Iranian Journal of Pharmaceutical Research (2011), 10 (2): 347-354 Copyright © 2011 by School of Pharmacy
Received: January 2010 Shaheed Beheshti University of Medical Sciences and Health Services
Accepted: May 2010

Original Article

Milled Stress Reduces Morphine-Induced Locomotion in F, NMRI Mice

Hassan Ghoshooni“”, Pooya Payandeh Mehr’, Seyyed Hosein Salimi¢,
Leila Golmanesh?, Ahamadreza Dehpour® and Hedayat Sahraei®

“Neuroscience Research Center, Baqyiatallah (A.S.) University of Medical Sciences,
Tehran, Iran. "Department of Pharmacology, Faculty of Medicine, Tehran University of
Medical Sciences, Tehran, Iran. ‘Department of Psychology, School of Medicine, Baqyiatallah
(A.S.) University of Medical Sciences, Tehran, Iran. “Molecular Biology Research Center,
Bagyiatallah (A.S.) University of Medical Sciences, Tehran, Iran.

Abstract

In the present study, the effects of pregnant NMRI mice restraint stress on the responsibility
of their children to the behavioral properties of morphine, sulpiride and dextromethorphan were
investigated in the F, generation.

Twenty four pregnant NMRI female mice (W: 25 g) were divided into the experimental and
control groups (n = 12/group). Animals in the experimental group were kept in the restraint
cylinder (ID = 6 cm, L =20 cm) for 60 min/day for 15 consecutive days, while the control group
did not receive stress. On the 8" day, blood samples were taken from the retro-orbital of both
groups for corticosterone measurement (ELYSA method). After the F, weight gained 20-25 g,
their tendency for right-handedness or Left-handedness and response to the new environment
was determined by T-maze and open field method, respectively. In addition, the effects of
morphine, sulpiride and dextromethorphan on the animals’ motor activity were studied.

Results showed that plasma corticosterone level in the experimental group was elevated
significantly with respect to the controls. In the off-springs, left-handedness was more frequent
in both the male and female animals whose mothers experienced restrained stress. In the open
field paradigm, however, the females of experimental group showed more activity compared
to the others. While the females of the control group showed more response to morphine (50
mg/Kg), interestingly, both male and female animals in the experimental group showed hypo
activity to morphine (0.5, 5, and 50 mg/Kg). Similarly, sulpiride (25 and 50 mg/Kg) reduced
the animals’ activity in both groups, while dextromethorphan did not cause any difference.
In conclusion, it can be summarized that stress during the gestation period may change the
response to the morphine-induced motor activity, in a sex-dependent manner.

Keywords: Stress; Motor Activity; F, generation; Morphine; Female mice.

Introduction gestation period of life. Stress has been defined

as any condition that changes internal or external

Stress is considered as an important factor melio. Stress reaction differs in accordance with
which can influence embryos growth during the its severity to threats in life (1, 2). In general, it is
accepted that stress can induce a neuroendocrine
* Corresponding author: response originated from hypothalamus and
E-mail: ghoshooni287@yahoo.com ends in adrenal gland (3). Corticosterone and
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norepinephrine released from rodents’ adrenal
cortex and medulla respectively, prepare the
animals for ameliorate the menace and/or
overcome it (3). However, when a pregnant
animal is exposed to a stressful event, with a
possible increase in the plasma concentration
of its corticosterone, the overloaded hormone
may readily cross the placenta barrier and
affect its embryos growth and development
(4, 5). In this regard, studies in rodents indicated
that the prenatal stress increased the anxiety-
related behaviors (6). In addition, prenatal
stress may be linked to a typical laterality in
rats (7-9). Investigators also revealed that the
early life stress can alter dopaminergic system
activity in rats (4), which may influence their
response to the psycho stimulants, indicating
the importance of early life events on later brain
activities. All together, these findings indicated
that implication of stress to a pregnant animal
could lead to a serious abnormal brain function
of its off-springs. However, despite the intense
investigations, regarding to the effects of prenatal
stress on the function and morphology of the
brain dopaminergic system (4, 9, 10) and the
effects of postnatal stress on the dopaminergic
(9) and opioidergic system (11, 12), there is no
study indicating the role of a maternal mild stress
on the response of the off-springs to morphine-
induced locomotion in mice. Such study may
provide more information to reach a better
understanding of what may occur in brain’s
opioidergic system after the prenatal stress.

