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Rationale: Nicotine, an active alkaloid of tobacco has an acetylcholine property that alters anxiety-like
behaviors in rodents. Moreover, several investigations suggest that the mesolimbic/cortical dopamine
systems to be involved in the drugs affecting anxiety. The dopaminergic modulation of acetylcholine synaptic
transmission has also been also suggested by different studies. Furthermore, modulation of such behaviors in
rodents may be mediated through the dorsal hippocampus.

Objectives: In the present study, a possible role of the dorsal hippocampal acetylcholine receptor mechanism

Keywords: L . ; . . .

Nicotine in nicotine's influence on anxiogenic-like responses has been investigated.

SCH23390 Methods: During test sessions, the hole-board was used to investigate the effects of SCH23390, sulpiride,
Sulpiride SKF38393 and quipirole on nicotine response in mice.

SKF38393 Results: Intraperitoneal (i.p.) administration of nicotine (0.5 mg/kg) decreased the number of head dips but
Quipirole had no effect on other behaviors. Intra-dorsal hippocampal injections of ineffective doses of SCH23390 (SCH;

Dorsal hippocampus
Anxiogenic-like response
Hole-board task

Mouse

0.125 and 0.25 pg/mouse) or sulpiride (SUL; 0.5 and 0.75 pg/mouse) reversed head dips induced by nicotine
but did not impact other exploratory behaviors. Furthermore, co-administration of ineffective doses of
SKF38393 (SKF; 4 pg/mouse, dorsal hippocampus) or quipirole (QUI; 0.5 ug/mouse) in conjunction with an
ineffective dose of nicotine (0.25 mg/kg, i.p.) decreased head dips induced by nicotine, but were otherwise
ineffective.

Conclusion: These results may indicate a modulatory effect for the dorsal hippocampus dopamine receptors

(D1 and D;) on an anxiogenic-like response induced by nicotine.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Worldwide, nicotine is one of the most popular addictive drugs
known to cause numerous pharmacological effects within both the
central and peripheral nervous systems (Benowitz, 1988; Le Foll and
Goldberg, 2009; Stolerman, 1988). In rodents, nicotine may have
different effects on anxiety (anxiolytic, anxiogenic or no effect), all of
which are dependent upon the species, strain, dose, route of
administration, experimental paradigm or number of research trials
conducted (Chae et al., 2008; Cheeta et al., 2001; File et al., 1998b;
O'Neill and Brioni, 1994; Zarrindast et al., 2000; Zarrindast et al.,
2008). Many of the drug's effects are due to its ability to interact with
various neurotransmitters (Balfour, 1982), such as its direct excitatory
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action on the zona compacta neurons within the substantia nigra in
the rat (Lichtensteiger et al., 1982), as well as increasing the release of
dopamine (DA) from the limbic system (Imperato et al., 1986) and
striatal slices (Lichtensteiger et al., 1982). Moreover, DA is one of the
most active neuromodulators involved in the states of fear and
anxiety (Feenstra et al, 1995). In fact, alterations in DA trans-
mission occur following exposure to a wide variety of acute stressors
(Goldstein et al., 1996).

On the other hand, it has been suggested that the dorsal
hippocampus plays a role in anxiety, consistent with the importance
of the hippocampus in various neurobiological theories of anxiety
(LeDoux, 2000). The hippocampus is massively interconnected with
the septum, and has important connections with the locus coeruleus,
raphe nuclei, hypothalamus, amygdala and medial frontal cortex;
areas that are involved in anxiety (Amaral, 2002). Furthermore,
dopaminergic system(s) may regulate hippocampal cholinergic
function. Considering the involvement of the dorsal hippocampus
(Bannerman et al., 2003) and DA receptor (Corrigall et al., 1992) in the
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modulation of anxiety-like behaviors; therefore, in the present study,
the possible involvement of the dorsal hippocampal D; and D,
dopaminergic receptors in nicotine's anxiogenic-like effect have been
investigated with the use of the hole-board task.

