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Abstract:

Cholecystokinin (CCK) as an important neuropeptide in the brain has been implicated in the modulation of anxiety. The effects of

this neurotransmitter on anxiety-like behavior in the ventral hippocampus have not been evaluated yet. Moreover, some evidences

show a functional interaction between GABA and CCK in the nervous system. Bilateral injections of three doses of CCK8s (0.01,

0.05 and 0.1 µg/rat) into the ventral hippocampus decreased percentage of open arm time (%OAT) and open arm entries (%OAE)

that are representative of anxiogenic-like behavior in the elevated plus-maze test of anxiety. Bilateral injections of LY225910, a se-

lective CCK2 receptor antagonist, at the doses of 0.01, 0.1 and 0.5 µg/rat did not change anxiety-related parameters. Administration

of muscimol, a selective GABAA receptor agonist, at the doses of 0.001, 0.005 and 0.01 µg/rat produced dose dependent increase in

%OAT and %OAE indicating an anxiolytic-like effect, while administration of bicuculline, a selective GABAA receptor antagonist,

at the doses of 0.1, 0.2 and 0.5 µg/rat decreased %OAT and %OAE showing that this drug promoted anxious behavior of the rats.

Co-administration of bicuculline (0.2 µg/rat) with CCK8s decreased the anxiogenic effects of CCK8s. Furthermore, co-

administration of LY225910 (0.5 µg/rat) with muscimol increased the anxiolytic effect of muscimol at the dose of 0.001 µg/rat. The

results of this study suggest that both CCK and GABAergic system have important and opposite roles in the modulation of anxiety-

like behavior in the ventral hippocampus of rats and they may have a complex interaction in the ventral hippocampus to modulate

anxiety-related behavior.
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Introduction

Cholecystokinin (CCK) is one of the most abundant

neurotransmitter peptides that is expressed in the

brain [29]. This neuropeptide interacts with the same

affinity with two receptors that are designated as CCK1

and CCK2 [32]. These receptors have different distri-

bution in the body. CCK1 receptors are abundant in

peripheral organs and are found in few discrete brain

regions [30, 32]. In contrast, CCK2 receptors are lo-

cated in the central nervous system (CNS), especially

in cortical and limbic structures [30]. CCK is in-

volved in the regulation of various physiological and
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cognitive functions such as anxiety, learning and

memory, thermoregulation, analgesia and satiety [2].

Cholecystokinin mRNA is decreased in the brain of

schizophrenics [1] and its concentration in the brain

change during Alzheimer’s disease [23] confirming

the active role of CCK in the etiology of psychologi-

cal disorders. This neuropeptide has an important role

in the regulation of anxiety-related behavior [8, 37].

Experimental evidences from several laboratories in-

dicated that CCK has anxiogenic effects and this ef-

fect is mediated by activation of CCK2 receptors [16,

47]. However, the evidences concerning the role of

CCK in the modulation of anxious states in the ventral

hippocampus, which is an important brain area in the

modulation of anxiety [11], are lacking.

g-Aminobutyric acid (GABA) is the most impor-

tant inhibitory neurotransmitter of the CNS [13]. The

involvement of GABA receptors in the regulation of

anxiety has been investigated extensively [27]. Evi-

dences indicated that GABAergic system, through ac-

tivation of GABAA receptors, play a crucial role in the

pathophysiology of panic and anxiety-related disor-

ders [14, 27]. GABAA receptors are widely distributed

throughout the brain; with high concentrations in pre-

frontal cortex, cerebral cortex, amygdala and hippo-

campus [22].

