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Abstract: Apomorphine is a classical psychostimulant and used throughout the world as prescribed medicine. Despite of
their therapeutic effects, use of psychostimulants is restricted because some psychosis and impulse control disorders are
the consequence of their long term use. Studies suggest that serotonin (5-Hydroxytryptamine; 5-HT) has a critical role in
psychosis and drug abuse. Center of the present article is to assess the impacts of serotonin in the easing of misuse
potential; the sensitization prompted by recommended psychostimulant apomorphine. We researched that whether
Escitalopram can weaken apomorphine instigated behavioral sensitization. Rats treated with Escitalopram (10 mg/kg)
daily for 7 days followed by apomorphine injections (1mg/kg) for next 7 days. Apomorphine increased motor activity
after single injection and repeated injections produced a progressive sensitization of motor activity. Whereas, in rats
pretreated with Escitalopram apomorphine induced behavioral sensitization did not occur. In this article, from the results
of this study it is concluded that apomorphine induced behavioral sensitization was smaller in rats pretreated with SSRIs.

It might be due to the desensitization of somatodendritic 5-HT-1A receptors.
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INTRODUCTION

Psychostimulants affects transitory change in either
mental or physical capacity or both (Haleem 2013). The
well known impact induced by psycho stimulants
incorporates improved performance, alertness,
hypophagia, enhanced alertness (Haleem, 2013). It is
effective in the treatment of modulates episodic memory
(Montoya et al., 2008), treatment of drug dependence
(i.e., to heroin etc), for the treatment of erectile
brokenness in males and less active sexual desire disorder
in females (Ribaric, 2012). Apomorphine, a non-opiate
subsidiary of morphine, is a DA agonist shows proclivity
towards D1 and D2 receptors (Wang et al., 2007), is a
CNS stimulant (Poewe, 2009). It is a classical
psychostimulant and used throughout the world as
prescribed medicine (Poewe, 2009).

Despite of its useful effects, its use is limited because of
its long term use prompting medication abuse-user drug
dependence (Nestler, 2001; Robinson and Berridge,
2000). The drug involved in reward and reinforcing effect
produces neurochemical alterations which resultant into
an abnormal condition in laboratory animals (Mahmood
et al., 2012; Ikram and Haleem, 2011; Marston et al.,
2009).

In such manner, one potential target framework is the 5-
hydroxytryptamine (5-HT; serotonin) neurotransmitter
system is the most potential target. No less than 14
separate types and subtypes of serotonin receptors have
been perceived (Hoyer et al., 2002). The 5-HT-1A
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receptor subtype which happens on the soma and
dendrites of serotonin neurons furthermore postsynaptic
ally, has been accounted for to assume a vital part in the
fortifying impacts and remunerating of ill-use drugs
(Fletcher et al., 2008; Haleem et al., 2002).

Repeated subjection of many psychostimulant drugs leads
to a phenomenon termed as behavioral sensitization and
due to successive exposures drug response becomes more
prominent (Leyton, 2007; Varvel et al., 2007; Robinson
and Berridge, 2001). Behavioral sensitization is believed
to be a part of the mechanisms involved in a variety of
clinical conditions such as addiction (Pacchioni et al.,
2002; Robinson and Berridge, 2000), and obsessive-
compulsive disorder (OCD) (Dvorkin et al., 2006; Ben-
Pazi et al., 2001). The supreme example of behavioral
sensitization is locomotor sensitization which can be
induced by repeated subjection (Alttoa et al., 2007;
Perreault et al., 2006; Przegalinski et al., 2000). Psycho
stimulant sensitized rodents exhibit a progressive increase
of locomotor behaviors. While the locomotor behaviors
which become sensitized are variable, they are most
frequently attributed of the acute drug effects (Perrault et
al., 2006).

