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Abstract 

The present study examined the effects of the selective serotonin (5-hydroxytryptamine, 5-HT) reuptake inhibitor citalopram on the 
acquisition of conditioned freezing, an index of anxiety. Acute treatment with citalopram (1-10 mg/kg) dose dependently prevented the 
acquisition of conditioned freezing, while acute treatment with noradrenaline or dopamine reuptake inhibitors failed. The acute effect of 
citalopram was not antagonized by the 5-HT1A receptor antagonist NAN190, 1-(2-methoxyphenyl)-4-[4-(2-phthalimmido)butyl]piperazine 
or the 5-HT2A/2 c receptor antagonist ICI169,369, 2-(2-dimethylaminoethylthio)-3-phenylquinoline hydrochloride. These results indicate 
that selective 5-HT reuptake inhibitors reduce not only the expression of conditioned freezing as reported previously, but also the 
acquisition of conditioned freezing. Both these effects of selective 5-HT reuptake inhibitors may be related to their clinical efficacy in the 
treatment of anxiety disorders. 
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1. Introduction 

Conditioned fear stress (exposure to an environment 
paired previously with inescapable electric footshock) in- 
duces a well-characterized defensive response termed con- 
ditioned freezing (Fanselow, 1980). The duration of condi- 
tioned freezing increases reliably with shock intensity and 
has proved to index an animal's degree of fear and anxiety 
(Fanselow, 1980). Conditioned freezing has been used as 
an animal model of anxiety in order to evaluate several 
classes of anxiolytics or candidate anxiolytics and to mea- 
sure the neurochemical changes during anxiety (Herman et 
al., 1982; Fanselow and Helmstetter, 1988; Rittenhouse et 
al., 1992; Swiergel et al., 1993; Inoue et al., 1993, 1994; 
Yoshioka et al., 1995; Hashimoto et al., 1996; Inoue et al., 
1996a). The expression of conditioned freezing is attenu- 
ated by not only the classical anxiolytic benzodiazepines 
(Fanselow and Helmstetter, 1988; Inoue et al., 1996a), but 
also new non-benzodiazepine serotonergic anxiolytics, such 
as the 5-HT~A receptor agonist ipsapirone and the 5-HT 
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reuptake inhibitors citalopram and fluvoxamine (Rit- 
tenhouse et al., 1992; Hashimoto et al., 1996; Inoue et al., 
1996a). These effects of selective 5-HT reuptake inhibitors 
on the expression of conditioned freezing (Hashimoto et 
al., 1996; Inoue et al., 1996a) are consistent with recent 
clinical evidence that several serotonergic agents are effec- 
tive in the treatment of human anxiety disorders (Erikkson 
and Humble, 1990). They also suggest that conditioned 
freezing is a useful model for detecting the anxiolytic 
potential of 5-HT reuptake inhibitors and other clinically 
effective serotonergic anxiolytics (Erikkson and Humble, 
1990). 

Several lines of evidence have shown that selective 
5-HT reuptake inhibitors are effective in the treatment of 
anxiety disorders, such as panic disorder, social phobia and 
posttranmatic stress disorder (Den Boer and Westenberg, 
1988; Humble and Wistedt, 1992; Van der Kolk et al., 
1994; Van Vliet et al., 1994; Katzelnick et al., 1995). In 
social phobia and posttraumatic stress disorder, anxiety is 
cued by social situations and stimuli recalling the stressor, 
respectively (DSM-IV, 1994). Although the panic disorder 
definition requires that at least some of the panic attacks 
be unexpected, individuals with panic disorder are fre- 
quently reported to have situation-bound attacks, particu- 
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larly later in the course of the disorder (DSM-IV, 1994). If 
a panic attack occurred in a certain situation, similar 
situations will cause anticipatory anxiety, which then can 
set off another panic attack (Jacob and Rapport, 1984). 
Thus, fear and anxiety conditioned to some stimuli also 
play an important role in the course and exacerbation of a 
variety of anxiety disorders. Although our previous studies 
demonstrated the anxiolytic effect of selective 5-HT reup- 
take inhibitors on the expression of conditioned freezing 
(Hashimoto et al., 1996; Inoue et al., 1996a), the effect of 
selective 5-HT reuptake inhibitors on the acquisition of 
conditioned freezing, i.e. conditioning of conditioned fear 
stress, which may also be important for the treatment of 
anxiety disorders, has never been reported. 