In brain structures such as hippocampus, CCK is

co-localized in cell bodies and terminals with many

other neurotransmitters such as GABA, dopamine, se-

rotonin and opiates [7, 21]. This co-localization and

differential release of CCK with other neurotransmit-

ters is likely a key mechanism through which CCK

has modulatory influences on anxiety and reward-

related behavior [42]. The interaction of CCK with

the GABAergic system was initially demonstrated in

the study described by Bradwejn and de Montigny

[5]. They found that benzodiazepines effectively and

selectively blocked CCK8-induced hippocampal neu-

ronal excitations. Furthermore, it has been reported

that cessation of chronic diazepam treatment in-

creased the number of cholecystokinin receptors in

frontal cortex and hippocampus of the rats [18]. This

finding was implicated in tolerance and dependence

to benzodiazepines. Another study showed that mice

lacking CCK2 receptors had an increased response to

the actions of benzodiazepines [38]. The selective dis-

tribution of CCK in GABAergic interneurons and

wide expression of CCK2 receptors in the hippocam-

pal formation suggest that CCK modulates GABAer-

gic functions in the hippocampus [47]. Indeed, CCK

has been reported to increase GABA release from hip-

pocampal slices [35] and enhance GABAA receptor-

mediated inhibitory postsynaptic currents (IPSCs) in

the CA1 region of the hippocampus [28]. These studies

show that a functional interaction between GABA and

CCK in certain brain area especially in the hippocam-

pus may exist.

Previous studies show that hippocampal formations

have important role in the modulation of anxiety-like

behavior [43, 46]. Based on the above evidences, the

aim of the present study is to evaluate the effect of

CCK agonist and antagonist in the ventral hippocam-

pus in the modulation of anxiety-like behavior and to

find a possible interaction between CCK and GABAA
receptors in the control of anxious behavior.

Materials and Methods

Animals

Male Wistar rats from Pasteur Institute (Iran), weigh-

ing 220–270 g at the time of surgery, were used in the

present study. Animals were housed four per cage, in

a room with a 12:12 h light/dark cycle and controlled

temperature (22 ± 2°C). Animals had access to food

and water ad libitum. Rats were handled 3 min each

day prior to behavioral testing. Experiments were per-

formed between 9:00 a.m. and 1:00 p.m. Each experi-

mental group included seven animals. The study was

approved by the Ethics Committee of the Mazandaran

University and is in accordance with the national

guidelines for animal care and use.

Drugs

The drugs used in the present study were: bicuculline

(selective GABAA receptor antagonist, Sigma Chemi-

cal, St. Louis, MO, USA), muscimol hydrobromide

(selective GABAA receptor agonist, Sigma Chemical,

St. Louis, MO, USA), LY225910 (selective CCK2 re-

ceptor antagonist, Tocris, Bristol, UK) and CCK8s

(CCK1 and CCK2 receptor agonist, Tocris, Bristol,

UK). Muscimol was dissolved in the sterile 0.9% sa-

line; bicuculline was dissolved in one drop of glacial

acetic acid and made up to volume of 5 ml with sterile

0.9% saline. CCK8s was dissolved in 0.05 M sodium
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bicarbonate solution. LY225910 was dissolved in di-

methyl sulfoxide (up to 10% v/v) and sterile 0.9% sa-

line.

Surgery

Rats were anesthetized intraperitoneally with ketamine

hydrochloride (60 mg/kg) and xylazine (5 mg/kg) and

fixed in a stereotaxic frame. The stainless steel guide

cannula (22-gauge) was implanted bilaterally in the

ventral region of the hippocampus coordinates: AP:

–5.3 mm; L: ± 4.8 mm; D: –6.5 mm) according to

Paxinos and Watson [33]. It was then fixed to the

skull with acrylic dental cement.

Procedure

Intra-ventral hippocampus (Intra-VH) injections were

performed by means of an internal cannula (27-gauge,

Supa; Iran), terminating 1.5 mm below the tip of the

guide cannula, connected by polyethylene tubing to

a 2-µl Hamilton syringe. Rats were hand-held as the

experimenter inserted the injector. On each side 0.5 µl

solution was infused over a 60 s period (1 µl/rat). The

injector was left in place for an additional 60 s to al-

low diffusion of the solution and to reduce the possi-

bility of reflux.

After completion of the experimental sessions, 0.5 µl

of methylene blue was injected in the ventral hippo-

campus region. Ten minutes after the injections, the

animals were decapitated and their brains were re-

moved, blocked and cut coronally through cannula

placements. Data from the rats with injection sites lo-

cated outside the ventral hippocampus were not used

in the analysis.