Escitalopram  is  S-enantiomer  of  citalopram,
therapeutically active, and is a commonly prescribed
selective serotonin reuptake inhibitor (SSRI) (Waugh and
Goa, 2003). But Escitalopram is found more superior to
citalopram in efficacy (Kennedy et al., 2006; Moore et al.,
2005). Previous studies have revealed that desensitization
of somatodendritic 5-HT-;5 receptors can alleviate
apomorphine induced behavioral sensitization (Ikram and
Haleem, 2011). The purpose of the present study was to
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investigate that whether repeated treatment of
Escitalopram could attenuate apomorphine induced
behavioral sensitization in rats. Hypothesis of the present
study is that, increase serotonin availability in synapse or
terminal sites of neuron can desensitize the
somatodendritic ~ receptors  which can  attenuate
apomorphine induced behavioral sensitization.

MATERIALS AND METHODS

Subjects

Twenty four male locally bred albino Wistar rats with an
average weight of 160+10 grams were purchased from the
Dow University of Health and Sciences (DUHS). Each
animal as housed in a separate cage with controlled
environmental conditions. Room temperature was
22+2°C and humidity 55+5% with 12:12 hour light dark
cycle. Before experiment, 3 day familiarization period
was allowed with free access of food (cubes of standard
rodent diet) and water. Each animal examination method,
supported by the Institutional Ethics and Animal Care
Committee, were coordinated in strict comprehension
with the National Institutes of Health Guide for Care and
Use of Laboratory Animals. All pharmaceuticals and
behavioral weighing were performed in a balanced setup
to avoid demand and times wastage.

Experimental protocol

This experimental study is based on two subsequent
phases. In 1% phase, 24 male rats were divided into two
equal groups, (each contains 12 animals), i) Water treated
and i) Escitalopram treated group. Animals of
Escitalopram group were administered orally with drug
(10mg/kg) and animals of water treated group were
administrated with water for 7 days.

After 24 hours of last (7") day of administration, (second
phase) animals of each group were further divided into
two sub groups 1) Water treated Saline 2) Water treated
Apomorphine 3) Escitalopram treated Saline 4)
Escitalopram  treated Apomorphine. Animals of
apomorphine administrated group were injected with
apomorphine at dose 1.0mg/kg via intra-peritoneal route
repeatedly for next 7 days. Animals of saline group were
injected similarly with saline. Locomotive activity was
monitored in familiar environment (activity box) on next
day of each and every injection. Activity in novel
environment (open field) was monitored on next day of 1%
and 7" day of administration. Anxiolytic behavior of
treatment (Iight dark activity box) was monitored on next
day of 1%, 3", 5™ and 7" day of administration.

Activity monitoring

Activity box

Activity box was used to determine the effects of
treatment on locomotor activity of animals. Activity box
was a perspex square shaped cage (26 x 26 x 26cm) with
a saw dust covered floor. We have monitored no of cage

crossed in all the direction for 10 minutes. Monitoring of
activity was performed in a quiet room under weight light
as described by Ikram et al., 2011. Control animals show
little activity in familiar environment therefore drug
induced activity clearly shown in this arena (Haleem
2010).
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Values are means + SD (n=6) as monitored on next day of each
injection. Significant differences by Newman-Keuls test:
*p<0.05, **p<0.01 from respective saline injected controls;
+p<0.05, ++p<0.01 from similarly injected water or
Escitalopram administrated animals from 1% day; #p<0.01 from
respective single saline or apomorphine injected water or
Escitalopram treated animals following three-way ANOVA
(repeated measures design).

