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Some herbal products of Hypericum perforatum (Hypericaceae) are recommended for the treatment of
depression. Nevertheless, some of these products do not produce antidepressant-like effects when they
are evaluated in experimental models of depression, whereas others remain to be evaluated.
Consequently, the antidepressant-like effects of two commercially available products of H. perforatum
were evaluated and compared with the clinically effective antidepressant fluoxetine. Male Wistar rats
received different doses of two products of H. perforatum or fluoxetine, and their effects were evaluated at
7, 14, 21, and 28 days of treatment in the open field and forced swim tests. H. perforatum products
significantly increased the latency to first immobility and reduced total immobility time in the forced swim
test, results similar to fluoxetine, without increasing general locomotor activity in the open field test. H.
perforatum products required 21 days of treatment to exert their antidepressant-like effect, whereas
fluoxetine required only 14 days. In conclusion, H. perforatum products evaluated in the present study
produced an antidepressant-like effect, even at lower doses than those reported previously to be effective
in the forced swim test. However, H. perforatum required more days of treatment to exert its
antidepressant-like effect compared with the antidepressant fluoxetine.

Key words: Antidepressant, fluoxetine, forced swim test, Hypericaceae, Hypericum perforatum, open field test,
rats.

INTRODUCTION

Hypericum perforatum is an herbaceous perennial plant
member of the Hypericaceae family. The genus
hypericum contain around 400 species divided in 30
subgroups that are spread throughout temperate and
tropical areas worldwide. H. perforatum is native to the
Mediterranean region but has been widely disseminated
around the world. H. perforatum has been known for a
long time for its putative medicinal properties including
wound-healing, antibiotic, antiviral and diuretic effects.

*Corresponding author. E-mail: juarodriguez@uv.mx.

Nowadays, phytotherapy based on H. perforatum
extracts is employed commonly and widely for the
treatment of mild forms of depression around the world.
Despite controversial data with regard to the
antidepressant effects of H. perforatum, clinical (Kasper
et al., 2008) and preclinical (De Vry et al., 1999; Mdller et
al., 2001) studies have reported that some extracts from
the aerial parts of this plant possess a pharmacological
profile similar to clinically effective antidepressants, such
as tricyclics and selective serotonin reuptake inhibitors
(Rodriguez-Landa and Contreras, 2003). The antidepres-
sant effect is posited to be mainly exerted by two of the
major chemical compounds contained in H. perforatum
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extracts, hypericin and hyperforin (Butterweck et al.,,
1997; Chaterjee et al, 1998), with the possible
participation of other less abundant chemical compounds,
such as flavonoids, biflavonoids, phloroglucinols,
naphthodiantrones, xanthones, proanthocyanidins, acid
phenols, essential oils and other phenolic compounds
(Barnes et al., 2001; Hostettmann and Wolfender, 2005).
In fact, flavonoids have been reported to be necessary for
H. perforatum extracts to produce their antidepressant-
like effects in behavioral models of depression (Calapai
et al., 1999; Butterweck et al., 2000; Noldner and Schétz,
2002; Butterweck and Schmidt, 2007). To date, H.
perforatum appears to have multiple mechanisms of
action involving nonselective serotonin, norepinephrine
and dopamine reuptake inhibition and inactivation of
monoamine oxidase enzyme activity. Moreover,
facilitation of y-aminobutyric acid (GABA) action on the
GABA, receptor and activation of sigma-1 receptors have
also been shown to be involved (Cott, 1997; Barnes et
al., 2001; Mennini and Gobbi, 2004).

Presently, several pharmaceutical companies have
elaborated and commercialized H. perforatum products,
which are recommended for the treatment of mild and
moderate depression. Nevertheless, some of these
products do not produce antidepressant-like effects when
they are evaluated in experimental models of depression.
Guilhermano et al. (2004) found that intraperitoneal
administration (24, 5, and 1 h before the test) of two
available products of H. perforatum commercialized in
Brazil lack antidepressant-like effects in the forced swim
test (FST), an experimental animal model broadly
validated for the screening of potential antidepressants
(Porsolt et al., 1977). These authors suggested that the
ineffectiveness of these two products to produce
antidepressant-like effects in the FST could depend on
factors that modify the content and quality of the
biochemical compounds in the plant, such as cultivation
from different geographic regions, the harvesting
process, storage, drying, the extraction method, and the
herbal product elaboration process (Bilia et al., 2001).