Elevated plus-maze test of anxiety

The elevated plus-maze (EPM) comprised 2 open

arms (50 × 10 cm) and 2 enclosed arms (50 × 10 × 40 cm)

that extended from a common central platform (10 ×

10 cm). The apparatus, constructed from wood, was

elevated 50 cm above floor level. Testing was con-

ducted in a quiet room between 9:00 a.m. and 1:00 p.m.

Five days following surgery; rats were brought into

the behavioral testing room and left undisturbed for

1 h prior to testing. The rats were individually placed

in the center of the maze facing an open arm and al-

lowed 5 min of free exploration. After each test, the

floor was cleaned with distillated water. Measures

were the frequencies of total, open, and closed arm

entries (arm entry = all 4 paws into an arm) and the

time spent in open, closed, and central parts of the

maze. The percentage of open arm entries (%OAE)

and open arm time (%OAT) as the standard indices of

anxiety-like behavior were calculated [41]. A signifi-
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Fig. 1. The effects of intra-ventral hippocampus injection of
LY225910 on anxiety-like behavior. Rats were injected vehicle
(1 µl/rat) or LY225910 (0.01, 0.1 and 0.5 µg/1 µl/rat; bilateral). The
tests were performed 5 min after intra-ventral hippocampus injec-
tions. Each bar represents the mean ± SEM. %OAT (A), %OAE (B) or
locomotor activity (C). n = 7



cant decrease in the percentage of time in open arms

and/or open arm entries is indicative of an increased

level of anxiety. Closed arm entries were measured as

a relative pure index of locomotor activity [41].

Effects of LY225910 on anxiety-like behavior

The animals received intra-VH injections. One group

(n = 7) received vehicle (1 µl/rat) and three groups re-

ceived three separate doses of LY225910 (0.01, 0.1

and 0.5 µg/rat, doses based on Rezayat et al. [40]).

The test session was performed 5 min after intra-VH

injections. %OAT, %OAE and locomotor activity

were measured (Fig. 1).

Effects of bicuculline on anxiety-like behavior

The animals received intra-VH injections. One group

(n = 7) received vehicle (1 µl/rat) and three groups re-

ceived three separate doses of bicuculline (0.1, 0.2

and 0.5 µg/rat, doses based on Hajizadeh et al. [16]).

Five minutes after the injections, animals were sub-

mitted to the EPM test (Fig. 2).

Effects of CCK8s alone or with bicuculline

on anxiety-like behavior

The animals received intra-VH injections. One group

(n = 7) received vehicle (1 µl/rat) and three groups re-

ceived three separate doses of CCK8s (0.01, 0.05 and

0.1 µg/rat, doses based on Rezayat et al. [40]). Five

minutes after the injections, animals were submitted

to the EPM test. Four other groups of rats (n = 7) re-

ceived vehicle or one of three separate doses of

CCK8s (0.01, 0.05 and 0.1 µg/rat) 5 min after intra-

VH injection of bicuculline (0.2 µg/rat). The test ses-

sion was performed 5 min after final intra-VH injec-

tions (Fig. 3).

Effects of muscimol alone or with LY225910

on anxiety-like behavior

The animals received intra-VH injections. One group

(n = 7) received saline (1 µl/rat) and three groups re-

ceived three separate doses of muscimol (0.001, 0.005

and 0.01 µg/rat, doses based on Hajizadeh Moghad-

dam et al. [16]). Five minutes after the injections, ani-

mals were submitted to the EPM test. Four other

groups of rats (n = 7) received saline or one of three

separate doses of muscimol (0.001, 0.005 and 0.01

µg/rat) 5 min after intra-VH injection of LY225910

(0.5 µg/rat). The test session was performed 5 min af-

ter final intra-VH injections (Fig. 4).
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Fig. 2. The effects of intra-ventral hippocampus injection of bicu-
culline on anxiety-like behaviors. Rats were injected vehicle (1 µl/rat)
or bicuculline (0.1, 0.2 and 0.5 µg/1 µl/rat; bilateral). The tests were
performed 5 min after intra-ventral hippocampus injections. Each bar
represents the mean ± SEM. %OAT (A), %OAE (B) or locomotor ac-
tivity (C). n = 7. * p < 0.05 and ** p < 0.01 when compared to the vehi-
cle treated rats