Fig. 1: Effects of Apomorphine Injections on Activity in

Activity Box of Animals Previously Exposed to
Escitalopram

Open field

Open field gives an extensive exploratory range in which
depressive like movement of medications can easily
monitored (Haleem, 2010). The apparatus of open field
used in this experiment was constructed of transparent
Plexiglas having square area 76 x 76cm with opaque
walls 42cm high. The floor of arena was divided into 25
equal squares. As the test begins, the animals placed in the
center of the field to determine d the effects of treatment.
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Number of squares crossed with all four paws was
monitored for 5 minutes (Farhan et al., 2014; Mill et al.,
2002; Tang et al., 2002). Latency time is the time to move
from the center square in seconds as prescribed by Batool
etal., 2011.
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Values are means + SD (n=3) as monitored on next day of 1%
and 7" injection. Significant differences by Newman-Keuls test:
*p<0.01 from saline injected controls; +p<0.05 from similarly
injected water or Escitalopram administrated animals; #p<0.01
from respective single saline or apomorphine injected water or
Escitalopram treated animals following three-way ANOVA
(repeated measures design).

Fig. 2a: Effects of Apomorphine Injection on Activity in
Open Field of Animals Previously Exposed to
Escitalopram

Light dark box

Light dark activity test can be used significantly to
determine anxiolytic effects of drugs (Maldonado and
Navarro, 2000). The light dark activity box used in this
experiment was locally made and consists of two equal
compartments (26 x 26 x 26cm), with an access (12 x 12
cm) between the compartments. Both compartments were
different from each others. Walls of one compartment
were light (transparent) and other dark (black). Time
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spent in light box was monitored for the determination of
anxiolytic action of treatment. Cut off time was 5 minutes.
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Values are means + SD (n=3) as monitored on next day of
1% and 7" injections. Significant differences by Newman-
Keuls test: *p<0.01 from saline injected controls; +p<0.05
from similarly injected water or Escitalopram
administrated animals; following three-way ANOVA
(repeated measures design).

Fig. 2b: Effects of Apomorphine Injection on Activity in
Open Field of Animals Previously Exposed to
Escitalopram

Drugs

Apomorphine-HCI (Sigma, St Louis, Missouri, USA) was
dissolved in saline and injected via intra-peritoneal route
of administration (lkram and Haleem, 2011). Drug
solutions were prepared daily before injection. Control
animals were injected with saline (1.0ml/kg).
Escitalopram, dissolved in water, was administered orally
at 10 mg/kg. The respective controls were administered
water orally.

STATISTICAL ANALYSIS

Behavioral Data of apomorphine administration on rats
pretreated with Escitalopram were analyzed by three -

Pak. J. Pharm. Sci., Vol.32, No.1, January 2019, pp.197-203

199



Attenuation of apomorphine induced behavioral sensitization in rats treated with escitalopram

way ANOVA (repeated measure design) (SPSS). Software
used for the analysis was SPSS (version 17.0). Individual
comparisons were made by Newman-Keuls test. Values of
p<0.05 were considered as significant.
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Values are means + SD (n=3) as monitored on next day of 1%,
3 5 and 7™ injections. Significant differences by Newman-
Keuls test: *p<0.05, **p<0.01 from saline injected controls;
+p<0.05, ++p<0.01 from similarly injected water or
Escitalopram administrated animals; #p<0.05, ##p<0.01 from
respective single saline or apomorphine injected water or
Escitalopram treated animals following three-way ANOVA
(repeated measures design).

Fig. 3: Effects of Apomorphine Injections on Time Spent
in Light Box in Light Dark Transition Model of Animals
Previously Exposed to Escitalopram

RESULTS

Fig. 1 shows effects of repeated apomorphine injections at
dose of 1mg/kg on activity (cage counts) of animals
pretreated with Escitalopram in activity box. Activity was
monitored on next day of each injection. Change in
activity was analyzed by three-way ANOVA (repeated
measures  design)results showed that effects of
Escitalopram [F(1,20) =141.335, p<0.01]; apomorphine
[F(1,20) =112.119; p<0.01];repeated measurements

