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St John’s wort (Hypericum perforatum)
counteracts deleterious effects of the
chronic restraint stress on recall

in rats
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Abstract. This study aimed at verifying a hypothesis that St. John’s wort
(Hypericum perforatum) alleviates stress-induced memory impairments.
Administration of Hypericum perforatum (350 mg kg daily for 21 days)
significantly enhanced recall of passive avoidance behavior (PAB), but had
no effect on the acquisition of conditioned avoidance responses (CARs). Rats
stressed chronically (2 h daily for 21 days) displayed diminished recall of the
PAB and this effect was abolished by St John’s wort. Chronic administration
of the “equivalent” to the stress dose of exogenous corticosterone (5 mg kg
daily for 21 days) also impaired recall of PAB, and this effect was also
reversed by Hypericum perforatum. None of our treatments produced
significant motor coordination impairments as tested in a ‘chimney’ test. It
appears that H. perforatum prevents stress-induced deterioration of memory
in rats.
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INTRODUCTION

There is extensive evidence that chronic stress impairs
cognition in a number of aspects, such as acquisition of
memory, consolidation, and recall (Arnsten and
Goldman-Rakic 1998, Baker and Kim 2002, Bowman et
al. 2003, Lupien and Lepage 2001, Mizoguchi et al.
2000, Park et al. 2001, Sarnyai et al. 2000). Exposure to
mild uncontrollable stress leads to an array of biochem-
ical, physiological and behavioral changes. Prolonged
stress causes exhaustion of the adaptive mechanisms and
deregulation of the hypothalamo-pituitary-adrenal
(HPA) axis resulting in an overproduction of glucocorti-
costeroids. In human stress, excessive cortisolaemia, and
administration of the exogenous glucocorticosteroids
can have severe adverse repercussions including a num-
ber of neurochemical and neuroanatomical changes in
the brain, similar to these demonstrated in patients with
Cushing’s syndrome, depression or patients with post-
traumatic stress disorder (PTSD) (Arnsten and
Goldman-Rakic 1998, Belanoff et al. 2001, Bremner
1999, Diamond et al. 1992, Lupien and McEwen 1997,
McEwen 2000, 2001, Moghaddam 2002, Roozendaal et
al. 2003, Sapolsky 2000). The neurogenesis is disturbed
(Brezun and Daszuta 2000, Duman et al. 2001, Lupien
and Lepage 2001, McEwen 2000, 2001) and the neu-
ronal atrophy (Lupien and Lepage 2001, Magarinos et
al. 1996, McEwen 2001, Sapolsky 2000, Sousa et al.
2000), lowering total number of neurons (McEwen
2001) and their ramifications (Galea et al. 1997), occurs
in the hippocampal areas CA1 and CA3. Multiple hor-
mone and neurotransmitter systems are involved in pro-
ducing stress-induced malfunction including cerebral
aminergic systems, especially 5-HT1A and dopaminer-
gic receptors in prefrontal cortex, striatum and hip-
pocampus (Arnsten and Goldman-Rakic 1998, Beck and
Luine 1999, Butterweck et al. 2001, Flugge 1995,
Grundemann et al. 1998, Imperato et al. 1989, Lindley et
al. 1999, Lupien and Lepage 2001, McEwen 2001,
Mizoguchi et al. 2000, Piazza et al. 1996). Considerable
harm results from the disadvantageous alterations in the
excitatory, particularly glutamate (NMDA receptors) as
well as from inhibitory (GABA, receptors) amino acid
systems (Kim et al. 1996, McEwen 2000, 2001, Sarnyai
et al. 2000, Singh et al. 1999). Also, an adverse influence
of stress was observed on the levels of nerve growth fac-
tor (NGF) and the brain-derived neurotrophic factor
(BDNF) (Belanoff et al. 2001, Duman et al. 2001,
Schaaf et al. 2000).

There are several reports concerning the search for
efficient pharmacological agents that neutralize mem-
ory deficits occurring in affective disorders
(Butterweck et al. 2001, Di Carlo et al. 2001, Duman
et al. 2001, Greeson et al. 2001, Lupien and Lepage
2001, McEwen 2000, 2001). The effectiveness of anti-
depressant drugs including tricyclic antidepressants
and some antidepressive agents of a new generation
(Duman et al. 2001, Lupien and Lepage 2001,
McEwen 2001) is well known. However, administra-
tion of traditional antidepressants entails numerous
adverse effects and their prophylactic use would be
unwise. Obviously, a drug of an efficacy similar to
antidepressants’ efficacy, but with less undesirable
effects, would be most wanted for that purpose.

