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Departamento de Farmacologia, Laboratório de Fisiologia e Farmacologia do Sistema Nervoso Central, Centro Politécnico—Setor de Ciências Biológicas,
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Abstract

Since (a) Hypericum perforatum shows anxiolytic-like effect in some animal models, (b) antidepressant drugs (AD) have been used as the

main drug treatment for panic disorder (PD), (c) AD are also effective in generalized anxiety disorder (GAD), and (d) H. perforatum exhibits

antidepressant activity, it was hypothesized that H. perforatum might possess an antipanic-like and/or anxiolytic-like effect. Previous studies

with the mouse defense test battery (MDTB) have suggested that this model may be useful for the investigation of anxiolytic-like and

antipanic-like compounds. Thus, the aim of the present study was to evaluate the effect of H. perforatum extract in the MDTB. The effect of

acute, subchronic (7 days), and chronic (21 days) H. perforatum (150 and 300 mg/kg) extract administration was evaluated in mice submitted

to the MDTB. Paroxetine (5 mg/kg), a selective serotonin re-uptake inhibitor with anxiolytic and antipanic effect, was used as a positive

control. The results showed that 21 days of repeated administration of H. perforatum 300 mg/kg and paroxetine 5 mg/kg reduced flight

reactions (number of avoidances, avoidance distance, and overall flight speed) to the presence of the predator. While the effect of paroxetine

confirms that MDTB is useful for the detection of antipanic-like drugs, the effect of H. perforatum suggests a putative antipanic-like effect for

this extract. Moreover, after 21 days of repeated administration, paroxetine increased the number of approaches/withdrawals and reduced the

number of upright postures, suggesting a partial anxiolytic-like effect, while H. perforatum only reduced the number of upright postures. The

present results suggest anxiolytic-like and antipanic-like effects of H. perforatum extract. However, it should be emphasized that the risk

assessment (the main index of anxiety) was not affected by the extract, while the attack reactions were only weakly modified.

D 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

Hypericum perforatum L., Hypericaceae, also known as

St. John’s Wort, is a perennial herbaceous plant native to

Europe, Asia, North Africa, and North America (Di Carlo

et al., 2001). H. perforatum contains numerous compounds

with biological activity, such as napthdianthrones, includ-

ing hypericin and pseudohypericin, tannins and proantho-

cyanidins, flavonoids, and phloroglucinol derivatives

(hyperforin). Clinical studies have suggested that the H.

perforatum extract is as effective as traditional antidepres-

sants and has superior efficacy compared to placebo for the

treatment of mild to moderate depression (for reviews, see

Kim et al., 1999; Kasper, 2001; Linde and Mulrow, 2000;

Di Carlo et al., 2001; also see Shelton et al., 2001). The

clinical evidence has been supported by many pre-clinical

studies in animal models of depression (Gambarana et al.,

1999; Butterweck et al., 1997; Bhattacharya et al., 1998;

Chatterjee et al., 1998a). Regarding its mechanism of

action, recent studies have led to propose that hyperforin

could be a major neuroactive constituent of the herb

(Chatterjee et al., 1998b; Di Carlo et al., 2001). However,

unlike conventional antidepressants, this constituent is not a

specific reuptake inhibitor, but in fact is able to inhibit

synaptosomal uptake of monoamines, glutamate, and g-

aminobutyric acid (GABA) with almost equal potencies

(Muller et al., 1998; Wonnemann et al., 2001). In addiction,

chronic treatment with H. perforatum extract leads to

adaptive changes in b-adrenoceptors in the frontal cortex

(Muller et al., 1997) like those induced by conventional

antidepressant drugs (AD).
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Some studies have shown that H. perforatum also may

exert an anxiolytic effect. In clinical studies, H. perforatum

extract exerted a beneficial effect on patients with obsess-

ive–compulsive disorder in an open study (Taylor and

Kobak, 2000) and reduced anxiety and depression scores

in the Hospital Anxiety and Depression Scale in patients

with fatigue of unexplained origin (Stevinson et al., 1998).

Moreover, there is a case report showing that H. perforatum

treatment reduced the number of panic attacks in a patient

with a possible panic disorder (PD) diagnosis (Yager et al.,

1999), and three case reports suggest an anxiolytic effect of

the extract (Davison and Connor, 2001).