[F(6,20) =212.398, p<0.01] and interaction between
Escitalopram, apomorphine and repeated monitoring
[F(6,20)=111.414; p<0.01]were significant. Post-hoc
analysis by Newman-Keuls test showed that injections of
apomorphine to rats pretreated with water increased
(p<0.01) number of cage crossed as compare to saline
ingected animals. Significant increase was found after 5",
6" and 7"injections. Injections of apomorphine to rats
pretreated with Escitalopram decreased number of cage
crossed as compare to saline injected animals. Significant
decrease was found after 5" (p<0.05), 6" (p<0.01) and 7"
(p<0.01) injections. Number of cage crossed was
increased (p<0.01) in water pretreated apomorphine
injected animals as compare to similarly injected animals
of 1% day administration. Significant increase was found
after 5", 6™and 7" injection. Number of cage crossed was
increased in Escitalopram pretreated saline injected
animals as compare to similarly injected animals of 1%
day administration. Significant increase was found after
4™ (p<0.05), 5™ (p<0.05), 6™ (p<0.01) and 7™ (p<0.01)
injections. In Escitalopram pretreated animals, saline
injections increased (p<0.01) number of cage crossed as
compare to respective day effect of water pretreated saline
injected animals. Significant increase was found after all
injections except 1%injection. In Escitalopram pretreated
animals, apomorphine injections decreased (p<0.01)
number of cage crossed as compare to respective day
effect of water pretreated apomorphine injected animals.
Significant decrease was found after 5", 6" and 7"
injections.

Fig. 2 shows effect of repeated apomorphine injections to
rats pretreated with Escitalopram on number of squares
crossed in an open field model. Activity was monitored on
next day of 1% and 7" injection. Analysis of the data (fig.
2a) on number of square crossed by three-way ANOVA
(repeated measures design) showed that effects of
repeated monitoring (F=287.792; df=3, 20; p<0.01) and
interaction among Escitalopram, apomorphine, effects of
Escitalopram (F=22.120; df=1, 20; p<0.05) and repeated
monitoring(F=63.287; df= 3, 20; p<0.01) were
significant. However, the effects of apomorphine
(F=0.354; df= 1, 20; P>0.05) was non-significant. Post-
hoc analysis by Newman-Keuls test showed that
injections of apomorphine to rats pretreated with water
increased (p<0.01) square crossed as compare to saline
injected animals. Significant increase was found after 7"
day of administration. Apomorphine injections to rats
pretreated with Escitalopram decreased (p<0.01) squares
crossed as compare to saline injected animals. Significant
increase was found after 7" day of administration. Square
crossed was increased (p<0.01) in Escitalopram pretreated
saline injected animals as compare to water pretreated
animals after a week of injections. Square crossed was
decreased (p<0.01) in  Escitalopram  pretreated
apomorphine injected animals as compare to water
pretreated animals after a week of injections. Number of

200

Pak. J. Pharm. Sci., Vol.32, No.1, January 2019, pp.197-203



squares crossed was increased in water and Escitalopram
pretreated animals of saline as well as apomorphine
injected animals as compared to 1% day effect, after a
week of injections.

Fig. 2b shows effect of repeated apomorphine injections
to rats pretreated with Escitalopram on latency time to
move in an open field model. Activity was monitored on
next day of 1% and 7™ injections. Analysis of the data fig.
2b on number of squares crossed by three-way ANOVA
(repeated measures design) showed that effects of
Escitalopram [F(1,20) =61.850, p<0.01], apomorphine
[F(1,20) =151.600,p<0.01] and interaction among
Escitalopram, apomorphine and repeated monitoring
[F(3,20)=25.739,p<0.05]were significant. However, the
effects of repeated monitoring [F (3, 20) =13.965, p>0.05]
was non-significant. Post-hoc analysis by Newman-Keuls
test showed that injections of apomorphine to rats
pretreated with water and Escitalopram increased latency
time to move as compared to saline injected animals.
Significant increase was found after 1% and 7" day of
injections. Time required to start movement in open field
was increased (p<0.01) in Escitalopram pretreated
animals of saline as well as apomorphine injected animals
as compared to water pretreated animals after 1% and 7"
of injection.