Hypericum perforatum extracts used for the treatment
of affective disorders have comparable efficacy to that of
drugs routinely used in mild to moderate depression
(Butterweck et al. 1998, 2001, Chatterjee et al. 1998,
Gambarana et al. 2001, Greeson et al. 2001, Muller et al.
1997). H. perforatum effectively restores normal corti-
solaemia (Butterweck et al. 2001, Gambarana et al.
2001, Holsboer-Trachsler et al. 2002, Neary and Bu
1999). Also, it was found that one from the active com-
ponents of the extract (pseudohypericin) selectively
antagonizes release of corticotropin-releasing factor
(CRF) (Simmen et al. 2003), that regulates HPA axis
trough the CRF1 receptors. Another agent, hyperforine,
being one of the major active lipophilic constituents of
the extract, causes effects comparable to reserpine in cat-
echolaminegic and serotonergic terminals triggering
neurotransmitter release (Butterweck et al. 2002,
Chatterjee et al. 1998, Roz and Rehavi 2003). By elevat-
ing intracellular Na', it potently inhibits serotonin uptake
and normalizes number and sensitivity of the 5-HT1A
(Fornal et al. 2001, Neary and Bu 1999, Yu 2000) and 5-
HT2 (Muller et al. 1997, Teufel-Mayer and Gleitz 1997)
receptors. It also reverses stress-induced downregulation
of cortical B-adrenoceptors (Flausino et al. 2002) as well
as the dopamine neurotransmission in prefrontal cortex,
striatum and hippocampus (Kehr et al. 2002, Raffa
1998). H. perforatum also abolishes deleterious effect of
stress on glutamate (Belanoff et al. 2001, McEwen 2000,
2001, Vandenbogaerde et al. 2000) and gabaergic (Neary
and Bu 1999, Nathan 2001, Vandenbogaerde et al. 2000)
neurotransmission. Moreover, the Na‘*-dependent uptake
of choline (the precursor of acetylcholine) was found to
be changed in the brain by the plant, causing possibly
increased acetylcholine release (Kiewert et al. 2004). H.



perforatum extracts disinhibits neurogenesis as well as
restores BDNF levels in CNS (Duman et al. 2001,
Greeson et al. 2001, Muller et al. 1997). Also, the plant
has been shown to inhibit intrleukin-6 (IL-6) expression
(Vandenbogaerde et al. 2000), a cytokine that may stim-
ulate release of cortisol (Thiele et al. 1994). Therefore,
the use of St John’s wort in protecting against the nega-
tive effects of stress on learning and memory, proposed
in our earlier study (Trofimiuk et al. 2005), seems to be
an attractive possibility. Importantly, treatment with H.
perforatum extracts (in recommended daily doses) is not
connected with any serious adverse effects in humans
and in animals (Butterweck et al. 1998, Holsboer-
Trachsler et al. 1999, Trautmann-Sponsel and Dienel
2004). Some problems could be due to drug interactions.
As with synthetic antidepressants, pharmacokinetic
interactions may occur infrequently as a result of activi-
ty changes of drug-metabolising and drug-transporting
proteins, especially CYP 3A4 and P-gp. Hence,
Hypericum extracts preparations should not be taken at
the same time with other antidepressants, with
coumarin-type anticoagulants, the immunosuppressants
cyclosporine and tacrolimus, protease and reverse tran-
scriptase inhibitors used in anti-HIV treatment or with
certain antineoplastic agents (Schulz 2006). However,
such cases are extremely rare and, with medical supervi-
sion, easily avoided.

To confirm and extend our previous findings
presently we used the rat model of chronic stress
caused by their daily immobilization for two hours
(Avital et al. 2001). Recall of passive avoidance behav-
ior (PAB) (Ader et al. 1972) and learning of condi-
tioned avoidance responses (CARs) (Braszko et al.
1987) were used to assess cognitive aspects of behav-
iour. A ‘chimney’ test was applied to exclude adverse
effects of our treatments on the rats’ motor perform-
ance (Boissier et al. 1960).