Considering pre-clinical studies, some recent data sug-

gest a putative anxiolytic-like effect of H. perforatum. Acute

treatment impaired the acquisition of inhibitory avoidance in

the light–dark test in rats (Vandenbogaerde et al., 2000), an

effect that was blocked by pretreatment with the benzodia-

zepine receptor antagonist flumazenil, and decreased the

inhibitory avoidance latency of rats submitted to the ele-

vated T-maze (Flausino et al., 2002). In this line of research,

our group observed that acute treatment with H. perforatum

extract decreased the marble-burying behavior of mice at a

dose that did not change locomotor activity (Skalisz et al.,

unpublished data). Acute H. perforatum administration to

mice increased the time spent in open areas, the percentage

of unprotected head-dips, and unprotected stretch approach

posture in the elevated plus-maze (Coleta et al., 2001).

Chronic treatment with the extract increased the time spent

in the light compartment in the light/dark test (Flausino et

al., 2002). The ethanolic extract of Indian H. perforatum

also induced an anxiolytic-like effect on the elevated plus-

maze, open-field test and social interaction test after

repeated administration for 3 days (Kumar et al., 2000).

Our group also showed that repeated treatment (7 days) with

H. perforatum and paroxetine increased the escape latency

of rats submitted to the elevated T-maze in a modified

procedure (Beijamini and Andreatini, unpublished data),

suggesting an antipanic-like effect, although Flausino et

al. (2002) did not show this effect on the elevated T-maze

after chronic treatment (14 days).

When considering preclinical data, it is important to keep

in mind that pathological anxiety is a heterogeneous phe-

nomenon comprised of generalized anxiety disorder (GAD),

PD, obsessive–compulsive disorder (OCD), and phobias

(American Psychiatric Association, 1994). PD is a chronic

mental disease and its central pathologic feature is the panic

attack, which involves the sudden onset of intense appre-

hension, fearfulness, fear of dying, paresthesias, sweating,

dizziness, and palpitations (American Psychiatric Asso-

ciation, 1994). It is clear that many of the behavioral

symptoms, which often rely on verbal report, can hardly

be modeled in animals. However, it has been suggested that

panic may result when ‘flight or fight’ mechanisms are

strongly aroused but no perceived route for escape is

available (Deakin and Graeff, 1991). Based on this assump-

tion, several attempts to develop animal paradigms invol-

ving flight or escape behaviors have been made, which have

been suggested to relate to certain aspects of a panic attack.

For instance, Griebel et al. (1995a,b) have developed an

animal model called the Mouse Defense Test Battery

(MDTB), in which mice are confronted with immediate,

discrete, or potential threat stimuli (a rat). This model is

based on an ethological validation of natural defensive

behaviors of laboratory and wild mice in both semi-natural

and highly structured situations (Blanchard et al., 1993a,b,

1997, 1998, 2001; Griebel et al., 1996a,c). Extensive

pharmacological evaluation of the MDTB has demonstrated

that panic-modulating agents specifically affect animals’

flight responses, and anxiolytic drugs (i.e., drugs that are

effective in GAD) reduce risk assessment activities and

defensive threat/attack responses (Blanchard et al., 1997).

Clinically effective antipanic drugs (clonazepam, alprazo-

lam, imipramine, fluoxetine, phenelzine, and moclobemine)

decrease flight behaviors (Griebel et al., 1995a,b,d,

1996a,b, 1997a, 1998). On the other hand, drugs that induce

panic attacks (yohimbine, flumazenil, and cocaine) or

worsen the patient’s condition early in treatment of PD

(acute fluoxetine and imipramine) increase the flight

response (Griebel et al., 1995a,b, 1996a; Blanchard et al.,

1997, 1999). Furthermore, ineffective antipanic drugs

(chlordiazepoxide, diazepam, 5-HT1A agonists, and 5-

HT2 antagonists) do not modify these behaviors (Griebel

et al., 1995c). In contrast, risk assessment activities and

defensive threat/attack responses are reduced by benzodia-

zepines (chlordiazepoxide, diazepam, clonazepam, cloba-

zam, and alprazolam), by a 5-HT1A agonist (gepirone), and

by chronic treatment with antidepressants (imipramine,

fluoxetine and phenelzine) (Griebel et al., 1995a,b,

1996a,b, 1997b, 1998, 1999a). Moreover, flumazenil and

RO 194603, respectively a benzodiazepine antagonist and a

benzodiazepine inverse agonist, enhance these behaviors

(Griebel et al., 1995b).

Because (a) H. perforatum shows an anxiolytic-like

effect in some animal models, (b) AD have been used as

the main drug treatment for PD, (c) AD are also effective in

GAD, and (d) H. perforatum exhibits antidepressant activ-

ity, it was hypothesized that H. perforatum might possess

antipanic-like and/or anxiolytic-like effect. Thus, the aim of

the present study was to evaluate the effect of acute,

subchronic (7 days), and chronic (21 days) treatment with

H. perforatum extract in the MDTB at a dose that exhibited

an antidepressant-like effect.