Fig. 3 shows effects of repeated apomorphine injections
on number of entries in light box in light dark transition
box. Activity was monitored on next day of 1%3", 5"and
7" injections. Analysis of the data by three way ANOVA
(repeated measures design) showed that effects of
Escitalopram [F(1,20) =31.116,p<0.01]; apomorphine
[F(1,20) =63.736,p<0.01] and repeated monitoring
[F(3,20)=16.249,p<0.05] were significant. Whereas, the
interaction among Escitalopram, apomorphine and
repeated monitoring [F (3, 20) =5.63, p>0.05] was not
significant. Post-hoc analysis by Newman-Keuls test
showed that injections of apomorphine to rats pretreated
with water increased time spent in light box as compare to
saline injected animals. Significant increase was found
after 1% (p<0.05), 3 (p<0.01), 5" (p<0.01) and 7"
(p<0.01) injection. Apomorphine injections to rats
pretreated with Escitalopram decreased time spent in light
box (p<0.01) as compare to saline injected animals.
Significant decrease was found after 7" injection.
Repeated injections of apomorphine to rats pretreated
with water increased time spent in light box as compare to
first day effect. Significant increase was found after 7"
injection. Repeated apomorphine injections to rats
pretreated with water increased time spent in light box as
compared to its single injection. Increase in time spent
was significant (p<0.01) after 7" injection. Apomorphine
injections to rats pretreated with Escitalopram decreased
time spent in light box as compared to saline injected rats.
Decrease in time spent was significant (p<0.01) after 7"
injection. Apomorphine injection to rats pretreated with
Escitalopram decreased time spent in light box (p<0.01)
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as compare to respective day effect of water pretreated
apomorphine injected animals. Significant decrease was
found after 3", 5" and 7" injection. Time spent in light
box was increased (p<0.05) in Escitalopram pretreated
saline injected animals as compare to respective day
effect of water pretreated saline injected animals.
Significant decrease was found after 5™ and 7" injection

DISCUSSION

Serotonin is accepted to include in the reductions of
numerous insane manifestation and abuse potential which
are connected with the long-term use of apomorphine
(lkram and Haleem, 201l)and other classical
psychostimulants (Steiner et al., 2010; Fletcher et al.,
2008). This topic is blessed with the great interest of
researchers to alleviate the symptoms of psychostimulants
induced disorders (Haleem, 2013). Results from the
present study showed that repeated administration of
apomorphine induced induction and expression of
behavioral sensitization in terms of hyper locomotion is
attenuated by Escitalopram, a SSRI with its pretreatment.

Apomorphine, like other traditional psychostimulants are
well known to increase motor activity on acute
administration. Amphetamines and others activates
dopamine receptors indirectly by enhancing the DA
concentration in the synapse whereas, apomorphine, a
dopamine agonist directly stimulates the Dopamine D,/D,
receptors. The present study showed that repeated
injections of apomorphine increases the activity of
animals in familiar environment of home cage (fig. 1).
Pretreatment with Escitalopram also increased motor
activity in their familiar environment. While apomorphine
injection to Escitalopram pretreated rats reduces the
apomorphine induced hyperactivity. These results suggest
that Escitalopram (10mg/kg) like fluoxetine (Haleem and
Farhan, 2015) reduces the apomorphine (1mg/kg) induced
hyperactivity in familiar environment.

Previous study has reported that apomorphine is
responsible to enhance exploratory activity in open field
(Haleem and Farhan, 2015). Present study revealed that
systematic ~ administration ~ of  apomorphine  and
Escitalopram pretreatment increased motor activity in
novel environment, whereas apomorphine injections to
rats pretreated with Escitalopram reversed the
hyperactivity induced by apomorphine (fig. 2a and 2b).
These results suggest that apomorphine at dose 1mg/kg is
sufficient to induce behavioral sensitization, however;
Escitalopram reduces the effects produced by
apomorphine.