In  Mexico, some herbal products and dietary
supplements elaborated with standardized dry extract of
H. perforatum haven been commercialized, and they are
prescribed for the treatment of mild and moderate
depression. In a previous study (Tortoriello et al., 2003),
some of these products were reported to have lower
concentrations of hypericin and hyperforin than the
concentrations reported to produce antidepressant-like
effects at the experimental level. In other products,
hypericin and hyperforin were not detected (Tortoriello et
al., 2003). Consequently, in the present study, the
antldepressant like effects of different doses of two com-
mercially avallable products of H. perforatum (Hiperikan®
and Remotiv® ) in Mexico were evaluated in Wistar rats
subjected to the OFT and FST. The effects of H.
perforatum were compared with the minimum effective dose
(1.0 mg/kg) of the clinically effective antidepressant
fluoxetine reported to produce an antidepressant-like effect

in the FST after long-term treatment (Contreras et al.,
2001).

METHODS
Animals

Ninety adult male Wistar rats weighing between 250 - 300 g at the
beginning of the experiments were used. The rats were housed in
Plexiglas cages (six rats per cage), with a 12 h/12 h light/dark cycle
(lights on at 06:00 h), an average room temperature of 25°C (+
1°C), and ad libitum access to water and food. All experimental
procedures were performed according to the Guide for the Care
and Use of Laboratory Animals published by the National Institutes
of Health (National Research Council, 1996) and the Norma Official
Mexicana para el Uso y Cuidado de Animales (NOM-062-ZOO,
1999).

Drugs and dosage

Two commercially available products elaborated with the
standardlzed dry extract of H. perforatum were evaluated:
Hiperikan® (produced, authenticated and elaborated by Dr. Willmar
Schwebe GmbH and Co. KG, Karlsruhe, Germany and distributed
by Laboratorlos Farmasa S.A. de C.V., México DF, México) and
Remotiv® (produced, authenticated and elaborated by Max Zeller
SOHNE AG Seeblickstrasse 4, CH Romanshorn, Suiza and
distributed by Grlnenthal de México, S.A. de C.V., México DF,
México). The two products had an equivalent content of 0.50 mg
hypericin in 250 mg of dry extract as reported by the manufacturer.
Additionally, Tortoriello et al. (2003) in a phytochemical study
(HPLC) reported a similar content of hypericin as that reported by
the manufacturer in both products of H. perforatum, aIthough
hyperforin content was different in each product (Hiperikan®, 11.3
mg/250 mg of dry extract; Remotiv®, 0.20 mg/250 mg of dry
extract). To compare the antidepressant like effects of both
products of H. perforatum, we utilized the chlorhydrate of fluoxetine
(Prozac®, authenticated and elaborated by Eli-Lilly Compafiia de
México, SA de C.V., México DF, México), a selective serotonin
reuptake inhibitor cI|n|caIIy effectlve in the treatment of depression.

The doses (mg/kg) of Remotiv® and Hiperikan® used in the
present study were calculated considering the total daily
consumption in 24 h recommended by the manufacturer for the
treatment of depression: Hiperikan® (900 mg), Remotiv® (500 mg).
The doses were calculated based on a person weighing an average
of 70 kg Thus, the calculated doses were 12.86 mg/kg (D1) of
Hiperikan® and 7.14 mg/kg (D1) of Remotiv® per day. One-quarter
(DVs), one-half (D'2), and double (D2) the human dose (D1) were
also calculated. Therefore, the evaluated doses of Hiperikan were
3.21 mg/kg (D'4), 6.43 mg/kg (D'2), 12.86 mg/k g , and 25.72
mg/kg (D2), and the calculated doses of Remotiv Were 1 78 mg/kg
(DVs), 3.57 mg/kg (D'2), 7.14 mg/kg (D1), and 14.28 mg/kg (D2),
every 24 h. We calculated doses in mg/kg (but not in mg/rat) to
avoid possible differences in pharmacological actions associated
with changes in rat weight such that the doses were adjusted daily
to the body weight of the rat during the study.