Experimental

Animals

Thirty-two male and female NMRI mice
(Pasture Institute, Tehran, Iran) were housed one
by one in a mating cage (15 %15 %20 cm) over the
night for mating. At 8:0.0 PM the following day,
the animals were separated and the Embryonic
Zero day (E0) was detected through observing
the vaginal plug and/or identifying the sperm
in vaginal smear. The pregnant mice were
randomly divided into control and experimental
groups (n = 12/group). The animals were housed
2/cage and remained in a standard animal room
conditions (22 +2°C and 50% humidity with 12 h
light/dark cycle) and have free access to standard
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mouse chow and tap water add lib except during
the experiments.

Experimental procedure: Stress protocol in
pregnant mice (i.e. F, generation)

All experiments took place in light time
(10:00-12:00). To induct the stress, each animal
was placed in a PVC cylinder (20 cm length,
6.5 cm diameter) in which one of the ends was
blocked (13, 14) and the other one was sealed
by pieces of plastic. In such apparatus, animals
could not move easily though their abdomens
were not under the pressure. The pregnant mice
were placed in these vacuums 1 h/day for the
next 15 days (Embryonic day 15) (13, 14). The
time of stress exposure was randomly designed
for minimum stress adaptations. On E16, the
stress was interrupted and animals were kept for
delivering their pups and nursing them.

Blood sampling and plasma corticosterone
levels detection in stressed pregnant mice

Blood samples were taken from retro-orbital
sinus (0.1 mL of the blood in 0.9 mL sodium citrate
5%) of the pregnant mice on Embryonic day 8 (E8)
of pregnancy between 10:00-12:00 (13, 14). The
samples were centrifuged in 3000 rpm for 5 min
in 4°C and the supper natant serum was collected
for corticosterone detection. Corticosterone
concentration was determined by ELISA kit
(Rat Corticosterone ELISA kit; EIA-4164; DRG
Instruments GmbH, Germany) in 450 nm.

Determination of left-handedness and right-
handedness in F, generation

When the off-springs’ (both males and
females) weight reached up to 20 g, the animals
were placed in a T-maze apparatus and their
tendency for left or right arm of the maze was
estimated (n = 30 for each session/sex; 4 groups
with total number of 120 mice). All experiments
were taken place in a silent room from 10:0.0 AM
to 17:0.0 PM. The experiment was repeated three
times for each animal and the animal’s arm which
was selected more than once (i.e., 2 of 3), was
considered as its tendency. The experiments took
place in separate rooms for males and females.

Locomotion activity in F, generation
After right-handedness and left-handedness
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Figure 1. Plasma corticosterone level increment after milled
restraint stress in female pregnant mice on E8

Plasma corticosterone level was increased in the experimental
group. Data showed as mean + SEM, **: p < 0.01, which
proves different from control group.

determination, the next generations (e.g. F))
were engaged in locomotor activity experiments.
All experiments took place in a silent room from
10:0.0 AM till 17:0.0 PM (15). Male and female
F, generation of the experiment or control
mothers (n = 7-8/group, total number = 131 for
males and 140 for females) were brought to the
lab and remain there 1 h for adaptation. These
animals were different from the animals used
in the left-handedness and right-handedness
determination. Each animal was placed in an open
field apparatus (a cylinder with 30 cm diameter
and 30 cm high made by Plexiglas), and after
5 min, its locomotion activity was recorded for
10 min by a digital camera. These experiments
also took place in separate rooms for male and
female mice.

Drugs

Morphine sulfate (TEMAD Co., Tehran,
Iran), =sulpiride ([+]-N-1-[Ethylpyrrolidin-2-
ylmethyl])-2-methoxy-5-sulfamoylbenzamide),
(Sigma Chemical Co., California, USA) and
dextromethorphan  hydrobromide (TOCRIS,
UK) were dissolved in normal saline (10 mL) and
were injected in volume of 0.1 mL/10 g per body
weight. Morphine was injected subcutaneously
(s.c.). Sulpiride and dextromethorphan were
injected intra-peritoneally (IP) 30 min before
the beginning of experiments. The doses for all
drugs were chosen according to the previous
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Figure 2. Brain laterality in F, generation of stressed and non-
stressed pregnant mice

The animals were examined in a T-maze equipped for
determination of left- handedness or right-handedness. The
animals of experimental group showed more side biased
compared to the controls and it was more significant in
the females. Animals data are showed as % in each group
(Con = Control; Exp = Experimental; Fem = Female).

studies (15-17).