2. Methods

2.1. Animals

The subjects were adult male albino Swiss mice (30–45 g)

from the TECPAR (Brazil) breed and adult male albino

Wistar rats (250–300 g) from our own breed. They were

housed in groups of five in polypropylene cages with
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wood shavings as bedding under controlled conditions of

light (12-h light–dark cycle, light on at 0700 h) and

temperature (22 ± 1 �C). Tap water and food pellets were

available ad libitum throughout the experiments. The mice

were acclimated to our laboratory housing conditions at

least 1 week before the experiments. None of animals (rats

and mice) were subjected to handling prior to the begin-

ning of the experiments. The mice were divided into

groups of 14–17 animals.

2.2. Drugs

The H. perforatum dry standardized extract (LI 160) was

supplied by Eurofarma (obtained from Indena, Milan, Italy;

extraction solvent: methanol; herb–extract ratio 7:1). The

amount of hypericin (0.3%) and hyperforin (3.3%) was

quantified by high-performance liquid chromatography

and fluorescence detection by Indena. The H. perforatum

extract was suspended in distilled water and sonicated for 20

min before oral administration. Paroxetine (Eurofarma, São

Paulo, Brazil) was dissolved in distilled water. Both drugs

were prepared on the day of the experiment. The control

group received physiological saline. All drugs were admin-

istered orally by gavage in a final volume of 10 ml/kg body

weight.

The rats used in the experiments were deeply anaesthe-

tized with an injection of thiopental (Cristalia, São Paulo,

Brazil) 25 mg/kg 15 min before the test.

2.3. Apparatus

The MDTB was conducted in an oval runway made of

black painted wood (0.4 m wide, 0.3 m high and 4.8 m in

total length) consisting of two 2-m straight segments

joined to two 0.4-m curved segments and separated by a

middle wall (2.0� 0.3� 0.06 m). The floor was marked

every 20 cm to facilitate distance measurement. The

apparatus was elevated to a height of 0.7 m from the floor

to enable the experimenter to hold the rat easily, while

minimizing the mouse’s visual contact with the experi-

menter. The experiments were recorded with a video

camera mounted above the apparatus and were performed

between 1300 and 1800 h.

2.4. Procedures

2.4.1. MDTB

The procedure was carried out as proposed by Griebel et

al. (1995b).

2.4.1.1. Pretest or locomotor activity before exposure to the

predator. The mouse was placed in the center of the

runway for 3 min, and the number of line crossings, wall

rears, wall climbs, and jump escapes were recorded. The last

three measures provide an index of contextual escape

attempts.

2.4.1.2. The rat avoidance test. Immediately after the

pretest, a deeply anesthetized handheld rat was introduced

into the runway and brought up to the subject at a speed of

approximately 0.5 m/s. Approach was terminated when

contact with the mouse was made or the mouse ran away

from the approaching rat. If the subject fled, the number of

avoidances and the avoidance distance (the distance

between the rat and the mouse at the point of flight in

centimeters) were recorded. This was repeated five times.

The interval between trials was 15 s.

2.4.1.3. The chase/flight test. The handheld rat was

brought up to the mouse at a speed of approximately 2.0

m/s for a distance of 18 m. During the chase, number of

stops (pause in movement), orientations (subject stops, then

orients the head toward the rat), and reversals (subject stops,

then runs in the opposite direction) were recorded. Overall

flight speed (m/s) and maximum flight speed (an average of

three measures of uninterrupted straight flight, over 1 m

linear segment of the runway) were calculated.

2.4.1.4. The straight alley test. Thirty seconds after the

chase/flight test, the runway was converted to a straight

alley (a segment of 1 m) by closing two doors. Three

confrontations at 0.4 m, 15 s each, were made with a

handheld rat toward the subject in this inescapable straight

alley. Measurements made included immobility time, closest

distance between the mouse and the rat, and number of

approaches/withdrawals.

2.4.1.5. The forced contact test. The experimenter brought

the rat in contact with the subject three times, for 10 s each

time. For each contact, the following defensive threat and

attack reactions were noted: vocalizations, bites, upright

postures, and jump attacks.

2.4.1.6. The post-test or contextual defense test. Finally,

the doors and predator were removed. Line crossings and

escape attempts were recorded during a 3-min session.