Generally, fluoxetine doses reported to have antidepressant-like
effects in the FST are 5 - 20 mg/kg with an acute schedule of
treatment (Page et al.,, 1999; Rog6z et al., 2008). Long-term
treatment (21 days) has been reported to require 1.0 mg/kg every
24 h to produce antidepressant-like effects in wistar rats (Contreras
et al., 2001). Therefore, considering the long-term treatment used in
the present study, the dose of 1.0 mg/kg every 24 h was selected.

All treatments were administered once per day for 28 days (10:00
h) at a volume equivalent to 1.0 ml/kg of purified water through a
displaceable sterilized intraesophageal polyethylene cannula (S-54-



—HL Cole-Parmer Co, Vernon Hills, IL, USA: 4 cm length x 1.0 mm
diameter), coupled to a 5 ml disposable syringe (B-D Plastipak,
Becton Dickinson and Co, Cuautitlan Izcalli, Estado de México.
México). The behavioral tests were performed between 11:00 h and
13:00 h.

Experimental groups

The rats were assigned to 10 independent groups (n = 9 per group).
The control group received the vehicle in which fluoxetine or the
products of H. perforatum were dissolved (purified water). The
fluoxetine group received 1.0 mg/kg of fluoxetine chlorhydrate
Another four groups received different doses of Hiperikan® (3.21,
6.43, 12.86 and 25.72 mg/ , and the last four groups received
different doses of Remotiv™ (1. 78 3.57, 7.14 and 14.28 mg/kg).

Before initiating the admlnlstratlon of pharmacological treatments,
all rats were subjected to a 5 min pretest in the OFT and a 15 min
pretest in the FST, the results of which were discarded from the
statistical analysis. In the FST pretest, the rats confronted a new
emergency situation represented by swimming. This allowed us to
assure the development of behavioral “despair” in the rat. Twenty-
four hours later (defined as day 0), rats were subjected to a 5 min
test session in the OFT and FST to evaluate baseline behavioral
activity. After this test session, the pharmacological treatments were
initiated, the effects of which were evaluated on the 7th, 14th, 21st,
and 28th day of treatment, 1 h after the corresponding
administration on the test day. All experimental sessions were
videotaped, and two independent observers blind to treatment
measured the behavioral variables.

Behavioral tests
Open field test

To evaluate the effect of the drugs on spontaneous locomotor
activity, rats were individually placed in an opaque Plexiglas cage
(44 x 33 cm) with walls 20 cm high and the floor divided into 12
squares (11 x 11 cm). When the hind legs crossed the line of the
squares, the rat was considered to have crossed from one square
to another (crossing). After each rat was tested in the OFT, the
cage was carefully cleaned with a solution containing 0.5%
ammonia, 15% ethanol, 10% extran, 5% isopropanol, 10% pinol
and 59.5% purified water to remove the scent of the previously
evaluated rat, which could modify the spontaneous behavior of the
rat (Gutiérrez-Garcia et al., 2006). After the OFT, the rat was
immediately subjected to the FST.

Forced swim test

In this test, the rats were individually forced to swim in a rectangular
pool (50 x 30 x 60 cm) with 24 cm deep water (25 £ 1°C). The
evaluated variables were the following: latency to first immobility
and total immobility time (i.e., when the rat floated without making
vigorous movements leading to displacements and only maintained
its head above the water surface for more than 2 s).

Statistical analysis

Data from the OFT and FST were analyzed using two-way repeated
measures analysis of variance (ANOVA) because the same rats
were subjected to several test sessions. Treatments (vehicle,
fluoxetine and the doses of products of H. perforatum) were the first
factor and treatment days (0, 7, 14, 21, and 28 days) were the
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second factor. Student-Newman-Keuls post hoc test was applied
when p values in the ANOVA were < 0.05. Results are expressed
as mean + standard error.

RESULTS
Open field test

The analysis of crossings in the OFT revealed significant
differences by treatment (Fg 320 = 6.4, p < 0.001) and days
of treatment (Fy320 = 56.2, p < 0.001) and a significant
treatment x days interaction (Fzs 320 = 3.7, p < 0.001). The
post hoc test revealed that crossings were significantly (p
< 0.05) reduced from day 14 of treatment in the fluoxetine
group compared with day 0 and compared with da g 14 in
the control group. The D'2 dose of Remotiv- also
significantly (p < 0.05) reduced crossings from day 21 of
treatment and the D2 dose of Hlperlkan reduced
crossings from day 28 of treatment compared with day 0
and the respective session of the control group.
Crossings remained unchanged throughout the study in
the control group (Table 1).