Statistical analysis

Data are shown as mean £+ SEM. One-way
analysis of variance (ANOVA) followed by
Tukey post-test, Un-Paired t-test or chi-square
tests was applied. p <0.05 considered statistically
significant.

Results and Discussion

Effects of stress on plasma corticosterone
level in pregnant mice

The effect of stress on blood corticosterone
level in pregnant animals is shown in Figure 1.
Our results indicated that milled stress can be
efficient for the elevation of corticosterone level
in the experimental group for about 300%, which
was statistically significant (p < 0.01, Figure 1).

Determination of right or left-handedness in
off-springs

When the off-springs of the control group were
placed in T-maze, more than 80% of the males
and females preferred the right arm. However,
the results of off-springs in experimental mothers
were completely reversed as up to 70% of both
males and females preferred their left arm to the
right one (p < 0.001, Figure 2).
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Figure 3. The F, generation behavior in non-familiar environment

The animals did not receive any treatment and were allowed to freely move in a cylinder for 5 min and then their activity was measured
for additional 10 min. The animals of experimental group showed more activity than the normal situation. Data showed as mean = SEM,
*: p <0.05 proved different from controls (Con = Control; Exp = Experimental; Fem = Female).

Exploratory behavior in non-treated F,
generation mice

Animals which did not receive a treatment
were located in an open field apparatus and
their activity was measured for 10 min. Results
showed that the experimental groups were more
active than the control one (p < 0.05, Figure 3)

Morphine induced locomotion in off-springs

As shown in Figures 4A-4D, the
administration of different doses of morphine
(0.5, 5, and 50 mg/Kg) induced locomotor
activity in the off-springs of control mothers
(Figure 4A for males and Figure 4B for females).
Moreover, maximum response was achieved in
dose of 50 mg/Kg of morphine in both animals.
In addition, it seems that females were more
responsible to morphine than males (Figures 4A
and 4B, p <0.001).

On the other hand, our results for the off-
springs of experimental mothers revealed that
morphine induces hypoactivity in doses 0.5 and
5 mg/Kg in both sexes (Figures 4C and 4D, p
< 0.0001). Interestingly, the females of the
experimental group also showed hypo activity
for dose of 50 mg/Kg of morphine instead of
hyper activity induced by the same dose in males
(Figures 4C and 4D).
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By injecting different doses of dopamine D,
receptor antagonist, sulpiride (25 and 50 mg/Kg,
SC) induced hypoactivity in all animals (Figures
4A, 4B, 4C, and 4D, p < 0.001). However, the
N- methyl-D- aspartate (NMDA) glutamate
receptor antagonist, dextromethorphan, (20 mg/
Kg, IP) did not change the animals’ locomotor
activity in all groups.

First of all, we found that psychological
stress (i.e. restraint in a closed tube) can increase
plasma corticosterone level in the pregnant
mice. Second, the study revealed that off-springs
from stressed mothers had different tendency
for left or right preference, and third, off-
spring’s responsibility to morphine was different
according to their sex.

Our results showed that corticosterone
plasma level was elevated in the experimental
group which indicated the method effectiveness
for stress induction. It is now accepted that
incrementing in plasma corticosterone level is
an indicator of stress response in rodents (3, 18,
19), which further indicates the involvement of
HPA axis activity as the main stress response
element (2, 20). In agreement with our results,
it is clear that immobilization of male rats also
increases plasma corticosterone level (13, 14,
21). Our results further indicated that the milled
restraint stress in the female pregnant mice can
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Figure 4. The F, generation response to morphine, sulpiride
and dextromethorphan in the control and the experimental
groups. A: male, control; B: male, experimental; C: female,
control; and D: female experimental.

Animals received different doses of morphine (0.5, 5 and 50
mg/Kg), sulpiride (25 and 50 mg/Kg) or dextromethorphan
(20 mg/Kg) and were placed in open filed apparatus and after
5 min their activity was recorded for 10 min. Data showed
as mean + SEM; *: p < 0.05; **: p < 0.01; ***: p < 0.001
proved different from controls. (CNTL = Control, without any
injection; Dextro= Dextromethorphan)

351

Milled Stress Reduces Morphine-Induced Locomotion in F, NMRI Mice

increase the plasma corticosterone level as well.