The purpose of this study is to assess the effects of 
acute administration of the selective 5-HT reuptake in- 
hibitor citalopram (Hyttel, 1982; Richelson and Pfenning, 
1984) on the acquisition of conditioned fear stress-induced 
freezing behavior in rats. In addition, the selective nor- 
adrenaline reuptake inhibitor ORG4428, cis-l,2,3,4,4a, 
13b-hexahydro-2,10-dimethyldibenz[2,3:6,7]oxepino[4,5- 
c]pyridin-4a-ol (Organon Japan Co., ORG4428 Investiga- 
tor Brochure, p. 14, 1993), and the selective dopamine 
reuptake inhibitor GBR12909, 1-(2-(bis(4-fluorphenyl)- 
methoxy)-ethyl)-4-(3-phenyl-propyl)piperazine (Andersen, 
1989) were evaluated in this paradigm. Moreover, the 
effects of 5-HT receptor antagonists on the effect of 
citalopram were also studied. 

2. Materials and methods 

2.1. Animals 

Male Sprague-Dawley rats obtained from Shizuoka 
Laboratory Animal Center (Shizuoka, Japan), weighing 
250-300 g, were housed in groups of four and maintained 
in a 12-h L: 12 h D (light phase; 06:30-18:30 h), tempera- 
ture-controlled environment (22 + I°C) with free access to 
food and water. Experiments began after a 2-week period 
of acclimatization. Rats were tested between 8:00 and 
13:00 h. 

2.2. Drugs 

Citalopram hydrobromide (H. Lundbeck A/S ,  Copen- 
hagen, Denmark) and ICI169,369, 2-(2-dimethyl- 
aminoethylthio)-3-phenylquinoline hydrochloride (Imperi- 
cal Chemical Industries, Macclesfield, UK) were dissolved 
in 0.9% sterile saline. ORG4428 (Organon Japan Co., 
Japan) and GBR12909 (Gist-Brocades Co., Netherlands) 
were suspended in 0.5% sodium carboxymethyl cellulose 
(CMC). NAN190, 1-(2-methoxyphenyl)-4-[4-(2-phthalim- 
mido)butyl]piperazine (RBI, Natick, USA) was suspended 
in 1% Tween 80. All drugs were injected subcutaneously 
(s.c.) in a volume of 1 ml/kg.  

2.3. Procedures 

2.3.1. Conditioned fear stress-induced freezing 
Thirty minutes after a single injection of vehicle, citalo- 

pram, ORG4428 and GBR12909, rats were subjected to 
inescapable electric footshock for a total of 2.5 min [2.5 
mA scrambled shock (10 ms shock every 100 ms), with a 
shock duration of 30 s X 5 and a variable-interval schedule 
with a mean intershock interval of 60 s (35-85 s)] in a 
chamber with a grid floor (19 × 22 X 20 cm, Medical 
Agent Co., Japan). In the experiments which examined the 
effect of ICI169,369 and NAN190 on the citalopram-in- 
duced reduction in the acquisition of conditioned freezing, 
ICI169,369 and NAN190 were administered 40 min before 
electric footshock, i.e. 10 min before citalopram injection. 
Electric shock was provided by a Model SGS-02D Shock 
Generator (Medical Agent Co., Japan). This provides a 
high-voltage, high-resistance circuit with resistance con- 
trolled by dial settings calibrated by the manufacturer in a 
short circuit current. At the setting of 2.5 mA, this genera- 
tor actually gives a shock with an intensity of 0.2 mA to 
rats. Twenty-four hours after footshock, the rats were 
again placed in the shock chamber and observed for 5 min 
without shocks. During the observation period, the dura- 
tion of freezing behavior was recorded using a time-sam- 
pling procedure (Fanselow, 1980). Every 10 s, the behav- 
ior in which the animal was currently engaged was classi- 
fied as either freezing or activity. Freezing was defined as 
the absence of all observable movement of the skeleton 
and the vibrissae, except those related to respiration. All 
other behavior was scored as activity. The percentage 
scores for the duration of freezing behavior (% freezing) 
were calculated for a 5-min observation period. These 
procedures were approved by the Hokkaido University 
School of Medicine Animal Care and Use Committee, and 
were in compliance with the Guide for the Care and Use of 
Laboratory Animals, Hokkaido University School of 
Medicine. 