2.5. Treatment schedule

H. perforatum doses were chosen based on its anti-

depressant-like effect on the forced swimming test (Skalisz

et al., unpublished data). In the acute experiment, saline,

paroxetine (Paro 5 mg/kg, po, positive control) or H.

perforatum extract (Hp 150 or 300 mg/kg, po) was

administered 1 h before the test session. For the subchronic

study, animals were treated with saline, Paro 5 mg/kg or

Hp 150 or 300 mg/kg for 7 days once a day (po). On the

7th day, mice were tested in the oval runway 1 h after the

last gavage treatment. For the chronic study, the same

groups (but consisting of different animals) were treated

once a day for 21 days (po). On the 21st day, mice were

tested in the oval runway 1 h after the last gavage

treatment.
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2.6. Statistical analysis

Parametric data are reported as mean ± standard error of

mean (S.E.M.) and nonparametric data are reported as

median ± semi-inter-quartile range (S.I.R.). Line crossing

data before and after confrontation with the rat were

analyzed by two-way analysis of variance (ANOVA)

followed by the Newman–Keuls post hoc test when

appropriate. Overall and maximum speed and immobility

time were analyzed by one-way ANOVA followed by the

Newman–Keuls post hoc test when appropriate. Nonpara-

metric tests were used for data that did not show homo-

scedasticity or did not fit the parametric assumptions.

Comparisons between treatment groups and control were

made by Kruskal–Wallis ANOVA followed by the Dunn

test when appropriate. The Wilcoxon matched pair test

was used to compare pre- versus post-exposure data for

the same group. Differences were considered statistically

significant when P�.05. The statistical analysis was

performed using the following software: Statistic 5.5

(Statsoft, 1999) and GraphPad Prism 3.0 (GraphPad Soft-

ware, 1999).

Fig. 1. Effects of acute, subchronic (7 days), and chronic (21 days) treatment with saline (control group), H. perforatum 150 mg/kg (Hp 150) and 300 mg/kg

(Hp 300) and paroxetine 5 mg/kg (Paro 5) on locomotor activity (line crossings) and escape attempts in the runway cage before (pretest) and after (post-test)

confrontation with the rat. Data are reported as mean ± S.E.M. (n= 14–17/group). *P < .05 compared to pretest.
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2.7. Ethics

All procedures were carried out in compliance with the

NIH Guide for the Care and Use of Laboratory Animals

(Committee to Revise the Guide for the Care and Use of

Laboratory Animals, 1996).

3. Results

3.1. Pretest and post-test (contextual defense)

For the acute treatment, two-way ANOVA showed that

line crossings were not affected by Treatment [F(3,55) =

0.794; P>.1], by Trial [F(1,55) = 0.045; P>.1] or by Factor

interaction [F(3,55) = 0.443; P>.1]. After 7 days of admin-

istration, there was no significant difference in line cross-

ings between treatments [F(3,55) = 0.989; P>.1] or trials

[F(1,55) = 0.186; P>.1] or in terms of Factor interaction

[F(3,55) = 0.937; P>.1]. The same results were obtained

after chronic Treatment [F(3,55) = 2.271; P=.088], Trial

[F(1,55) = 0.026; P>.1], and Factor interaction [F(3,55) =

0.415; P>.1] (Fig. 1).

Acute treatment did not affect escape attempts before

[H(3,59) = 1.793; P>.1] or after confrontation with the rat

[H(3,59) = 1.931; P>.1]. The Wilcoxon matched pair test

showed that escape attempts in the contextual defense test

increased in all groups compared to the pretest and that the

drugs did not inhibit this effect: saline (T= 3.0; P < .01), Hp

150 (T= 1.0; P < .001), Hp 300 (T= 9.5; P < .01), and Paro 5

(T= 5.0; P < .01). Subchronic treatment did not affect escape

attempts in the pretest [H(3,59) = 4.008; P>.1], but affected

Fig. 2. Effects of acute, subchronic (7 days), and chronic (21 days) treatment with saline (control group), H. perforatum 150 mg/kg (Hp 150) and 300 mg/kg

(Hp 300) and paroxetine 5 mg/kg (Paro 5) on two flight measures in the rat avoidance test. Number of avoidances is reported as mean ± S.E.M.; avoidance

distance data are reported as median ± S.I.R. (n= 14–17/group). *P< .05 compared to the control group.
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this parameter in the post-test [H(3,59) = 9.565; P=.022].

Post hoc Dunn’s test indicated a significant difference

between Hp 150 and Paro 5. The Wilcoxon matched-pair

test showed that escape attempts in the contextual defense

test increased in all groups compared to the pretest and that

the drugs did not inhibit this effect: saline (T= 22.0; P=.03),

Hp 150 (T= 3.5; P < .01), Hp 300 (T= 1.0; P < .01), and

Paro 5 (T= 19.5; P=.02). Kruskal–Wallis ANOVA showed

that chronic treatment did not affect the number of escape

attempts before [H(3,66) = 5.616; P>.1] or after presentation

of the predator [H(3,66) = 6.578; P=.086]. The Wilcoxon

matched-pair test showed that escape attempts in the con-

textual defense test increased in all groups compared to the

pretest and that the drugs did not inhibit this effect: saline

(T = 0.0; P < .01), Hp 150 (T = 1.0; P < .001), Hp 300

(T= 1.0; P < .01), and Paro 5 (T= 0.0; P < .01).