Statistical analysis

One-way ANOVA was used for the comparison be-

tween the effects of different doses of drugs with ve-

hicles. Two-way ANOVA was used for evaluation of

interactions between drugs. Following a significant

F-value, post-hoc analysis (Tukey-test) was performed

for assessing specific group comparisons. Differences

with p < 0.05 between experimental groups at each

point were considered statistically significant.
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alone or with bicuculline on anxiety-like behavior. Rats were injected
vehicle (1 µl/rat) or CCK8s (0.01, 0.05 and 0.1 µg/1 µl; bilateral) alone
or 5 min after injection of bicuculline (0.2 µg/1 µl; bilateral). The tests
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tions. Each bar represents the mean ± SEM. %OAT (A), %OAE (B) or
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Fig. 4. The effects of intra-ventral hippocampus injection of muscimol
alone or with LY225910 on anxiety-like behavior. Rats were injected
saline (1 µl/rat) or muscimol (0.001, 0.005 and 0.01 µg/1 µl/rat; bilat-
eral) alone or 5 min after injection of LY225910 (0.5 µg/1 µl/rat; bilat-
eral). The tests were performed 5 min after final intra-ventral hippo-
campus injections. Each bar represents the mean ± SEM. %OAT (A),
%OAE (B) or locomotor activity (C). n = 7. * p < 0.05 ** p < 0.01,
*** p < 0.001 when compared to the saline treated rats. + p < 0.05
when compared to the muscimol treated rats



Results

In the first experiment (Fig. 1), injection of LY225910

changed neither %OAT [F (3, 24) = 1.12, p > 0.05]

nor %OAE [F (3, 24) = 0.55, p > 0.05] significantly. It

means that LY225910 at the doses used did not affect

animal behavior significantly in the EPM.

In the second experiment (Fig. 2), bicuculline at the

dose of 0.5 µg/rat decreased %OAT [F (3, 24) = 4.72, p <

0.01] and %OAE [F (3, 24) = 3.70, p < 0.05]. No signifi-

cant change in the locomotor activity was observed fol-

lowing administration of bicuculline [F (3, 24) = 0.93, p >

0.05]. The present finding suggests an anxiogenic-like ef-

fect for bicuculline in the EPM test of anxiety.

In the third experiment (Fig. 3), CCK8s at the dose

of 0.1 µg/rat decreased %OAT [F (3, 48) = 4.35, p <

0.05] and %OAE [F (3, 48) = 4.41, p < 0.05]. No sig-

nificant change in the exploratory activity was ob-

served following administration of CCK8s [F (3, 48)

= 0.43, p > 0.05]. The present results are considered

as an anxiogenic effect for CCK8s. Furthermore, co-

administration of bicuculline with CCK8s showed

that injection of bicuculline decreased the anxiogenic-

like effect of CCK8s at the doses of 0.01, 0.05 and

0.1 µg/rat: %OAT [F (3, 48) = 3.55, p < 0.05] and

%OAE [F (3, 48) = 4.74, p < 0.01]. This implies that

GABAA receptors possibly are involved in the anxio-

genic effect of CCK8s in the ventral hippocampus.

In the forth experiment (Fig. 4), muscimol in-

creased %OAT at the doses of 0.005 and 0.01 µg/rat

[F (3, 48) = 8.3, p < 0.01] and increased %OAE sig-

nificantly at the doses of 0.001, 0.005 and 0.01 µg/rat

[F (3, 48) = 21, p < 0.001]. No significant change in

the locomotor activity was observed following ad-

ministration of muscimol [F (3, 48) = 2.1, p > 0.05].