Previous studies have indicated that intra-
uterine stress can affect the brain laterality (22-
24) and may be linked to drug abuse (11, 12,
25). Our results showed that left-handedness and
right-handedness was equal in both males and
females in the control group whereas it was a
shift to left-handedness in both males and females
in the experimental group. It seems that female
mice are more sensitive to intra-uterine stress, in
comparison with the males. However, the exact
reason for the observed results is not available
and needs further experiments. These results
further indicated that a milled restraint stress
which can increase plasma corticosterone level in
the pregnant mice, can affect the brain laterality
in the embryos in the way that the F, generation
showed the complete diversity from the controls.
In a similar line with previous studies, it can be
concluded that some regions within the brain
of the experimental F, generation are not well
developed (4, 9, 24, 26-28). Moreover, as it was
mentioned earlier, it may also be related to drug
abuse. In our experiment, the animal’s response
to the new environment was also different in
experimental and control groups. Knowing the
response of the animals to the new environment
is the aim of several studies. For example, it
is clear that animals show more activity in the
new environment (10), and this is the result
of dopamine mesolimbic activity (10). Based
on available data, it is important that animals
with prenatal stress experiences may suffer
from abnormal dopamine mesolimbic system
development (4, 9, 28-32). It is likely that
corticosterone plasma level increment resulted
from restraint stress in the experimental group
can interact with factors which influence fetal
brain development and the change of locomotion
in the new environment is the result.

The response of F, generation to morphine
(as a typical opioid) also showed difference
in the experimental group. While the controls
showed no response to low doses of morphine,
the response of the experimental group was
even a decline. In agreement with our results,
Michaels et al. showed that the early post-natal
stress in rats can change the response to the mu-
opioid receptor agonists in place conditioning
paradigm (12). In addition, Moffett has shown
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that post-natal stress can also alter the cocaine
self-administration in the rats (33). Alteration in
response to morphine may be linked to dopamine
mesolimbic system abnormal developmentand/or
opioid receptor abnormality. [t must be mentioned
that the morphine’s ability of increasing the
locomotion activity is hypothesized to be built
base on dopamine mesolimbic activity (34-38).
However, as mentioned above, experiments
indicated that pre-natal and post-natal stress can
impair the development of mesolimbic dopamine
system (4, 9). Based on these findings, one may
conclude that our experiments, in which the
prenatal stress increases the maternal plasma
corticosterone level, leads to defect in brain
mesolimbic dopamine system development and
the response to morphine differs from controls
as a result. On the other hand, some contradict
data indicated that the response to the opioid
agonists was changed in rats experienced early
post-natal stress (12), which also may be true for
the response observed in the present study.

In completion, our results obtained from D,
dopamine antagonist, sulpiride, may be useful
for resolving the above theories. Our results
indicated that sulpiride reduced the locomotion
activity in all groups. The dopamine D, receptors
have shown to be involved in locomotion and
their inhibition leads to hypo activity in both
human and animal models (15, 39, 40, 41). Our
results are in agreement with these observations
and indicate that dopamine D, receptors are
functional in all groups. Considering the results,
it concluded that in experimental group, the
mesolimbic dopamine system responsiveness to
morphine may be different from that of dopamine
D, receptors.

In the last part of our experiments,
dextromethorphan as N- methyl-D- aspartate
(NMDA) receptor antagonist (17) was
administered to the animals for investigation of
possible brain glutamate system involvement
and/or alteration in response to intra-uterine
stress. However, no response was observed when
the drug was administrated. Our results did not
regret the role of brain glutamate system in the
alteration in response to opioids, even thought
other methods such as place conditioning
paradigm and self-administration procedure may
be useful for further evaluation of the role of this
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system.

In conclusion, results indicated that first,
F, generation brain laterality was changed in
animals whose mothers experienced milled
stress. Second, response to morphine-induced
locomotion was also altered in the experimental
group which was sex dependent but could not
be linked to D, dopamine and NMDA glutamate
receptor dysfunction.

Acknowledgment

This study was supported by grant from the
Neuroscience Research Center, Baqyiatallah
(A.S.) University of Medical Sciences.

References

(1) Carrasco LD. Neuroendocrine pharmacology of stress.

Eur. J. Pharmacol. (2003) 463: 235-272.

Lupien SJ, McEwen BS, Gunnar MR and Heim C.

Effects of stress throughout the lifespan on the brain,

behaviour and cognition. Nat. Rev. Neurosci. (2009)

10: 434-445.

McEwen BS. Physiology and neurobiology of stress

and adaptation: central role of the brain. Physiol. Rev.

(2007) 87: 873-904.