3.2. The rat avoidance test

Statistical analysis showed that acute treatment did not

affect the number of avoidances [H(3,59) = 1.123; P>.1] or

the avoidance distance [F(3,55) = 0.123; P>.1]. Subchronic

treatment also did not affect the number of avoidances

[H(3,59) = 7.016; P=.071] or the avoidance distance

[F(3,55) = 0.250; P>.1]. After chronic administration, there

was a significant difference between groups in number of

avoidances [H(3,66) = 15.210; P=.001] and avoidance dis-

tance [F(3,62) = 3.026; P=.036]. Post hoc analysis (Dunn’s

test) showed that Hp 300 (P < .01) and Paro 5 (P < .01)

significantly reduced the number of avoidances compared to

the control group. Moreover, Hp 300 and Paro 5 also

reduced the avoidance distance, but this reduction just failed

to reach statistical significance (P < .06) (Fig. 2).

Fig. 3. Effects of acute, subchronic (7 days), and chronic (21 days) treatment with saline (control group), H. perforatum 150 mg/kg (Hp 150) and 300 mg/kg

(Hp 300) and paroxetine 5 mg/kg (Paro 5) on overall and maximum speed in the chase/flight test. Data represent the mean ± S.E.M. (n= 14–17/group).

*P < .05 compared to the control group.
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3.3. The chase/flight test

Overall [F(3,55) = 0.018; P>.1] and maximum [F(3,

55) = 0.054; P>.1] speed (Fig. 3), number of stops [H(3,

59) = 1.089; P>.1], number of orientations [H(3,59) = 0.075;

P>.1] and number of reversals [H(3,59) = 1.111; P>.1; Table

1] were not affected by acute treatment. After subchronic

treatment, overall [F(3,55) = 1.319; P>.1] and maximum

[F(3,55) = 0.063; P>.1] speed, number of stops [H(3,59) =

0.215; P>.1], number of orientations [H(3,59) = 1.859;

P>.1], and number of reversals [H(3,59) = 4.130; P>.1]

remained unchanged in all groups. After chronic treatment,

with the exception of Hp 150, the drugs significantly

decreased overall [F(3,62) = 3.363; P=.024] and maximum

[F(3,62) = 3.981; P=.011] speed (Fig. 3). In contrast, the

number of stops [H(3,59) = 1.958; P>.01], the number of

orientations [H(3,59) = 2.798; P>.1], and the number of

reversals [H(3,59) = 1.895; P>.1] were not affected by chro-

nic treatment (Table 1).

3.4. The straight alley test

Immobility time [F(3,55) = 0.029; P>.1], closest distance

between the mouse and the rat [H(3,59) = 0.950; P>.1], and

number of approaches/withdrawals [H(3,59) = 0.301; P>.1]

were not affected by acute treatment. After subchronic

treatment, closest distance between the mouse and the rat

[H(3,59) = 7.535; P=.056] and number of approaches/with-

drawals [H(3,59) = 5.592; P>.1] remained unchanged in all

groups, but there was a significant difference between

groups in immobility time [F(3,55) = 3.214; P=.029]. Post

hoc analysis by the Newman–Keuls test showed a signific-

ant difference between Hp 300 and Paro 5. After chronic

treatment, immobility time [F(3,62) = 1.417; P>.1] and

closest distance between the mouse and the rat [H(3,66) =

7.229; P=.065] remained unchanged in all groups, but there

was a significant difference between groups in number of

approaches/withdrawals [H(3,66) = 9.380; P=.024]. The

Dunn test showed that Paro 5 administration significantly

increased the number of approaches/withdrawals compared

to the control group (P < .05) (Table 2).