Results from the present study showed that apomorphine
injections to rats pretreated with Escitalopram spent less
time in light box as compared to apomorphine injection
alone or alone Escitalopram pretreatment. These results
indicating that repeated apomorphine injections reverses
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the anxiolytic effects of Escitalopram. Escitalopram like
fluoxetine and other SSRIs increase 5-HT level in the
synapse by two ways; primarily by inhibiting its reuptake
and after by causing the desensitization of
somatodendritic autoreceptors 5-HT-;4 in the dorsal
striatum and terminal 5-HT-;gautoreceptors in different
brain regions. As a result of this functional
desensitization, negative feedback of these receptors by
increased extracellular level of serotonin in disturbed and
may results in more efficacy of serotonin (Tao et al.,
2002).

From the previous studies it has been reported that
adaptations of serotonin  neurotransmissions  and
autoreceptors functions due to pretreatment of SSRIs
(Newman et al., 2004; Hensler, 2003), results in the
adjustment of dopamine neurotransmission (Haleem,
2013) and is responsible to attenuate apomorphine
induced behavioral sensitization. Buspirone
administration  stimulates  somatodendritic  5-HT-14
receptors (Haleem et al., 2004; Shireen and Haleem,
2005) results in the functional desensitization of
somatodendritic 5-HT-14 receptors (Haleem et al., 200743,
2007b). Systemic administration of buspirone reduces
behavioral sensitization induced by apomorphine (lkram
and Haleem, 2011). Inhibition of apomorphine induced
hyper-locomotion by pretreatment of fluoxetine (Haleem
and Farhan, 2015) also suggests the role of fluoxetine
administration on 5-HT-;o receptor regulation pathway.
The present study is the extra confirmation in the
inclusion of 5-HT-1A autoreceptors in apomorphine
impelled behavioral sensitization.

CONCLUSION

From the results of this study it is concluded that
apomorphine induced behavioral sensitization was
smaller in rats pretreated with SSRIs. It was also reported
previously that SSRIs repeated administration attenuates
the CNS stimulant induced sensitization. (Haleem and
Farhan, 2015) and, it can be concluded that
somatodendritic 5-HT-1A receptors might plays a critical
role in apomorphine induced psychosis. So escitalopram
(or other SSRI) can be used to treat apomorphine induced
dependence, psychosis, and addiction

REFERENCES

Alttoa A, Eller M, Herm L, Rinken A and Harro J (2007).
Amphetamine-induced locomotion, behavioral
sensitization to amphetamine, and striatal D , receptor
function in rats with high or low spontaneous
exploratory activity: Differences in the role of locus
coeruleus. Brain Research, 1131: 138-148.

Batool F, Kamal A, Sattar M, Shah AH, Ahmed SD, Saify
ZS and Haleem DJ (2011). Evaluation of
antidepressant-like effects of aqueous extract of sea
buckthorn ~ (Hippophae  rhamnoides L.  ssp.

turkestanica) fruits in experimental models of
depression. Pak. J. Bot., 43(3): 1595-1599.

Ben-Pazi A, Szechtman H and Eilam D (2001). The
morphogenesis of motor rituals in rats treated
chronically with the dopamine agonist quinpirole.
Behavioral Neuroscience, 115(6): 1301.

Dvorkin A, Perreault ML and Szechtman H (2006).
Development and temporal organization of compulsive
checking induced by repeated injections of the
dopamine agonist quinpirole in an animal model of
obsessive-compulsive disorder. Behavioral Brain
Research, 169(2): 303-311.

Farhan M, lkram H, Kanwal S and Haleem DJ (2014).
Unpredictable chronic mild stress induced behavioral
deficits: A comparative study in male and female rats.
Pak. J. Pharm. Sci., 27(4): 879-884.

Fletcher PJ, Le AD and Higgins GA (2008). Serotonin
receptors as potential targets for modulation of nicotine
use and dependence. Prog. Brain Res., 172: 361-383.