METHODS

Animals

One hundred and twenty four male, two-month old
Wistar rats, weighing 140-150 g at the beginning of
the study, were used. The rats were maintained in a
temperature (23°C) and humidity (50-60%) controlled
vivarium in groups of five under a constant 12/12 h
light/dark schedule (lights on at 7:00 A.M.) with free
access to the standard lab chow and tap water.
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Drugs

Dried crude herb of H. perforatum (Labofarm,
Poland) in the form of a brown powder, standardized to
0.3% hypericins was used in all experiments. Its con-
stituents were naphthodiantrones (hypericin and its
derivatives), phloroglucinols (up to 6% hyperforin),
flavonoids 2—4 % (rutine, quercetine, quercitrine, iso-
quercitrin, biapigenin, hyperoside) and procyanidins
812 % (procyanidin, catechin, epicatechin polymers).
It was suspended in a 2% caboxymethyl-cellulose (2%
CMC) and administered at the dose of 350 mg kg
daily for three weeks by gastrointestinal gavage (p.o.)
in the volume of 1.5 ml kg'. This dose corresponds to
the human recommended daily dose of 0.9 mg total
hypericins  (Widy-Tyszkiewicz et al. 2002).
Corticosterone (5 mg kg, Sigma, Germany) was dis-
solved in absolute ethanol and subsequently diluted in
water, to the final ethanol concentration 10% (Sandi et
al. 1997). It was administered subcutaneously (s.c.) at
the volume of 1ml kg daily for 21 days. This dose of
corticosterone induces plasma levels of the steroid
comparable to these evoked by substantial stress
(Sandi et al. 1997).

The injections did not produce any noticeable side
effects in our rats resulting from the presence of
ethanol.

Animals were divided into six groups treated as fol-
lows (Table I): (1) Twenty-one rats received 2% CMC
p.o. and 30 min later 10% ethanol s.c. (Control); (2)
twenty-one rats received 2% CMC and 30 min later

Table 1
Treatment
Group p.o. s.C.
Control 2% CMC ? 10% ethanol ®
Stress 2% CMC 10% ethanol
Cort. 2% CMC 5 mg kg'!
Hyper 350 mg kg 10% ethanol
Hyper + Stress 350 mg kg 10% ethanol
Hyper + Cort. 350 mg kg 5 mg kg'!

(a) 2% solution of carboxymethyl-cellulose (CMC) in
water was used as a vehicle for the oral administration
of Hypericum perforatum; (b) 10% ethanol solution was
used as vehicle for the subcutaneous administration of
corticosterone
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10% ethanol s.c. followed by stress procedure
described below (Stress); (3) twenty-one rats received a
2% CMC p.o. and 30 min later corticosterone (5 mg kg’
') s.c. in 10% ethanol (Cort); (4) twenty-one rats
received 350 mg/kg H. perforatum (about 13 ng kg
hypericins) p.o. in 2% CMC and 30 min later 10%
ethanol s.c. (Hyper); (5) twenty rats received 350 mg
kg-1 H. perforatum p.o. in 2% CMC and 30 min later
10% ethanol s.c. followed by stress procedure
described below (Hyper+Stress); (6) twenty rats
received 350 mg kg-1 H. perforatum in 2% CMC p.o.
and 30 min later corticosterone 5 mg kg-1 in 10%
ethanol (Hyper+Cort).

The experimental procedures were carried out
according to the European Council Directive of 24
November 1986 (6/609/EEC) and were approved by the
Local Ethics Commission for Animal Experimentation.

Stress procedure

Two groups of animals (41 rats) were subject to
chronic restraint stress (Avital et al. 2001), 2 h daily for
21 days. The restraint was performed during the light
cycle from 9:00 A.M. to 11:00 A.M. The restrainer was
made of transparent perforated plastic tube, 20 cm long,
and 7 cm in diameter. The rats were eased into the
restrainer, head first, and once in, the tubes were closed
with plexiglass lids. The animals fit tightly into the
restrainers and it was not possible for them to move or
turn around. Non-stressed control rats were at the same
time briefly handled and returned to their home cages.

Behavioral tests
‘CHIMNEY  TEST

Locomotor coordination was estimated using a
‘chimney’ test characterized originally for mice
(Boissier et al. 1960). Three days after stress and med-
ication procedures, rats (64 animals) were allowed to
enter a glass laboratory cylinder 452 mm long and 57
mm in diameter laid on its side. As soon as the animal
reached the far end of the cylinder its orientation was
quickly changed from horizontal to vertical position
and a timer was started. The animal immediately began
to withdraw from the upper end. The timer was stopped
after the rat left the cylinder and assumed sitting posture
on the top of the vessel. The time of exit from the cylin-
der was approved as a measure of motor coordination

and, possibly, anxiety. This test was used on the same
rats (64 animals), which were tested in the passive
avoidance task and performed after that.

