 and 3. The number of jumps were 
recorded on day 4 after naloxone injection. Two-
way ANOVA showed a significant difference 
between the effect of apomorphine (1 and 2 mg/
kg) in the presence or absence of WSS, during 
the development of morphine dependence, on 
jumping [F(4,90)=6.76, p<0.0001] or diarrhea 
[F(4,90)=2.85, p>0.05]. Post-hoc analysis 
indicated that WSS, could increased the response 
of apomorphine on naloxone-induced jumping, 
but not diarrhea.

The present data indicate that when 

apomorphine was used in the presence of WSS, 
during the development of dependence, more 
jumps were induced by naloxone. It seems 
likely that administration of WSS during the 
development of morphine dependence results 
in up-regulation of dopamine receptors. 
The possibility may exist that WSS releases 
endogenous opioids, similar to that of chronic 
morphine administration, inducing up-regulation 
of cAMP (45) or central supersensitivity of 
dopaminergic receptors (43). Based on our data 
the D1 receptor agonist, SKF 38393, which 
increases cAMP levels when administered 
during the development of morphine 
dependence in the presence of WSS, is able to 
increase jumping. Furthermore, an increase in 
dopaminergic activity, assessed by dopamine 
turnover, has been indicated in the lucus 
coeruleus of mice (46). These observations show 
that during chronic administration of WSS, an 
up-regulation of dopamine D1 receptors could 
be resulted. 

Figure 4 shows the effect of dopamine 
receptor agents in the presence of WSS on 
the development of morphine dependence. 
The animals were forced to swim for different 
periods of 3 or 15 min, and saline or different 
doses of dopamine receptor agonists or 
antagonist were injected 30 min after the second 
and third doses of morphine on days 2 and 3. 
The number of jumps were recorded on day 
4 after naloxone injection. One-way ANOVA 
showed that SKF 38393 increased jumping 
[F(2,27)=3.37, p<0.05], while quinpirole 
decreased diarrhea [F(2,27)=3.4, p<0.05]. SCH 
23390 and sulpiride did not alter naloxone-
jumping or diarrhea. The results indicate that 
D1 receptor up-regulation could be the main 
factor in WSS-induced inhibition of naloxone-
induced jumping and/or potentiation of WSS 
response.    

The present results show that administration 
of quinpirole in the presence of WSS during the 
development of morphine dependence, increases 
diarrhea, which further shows the involvement of 
dopaminergic system inhibition on withdrawal 
signs by WSS. 

It is concluded that dopaminergic system 
and/or WSS may could influence the morphine 
withdrawal signs. 

The effects of dopamine receptor agents on Swim Stress-induced inhibition of  ...



114

References

Weis OF, Sriwatanakul K, Alloza JL, Weintraub M 
and Asagna L.  Attitudes of patients, house staff, and 
nurses toward postoperative analgesic care. Anesth. 
Analg. (1983) 62: 70-74
Bilsky Ej, Montegut MJ, Delong CL and Reid LD.  
Opioidergic modulation of cocaine conditioned place 
preference. Life Sci. (1992) 50: 85-90
Maldonado R. Participation of noradrenergic pathways 
in the expression of opiate withdrawal: Biochemical 
and pharmacological evidence. Neurosci. Biobehav. 
Rev. (1997)  21: 91-104
Zarrindast MR and Zarghi A.  Morphine stimulates 
locomotor activity by an indirect dopaminergic 
mechanism: possible D-1 and D-2 receptor involvement. 
Gen Pharmacol. (1992) 23: 1221-25
Zarrindast MR, Mamanpush SM and Rashidy-pour 
A. Morphine inhibits dopaminergic and cholinergic 
induced ejaculation in rats.  Gen  Pharmacol. (1994) 
25: 803-808
Zarrindast MR and Jamshidzadeh A. Inhibitory effect 
of morphine on yawing induced by cholinoceptor 
and dopamine D2 receptor activation in rats.  Br. J. 
Pharmacol. (1992) 105: 675-78  
Zarrindast MR, Vahedy A, Heidari MR and Ghazi-
Khansari M. On the mechanism(s)of morphine-induced   
hypothermia.  J. Psychopharmacol.  (1994) 8: 222-26
Mavarro M, Fernandez-Ruiz  JJ, Rodriguez  DE, 
Fonseca  F, Cebeira  ML and  Romas  JA.   Modification 
of striatal D2 dopaminergic postsynaptic sensitivity 
during development of morphine tolerance and 
dependence in mice.  Pharmac.  Biochem.  Behav.  
(1992)  43: 603-608 
Elwan MA and Soliman MRI.   Alteration of D1 and 
D2 dopaminergic  receptor kinetics in specific rat brain 
regions following repeated administration of opiates. 
Pharmacology  (1995) 51: 73-83
Kiyatkin EA, Belyl VP, Rusakov DYU, Maksimov 
VV, Pankratova MK and Rochaners VV.  Longterm 
changes of striatal D-2 receptors in rats chronically 
exposed to morphine under aversive life conditions. 
Int. J. Neurosci.  (1991)  58: 55-61
Druhan JP, Walters CL and  Aston-Jones G.  Behavioral 
activation induced by D(2)-like receptor stimulation 
during opiate withdrawal. J. Pharmacol. Exp. Ther. 
(2000)  294:531-538
Georges F,Stinus L,Bloch B and  Le Moine C.  Chronic 
morphine exposure and spontaneous withdrawal are 
associated with modifications of dopamine receptor 
and neuropeptide gene expression in the rat striatum. 
Eur. J. Neurosci. (1999) 11: 481-90
Van Bockstaele EI, Peoples J, Menko AS, McHugh K 
and Drolet G. Decreases in endogenous opioid peptides 
in the rat medullo-Coerulear pathway after chronic 
morphine treatment. J. Neurosci. (2000)  20: 8659-66   
Armario A, Gil M, Marti J, Pol O and  Balasch J.  
Influence of  various  acute stressors on the activity of 
adult male rats in a holeboard and in the forced swim 