2.3.2. Pain 
Effects of citalopram on footshock-induced pain were 

examined. Four behaviors, such as vocalization, limb with- 
drawal of the forepaw, limb withdrawal of the hindpaw 
and jumping, were used as being indicative of nociception. 
Generally, they have been used as endpoints in the hot 
plate procedure (Carter, 1991). Thirty minutes after drug 
injection (citalopram 10 mg/kg,  s.c.), rats were individu- 
ally placed in a shock chamber with a grid floor (19 × 22 
X 20 cm). After a 5-min adaptation period, rats were 
subjected to 15 series of scrambled electric footshocks. 
Each series was of 10-s duration and spaced at 40-s 
intervals, ranging from 0.4 mA to 3.2 mA in 0.2 mA steps, 
presented in ascending order. The response of rats to each 
shock was recorded, and minimal intensities of electric 
footshocks, at which each four behaviors appeared, were 
determined. 
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2.4. Data analysis 

All the data are presented as the means + S.E.M. of the 
individual values of the rats from each group. Statistical 
differences between two groups were analyzed using an 
unpaired t-test (two-tailed). Multiple group comparisons 
were made using a one-way analysis of variance (ANOVA) 
followed by Duncan's test. When two drugs were given, 
the data were analyzed by a 2-way ANOVA. 

3. Results  

The selective 5-HT reuptake inhibitor citalopram (1-10 
m g / k g )  dose dependently reduced the acquisition of con- 
ditioned freezing [F(3,60) = 5.557, P < 0.01] (Fig. 1A). 
The possibility that the effect of citalopram administered 
30 min before footshock was still present during testing 24 
h later and directly affected the expression of conditioned 
freezing can be obviated, because 10 m g / k g  of citalopram 
5 min after footshock failed to reduce the acquisition of 
conditioned freezing (data not shown). The selective nor- 
adrenaline reuptake inhibitor ORG4428, or the selective 
dopamine reuptake inhibitor GBR12909 had no effect on 
the acquisition of conditioned freezing [ORG4428, F(3,68) 
= 0.726, P = 0.54; GBR12909, F(3,28) = 0.828, P = 
0.49] (Fig. 1B,C). 

As shown in Fig. 2, the effect of citalopram (10 m g /kg )  
on the acquisition of conditioned freezing was not affected 
by 1 m g / k g  of NAN190 [effect of citalopram, F(1,28) = 
12.214, P < 0.01; effect of NAN190, F(1,28) = 3.205, 
P = 0.08; interaction of NAN190 with citalopram, F(1,28) 
= 0.028, P = 0.87] or 10 m g / k g  of ICI169,369 [effect of 
citalopram, F(1,76) = 6.703, P < 0.02; effect of 
ICI169,369, F(1 ,76)=  1.067, P =  0.305; interaction of 
ICI169,369 with citalopram, F(1,76) = 0.122, P = 0.728] 
(Fig. CA,B). 

Table 1 shows the effects of citalopram (10 m g / k g )  on 
pain-related behaviors induced by footshock. Minimal in- 
tensities of electric footshocks at which pain-related behav- 
iors first appeared, i.e. pain thresholds, were not different 
between the citalopram group and vehicle controls. 

4. Discuss ion  
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Fig. 1. Effects of the selective serotonin reuptake inhibitor citalopram 
(A), selective noradrenaline reuptake inhibitor ORG4428 (B), and selec- 
tive dopamine reuptake inhibitor GBR12909 (C) on the acquisition of 
conditioned freezing. Thirty minutes after a single injection of drugs or 
the vehicle (s.c.), rats were individually subjected to 2.5 rnA footshock 
for 5 min. Twenty-four hours after footshock, rats were placed in the 
shock chamber without shocks and observed for 5 min. Represented are 
the mean percentages + S.E.M. of freezing scored for a 5-min observation 
period. The number of rats/group for each experiment were: citalopram, 
16; ORG4428, 16-24; GBR12909, 8. * P < 0.05, " * P < 0.01 vs. vehi- 
cle controls. 

In the present study, the selective 5-HT reuptake in- 
hibitor citalopram reduced the acquisition of conditioned 
freezing, unlike noradrenaline and dopamine reuptake in- 
hibitors. We have already reported that acute treatment 
with selective 5-HT reuptake inhibitors decreased the ex- 
pression of conditioned freezing (Hashimoto et al., 1996; 
Inoue et al., 1996a). Taken together, selective 5-HT reup- 
take inhibitors reduce both the expression and acquisition 
of conditioned freezing, as did the classical anxiolytic 
benzodiazepines and a new anxiolytic 5-HT1A receptor 

agonist in previous studies (Fanselow and Helmstetter, 
1988; Rittenhouse et al., 1992; Inoue et al., 1996a,b; our 
unpublished data). 