Table 1

Effects of H. perforatum and paroxetine on the frequencies of behaviors in

the chase/fight test

Treatment Stops Orientations Reversals

Acute

Saline (n= 15) 11.0 ± 4.5 5.0 ± 5.5 3.0 ± 7.5

Hp 150 (n= 15) 12.0 ± 4.0 5.0 ± 5.0 5.0 ± 5.0

Hp 300 (n= 15) 11.0 ± 2.0 6.0 ± 2.5 4.0 ± 3.5

Paro 5 (n= 14) 10.5 ± 2.5 5.0 ± 1.0 4.5 ± 4.0

7 days

Saline (n= 15) 15.0 ± 2.5 10.0 ± 4.5 4.0 ± 4.5

Hp 150 (n= 15) 15.0 ± 3.0 8 ± 3.5 1.0 ± 4.5

Hp 300 (n= 14) 14.5 ± 2.5 8.0 ± 2.0 3.0 ± 1.5

Paro 5 (n= 15) 14.0 ± 4.5 10.0 ± 1.5 2.0 ± 3.0

21 days

Saline (n= 16) 12.5 ± 2.0 9.0 ± 2.25 1.0 ± 0.5

Hp 150 (n= 17) 15.0 ± 1.5 11.0 ± 2.0 1.0 ± 0.5

Hp 300 (n= 17) 15.0 ± 3.0 12.0 ± 3.5 1.0 ± 0.5

Paro 5 (n= 16) 15.5 ± 4.0 11.0 ± 4.0 2.0 ± 1.0

Data represent the median ± S.I.R.

Hp 150 and Hp 300: H. perforatum 150 and 300 mg/kg, respectively; Paro

5: paroxetine 5 mg/kg. Drugs were administered orally.

Table 2

Effects of H. perforatum and paroxetine in the straight alley test on

behavioral responses to a rat

Treatment Immobility timea Closest distance

between animalsb
Approaches/

withdrawalsb

Acute

Saline (n= 15) 27.3 ± 3.2 40.0 ± 5.0 0.0 ± 0.0

Hp 150 (n= 15) 27.6 ± 3.5 40.0 ± 10.0 0.0 ± 0.0

Hp 300 (n= 15) 28.2 ± 3.1 40.0 ± 20.0 0.0 ± 0.0

Paro 5 (n= 14) 26.9 ± 2.3 40.0 ± 5.0 0.0 ± 0.0

7 days

Saline (n= 15) 26.7 ± 3.0 40.0 ± 20.0 0.0 ± 0.5

Hp 150 (n= 15) 19.8 ± 3.8 40.0 ± 20.0 0.0 ± 0.5

Hp 300 (n= 14) 29.8 ± 1.8 40.0 ± 0.0 0.0 ± 0.0

Paro 5 (n= 15) 17.3 ± 3.7 20.0 ± 20.0 0.0 ± 0.5

21 days

Saline (n= 16) 24.6 ± 2.7 40.0 ± 15.0 0.0 ± 0.0

Hp 150 (n= 17) 19.4 ± 3.7 25.0 ± 20.0 0.0 ± 0.0

Hp 300 (n= 17) 20.6 ± 3.2 40.0 ± 15.0 0.0 ± 0.0

Paro 5 (n= 16) 15.0 ± 3.3 0.0 ± 13.75 1.0 ± 2.0 *

Hp 150 and Hp 300: H. perforatum 150 and 300 mg/kg, respectively; Paro

5: paroxetine 5 mg/kg. Drugs were administered orally.
a Data represent the mean ± S.E.M.
b Data represent the median ± S.I.R.

* P< .05 compared to the control group.

Table 3

Effects of H. perforatum and paroxetine on frequencies of defensive threat

and attack reactions upon forced contact with a rat

Treatment Biting

the rat

Vocalizations Jump

attacks

Upright

postures

Acute

Saline (n= 15) 0.0 ± 1.0 4.0 ± 5.0 1.0 ± 4.0 8.0 ± 2.5

Hp 150 (n= 15) 0.0 ± 0.5 2.0 ± 3.5 0.0 ± 1.0 9.0 ± 4.5

Hp 300 (n= 15) 0.0 ± 0.5 0.0 ± 3.5 0.0 ± 5.5 8.0 ± 4.5

Paro 5 (n= 14) 0.0 ± 0.5 0.5 ± 2.5 0.5 ± 2.5 5.0 ± 4.5

7 days

Saline (n= 15) 0.0 ± 0.5 11.0 ± 6.5 2.0 ± 2.0 14.0 ± 3.5

Hp 150 (n= 15) 0.0 ± 0.0 5.0 ± 17.0 0.0 ± 3.5 12.0 ± 8.5

Hp 300 (n= 14) 0.0 ± 0.0 11.0 ± 9.5 0.0 ± 1.5 9.0 ± 4.0

Paro 5 (n= 15) 0.0 ± 0.0 2.0 ± 9.5 0.0 ± 0.5 7.0 ± 6.5

21 days

Saline (n= 16) 0.0 ± 0.0 5.0 ± 9.5 0.0 ± 0.5 24.0 ± 5.25

Hp 150 (n= 17) 0.0 ± 0.0 7.0 ± 15.0 0.0 ± 0.0 8.0 ± 11.0

Hp 300 (n= 17) 0.0 ± 0.0 1.0 ± 7.5 0.0 ± 0.0 10.0 ± 4.5 *

Paro 5 (n= 16) 0.0 ± 0.0 0.5 ± 4.25 0.0 ± 0.0 7.0 ± 6.0 *

Data represent the median ± S.I.R.