PASSIVE AVOIDANCE

Passive avoidance behavior was studied in a one trial
learning, step-trough situation (Ader et al. 1972), which
utilizes the natural preference of rats for dark environ-
ments. The apparatus consists of the platform (250 x 80
mm) connected with a dark compartment — a metal box
(400 x 400 x 400 mm) with an opening (60 x 100 mm)
in the middle of the frontal wall length. After a 2-min
habituation to the dark compartment, the rat was placed
on the illuminated platform and allowed to enter the
dark compartment. Two more approach trials were
given on the following day with a 2-min interval. At the
end of the second trial unavoidable scrambled electric
footshock (0.25 mA, AC, 2 s) was delivered through the
grid floor of the dark compartment (learning trial).
Twenty-four hours later retention of the passive avoid-
ance response was tested after an additional 15-min by
placing the animal on the platform and measuring the
latency to re-enter the dark compartment to a maximum
of 300 s. The four rats were excluded from test probe
after training sessions because they did not effectively
learn the rules of that test. As a result, their data for the
PAB are not available.

CONDITIONED AVOIDANCE RESPONSES

Conditioned avoidance responses (CARs) were stud-
ied in a shuttle box (48 x 27 x 23 cm) and divided in
two equal parts by a wall with a 7 cm wide and 8 cm
high opening in the middle of its length (Columbus
Instruments, Columbus, USA) (Braszko et al. 1987). A
buzzer (sound intensity set at 5, 5000 Hz, conditioned
stimulus, CS) was sounded for 5 s. If the rat did not
make a positive (+)CAR, i.e. move to the other com-
partment within 10 s, a 0.3 mA scrambled electric
shock (unconditioned stimulus, US) was delivered
through the box floor which was made of stainless steel
rods 4 mm in diameter and spaced at 18 mm intervals.
The US was terminated when the animal escaped to the
other compartment of the box. CARs acquisition train-
ing consisted of five daily 20-trial sessions. The number
of (+) CARs (avoidance responses) was recorded every
day and expressed as the percentage of the total number
of trials. The intertrial interval was 10 s. The gird floor



was kept clean throughout the training sessions. Seven
rats were excluded from the test after training sessions
because they did not effectively learn the rules of that
test. As a result, their data for the CARs are not avail-
able.

Statistical analysis

Data were presented as means + standard error of
mean (SEM). One-way analysis of variance (ANOVA),
followed by Bonferroni test for chosen group compar-
isons, was applied for the ‘chimney’ and passive avoid-
ance tests. A two way analysis of variance (ANOVA 11)
(treatment x days) with repeated measures on factor 1,
followed by the post hoc Newman-Keuls test for multi-
ple comparisons, was used for results obtained in the
conditioned avoidance responses (CARs). F' values,
degrees of freedom, and P values are quoted only for
significant differences. The probability levels less than
0.05 were accepted as significant. The daily percent-
ages of (+)CARs for each rat were summed up first and
overall group means were then calculated.

RESULTS

Effects of stress, exogenous corticosterone, and H.
perforatum on locomotor coordination of rats in the
‘chimney’ test

ANOVA of times of the animals’ exit from the glass
cylinder obtained in the ‘chimney’ test yielded
F,=0.561, P>0.5 no statistically significant differ-
ences in the Figure 1, indicating that our treatments and
procedures did not affect the motor coordination and
anxiety aspects of the rats’ performance.

Effects of stress, exogenous corticosterone, and H.
perforatum on passive avoidance behaviour

ANOVA of the results obtained in the passive avoid-
ance test yielded F;;,=40.17 (P<0.001) statistically sig-
nificant differences between the groups in the re-entry
latencies in the passive avoidance situation (Fig. 2).
Post-hoc comparisons in preselected pairs with
Bonferroni test revealed that stressed rats re-entered the
dark part of apparatus significantly earlier then both
control (P<0.01), and treated with H. perforatum
stressed (P<0.001) or not stressed (P<0.001) rats. In the
animals treated with corticosterone, re-entry latencies
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Fig. 1. Effects of chronic stress, chronic corticosterone
Hypericum perforatum on time of rats’ exit from ‘chimney’.
Columns represent means + SEM of the values obtained
from n rats indicated at the bottom of the figure.

PASSIVE AVOIDANCE

dokok

300
250
@ O Control
5 200 | O Stress
z OCort.
= OHyper
I 150 1 O Hyper+Stress
E O Hyper+Cort.
'E ok
w
'S'.:IJ 100 R -
T
50
0

n 10 9 11 10 10 10

Fig. 2. Effects of chronic stress, chronic corticosterone and
Hypericum perforatum on the re-entry latencies in the pas-
sive avoidance situation. Columns represent means = SEM
of the values obtained from n rats indicated at the bottom of
the figure. The three groups demonstrated significantly dif-
ferent results in re-entry latencies in comparison with
Control: (*) P<0.01 vs. Stress; (**) P<0.05 vs. Cort; (¥**)
P<0.001 vs. Hyper. The statistically significant differences
were also in Hyper+Stress [(#) P<0.001] vs. Stress; and
Hyper+Cort [(##) P<0.01] vs. Cort.

were significantly (P<0.05) earlier than controls, as
well as rats pretreated with H. perforatum, subsequent-
ly treated (P<0.01) with corticosterone were signifi-
cantly different (P<0.001) than corticosterone treated.
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CONDITIONED AVOIDANCE RESPONSES
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Fig. 3. Effects of chronic restraint stress, chronic corticos-
terone and Hypericum perforatum on acquisition of CARs
over 5 days. Columns represent means £ SEM of the values
obtained from 8 to 10 subjects.