Since citalopram did not affect the threshold of foot- 
shock-induced pain, consistent with the previous studies 
(Hyttel, 1982), the blocking effect of citalopram on the 
acquisition of conditioned freezing cannot be attributed to 
a reduced sensitivity to electric footshock. In addition, 
citalopram administration 5 min after footshock failed to 
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Fig. 2. Effects of the 5-HTIA receptor antagonist NAN190 (1 mg/kg, A) 
and 5-HT2A/2 C receptor antagonist ICI169,369 (10 mg/kg, B) on the 
blocking effect of citalopram (10 mg/kg) on the acquisition of condi- 
tioned freezing. Forty minutes after NAN190 or ICI169,369 s.c. and 30 
min after citalopram s.c., rats were individually subjected to 2.5 mA 
footshock for 5 rain. Twenty-four hours after footshock, rats were placed 
in the shock chamber without shocks and observed for 5 min. Repre- 
sented are the mean percentages + S.E.M. of freezing scored for a 5-min 
observation period. The number of rats/group for each experiment were: 
NAN190, 8; ICI169,369, 16-24. Significant F values by a 2-way 
ANOVA: NAN190, main effect of citalopram, F(1,28)= 12.214, P < 
0.01; ICI169,369, main effect of citalopram, F(1,76) = 6.703, P < 0.02. 

reduce the acquisition of conditioned freezing. Therefore, 
the possibility that the effect of citalopram administered 30 
min before footshock was still present during testing 24 h 
later and directly affected the expression of conditioned 
freezing is unlikely. Furthermore, previous papers showed 

Table 1 
Effect of  citalopram (10 m g / k g  s.c.) on pain-related behavior  induced by 
footshock. Data are represented as the means _+ S.E.M. of pain threshold 
(mA), at which each behavior  first appeared, n = 8. n.s., not significant 

Behavior Saline group Citalopram group 

Withdrawal of forepaws 0.80_+0.05 0.85_+0.07 n.s. 
Withdrawal of hindpaws 1.05 -t- 0.06 1.18 + 0.10 n.s. 
Vocalization 1.40 + 0.08 1.65 + 0.09 n.s. 
Jumping 2.54 + 0.18 2.47 + 0.25 n.s. 

that selective 5-HT reuptake inhibitors did not impair 
memory in humans (Linnoila et al., 1993), and indeed 
enhanced learning and memory in rodents (Flood and 
Cherkin, 1987; Meneses and Hong, 1995). These results 
suggest that citalopram reduces aversive conditioning with- 
out affecting pain sensitivity or memory. 

Several clinical trials have reported that selective 5-HT 
reuptake inhibitors, including citalopram, are effective in 
the treatment of anxiety disorders, such as panic disorder, 
social phobia and posttraumatic stress disorder (Den Boer 
and Westenberg, 1988; Humble and Wistedt, 1992; Van 
der Kolk et al., 1994; Van Vliet et al., 1994; Katzelnick et 
al., 1995). Den Boer and Westenberg (1988) obtained a 
much better effect with another selective 5-HT reuptake 
inhibitor fluvoxamine than with the noradrenaline reuptake 
inhibitor maprotiline in the treatment of panic disorder. 
This clinical evidence is consistent with our present and 
previous results (Hashimoto et al., 1996) that selective 
5-HT reuptake inhibitors, but not noradrenaline reuptake 
inhibitors, were effective in reducing both the acquisition 
and expression of conditioned freezing. While the effect of 
citalopram on the expression of conditioned freezing clearly 
shows its anxiolytic activity, the effect of citalopram on 
the acquisition of conditioned freezing suggests that it 
affects the conditional stimulus-unconditional stimulus for- 
mation or the perception of noxious footshock (uncondi- 
tional stimulus). As we indicated in the Introduction, aver- 
sive conditioning to some stimuli may play an important 
role in the course and exacerbation of a variety of anxiety 
disorders. Accordingly, the effect of a selective 5-HT 
reuptake inhibitor on the acquisition of conditioned freez- 
ing may be important for the treatment of anxiety disor- 
ders, as well as its effect on the expression of conditioned 
freezing. 