2. Materials and methods
2.1. Animals

Male albino NMRI mice (Pasteur Institute, Tehran, Iran) weighing
25-30 g at the time of surgery were used. Animals were kept in an
animal house with a 12 h light: dark cycle at a controlled temperature
(2242 °C). Animals were housed in groups of ten in Plexiglass cages
where food and water were available ad libitum. A total of ten animals
were used in each group and each animal was used only once.
Behavioral experiments were performed during the light phase of the
light:dark cycle. Animal treatment and maintenance were conducted
in accordance with the Principles of Laboratory Animal Care (NIH
publication No. 85-23, revised 1985) and with the Animal Care and
Use Guidelines of Tehran University of Medical Sciences.

2.2. Cannulae guide implantation

Mice were anesthetized with intraperitoneal (i.p.) injections of
ketamine hydrochloride (50 mg/kg) plus xylazine (5 mg/kg) and
placed in a stereotaxic apparatus. The skin was incised and the skull
was cleaned. The 22-gauge guide cannulae were placed (bilaterally)
1 mm above the intended injection site according to the atlas of
Paxinos and Franklin (Paxinos and Franklin, 2001). Stereotaxic
coordinates for the dorsal hippocampus were: AP — 2 mm from the
bregma; L4 1.6 from the sagittal suture and V — 1.5 mm from the
skull surface. The cannulae were secured with dental acrylic. Stainless
steel stylets (27-gauge) were inserted into the guide cannulae to keep
them free from debris. All animals were allowed a 1 week recovery
period from surgery and the effects of the anesthetic agents prior to
being used in the experiments.

2.3. Intra-dorsal hippocampus injections

For drug infusions, the animals were gently restrained by hand and
the stylets were removed from the guide cannulae and replaced by
27-gauge injection needles (1 mm below the tip of the guide
cannulae). Animals manually received a total volume of 1 pl/mouse
(0.5 pl/side) over 60 s. Injection needles were left in place for an
additional 60 s to facilitate diffusion.

2.4. Drugs

The following drugs were used in the experiments: nicotine hydrogen
tartrate (Sigma, Poole, Dorset, UK), SCH23390 [SCH; R(1)-chloro-8-
hydroxy-3-methyl-1-phenyl2,3,4,5-tetrahydro-1 H-3-enzazepine
hydrochloride; Tocris, UK], sulpiride (SUL; Sigma Chemical Co.,
St. Louis, CA, USA), SKF38393 (SKF) and quinpirole (QUI; Sigma
Chemical Co., St. Louis, CA, USA). SCH, SKF and QUI were dissolved in
sterile 0.9% saline. SUL was dissolved in a minimal volume of diluted
acetic acid (1 drop of 5 pl; pH 6.3), increased to a volume of 5 ml with
0.9% physiological saline and then diluted to the required volume with a
0.9% w/v NaCl solution. Nicotine was dissolved in sterile saline with
subsequent adjustment of the pH to 7.2 with NaOH (0.1 N solutions).
The drugs were injected in a volume of 0.5 pl/side of the dorsal hippo-
campus (1 pl/mouse). The total drug doses were expressed as [ig/mouse.

2.5. Apparatus and behavioral test

The hole-board test, as a simple method for examining the response
of an animal to an unfamiliar environment, was first introduced by

Boissier and Simon (Boissier and Simon, 1962). This test has been used
to evaluate emotional behavior, anxiety and/or responses to stress in
animals (Rodriguez Echandia, 1987). Different behaviors which can be
observed and measured in this test allow for a comprehensive
description of the animal's behavior. The hole-board apparatus (Borj
Sanat Co, Tehran, Iran) consisted of grey Perspex panels (40 cm x 40 cm,
2.2 cm thick) with 16 equidistant holes, 3 cm in diameter, in the floor
constructed as previously described (Vinade et al., 2003). The board was
positioned 15 cm above a table. Animals were placed singly in the center
of the board away from the observer and head-dip numbers were
recorded by photocells arranged below the holes over a 5 min period.
Furthermore, locomotor activity was measured by an observer blinded
to the treatments measured during the testing phase. For this purpose,
the ground area hole-boards were divided into four equal sized squares.
Locomotion was measured as the number of locomotor activity
crossings from one square to another. Other behavioral performances
such as latency to the first head-dipping, rearing, grooming and
defecation were manually recorded by the observer during the test
period. Data for rearing, grooming and defecation have not been shown
in all experiments.