This pattern showed that substantial adverse effects of
stress as well as exogenous corticosterone administra-
tion on learning and avoidance behavior were abolished
by the simultaneous H. perforatum administration.
Moreover, in naive rats the herb improved memory.

Effects of stress, exogenous corticosterone, and H.
perforatum on conditioned avoidance response
(CARs)

ANOVA I of the cumulative (over 5 days), rates of
(+)CARs revealed no significant treatment effect
(F,,7=2.07; P>0.05) but a significant day effect
(F,,~=15.645; P<0.001) and significant treatments X
days interaction (£, =2.23; P<0.01) (Fig. 3). It means
that all rats effectively learned the task but no specific
treatment effect could be detected. Alternatively, the
treatment effect could be masked especially in the Cort
group on the fourth day.

DISCUSSION

The present results clearly show a remarkable
improvement of memory for the passive behaviour in
rats treated with the crude preparation of St John’s
wort. The plant also alleviated the negative influence
of chronic stress and multiple glucocorticosteroid

injections. Moderate (nonsignificant) decrease of the
rate of conditioned avoidance responses (CARs) acqui-
sition (learning) in the corticosterone-treated, as well
as the stressed group was also reversed by our doses of
Hypericum perforatum.

Noteworthy, the stimulating effect of H. perforatum
on CARs acquisition was disappointingly small,
almost none. It was somewhat surprising given the
considerable memory-enhancing action of the plant
seen in the water maze previously (Trofimiuk at al.
2005). It might be caused by the pain-relieving activi-
ty of Hypericum (Apaydin et al. 1999, Sanchez-Mateo
et al. 2006) decreasing strength of the foot shock per-
ceived by the animals diminishing thus expression of
any cognitive activity of the drug. Also, it is well
known that electric stimuli themselves activate
antinociceptive including opioid-mediated mecha-
nisms (Gamaro et al. 1998, Raffa 1998) that may inter-
act with these of the herb through its influence on the
NA‘-dependent noradrenaline and serotonin uptake
(Roz and Rehavi 2003).

As motor coordination and fear may affect results of
memory tests, we checked for these aspects of rats’
behaviour in a ‘chimney’ test. The lack of any greater
influence of our treatments on these results means that
there were no impairments of motor performance/coor-
dination and possibly fear in the extent that might
influence the effects of the cognitive tests conducted in
our animals.

The cognitive effects of H. perforatum in animals
and humans (Johnson et al. 1994, Khalifa 2001, Widy-
Tyszkiewicz et al. 2002) have been reported as qualita-
tively comparable with these of piracetam (Kumar et
al. 2000). These data are consistent with our previous
(Trofimiuk et al. 2005) and present results showing
significant improvement of rat cognitive functions by
H. perforatum in rats. However, in this investigation
we focused on the issue of the H. perforatum potential
to protect the central nervous system against memory
impairing effects of chronic restraint stress. The results
appear quite promising. Administration of H. perfora-
tum clearly prevented the deficits of cognitive func-
tions caused by both, chronic stress and application of
exogenous corticosterone. It has been noted that the
severity of dysfunction caused by stress was much
higher than that caused by corticosterone. This obser-
vation points to the importance of several other than
prolonged cortisolaemia factors that must contribute to
the stress-induced impairment of cognition. Multiple



hormone and neurotransmitter systems are involved in
producing stress-induced brain malfunction, not only
glucocorticosteroid overproduction with ensuing
hypercortisolaemia.

CONCLUSIONS

This study seems to justify the conclusion that St
John’s wort in crude form has considerable stress
relieving and memory enhancing activity. Our data
demonstrate that H. perforatum is able to protect
against several changes evoked by chronic stress at dif-
ferent levels of neuronal function in various structures
involved in the memory processes and even reverse
such changes. H. perforatum, in addition to its well-
known antidepressive actions, has positive effects on
other cognitive as well as non-cognitive aspects of
behaviour and perhaps should be more widely used as
a foolproof and inexpensive remedy in prevention of,
not only stress memory disorders, but also these asso-
ciated with advancing age.
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