Forced swim test
Latency to first immobility

The analysis of the latency to first immobility revealed
significant differences by treatment (Fgso = 72.1, p <
0.001) and days of treatment (F4320 = 202.5, p < 0.001)
and a significant treatment x days interaction (Fsg320 =
24.2, p < 0.001). The post hoc test revealed that rats
treated with fluoxetine significantly increased the latency
to first immobility from day 14 of treatment compared with
day 0 and compared with day 14 of the control group.
The rats treated with the D1 and D2 doses of Remotiv®

and D%, D1 and D2 doses of Hiperikan® significantly
increased the latency to first immobility from day 21
compared with day 0 and the respective session of the
control group. The control group had a shorter latency to
first immobility on day 21 compared with day 0 (Table 2).

Total immobility time

The analysis of total immobility time revealed significant
differences by treatment (Fg30 = 27.6, p < 0.001) and
days of treatment (Fs320 = 30.9, p < 0.001) and a
significant treatment x days interaction (Fzs320 = 12.6, p <
0.001). The post hoc test revealed that rats treated with
fluoxetine reduced total immobility time from day 14 of
treatment compared with day 0 and compared with day
14 of the control group. Total immobility t|me in rats
treated with the D1 and D2 doses of Remotiv® and D,
D1, and D2 doses of Hlperlkan was significantly reduced
on day 21 compared with day 0 and compared with day
21 of the control group (Table 3).
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Table 1. Effect of vehicle, fluoxetine, Hiperikan®, and Remotiv® on the number of crossings in the OFT in 5 min.
Treatment Day 0 Day 7 Day 14 Day 21 Day 28
Ctrl (vehicle) 35.3+2.38 32.8+1.6 31.2+1.3 30.5+1.8 27.7+1.6
Fluoxetine mg/kg
1.0 376122 31.0+1.8 174 +£0.8 "+ 11.7+£1.3 "+ 10.1 £ 1.3 "+
Remotiv® (mg/kg)

D4 (1.78) 31.3+1.5 246+3.6 322148 244+29 245+3.7

D2 (3.57) 37.2+t45 25.7+3.3 29.2+23 11.2+1.4*+ 10.1 £1.3 %+
D1 (7.14) 34.1+43 304 +1.7 29.8+1.9 19.7124 23.1+21
D2 (14.28) 244+28 171+1.8 20.2+2.6 125+1.2 18.9+33
Hiperikan® (mg/kg)
D4 (3.21) 58.3+11.9 27.0+3.8 16.2+35 22.0+3.0 36.0+3.6
D2 (6.43) 38.3t27 32.7+23 286+24 16.1£1.4 21.8+0.9
D1 (12.86) 40.0+£1.2 29.7+1.3 31.0+1.6 21.5+1.2 18.3+ 1.1 "+
D2 (27.71) 50.1+71 34.0+5.2 40.0+8.7 271 +3.7 30.3+5.3
Values are expressed as mean + standard error from nine rats. *p < 0.05, compared with day 0 of the same group; “p <
0.05, compared with respective session of control group (two-way repeated-measures ANOVA followed by Student
Newman-Keuls post hoc test).

Table 2. Effect of vehicle, fluoxetine, Hiperikan®, and Remotiv® on latency to first immobility (s) in the FST in 5 min.
Treatment Day 0 Day 7 Day 14 Day 21 Day 28
Ctrl (vehicle) 555+4.2 37.8+3.2 36.3+24 17.5+1.7"* 16.5+24"*
Fluoxetine (mg/kg)

1.0 540+34 41.0+27 946+4.8 "+ 123.9+8.4 *+ 132.8 £ 11.3 *+

Remotiv® (mg/kg)