This finding shows an apparent anxiolytic effect for

muscimol. Furthermore, co-administration of musci-

mol with LY225910 showed that LY225910 increased

the anxiolytic-like effect of muscimol at the dose of

0.001 µg/rat: %OAT [F (3, 48) = 3.85, p < 0.05] and

%OAE [F (3, 48) = 2.87, p < 0.05].

Discussion

In the present study, the effects of CCK and GABAer-

gic agents and their interaction in the ventral hippo-

campus on anxiety-like behavior of the rats were ex-

plored. Bilateral injection of CCK8s into the ventral

hippocampus, decreased %OAT and %OAE without

affecting locomotor activity indicating a pure anxio-

genic effect. The present finding is consistent with the

results of previous studies in which anxiogenic re-

sponses following intraperitoneal [39, 48], intracere-

broventricular [12], intra-central nucleus of amygdala

[20], intra-periaqueductal grey [31] and intra-dorsal

hippocampus [40] administration of CCK analogues

have been reported. Moreover, the results of Pérez de

la Mora et al. [34] showed that injection of either

CCK4 or CCK8s into the rostrolateral amygdala pro-

moted anxiogenic-like effects in the elevated plus-

maze. There are also more studies that consider CCK

as an anxiogenic neurotransmitter. For example, Sher-

rin et al. [45] showed that anxiogenic environment in-

creased extracellular levels of cholecystokinin in

mice. Taking together these findings, the existence of

a key connection between CCK and pathophysiology

of anxiety may be suggested. The mechanism by

which CCK induces anxiety has also been explored

by some investigators. Yang et al. [49] reported that

inhibition of K+ channels and an increase in the intra-

cellular concentration of Ca2+ is a possible mechanism

by which CCK8s induces anxiety following its ad-

ministration into the periaqueductal grey. We suggest

that such mechanism may also exist in the ventral hip-

pocampus. However, there are some contradictory re-

sults. Van Megan et al. [47] have documented an anx-

iolytic rather than an anxiogenic effect for CCK8s.

Huston et al. [20] also reported that unilateral injec-

tion of CCK8s into the central nucleus of the amyg-

dala did not modify animal behavior significantly in

the elevated plus-maze. The above controversial re-

sults may be due to species differences, procedural

variables, specific receptor ligands, different doses of

the ligands or different experimental conditions.

The results of the current study showed that

LY225910, as a selective CCK2 receptor antagonist,

did not affect anxiety-like behavior significantly. In

agreement with this finding, some studies have con-

sidered CCK antagonists as ineffective on anxiety pa-

rameters. For example, Griebel et al. [15] reported

that administration of either LY288513 or PD135158

as selective CCK2 receptor antagonists in punished

lever pressing, Vogel drinking and elevated plus-maze

tests of anxiety were ineffective. Such data have also

been published elsewhere [25]. On the other hand,

Belzung et al. [3] reported that CCK antagonists did

not have any significant effect on baseline indices of
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anxiety in mice but they decreased elevated states of

anxiety. Considering the effect of LY225910, we may

suggest that CCK in the ventral hippocampus at

physiological concentrations possibly does not con-

trol anxiety but at higher doses (by administration)

can induce anxiogenic-like effects. However, the in-

jection of LY225910 into the dorsal hippocampus [40]

and dorsolateral periaqueductal grey [4] has been re-

corded with significant anxiolytic actions. This means

that the injection site is a major determinant of the

CCK2 antagonists’ action on anxiety-like behavior.

Infusion of muscimol into the ventral hippocampus

elicited a remarkable anxiolytic-like action in this

study. This finding is in line with the fact that activa-

tion of GABAA receptors in the brain induces anxio-

lytic responses. Benzodiazepines, which obvious anx-

iolytic actions in basic and clinical studies have been

revealed, have agonistic effects on GABAA receptors.

Dalvi and Rodgers [9] showed that muscimol and di-

azepam have anxiolytic effects in mice. Furthermore,

anxiolytic effects of muscimol following intra-dorsal

raphe nucleus [19], intra-dorsal hippocampus [40],

intra-nucleus accumbens [24] and intra-basolateral

amygdala [16] administrations have been docu-

mented. In the present study, administration of bicu-

culline, a selective antagonist of GABAA receptors,

promoted anxiogenic-like behavior in the rats. In line

with this finding, the anxiogenic effect of bicuculline

following its administration into the basolateral nu-

cleus of amygdala (BLA) [16] has also been reported.