2.6. Drug treatments

2.6.1. Experiment 1: effects of nicotine on exploratory behaviors

Four groups of mice received saline (1 ml/kg) or nicotine (0.1, 0.25
and 0.5 mg/kg) and the hole-board test session was performed 30 min
later. For all experiments, number of head dips, latency to the first
head-dipping, locomotor activity, rearing, grooming and defecation
were measured as previously described.

2.6.2. Experiment 2: effects of SCH on nicotine response

Eight groups of animals received saline (1 pl/mouse) or SCH
(0.125, 0.5 and 0.5 ug/mouse, intra- dorsal hippocampus) 5 min
before testing in the animals that were treated with either saline
(1 ml/kg, i.p.) or nicotine (0.5 mg/kg, i.p.) 30 min before testing.

2.6.3. Experiment 3: effects of SUL on nicotine response

Eight groups of animals received saline (1 pl/mouse) or SUL (0.25,
0.5 and 0.75 pg/mouse, intra- dorsal hippocampus) 5 min before testing
in the animals that were treated with either saline (1 ml/kg, i.p.) or
nicotine (0.5 mg/kg, i.p.) 30 min before testing.

2.6.4. Experiment 4: effect of SKF and QUI on nicotine response

Six groups of mice received saline (1 pl/mouse, intra- dorsal
hippocampus), SKF (4 pg/mouse, intra- dorsal hippocampus) and QUI
(0.5 pg/mouse, intra- dorsal hippocampus) 5 min before testing in the
animals that were treated with saline (1 ml/kg, i.p.) or nicotine
(0.5 mg/kg, i.p.) 30 min before testing.

2.7. Statistical analysis

Data were presented as mean + S.E.M. One-way repeated measure
of analysis of variance (ANOVA) followed by Dunnett's test were used
for statistical evaluation. P<0.05 was considered significant.

3. Results
3.1. Histology

Fig. 1 illustrates the approximate point of the drug injections in the
dorsal hippocampus from animals (A). The histological results were
plotted on representative sections taken from the mice brain atlas of
(Paxinos and Franklin, 2001) (B). A total number of 343 animals were
implanted into the dorsal hippocampus, but only the data from 280
animals with correct cannulae implants were included in the statistical
analyses.
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Bregma : -2.06 mm

Fig. 1. A. The location of the injection cannulae tips in the dorsal hippocampus regions
for all mice included in the data analyses. B. Verified section of dorsal hippocampus was
taken from the mouse brain in stereotaxic coordinates (Paxinos and Franklin, 2001).

3.2. Effects of nicotine on exploratory behaviors

One-way ANOVA and post hoc analysis revealed that nicotine
(0.5 mg/kg) decreased head dips [F (3, 28) = 8.2, P<0.001], but had no
effect on latency to the first head-dipping [F (3, 28) =0.43, P>0.05],
locomotor activity [F (3, 28) =0.26, P>0.05], rearing [F (3, 28)=0.17,
P>0.05], grooming [F (3,28) =1.77,P>0.05] and defecation [F (3,28) =
0.14, P>0.05] (Fig. 2).

3.3. Effects of SCH on nicotine response

One-way ANOVA and post hoc analysis revealed that SCH (0.5 pg/
mouse) decreased head dips [F (3, 28) = 3.64, P<0.05] and defecation
[F(3,28) =4.2,P<0.05], but was ineffective on latency to the first head-
dipping [F (3, 28) = 0.54, P>0.05], locomotor activity [F (3, 28) =0.84,
P>0.05], rearing [F (3, 28) =0.34, P>0.05] and grooming [F (3, 28) =
0.34, P>0.05] (Fig. 3; left panel).