D4 (1.78) 31.7+3.6 20.3+2.7 34.3+3.9 20.4+3.5 254+3.0

D2 (3.57) 344135 146+t1.4 279145 39.5+43 26.4 £ 3.1

D1 (7.14) 35.7+34 29.2+23 429+48 115.6 £ 6.6 *+ 128.7 £ 8.4 *+

D2 (14.28) 248+1.5 16.7+1.4 43.5+ 9.1 132.5+9.7 *+ 131.7+9.7 *+

Hiperikan®(mg/kg)

D4 (3.21) 28.7+29 221135 30.8+2.1 16.3+ 2.1 19.5+3.2

D2 (6.43) 56.5+4.6 421 +3.5 53.8+2.8 111.6£10.6 "+ 124.7+£9.4 "+

D1 (12.86) 46.3 +£3.3 225+1.5 55.4+8.9 108.5+8.4 "+ 113.2+£9.3 *+

D2 (27.71) 371145 31.5+1.5 65.5+8.9 128.9+11.4 *+ 116.3+8.6 *+

Values are expressed as mean * standard error from nine rats. *p < 0.05, compared with day 0 of the same group; “p < 0.05, compared

with respective session of control group (two-way repeated-measures ANOVA followed by Student-Newman-Keuls post hoc test).
DISCUSSION effective antidepressants, such as fluoxetine, imipramine

The FST is a behavioral test validated for

the screening

and desmethylimipramine (Porsolt et al., 1977; Contreras
et al.,, 2001), reduce immobility and some (e.g.,

of substances with potential antidepressant activity, in
which rats develop a state of “despair” characterized by
increased immobility (Porsolt et al., 1977). Clinically

fluoxetine) also increase the latency to first immobility in
the FST (Contreras et al., 2001), which are considered
antidepressant-like effects at the preclinical level (Porsolt
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Table 3. Effect of vehicle, fluoxetine, Hiperikan®, and Remotiv® on total immobility time (s) in the FST

in 5 min.

Treatment Day 0 Day 7 Day 14 Day 21 Day 28
Ctrl (vehicle) 536+3.6 443+25 53.1+20  751+10.2  74.0+3.6
Fluoxetine (mg/kg)

1.0 535+42 424+20 267+1.7*+ 116+t12*+ 127+1.4*+
Remotiv® (mg/kg)

D'a (1.78) 411+£51 63.2+21 35.1+22 85.8+12.7 73.8+6.5
D'z (3.57) 62.8+6.4 64.8+8.6 43.3+4.3 75.6£10.4 76.6 £8.3
D1 (7.14) 65.2+48 68.7+45 55.2+4.7 244+34*+ 23.3+2.6*+
D2 (14.28) 66.7+t79 535+45 43.8+3.3 18.2+21*+ 14.3+1.3%*+
Hiperikan®(mg/kg)

DYa (3.21) 65.8+10.2 66.5+5.5 59.1 £6.9 74.2+34 77.8+57
D'z (6.43) 65.1+£36 55.1+3.2 454 +17 26.2+23*+ 31.0+1.8*+
D1 (12.86) 56.0+£2.7 61.0+26 37.5+29 178+15*+ 23.0+0.8*+
D2 (27.71) 69.2+6.2 582+56 51.6 £3.0 16.9+3.9*+ 12.6+1.0*+

Values are expressed as mean + standard error from nine rats. *p < 0.05, compared with day 0 of the
same group; “p < 0.05, compared with respective session of control group (two-way repeated-measures
ANOVA followed by Student-Newman-Keuls post hoc test).

et al., 1977; Wieland and Lucki, 1990; Espejo and
Mifiano, 1999; Contreras et al., 2000; Rodriguez-Landa
et al., 2007, 2009). In the present study , the D1 and D2
doses of Remotiv® and D, D1, and D2 doses of
Hiperikan® reduced total immobility time and increased
the latency to first immobility in the FST, similar to
fluoxetine, indicating the antidepressant-like effects of
both products elaborated with H. perforatum.

An increase in locomotor activity in the OFT may
disguise the motivational effects produced by
antidepressants, similar to CNS stimulant drugs, that
reduce immobility in the FST but increase general
locomotor activity (Porsolt et al., 1977; Wieland and
Lucki, 1990). In present study, reduced immobility
produced by H. perforatum products or fluoxetine was not
related to any locomotor stimulant action. Some doses of
H. perforatum products and fluoxetine, in fact, decreased
crossings in the OFT. This finding is consistent with
previous studies showing that reduced immobility
produced by antidepressant drugs or H. perforatum
extracts is not associated with changes in locomotor
activity in the OFT (Wieland and Lucki 1990; De Vry et
al., 1999; Butterweck et al., 2000; Panocka et al., 2000;
Contreras et al., 2001; Cervo et al., 2002).