Brake WG, Diorio J, Meaney MJ and Gratton A.

Influence of early postnatal rearing conditions

on mesocorticolimbic dopamine and behavioural

responses to psychostimulants and stressors in adult

rats. Eur. J. Neurosci. (2004) 19: 1863-1874.

Cottrell EC and Seck JR. Prenatal stress, glucocorticoids

and the programming of adult disease. Front. Behav.

Neurosci. (2009) 3: 1-9.

Mueller BR and Bale TL. Sex-specific programming of

offspring emotionality after stress early in pregnancy.

J. Neurosci. (2008) 28: 9055-9065.

Alonso J, Castellano MA and Rodriguez M. Behavioral

lateralization in rats: prenatal stress effect on sex

differences. Brain Res. (1991) 539: 45-50.

Alonso J, Navarro E, Santana C and Rodriguez

M. Motor lateralization, behavioral despair and

dopaminergic brain asymmetry after prenatal stress.

Pharmacol. Biochem. Behav. (1997) 58: 443-448.

Weinstock M. Alterations induced by gestational stress

in brain morphology and behavior of the off springs.

Progr. Neurobiol. (2001) 65: 427-451.

(10) Yanga J, Lia W, Liub X, Lia Z, Lib H, Yangb G, Xua J
and Lia J. Enriched environment treatment counteracts
enhanced addictive and depressive-like behavior
induced by prenatal chronic stress. Brain Res. (2006)
3:132-137.

(11) Lu L, Hall FS and Shaham Y. Effect of environmental
stressors on opiate and psychostimulant reinforcement,
reinstatement and discrimination in rats: a review.

@)

®3)

4)

)

(6)

@)

®)

)



Neurosc. Biobehav. Rev. (2003) 27: 457-491.

(12) Michaels CC. Early postnatal stress alters place
conditioning to both p- and -opioid agonists. JPET
(2008) 325: 313-318.

(13) Zardooz H, Zahedi Asl S, Gharib Naseri MK and
Hedayati M. Effect of chronic restraint stress on
carbohydrate metabolism in rat. Physiol. Behav. (2006)
89:373-378.

(14) Zardooz H, Zahedi Asl S and Naseri MG. Effect of
chronic psychological stress on insulin release from rat
isolated pancreatic islets. Life Sci. (2006) 79: 57-62.

(15) Zarrindast MR, Eliassi A. Differential effects of
dopamine agonists on locomotion in intact and
reserpine-treated mice. Gen. Pharmacol. (1991) 22:
1027-31.

(16) Sahraei H, Faghih-Monzavi Z, Fatemi SM, Pashaei-Rad
S, Salimi SH and Kamalinejad M. Effects of Papaver
rhoeas extract on the acquisition and expression of
morphine induced behavioral sensitization in mice.
Phytother. Res. (2006) 20: 737-741.

(17) Lue W, Huang EY, Yang S, Wong C and Tao P. Post-
treatment of dextromethorphan reverses morphine
effect on conditioned place preference in rats. Synapse
(2007) 61: 420-428.

(18) Dunn AJ and Swiergiel AH. The role of corticotropin-
releasing factor and noradrenaline in stress-related
responses, and the inter-relationships between the two
systems. Eur. J. Pharmacol. (2008) 583: 186-193.

(19) Lightman SL. The neuroendocrinology of stress: a
never ending story. .J. Neuroendocrinol. (2008) 20:
880-884.

(20) McEwen BS. The brain is the central organ of stress
and adaptation. Neuroimage (2009) 47: 911-913.

(21)Lucas LR, Wang CJ, McCall TJ and McEwen BS.
Effects of immobilization stress on neurochemical
markers in the motivational system of the male rat.
Brain Res. (2008) 1155: 108-115.

(22) Gutteling BM and Buitelaar JK. Prenatal stress and
mixed-handedness. Pediatric Res. (2007) 62: 586-590.

(23) McFarlane A, Bryant RA, Williams LM, Niaura R,
Paul RH, Hitsman BL, Stroud L, Alexander DM
and Gordon E. The impact of early life stress on
psychophysiological, personality and behavioral
measures in 740 non-clinical subjects. J. Integr
Neurosci. (2005) 3: 27-40.

(24)Mulder EJH, Huizink AC, Van den Bergh BRH,
Buitelaar JK and Visser GHA. Prenatal maternal stress:
effects on pregnancy and the (unborn) child. Early
Human Development (2002) 70: 3-14.