A recent in vivo microdialysis study demonstrated that 
citalopram (10 mg/kg ,  i.p.) increased extracellular 5-HT 
concentrations in the frontal cortex of freely moving rats 
(Invernizzi et al., 1992). The question may arise as to 
which 5-HT receptor subtypes are involved in the citalo- 
pram-induced inhibition of the acquisition of conditioned 
freezing. Our previous study, which showed that the 5- 
HTIA receptor agonist ipsapirone reduced the acquisition 
of conditioned freezing, suggests that the effect of citalo- 
pram may be attributable to activation of 5-HT]A receptors 
(Inoue et al., 1996b). The present study tried to clarify the 
role of 5-HTIA and 5-HT2A/2 C receptors in the effect of 
citalopram on the acquisition of conditioned freezing, by 
using the purported 5-HTIA receptor antagonist NAN190 
and the 5-HT2A/2 c receptor antagonist ICI169,369 (Mid- 
dlemiss and Tricklebank, 1992; Hoyer et al., 1994). Nei- 
ther drug, however, altered the effect of citalopram on the 
acquisition of conditioned freezing. Other studies suggest 
that NAN190 is not an ideal 5-HT~A receptor antagonist, 
but a very weak 5-HTIA receptor agonist (Middlemiss and 
Tricklebank, 1992). Accordingly, the present results cannot 
lead to the conclusion that 5-HT~A receptor activation is 
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not related to the effect of citalopram. Further investiga- 
tions with selective 5-HTIA receptor antagonists, which 
have no agonist effect on 5-HT neuronal firing, are neces- 
sary to verify the mechanism of the effect of citalopram on 
the acquisition of  conditioned freezing. Alternatively, the 
effect of  citalopram on the acquisition of  conditioned 
freezing may be due to the consequence of  interactions 
between several different 5-HT receptor subtypes activated 
by elevated synaptic 5-HT, or activation of  other 5-HT 
receptor subtypes. 

The 5-HT2A/2 c receptor antagonist ICI169,369 or the 
5-HTIA receptor antagonist NAN190 alone did not affect 
the acquisition of  conditioned freezing. Some previous 
studies reported anxiolytic effects of 5-HT2A/2 c receptor 
antagonists and 5-HT~A receptor antagonists in animal 
models, but this anxiolytic activity of 5-HT2A/2 c (or 5- 
HT2c) and 5-HT1A receptor antagonists in animals has not 
been consistently observed by several investigators (Chopin 
and Briley, 1987; Chojnacka-W6jcik and Przegalinski, 
1991; Handley and McBlane, 1993; Rodgers and Cole, 
1994; Kennett et al., 1994). The differences between stud- 
ies in the anxiolytic effects of  5-HT2A/2 c and 5-HT~A 
receptor antagonists may be attributable to differences 
between paradigms. However, clinical studies have not 
ascertained the anxiolytic effects of  5-HT2A/2 c and 5-HT~A 
receptor antagonists yet (Kahn et al., 1988; Erikkson and 
Humble, 1990). 

The present study showed the acute effect of  citalopram 
on the acquisition of  conditioned freezing. Our previous 
studies also reported that acute treatment with SSRI were 
effective in reducing the expression of  conditioned freez- 
ing (Hashimoto et al., 1996; Inoue et al., 1996a). However, 
clinical studies have suggested that chronic but not acute 
treatment with these agents reduces anxiety (Den Boer and 
Westenberg, 1988). Apparently, there is a discrepancy 
between our experimental results and clinical findings. A 
possible explanation is that our anxiety model produces 
acute anxiety, while the anxiety of  clinical anxiety disor- 
ders is chronic. If  this is the case, animal models of  
chronic anxiety might be necessary to understand this 
discrepancy between our model and human anxiety disor- 
ders in the response to treatment with SSRIs. Another 
explanation is that more doses of  SSRIs might be neces- 
sary to achieve a rapid anxiolytic effect in clinical anxiety 
disorders since the present study showed a clear dose-de- 
pendent effect of  citalopram. 

In conclusion, the selective 5-HT reuptake inhibitor 
citalopram was effective in reducing the acquisition of 
conditioned fear stress-induced freezing behavior, while 
noradrenaline or dopamine reuptake inhibitors were inef- 
fective. These results are consistent with recent clinical 
evidence. In addition to the previous findings that selective 
5-HT reuptake inhibitors reduce the expression of  condi- 
tioned freezing (Hashimoto et al., 1996; Inoue et al., 
1996a), the effect of  a selective 5-HT reuptake inhibitor on 
the acquisition of  conditioned freezing may be involved in 

the therapeutic effects of selective 5-HT reuptake in- 
hibitors in anxiety disorders. 
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