Hp 150 and Hp 300: H. perforatum 150 and 300 mg/kg, respectively; Paro

5: paroxetine 5 mg/kg. Drugs were administered orally.

* P< .05 compared to the control group.
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3.5. The forced contact test

Number of bites [H(3,59) = 2.292; P>.1], vocalizations

[H(3,59) = 5.354; P>.1], jump attacks [H(3,59) = 1.127;

P>.1] and upright postures [H(3,59) = 1.671; P>.1] were

not affected by acute treatment. After subchronic treatment,

number of bites [H(3,59) = 7.466; P=.058], vocalizations

[H(3,59) = 0.490; P>.1], jump attacks [H(3,59) = 3.036;

P>.1], and upright postures [H(3,59) = 1.751; P>.1] also

remained unchanged in all groups. The number of bites

[H(3,66) = 2,039; P>.1] and vocalizations [H(3,66) = 3.300;

P>.1] were not affected by chronic treatment, but the

number of jump attacks [H(3,66) = 7.956; P=.046] and

upright postures [H(3,66) = 13.334; P=.004] were. Post

hoc analysis by Dunn’s test showed that Hp 300 and Paro

5 significantly reduced the frequency of upright postures

compared to the control group. On the other hand, Dunn’s

test did not reveal any significant difference between groups

for jump attacks (Table 3).

4. Discussion

The defensive behaviors of control animals in the present

study were qualitatively similar to those reported in previous

MDTB studies (Griebel et al., 1995a, 1996b). For example,

the escape attempts were increased by previous confronta-

tion with the predator. On the other hand, the baseline levels

of defensive behaviors in the present study were lower than

previously reported in the literature. A possible explanation

for these differences may be the use of a less aggressive

strain of rats as a threatening stimulus (Wistar in the present

study versus Long Evans in previous studies). Another

possibility is that our mice were housed in groups and not

singly as in previous MDTB studies; it is acknowledged that

isolation promotes defensive and offensive aggression.

Nevertheless, in the present study, defensive behaviors also

were elicited despite their lower intensity compared to

previous studies and despite the intertrial variation found

here.

Chronic treatment with H. perforatum 300 mg/kg and

paroxetine 5 mg/kg significantly reduced flight responses

(number of avoidances and overall flight speed). Consider-

ing that these behaviors are highly sensitive to panicogenic

and panicolytic agents (Blanchard et al., 1997, 2001), the

effects of paroxetine, a clinically effective antipanic drug,

substantiate the proposal that MDTB is a useful animal

model for the screening of antipanic-like drugs. Along this

line, clinical studies have shown an antipanic effect of

paroxetine only after repeated administration (Lecrubier et

al., 1997; Lecrubier and Judge, 1997; Ballenger et al.,

1998). Thus, the results obtained with H. perforatum

suggest an antipanic-like effect of this drug. This agrees

with the data showing that both drugs increased one-way

escape latency of rats subjected to the elevated T-maze with

a modified procedure after repeated administration (Beija-

mini and Andreatini, unpublished data), a finding that could

be interpreted as an antipanic-like effect (Graeff et al.,

1998). However, as described above, another study did

not find impairment in one-way escape in the elevated T-

maze (Flausino et al., 2002). There is one clinical case

report showing that H. perforatum treatment reduced the

number of panic attacks in a patient with possible PD (Yager

et al., 1999), which may weakly suggest a potential anti-

panic effect of H. perforatum.

H. perforatum or paroxetine treatment did not affect the

number of escape attempts before and after presentation of

the predator. Moreover, the results showed that escape

attempts increased in all groups and that the drugs were

not able to inhibit this effect. The paroxetine results are in

contrast to the data reported by Griebel et al. (1995a), which

showed that chronic fluoxetine or imipramine treatment

significantly reduced the frequency of escape attempts

compared to the control group, an effect interpreted as a

partial anxiolytic-like effect. Furthermore, neither H. perfo-

ratum nor paroxetine affected risk assessment behaviors in

the chase/flight test after the different treatments, although

chronic imipramine and fluoxetine reduced the number of

stops and orientations (Griebel et al., 1995a). Because these

behaviors were associated with an anxiolytic-like effect and

clinical evidence shows that GAD is improved by repeated

treatment with paroxetine (Rocca et al., 1997; Allgulander et

al., 1998), the absence of an effect of repeated paroxetine

treatment, at least at the dose used here, on these parameters

of the MDTB could be viewed as a false-negative effect.

Nevertheless, paroxetine significantly increased the number

of approaches/withdrawals. Recently, Griebel et al.