Both  products of H. perforatum  produced
antidepressant-like effects after 21 days of treatment at
doses lower than those reported to be effective in the
FST, suggesting that administering higher doses of H.
perforatum is not necessary to exert these effects in the
rat. However, a longer treatment time could be required

so that neurochemical changes in the brain are
established to produce their antidepressant-like effects,
similar to clinically effective antidepressant drugs (Lopez—
Rubalcava and Lucki, 2000; Contreras et al., 2001;
Rodriguez-Landa et al., 2003).

Additionally, based on a previous phytochemical study
of both products of H. perforatum (Tortoriello et al.,
2003), in the present study the minimum effective doses
of Remotiv® (D1 hypericin, 0.0117 mg/kg; D1 hyperforin,
0.0045 mg/kg) and Hiperikan® (D2 hypericin, 0.0137
mg/kg; D%  hyperforin, 0.0042 mg/kg)  with
antidepressant-like effects were lower than the minimum
effective doses of hypericin (0.23 mg/kg, single dose) and
hyperforin (0.19 mg/kg, administered 23.5, 5 and 0.5 h
before the test) reported to have antidepressant-like
effects in the FST (Cervo et al., 2002). This indicates that
the antidepressant-like effects of Remotiv® and
Hiperikan® may not only be associated with the content of
these two chemical compounds (hypericin and
hyperforin), but possibly also other constituents of the
plant, such as procyanidins, pseudohypericin and
principal flavonoids, as suggested previously by some
authors (Butterweck et al., 1997, 2000; Hostettmann and
Wolfender, 2005).

The differences in the required time of treatment
between the products of H. perforatum and fluoxetine to
produce antidepressant-like effects may be attributed to
the nonselective pharmacological actions in the brain and
noncompetitive actions on aminergic molecular trans-
porters produced by H. perforatum chemical compounds
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(Mdller et al,, 2001; Hirano et al., 2004), whereas
fluoxetine, as with the majority of selective serotonin
reuptake inhibitors, selectively competes with these
transporters in the brain (Hirano et al.,, 2004). Such a
mechanism possibly influences the manifestation of these
antidepressant-like effects of fluoxetine compared with H.
perforatum products.

Finally, in the present study, long-term treatment with
lower doses (6.43 - 27.71 mg/kg) of H. perforatum
products than those reported to be effective in the FST
after acute treatment 450 - 900 mg/kg (Butterweck et al.,
1997; Gambarana and Giachetti, 2005) produced
antidepressant-like effects in Wistar rats in the FST.
These results indicate that higher doses are not required
to produce antidepressant-like effects in the rat. In a
manner similar to conventional antidepressant drugs, the
H. perforatum products require 2 to 3 weeks of treatment
to exert these effects. The present results may be
relevant to future preclinical and clinical studies to
explore the possibility of reducing or avoiding potential
side effects, such as nausea, rash, fatigue, restlessness,
photosensitivity, acute neuropathy and even episodes of
mania and pharmacological interactions associated with
the highest doses of some H. perforatum extracts in
humans (for review, see Rodriguez-Landa and
Contreras, 2003).

Conclusion

In the present study, after long-term treatment, Remotiv®
and Hiperikan® produced antidepressant-like effects in
rats in the FST, even at doses lower than those reported
to be effective at reducing immobility in the FST after
acute treatment. However, both products of H.
perforatum required more days of treatment (21 days) to
exert their antidepressant-like effects compared with the
minimum effective dose of fluoxetine reported to have
antidepressant-like effects in the FST after long-term
treatment, which required only 14 days of treatment.

ACKNOWLEDGMENTS

This study was partially supported by a grant from
PROMEP (103.5/05/1955, UVER-PTC-155), Sistema
Nacional de Investigadores (SNI, Exp. 32753 and
19190), and Cuerpo Académico UVE-CA-202.