According to one-way ANOVA and post hoc analysis, all doses of
SCH (0.125, 0.25 and 0.5 pg/mouse) reversed the nicotine influence on
head dips [F (3, 28) =8.80, P<0.01]. SCH administered at a dose of
0.5 pg/mouse were shown to decrease latency to the first head-dipping
[F (3,28)=3.04, P<0.05] and increase locomotor activity [F (3, 28) =
1.73,P<0.05] when combined with nicotine. No change was seen with
the nicotine response in terms of rearing [F (3, 28) =2.21, P>0.05],
grooming [F (3, 28) =0.61, P>0.05] and defecation [F (3, 28) =0.41,
P>0.05] (Fig. 3; right panel).

3.4. Effects of SUL on nicotine response

One-way ANOVA and post hoc analysis revealed that SUL did not
alter head dips [F (4, 35)=0.76, P>0.05], latency to the first head-
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Fig. 2. The effects of nicotine and saline on exploratory behaviors. Different doses of
nicotine (0.125, 0.25 and 0.5 mg/kg, i.p.) or saline (10 ml/kg, i.p.) were injected 30 min
before testing and exploratory behaviors including head dips (panel A), latency to the
first head-dipping (panel B) and locomotor activity (panel C) were examined. Each bar
represents mean =+ S.E.M. ***P<0.001, compared to the saline group.

dipping [F (4, 35) = 0.24, P>0.05], locomotor activity [F (4,35) = 0.83,
P>0.05], rearing [F (4,35) =0.12, P>0.05], grooming [F (4,35) =1.33,
P>0.05] and defecation [F (4, 35) =1.22, P>0.05] (Fig. 4; left panel).

SUL (0.5 and 0.75 pg/mouse) reversed the nicotine influence on head
dips [F (4, 35)=4.3, P<0.01], but did not change latency to the first
head-dipping [F (4, 35) = 1.04, P>0.05], locomotor activity [F (4,35) =
0.5, P>0.05], rearing [F (4, 35)=1.3, P>0.05], grooming [F (4, 35)=
1.25, P>0.05] and defecation [F (4, 35)=0.60, P>0.05] (Fig. 4; right
panel).

3.5. Effects of SKF and QUI on nicotine response

According to one-way ANOVA and post hoc analysis, ineffective
doses of SKF (4 pg/mouse, intra- dorsal hippocampus) and QUI (0.25 pg/
mouse, intra- dorsal hippocampus) decreased head dips [F (5, 42) =
7.99, P<0.001] but were ineffective on latency to the first head-dipping
[F (5,42)=0.93, P>0.05], locomotor activity [F (5, 42) =0.79, P>0.05],
rearing [F (5, 42) =1.33, P>0.05], grooming [F (5, 42) =0.97, P>0.05]
and defecation [F (4,42) =0.91, P>0.05] which was induced by nicotine
(0.25 mg/mouse, i.p.) (Fig. 5).
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Fig. 3. The effects of pre-test administration of SCH (0.125, 0.25 and 0.5 pg/mouse, intra-
dorsal hippocampus) or saline (1 pl/mouse, intra- dorsal hippocampus) on animals treated
under the influence of saline (10 ml/kg, i.p.; left panel) or nicotine (0.5 mg/kg, i.p.; right
panel) on exploratory behaviors. Each bar represents mean4S.E.M. *P<0.05 and
***P<0.001 when compared to the saline/saline group. +P<0.05, +++P<0.001 when
compared to the nicotine/saline group.

4. Discussion

In the present study, the effects of the dorsal hippocampus do-
paminergic system on anxiety-related behaviors induced by nicotine
in mice have been investigated. The hole-board, which is one of the
numerous tests for the identification of anxiolytic or anxiogenic-like
drug effects (Rodriguez Echandia, 1987) was used in the test sessions.
However, anxiety-like behaviors were not confirmed in a different
test.