(1)
 

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
 

(11)

(12)

(13)

(14)

test. Pharmacol. Biochem. Behav.  (1991) 39: 373-77 
Berridge CW and Dunn AJ.  Restraint-stress-induced 
changes in exploratory behavior appear to be mediated 
by norepinephrine-stimulated release of CRF. J.
Neurosci.  (1989)  9: 3513-21
Simon PG, Weiss JM, Hoffman LJ and  Ambrose MJ.   
Reversal of behavioral depression by infusion of an 
alpha-2 adrenergic agonist into the locus coeruleus. 
Neuropharmacology (1986) 25: 385-89  
Stone EA, Manavalan SJ and Zhang Y.  Beta 
adrenoceptor blockade mimics effects of stress on 
motor activity in mice. Neuropharmacology  (1995) 
12: 65-71 
Pericic D, Jazvinscak M, Svob D and Mirkovic 
K.  Beta-1 adrenoceptor antagonists potentiate 
the anticonvulsive effect of swim stress in mice. 
Pharmacol. Biochem. Behav.  (2000) 67: 507-10
Zarrindast MR, Habibi M, Borzabadi Sh, Fazli-
Tabaei S, Yahyavi SH and  Rostami P.  The effect 
of dopamine receptor agents on naloxone-induced 
jumping behaviour in morphine-dependent mice. Eur. 
J. Pharmacol.  (2002) 451: 287-93
Rezayat M, Nikfar Sh and Zarrindast MR. CCK 
receptor activation may prevent tolerance to morphine 
in mice.  Eur.  J.  Pharmacol.  (1994)  254: 21-26 
Kalivas PW and Abhold R.  Enkephalin release into the 
ventral tegmental area in response to stress: modulation 
of mesocorticolimbic dopamine. Brain Res. (1987) 
414:339-48     
Bhargava HN.  Binding of [3H] spiroperidol to triatal 
membranes of rats treated chronically with morphine. 
Neuropharmacology  (1983) 22: 1357-61
Martin JR and Takemori AE.  Effect of Li on morphine 
(M)-induced acute tolerance, dependence and 
potentiation of apomorphine (APO). Pharmacolgist  
(1983) 25: 209
Kebabian JW and  Calne DB. Multiple receptors of 
dopamine. Nature (1979) 227: 93-96
Sibley DR, Monsma FJ, Sibley DR and  Monsma  FJ.  
Molecular biology of dopamine receptors. Trends 
Pharmacol. Trends Pharmacol. Sci.  (1992)  13: 61-69
Givelli O, Bunzow JR and Grandy DK. Molecular 
diversity of the dopamine receptors. Annu. Rev. 
Pharmacol. (1993) 32:281-307
Neilsen M, Klimek V and Hyttel J.  Distinct target size 
of dopamine D-1 and D-2 receptors in  rat striatum. 
Life Sci. (1984)  351: 325-32 
Dumbrille-Ross A, Niznik H and  Seeman P.  Separation 
of dopamine D-1 and D-2 receptors. Eur. J. Pharmacol. 
(1985) 110: 151-52
Altar CA, O’Neill S, Walter RR and Marshar GF. 
Brain dopamine and serotonin receptor sites revealed 
by digital subtraction autoradiography. Science (1985)  
228: 597-600
Dowson TM, Gehlert DR, Yamamura HI, Barnett A and 
Wamsley JK. D-1 dopamine receptors in the rat brain 
localization using [3H] SCH23390. Eur. J. Pharmacol.  
(1985) 108: 323-25 
Dubois A, Savosta M, Curet O and  Scatton B. 