REFERENCES

Barnes J, Anderson LA, Phillipson D (2001). St John’s wort (Hypericum
perforatum L.): a review of its chemistry, pharmacology and clinical
properties. J. Pharm. Pharmacol. 53:583—-600.

Bilia AR, Bergonzi MC, Morgenni F, Mazzi G, Vincieri FF (2001).
Evaluation of chemical stability of St. John’s wort commercial extract
and some preparations. Int. J. Pharm. 213:199-208.

Butterweck V, Schmidt M (2007). St. John's wort: role of active
compounds for its mechanism of action and efficacy. Wien. Med.

Wochenschr., 157:356-361.

Butterweck V, Jurgenliemk G, Nahrstedt A, Winterhoff H (2000).
Flavonoids from Hypericum perforatum show antidepressant activity
in the forced swimming test. Planta Med., 66:3—6.

Butterweck V, Wall A, Lieflander-Wulf U, Winterhoff H, Nahrstedt A
(1997). Effects of the total extract and fractions of Hypericum
perforatum in animal assays for antidepressant activity.
Pharmacopsychiatry, 30:117-124.

Calapai G, Crupi A, Firenzuoli F, Costantino G, Inferrera G, Campo GM,
Caputi AP (1999). Effects of Hypericum perforatum on levels of 5-
hydroxytryptamine, noradrenaline and dopamine in the cortex,
diencephalon and brainstem of the rat. J. Pharm. Pharmacol.,
51:723-728.

Cervo L, Rozio M, Ekalle-Soppo CB, Guiso G, Morazzoni P, Caccia S
(2002). Role of hyperforin in the antidepressant-like activity of
Hypericum perforatum extracts. Psycopharmacol., 164:423-428.

Contreras CM, Molina M, Saavedra M, Martinez-Mota L (2000). Lateral
septal neuronal firing rate increases during proestrus-estrus in the rat.
Physiol. Behav., 68:279-284.

Contreras CM, Rodriguez—Landa JF, Gutiérrez—Garcia AG, Bernal—
Morales B (2001). The lowest effective dose of fluoxetine in the
forced swim test significantly affects the firing rate of lateral septal
nucleus neurons in the rat. J. Psychopharmacol., 15:231-236.

Cott JM (1997). In vitro receptor binding and enzyme inhibition by
Hypericum perforatum extract. Pharmacopsychiatry,30:108—112.

De Vry J, Maurel S, Schreiber R, de Beun R, Jentzsch KR (1999).
Comparison of hypericum extracts with imipramine and fluoxetine in
animal models of depression and  alcoholism. Eur.
Neuropsychopharmacol., 9:461-468.

Espejo EF, Mifano FJ (1999). Prefrontocortical dopamine depletion
induces antidepressant-like effects in rats and alters the profile of
desipramine during Porsolt’s test. Neuroscience, 88:609-615.

Gambarana C, Giachetti D (2005). Efficacy in behavioural models of
antidepressant activity. In Muller WE (ed). St. John’s Wort and lts
Active Principles in Depression and Anxiety, Basel: Birkhauser
Verlag, pp. 59-71.

Guilhermano LG, Ortiz L, Ferigolo M, Barros HM (2004). Commercially
available Hypericum perforatum extracts do not decrease immobility
of rats in the forced swimming test. Prog. Neuropsychopharmacol.
Biol. Psychiatry, 28:49-55.

Gutiérrez-Garcia AG, Contreras CM, Mendoza-Lépez MR, Cruz-
Sanchez S, Garcia-Barradas O, Rodriguez-Landa JF, Bernal-
Morales B (2006). A single session of emotional stress produces
anxiety in Wistar rats. Behav. Brain Res., 167:30-35.

Hirano K, Kato Y, Uchida S, Sugimoto Y, Yamada J, Umegaki K,
Yamada S (2004). Effects of oral administration of extracts of
Hypericum perforatum (St John's wort) on brain serotonin transporter,
serotonin uptake and behaviour in mice. J. Pharm. Pharmacol.,
56:1589-1595.

Hostettmann K, Wolfender JL (2005). Phytochemistry. In Muller WE
(ed). St. John’s Wort and lts Active Principles in Depression and
Anxiety, Basel: Birkhduser Verlag, pp. 5-20.