Bicuculline has been reported to be anxiogenic or

with no effect on anxiety-related indices in different

studies. It looks like that the site of injection is an im-

portant parameter that determines the effects of bicu-

culline on anxiety-like behavior. In agreement with

this idea, Sanders and Shekhar [44] reported that

bicuculline in the basolateral nucleus but not in the

central nucleus of amygdala was anxiogenic in social

interaction and conflict tests of anxiety. Moreover,

bicuculline failed to show any significant effect in the

elevated plus-maze following its administration into

the CA1 region of the hippocampus [40].

As discussed above, CCK and GABA are two im-

portant neurotransmitters that are implicated in the

pathophysiology of anxiety. Some evidences propose

the existence of a functional interaction between these

neurotransmitters in the regulation of anxiety (see in-

troduction). In order to clarify such possible interac-

tion, we injected an ineffective dose of LY225910

5 min before injection of muscimol into the ventral

hippocampus. Statistical analysis revealed that these

rats in comparison with the rats that received musci-

mol alone were less anxious. However, this effect

manifested only at low and not at medium or high

doses of muscimol. This may suggest that there is

a possible interaction between the effects of GABAA
and CCK2 receptors in the ventral hippocampus and

one may speculate that CCK has antagonistic activity

on low but not medium or high concentrations of

GABA. This finding may also propose that co-

administration of low doses of GABAA receptor ago-

nists such as benzodiazepines with CCK2 receptor an-

tagonists would give us a better anxiolytic activity

with fewer side effects. Such interaction may be fur-

ther confirmed by the study of Rasmussen et al. [36].

They reported that administration of a selective CCK2
receptor antagonist reversed the signs of diazepam

withdrawal in rodents. Interestingly, McLean et al.

[26] in their study found that PD134308, a selective

CCK2 receptor antagonist, not only had anxiolytic ef-

fects but also increased GABAergic inhibition in the

nucleus of the solitary tract of the rats. This reciprocal

effect of GABA and CCK on anxiety was also mani-

fested in another part of our study. Injection of an in-

effective dose of bicuculline on anxiety-related pa-

rameters 5 min before injection of CCK8s significantly

decreased the anxiogenic-like effects of CCK8s. This

finding has also been reported by Pérez de la Mora et

al. [34]. They showed that bilateral intra-amygdaloid

administration of CCK4 elicited anxiety-like effects

meanwhile it enhanced K+-stimulated release of

GABA from rat amygdala. The authors also stated

that they have no explanation for this controversy. In

another study, it has been reported that superfusion of

CCK8s increased the frequency of spontaneous in-

hibitory synaptic responses (sIPSPs and sIPSCs) in

the basolateral amygdala and sIPSCs were completely

blocked by a GABAA receptor antagonist [6]. Mean-

while, administration of bicuculline into the BLA has

been reported with an increase in anxiogenic-like ef-

fects [44]. These results showed that bicuculline, as

an anxiogenic compound in the BLA, blocked the ac-

tions of CCK8s on sIPSCs in that region. We may

suggest that the same mechanism may also explain

the results of the present study in the ventral hippo-

campus. However, the finding of Deng and Lei [10]

even more complicated the interaction between

GABA and CCK. They demonstrated that the effect of

CCK on GABA release undergoes developmental

modulation. The CCK-mediated initial increase and
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late phase of reduction of sIPSC restricted to juvenile

rats and disappeared when the animals became older

(31 days). This means that the age of animals is a fac-

tor that possibly affects the results of the studies that

consider the interaction between GABA and CCK.

In conclusion, the results of the present study sug-

gest that both CCK and GABAergic system in the

ventral hippocampus have active and opposite roles in

the regulation of anxiety-like behavior and they may

have a complex interaction(s) in the regulation of

these behavior.
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