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

Fazli Tabaei S, Yahyavi H, Alagheband P, Zartab H, Safari S, Samiee HR, Rastegar F and Zarrindast MR / IJPR 2006, 2: 107-115



115

Autoradiographic distribution of D1 agonist [3H] 
SKF38393 in the rat brain and spinal cord. Comparison 
with the distribution of D2 dopamine receptors. 
Neuroscience (1986) 19:125-37
Setler PE, Sapau HM, Zirkle CL and  Saunders HL. 
The central effects of a novel dopamine agonist. Eur. J. 
Pharmacol.  (1978) 50:  419-30   
Stoof  JC and  Kebabian JW.  Independent  in  vitro 
regulation by the D2 dopamine receptor of dopamine-
stimulated efflux of cyclic AMP and K+-stimulated 
release of acetylcholine from neostriatum. Brain Res.  
(1982) 250:  263-70
Iorio LC, Barnett A, Leitz FH, Houser VP and  Korduba 
CA.  A potential benzodiazepine antipsychotic with 
unique interactions on dopaminergic system. J. 
Pharmacol. Exp. Ther. (1983) 226:462-68
Hyttel J. Functional evidence for selective dopamine D-1 
receptor blockade by SCH23390.  Neuropharmacology  
(1984) 23:1395-01
Bach NJ, Kornfeld EC, Jones ND, Chaney MO, 
Doram DE, Pschal JW and Clemens JA. Smalsting 
EB.   Bicyclic  and  tricyclic ergolin partial structures. 
Rigid3-(2-aminoethyl) pyrroles and 3-and 4-(2-
aminoethyl) pyrazoles and dopamine agonists.   J. 
Med. Chem.  (1980) 23:  481-91
Di Chiara G, Porceddu ML, Vargiu L, Argiolas A and  
Gessa GL.  Evidence for dopamine receptors mediating 
sedation in mouse brain. Nature (1976) 264: 564-67
Costal B, Fortune  DH,  Hui SCG and  Naylor RJ.   
Neuroleptic antagonism of the motor inhibitory effect 
of apomorphine within the nucleus accumbens: drug 
interaction at presynaptic receptors?  Eur. J. Pharmacol.  
(1980) 63: 347-58

(32)

(33)

(34)

(35)

(36)

(37)

(38)

Kendler KS, Bracha HS and Davis KL. Dopamine 
autoreceptor and post-synaptic receptor blocking 
potency of neuroleptics.  Eur. J. Pharmacol. (1982) 
79: 217-23 
Stoof JC and  Kebabian JW.  Two dopamine receptors: 
biochemistry, physiology and pharmacology. Life Sci.  
(1984) 35: 2281-96
Nestler EJ and  Siege U.  The  brain on  opiates. Neuron  
(1996) 16: 897-900  
Rocha  BA, Fumagalli F, Gainetdinov RR, Jones SR, 
Ator R, Giros B, Miller GW and Caron MG. Cocaine 
self - administration in dopamine-transporter knockout 
mice. Nature Neurosci.  (1998) 1: 132-37    
El-Kadi AOS and Sharif SI. The role of dopamine in the 
expression of morphine withdrawal. Gen Pharmacol. 
(1998)  30: 499-505
Steinman JL, Faris PL, Mann PE, Olney JW, Komisaruk 
BR, Willis WiD and  Bodnar RJ. Antagonism of  
morphine  analgesia  by  nonopioid  cold-water swim  
analgesia:  Direct evidence for collateral inhibition. 
Neurosci.  Biobehav.  Rev.  (1990) 14: 1-7   
Nestler EJ, Hope BT and Windnell KL.  Drug addiction: 
A model for the molecular basis of neural plasticity. 
Neuron (1993) 11:  995-1006
Konstandi M, Johnson E, Lang MA, Malamas M and 
Marselos M.  Noradrenaline, dopamine, serotonin: 
different effects of psychological stress on brain 
biogenic amines in mice and rats. Pharmacological 
Res.  (2000) 41:341-46  

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

This article is available online at http://www.ijpr-online.com

The effects of dopamine receptor agents on Swim Stress-induced inhibition of  ...



Visit http://www.ijpr-online.com