Fletcher PJ, Le AD and Higgins GA (2008). Serotonin
receptors as potential targets for modulation of nicotine
use and dependence. Prog. Brain Res., 172: 361-383.

Haleem DJ (2010). Neurochemistry, Neuropharmacology
and behavior. VDM Publishers, Germany.

Haleem DJ (2013). Extending therapeutic use of
psychostimulants: Focus on serotonin-1A receptor.
Prog Neuropsychopharmacol Biol Psychiatry., 46: 170-
180.

Haleem DJ and Farhan M (2015). Inhibition of
apomorphine-induced behavioral sensitization in rats
pretreated with fluoxetine. Behavioural pharmacology,
26(1 and 2-Special Issue): 159-166.

Haleem DJ, Naz H, Parveen T, Haider S, Ahmed SP, Khan
NH and Haleem MA (2002). Serotonin and serotonin
1-A receptors in the failure of ethanol treated rats to
adapt to a repeated stress schedule. J. Stud Alcohol., 63:
389-396.

Haleem DJ, Samad N and Haleem MA (2007a). Reversal
of haloperidol-induced extrapyramidal symptoms by
buspirone: a time-related study. Behav. Pharmacol., 18:
147-153.

Haleem DJ, Samad N and Haleem MA (2007b). Reversal
of haloperidol-induced Tardive vacuous chewing
movements and  supersensitive  somatodendritic
serotonergic response by buspirone in rats. Pharmacol.
Biochem. Behav., 87: 115-121.

Haleem DJ, Shireen E and Haleem MA (2004).
Somatodendritic and  postsynaptic  serotonin-1A
receptors in the attenuation of haloperidol-induced
catalepsy.  Prog.  Neuropsychopharmacol.  Biol.
Psychiatry, 28: 1323-1329.

Hensler JG (2003). Regulation of 5-HT1A receptor
functions in brain following agonist or antidepressant
administration. Life Sci., 72: 1665-1682.

Hoyer D, Hannon JP and Martin GR (2002). Molecular,
pharmacological and functional diversity of 5-HT
receptors. Pharmacol. Biochem. Behav., 71: 533-554.

202

Pak. J. Pharm. Sci., Vol.32, No.1, January 2019, pp.197-203



Ikram H and Haleem DJ (2011). Attenuation of
apomorphine-induced sensitization by buspirone.
Pharmacol. Biochem. Behav., 99(3): 444-450.

Kennedy SH, Andersen HF and Lam RW (2006). Efficacy
of Escitalopram in the treatment of major depressive
disorder compared with conventional selective
serotonin reuptake inhibitors and venlafaxine XR: a
meta-analysis. J. Psychiatry Neurosci., 31(2): 122-131.

Leyton M (2007). Conditioned and sensitized responses to
stimulant drugs in humans. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 31(8):
1601-1613.

Mahmood D, Khanam R, Pillai KK and Akhtar M (2012).
Protective effects of histamine H3-receptor ligands in
schizophrenic behaviors in experimental models.
Pharmacol. Rep., 64: 191-204.

Maldonado E and Navarro JF (2000). Effects of 3, 4-
methylenedioxy-methamphetamine  (MDMA)  on
anxiety in mice tested in the light-dark box. Progress in
Neuro-Psychopharmacology and Biological
Psychiatry, 24(3): 463-472.

Marston HM, Young JW, Martin FD, Serpa KA, Moore
CL and Wong EH et al., (2009). Asenapine effects in
animal models of psychosis and cognitive function.
Psychopharmacology, (Berl) 206: 699-714.

Mill J, Galsworthy MJ, Paya-Cano JL, Sluyter F,
Schalkwyk LC, Plomin R and Asherson P (2002).
Home-cage activity in heterogeneous stock (HS) mice
as a model of baseline activity. Genes, Brain and
Behavior, 1(3): 166-173.