Kasper S, Gastpar M, Muller WE, Volz HP, Dienel A, Kieser M, Méller
HJ (2008). Efficacy of St. John's wort extracts WS® 5570 in acute
treatment of mild depression: a reanalysis of data from controlled
clinical trials. Eur. Arch. Psychiatr. Clin. Neurosci. 258:59—-63.

Lépez-Rubalcava C, Lucki | (2000). Strain differences in the behavioral
effects of antidepressant drugs in the rat forced swimming test.
Neuropsychopharmacol. 22:191-199.

Mennini T, Gobbi M (2004). The antidepressant mechanism of
Hypericum perforatum. Life Sci. 75:1021-1027.

Muiller WE, Singer A, Wonnemman M (2001). Hyperforin:
antidepressant activity by a novel mechanism of action.
Pharmacopsychiatry. 34:5S98-S102.

National Research Council (1996). Guide for the Care and Use of
Laboratory Animals: A Report of the Institute of Laboratory Animal
Resource Committee on the Care and Use of Laboratory Animals
[NIH publication no. 85-23]. U.S. Department of Health and Human
Services: Washington DC.

Noéldner M, Schétz K (2002). Rutin is essential for the antidepressant
activity of Hypericum perforatum extracts in the forced swimming test.
Planta Med. 68:577-580.



Norma Oficial Mexicana NOM-062-Z00-1999 (1999). Especificaciones
Técnicas para la Produccion, Cuidado y Uso de los Animales de
Laboratorio. Secretaria de Agricultura, Ganaderia, Desarrollo Rural,
Pesca y Alimentacién: México DF.

Page ME, Detke MJ, Dalvi A, Kirby LG, Lucki | (1999). Serotonergic
mediation of the effects of fluoxetine, but not desipramine, in the rat
forced swimming test. Psychopharmacology (Berl). 147:162-167.

Panocka I, Perfumi M, Angeletti S, Ciccocioppo R, Massi M (2000).
Effects of Hypericum perforatum on ethanol intake, and on behavioral
despair: a search for the neurochemical systems involved.
Pharmacol. Biochem. Behav. 66:105-111.

Porsolt RD, Le Pichon M, Jalfre M (1977). Depression: a new animal
model sensitive to antidepressant treatments. Nature. 266:730-732.
Rahimi R, Nikfar S, Abdollahi M (2009). Efficacy and tolerability of
Hypericum perforatum in major depressive disorder in comparison
with selective serotonin reuptake inhibitors: a meta-analysis. Prog.

Neuropsychopharmacol. Biol. Psychiatry. 33:118-127.

Rodriguez-Landa JF, Contreras CM, Gutiérrez—Garcia AG, Bernal—
Morales B (2003). Chronic, but not acute, clomipramine or fluoxetine
treatment reduces the spontaneous firing rate in the mesoaccumbens
neurons of the rat. Neuropsychobiol. 48:116-123.

Lozano—Hernandez et al. 137

Rodriguez-Landa JF, Contreras CM (2003). A review of clinical and
experimental observations about antidepressant actions and side
effects produced by Hypericum perforatum extracts. Phytomedicine,
10:688—-699.

Rodriguez-Landa JF, Contreras CM, Bernal-Morales B, Gutiérrez-
Garcia AG, Saavedra M (2007). Allopregnanolone reduces the
immobility in the forced swimming test and increases firing rate of
lateral septal neurons through actions on the GABAa receptor in the
rat. J. Psychopharmacol., 21:76-84.

Rog6z Z, Skuza G, Leskiewicz M, Budziszewska B (2008). Effects of
co-administration of fluoxetine or tianeptine with metyrapone on
immobility time and plasma corticosterone concentration in rats
subjected to the forced swim test. Pharmacol. Rep., 60:880-888.

Tortoriello J, Zamilpa A, Herrera A, Romero-Cerecero O (2003).
Determination of hypericin and hyperforin content in different
phytopharmaceuticals and dietary supplements containing hypericum
perforatum extract. Salud Mental, 26:56—63.

Wieland S, Lucki | (1990). Antidepressant-like activity of 5-HT4 agonists
measured with the forced swim test. Psychopharmacol. 101:497—
504.