4.1. The effects of nicotine upon anxiety like-behavior

Our present data indicated that intraperitoneal administration of
nicotine (0.5 mg/kg) decreased the number of head dips but not other
parameters, suggesting possible anxiogenic-like behaviors. This is in
agreement with our previous report showing that nicotine induced an
anxiogenic-like response (Zarrindast et al., 2000). On the other hand,
a number of researchers have shown that both nicotine and a nicotine
receptor agonist, lobeline, have exhibited anxiolytic-like properties on
the plus-maze test, whereas cytisine had no impact on anxiety-like
behavior in CD1 mice (Brioni et al., 1993). Moreover, in some in-
vestigations an anxiolytic-like response with lower doses (0.01, 0.05
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Fig. 4. The effects of pre-test administration of SUL (0.25, 0.5 and 0.75 ug/mouse, intra-
dorsal hippocampus) or saline (1 pl/mouse, intra- dorsal hippocampus) on animals treated
under the influence of saline (10 ml/kg, i.p.; left panel) or nicotine (0.5 mg/kg, i.p.; right
panel) on exploratory behaviors. Each bar represents mean 4 S.E.M. **P<0.001 when
compared to the saline/saline group. ++P<0.01 when compared to the nicotine/saline
group.

and 0.1 mg/kg) of nicotine was observed, while the higher drug doses
(0.5, 0.8 and 1 mg/kg) induced an anxiogenic-like effect (Ouagazzal
et al., 1999; Zarrindast et al., 2010). Nicotine may play a modulatory
role in the brain through its receptor sites (Role and Berg, 1996).
Nicotinic agonists primarily act indirectly via nAChRs located on or
near nerve terminals where they mediate the calcium-dependent
release of neurotransmitters, including: DA, norepinephrine, gluta-
mate, GABA and acetylcholine (O'Neill and Brioni, 1994). However,
the exact pharmacology of the drug's effects has not been completely
understood and possibly could be due to either the release of
acetylcholine and/or other neurotransmitters. It has been shown
that nAChRs are involved in DA release by nicotine (Zoli et al., 2002).
Furthermore, the hippocampal cholinergic system has been proposed
to be involved in the modulation of anxiety-like behavior (File et al.,
1998a). There is also evidence indicating that cholinergic activation
may induce anxiolytic-like behavior (Brioni et al., 1993). Moreover,
nAChRs are of the superfamily of ligand-gated ion channels, which act
on both the pre- and post-synaptic subtypes of nAChRs (Poorthuis
et al,, 2009). These receptors are present in many areas of the brain,
including the hippocampus (Tizabi et al., 2002). Activation of nAChRs
has been shown to modulate many systems associated with stress
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Fig. 5. Effects of pre-test administration of SKF (4 pg/mouse, intra- dorsal hippocam-
pus), QUI (0.5 ug/mouse, intra- dorsal hippocampus) or saline (1 pl/mouse, intra-
dorsal hippocampus) on animals trained under the influence of saline (10 ml/kg, i.p.;
left panel) or nicotine (0.25 mg/kg, i.p.; right panel) on exploratory behaviors. Each bar
represents mean 4 S.E.M. ***P<0.001 when compared to the saline/saline group.
+P<0.05 when compared to the respective groups.

response that include stress hormone pathways, monoaminergic
transmission and release of classical neurotransmitters throughout
the brain (Picciotto et al., 2002). The regulation of DA release by
acetylcholine has also been shown (Tizabi et al., 2002), which may
modulate anxiety-like behavior in mice (Rodgers et al., 1994). In
conclusion the several influences of nAChRs in brain sites may be
involved in different response of nicotine.

4.2. The effects of dopaminergic system of dorsal hippocampus upon
anxiogenic-like behavior induced by nicotine

Considerable evidence suggests that the hippocampus is impor-
tant for the regulation of anxiety; it is likely that mesoaccumbens or
mesocortical DA projections are involved in this effect. Possibly,
hippocampal-prefrontal cortex-nucleus accumbens afferents forms
part of a neural network that control anxiety expression (Timothy
et al., 1999). However, the combination of several lines of evidence
suggests that the mesolimbic/cortical DA systems seem to be involved

in drugs affecting anxiety (Cabib et al., 1988; Deutch et al., 1985;
Dunn, 1988; Imperato et al., 1990; Louilot et al., 1986; Puglisi-Allegra
et al., 1991; Reinhard et al., 1982). DA exerts its action through
different receptor subtypes: D;-like (D; and Ds) and D,-like (D5, D3
and D4) (Sealfon and Olanow, 2000).