(1999a,b) observed that diazepam increases the frequency

of this behavior in Swiss mice and they suggested that this

may be an anxiolytic-like effect. Moreover, both paroxetine

and H. perforatum extract reduced the number of upright

postures. Vocalizations, bites, upright postures, and jump

attacks are defensive threat and attack reactions that have

been found to be sensitive to anxiolytic drugs and that are

consequently related to GAD (Blanchard et al., 1997, 1998).

Thus, we could interpret these results as both paroxetine and

the extract exerting a partial anxiolytic-like effect in the

MDTB. Another difference between our results and pre-

vious data is the absence of an anxiogenic-like effect of

acute treatment with paroxetine, in contrast to the anxio-

genic-like effect found with acute treatment with fluoxetine

and imipramine. Although in PD, an anxiogenic effect

sometimes is seen at the beginning of antidepressant treat-

ment (e.g., with fluoxetine and clomipramine), this effect

was not seen in clinical studies with paroxetine (e.g.,

Lecrubier et al., 1997; Ballenger et al., 1998). Moreover,

as cited above, the methodological differences between

studies (housing conditions and rat strain) also may have

contributed to these discrepancies. Furthermore, it is import-

ant to note that paroxetine was tested with only one dose, a

fact that makes it difficult to draw consistent conclusions.

Thus, we think that these differences between the paroxetine
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results and previous data do not reduce the validity and

utility of the MDTB.

An alternative hypothesis explaining the anxiolytic/anti-

panic-like effect is that the drug treatment modified loco-

motor activity. This hypothesis, however, can be partially

discounted, because acute, subchronic, and chronic treat-

ments with H. perforatum or paroxetine did not affect the

line crossing frequencies before confrontation with the rat.

In previous studies with MDTB, line crossing frequency

during the pretest condition was used as a measure of

spontaneous locomotor activity (Griebel et al., 1995b,

1999a; Blanchard et al., 1999). The results suggest that

these drugs did not change locomotor activity. This conclu-

sion is strengthened by the results of our previous experi-

ment which showed that acute treatment with H. perforatum

did not modify locomotor activity (beam interruptions) of

mice tested in automated chambers (Skalisz et al., unpub-

lished data).

Other animal studies also strengthen the hypothesis that

H. perforatum elicits an anxiolytic-like effect in the MDTB.

As described in the Introduction, the H. perforatum extract

exhibits an anxiolytic-like effect on several animal models

of anxiety: the light–dark test in rats (Vandenbogaerde et

al., 2000; Flausino et al., 2002), the elevated T-maze

(Flausino et al., 2002; Beijamini and Andreatini, unpub-

lished data), the marble-burying behavior in mice (Skalisz et

al., unpublished data), the elevated plus-maze (Kumar et al.,

2000; Coleta et al., 2001), and social interaction (Kumar et

al., 2000).

The H. perforatum extract has several biologically active

constituents possibly acting on many neurotransmitter sys-

tems that could explain its effects. On this basis, it was

found that hyperforin induces an anxiolytic-like effect on

the elevated plus-maze, an animal model of anxiety (Chat-

terjee et al., 1998b). However, another study has shown

that an H. perforatum extract without hyperforin increases

the time spent in the open arms of the elevated plus-maze

(Coleta et al., 2001), suggesting an anxiolytic-like effect of

other H. perforatum constituents. There are some data

suggesting that, like paroxetine, fluoxetine, and imipr-

amine, H. perforatum extract (or hyperforin) could inhibit

serotonin re-uptake (Muller et al., 1998; Di Carlo et al.,

2001; Nathan, 2001), which could explain the effects found

in the MDTB. However, recent data do not corroborate this

serotonergic effect (Gobbi et al., 1999; Fornal et al., 2001).

On the other hand, the anxiolytic-like effect of H. perfo-

ratum in the light–dark test was blocked by pretreatment

with flumazenil, a benzodiazepine receptor antagonist (Van-

denbogaerde et al., 2000), a fact suggesting possible

GABAergic modulation. Thus, additional studies are

needed to determine the anxiolytic/antipanic-like effects

of H. perforatum.

In conclusion, the present results showed that chronic H.

perforatum extract reduced some flight behaviors in the

MDTB, which has been suggested to be primarily sensitive

to antipanic agents. However, these effects were smaller

than those observed in previous studies with clinically

effective antipanic drugs. Moreover, there is a conflicting

result when the present data are compared to those obtained

by Flausino et al. (2002) with the elevated T maze, another

animal model proposed to evaluate panic-related anxiety.

Thus, additional studies are needed in order to confirm the

potential antipanic-like effect of H. perforatum extract.
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