Montoya A, Lal S, Menear M, Duplessis E, Thavundayil
J, Schmitz N and Lepage M (2008). Apomorphine
effects on episodic memory in young healthy
volunteers. Neuropsychologia. 46(1): 292-300.

Moore N, Verdoux H and Fantino B (2005). Prospective,
multicenter, randomized, double-blind study of the
efficacy of Escitalopram versus citalopram in
outpatient treatment of major depressive disorder. Int.
Clin. Psychopharmacol., 20(3): 131-137.

Nestler EJ (2001). Molecular basis of long-term plasticity
underlying addiction. Nat. Rev. Neurosci., 2: 119-128.
Newman ME, Shalom G, Ran A, Gur E and Van de Kar

LD (2004). Chronic fluoxetine induced desensitization
of 5-HT1A and 5-HT1B autoreceptors: Regional
differences and effects of WAY-100635. Eur. J.

Pharmacol., 486: 25-30.

Pacchioni AM, Gioino G, Assis A and Cancela LM
(2002). A single exposure to restraint stress induces
behavioral and neurochemical sensitization to

Muhammad Farhan and Mehwish Parveen

stimulating effects of amphetamine. Ann. N.Y. Acad.
Sci., 965: 233-246.

Perreault ML, Graham D, Bisnaire L, Simms J, Hayton S
and Szechtman H (2006). Kappa-opioid agonist
U69593 potentiates locomotor sensitization to the
D2/D3 agonist quinpirole: Pre-and postsynaptic
mechanisms. Neuropsychopharmacology, 31(9): 1967-
1981.

Poewe W (2009). Treatments for Parkinson disease-past
achievements and current clinical needs. Neurology,
72: S65-73.

Przegalinski E, Siwanowicz J, Baran L and Filip M
(2000). Activation of serotonin (5-HT) <sub>
1A</sub> receptors inhibits amphetamine sensitization
in mice. Life Sciences, 66(11): 1011-1019.

Ribaric S (2012). The pharmacological properties and
therapeutic use of apomorphine. Molecules, 17: 5289-
5309.

Robinson TE and Berridge KC (2001). Incentive-
sensitization and addiction. Addiction, 96(1): 103-114.
Robinson TE, Berridge KC (2000). The psychology and
neurobiology of addiction: An incentive-sensitization

view. Addiction, 95: S91-S117.

Shireen E and Haleem DJ (2005). Motor effects of
buspirone: relationship with dopamine and serotonin in
the striatum. J. Coll. Physicians Surg. Pak., 15: 753-
756.

Steiner H, Van Waes V and Marinelli M (2010).
Fluoxetine potentiates methylphenidate-induced gene
regulation in addiction-related brain regions: Concerns
for use of cognitive enhancers? Biol. Psychiatry, 67:
592-594.

Tang X, Orchard SM and Sanford LD (2002). Home cage
activity and behavioral performance in inbred and
hybrid mice. Behav. Brain Res., 136: 555-569.

Tao R, Fray A, Aspley S, Brammer R, Heal D and
Auerbach S (2002). Effects on serotonin in rat
hypothalamus of D-fenfluramine, aminorex,
phentermine and fluoxetine. Eur. J. Pharmacol., 445:
69-81.

Varvel SA, Martin BR and Lichtman AH (2007). Lack of
behavioral sensitization after repeated exposure to THC
in mice and comparison to methamphetamine.
Psychopharmacology, 193(4): 511-519.

Wang WF, Lei YP, Tsenq T, Hsu WY, Wang CF, Hsu CC
and Ho YJ (2007). Effects of apomorphine on the
expression of learned helplessness behavior. Chin. J.
Physiol., 50: 63-68.

Waugh J and Goa KL (2003). Escitalopram. CNS Drugs,
17(5): 343-362.

Pak. J. Pharm. Sci., Vol.32, No.1, January 2019, pp.197-203

203


https://www.ncbi.nlm.nih.gov/pubmed/?term=Apomorphine+effects+on+episodic+memory+in+young+healthy+volunteers