In the present experiments, ineffective doses of a DA D, receptor
antagonist (SCH23390) and DA D, receptor antagonist (sulpiride)
decreased the anxiogenic response caused by nicotine by increasing
head dips, but they did not alter latency to the first head-dipping,
locomotor activity, grooming, rearing and defecation in the hole-
board task, showing involvement of D1 and D2 receptor mechanism in
anxiogenic-like effect of nicotine. Single administration of a higher
dose of SCH (0.5 pg/mouse) induced anxiogenic-like behaviors. This
may indicate that under normal circumstances, the dopaminergic
system in dorsal hippocampus exerts a physiological influence on
anxiety-like behavior through the DA D; receptor which is in
agreement with our recent study in the hole-bored task (Nasehi
et al., 2010). Other studies have assessed the involvement of DA
receptor mechanisms and dopaminergic drugs in animal models of
anxiety (Davis et al., 1993; Forestiero et al., 2006; Garcia et al., 2005;
Greba and Kokkinidis, 2000; Inoue et al., 2000; Reis et al., 2004;
Rodgers et al., 1994; Shah et al., 2004). An investigation showed that
low dose of a dopaminergic drug, bupropion had no effect but high
dose of drug induced anxiogenic-like behaviors in the hole-board task
(Redolat et al., 2005).

The present data indicated that co-administration of ineffective
doses of SKF (4 pg/mouse) or QUI (0.5 pg/mouse) with an ineffective
dose of nicotine (0.25 mg/kg) increased anxiogenic-like behaviors
induced by nicotine and it may further support that nicotine-induced
anxiogenic-like behaviors is mediated through the D; and D,
receptors mechanism(s). In agreement with our results, histochem-
ical studies showed that nAChRs are present on dopamine nerve
terminals (Hill et al., 1993; Jones et al.,, 2001) and the activity of
presynaptic nAChRs may regulate action potential-dependent striatal
dopamine release (Grady et al., 2001; Johnson et al., 2000; Marshall
et al., 1997). The nicotinic influence can control dopamine release in
the striatum and can be modulated by acetylcholinesterase inhibitors
that are used to treat Alzheimer's disease. Furthermore, some
researchers showed that nicotine receptors are highly expressed in
the areas such as ventral tegmentum and substantia nigra which
modulate the release of dopamine in the nigrostriatal pathway (Cui
et al., 2003). There is the possibility that these receptors modulate
dopamine release in the amygdala in a similar manner.

In agreement with our data a study showed that the decreased
anxiety and increased levels of nicotine-stimulated dopamine release
was observed in the beta 3 null mutants (Cui et al., 2003). In contrast,
there is other investigation indicating that deletion of the alpha 4
nicotinic subunit decreases nicotine-stimulated dopamine release
(Salminen et al., 2004) and resulted in an increase in anxiety (Ross
et al.,, 2000). Some data also show that mice expressing the Leucine/
Serine mutation in the alpha 4 subunit demonstrate increased anxiety
and decreased expression of dopaminergic neurons (Labarca et al.,
2001), which likely results in a decrease in dopamine release in vivo.
The DA receptor system is also implicated in other effects of nicotine,
including the reinforcing effects of the drug (Corrigall et al.,, 1992).
Nicotine can also desensitize preterminal nAChRs on GABAergic
neurons in the VTA, resulting in disinhibition and a consequent
increase in DA cell firing (Mansvelder et al., 2002; Wooltorton et al.,
2003). In conclusion our data may show that anxiogenic-like effect
of nicotine is due to increase in the tone of dopamine receptor
mechanism.
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