(25)Mandal MKB, Kumar A and Gupta R. Side-bias in
alcohol and heroin addicts. Alcohol and Alcoholism
(2000) 3: 381-383.

(26) Kabbaj M, Watson SJ, Akil H The search for the
neurobiological basis of vulnerability to drug abuse:
using microarrays to investigate the role of stress and
individual differences. Neuropharmacology (2004) 47:
111-122.

(27) Kalinichev M and Holtzman SG. Periodic postpartum
separation ration from the offspring results in long-

353

Milled Stress Reduces Morphine-Induced Locomotion in F, NMRI Mice

lasting changes in anxiety-related behaviors and
sensitivity to morphine in Long-Evans mother rats.
Psychopharmacology (Berl) (2000) 152: 431-439.

(28) Thadani P. The intersection of stress, drug abuse and
development. Psychoneuroendocrinol. (2002) 27: 221-
230.

(29) Autry AE, Grillo CA, Piroli GG, Rothstein JD, McEwen
BS and Reagan LP. Glucocorticoid regulation of GLT-
1 glutamate transporter isoform expression in the rat
hippocampus. Neuroendocrinol. (2006) 83: 371-379.

(30) Bennur S, Shankaranarayana Rao BS, Pawlak R,
Strickland S, McEwen BS and Chattarji S. Stress-
induced spine loss in the medial amygdala is mediated
by tissue-plasminogen activator. Neuroscience (2007)
144: 8-16.

(31) Cunningham-Bussel AC, RootJC, Butler T, Tuescher O,
Pan H, Epstein J, Weisholtz DS, Pavony M, Silverman
ME, Goldstein MS, Altemus M, Cloitre M, Ledoux J,
McEwen B, Stern E and Silbersweig D. Diurnal cortisol
amplitude and fronto-limbic activity in response to
stressful stimuli. Psychoneuroendocrinology (2009)
34: 694-704.

(32) Goldenstein RZV. Drug addiction and its underlying
neurobiological basis: neuroimagining evidence for
involvement of the frontal cortex. Am. J. Psychiatry
(2002) 159: 1624-1652.

(33) Moffett MC, Harley J, Francis D, Sanghani SD,
Davis WI and Kuhar MJ. Maternal separation and
handling affects cocaine self-administration in
both the treated pups as adults and the dams. JPET
(2006) 3: 1210-1218.

(34) Acquas E and Di Chiara G. Depression of mesolimbic
dopamine transmission and sensitization to morphine
during opiate abstinence. J. Neurochem. (1992) 58:
1620-1625.

(35) Bassareo V, De Luca MA and Di Chiara G. Differential
impact of pavlovian drug conditioned stimuli on in-vivo
dopamine transmission in the rat accumbens shell and
core and in the prefrontal cortex. Psychopharmacol.
(2007) 191: 689-703.

(36) Di Chiara G and Imperato A. Preferential stimulation of
dopamine release in the nucleus accumbens by opiates,
alcohol, and barbiturates: studies with transcerebral
dialysis in freely moving rats. Ann. NY Acad. Sci.
(1986) 473: 367-381.

(37)Di Chiara G and Imperato A. Drugs abused by
humans preferentially increase synaptic dopamine
concentrations in the mesolimbic system of freely
moving rats. Proc. Natl. Acad. Sci. USA (1988) 85:
5274-5278.

(38) Pontieri FE, Tanda G and Di Chiara G. Intra-venous
cocaine, morphine, and amphetamine preferentially
increase extracellular dopamine in the «shell» as
compared with the «core» of the rat nucleus accumbens.
Proc. Natl. Acad. Sci. USA (1995) 92: 12304-12308.

(39) DeMei C, Ramos M, litaka C and Borrelli E. Getting
specialized: presynaptic and postsynaptic dopamine D,
receptors. Curr. Opin. Pharmacol. (2009) 9: 53-58.

(40) Sharifzadeh M, Rezaei H and Ghamsari MR.Interactive



Ghoshooni H et al. / TJPR (2011), 10 (2): 347-354

Effects of Acute and Chronic Lithium with Dopamine MG. Dopamine receptors and brain function.
Receptor Antagonists on Naloxone-Induced Jumping Neuropharmacol. (1996) 35: 1503-1519.
in Morphine-Dependent Mice. Iranian J. Pharm. Res.
(2003) 217-223

(41)Jaber M, Robinson SW, Missale C and Caron

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

354





