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Hypericum Perforatum Decreased Hippocampus TNF-α and
Corticosterone Levels with No Effect on Kynurenine/Tryptophan
Ratio in Bilateral Ovariectomized Rats
Wesam M El-Bakly, and Amany H Hasanin
Department of Pharmacology, Faculty of Medicine, Ain Shams University, Abbasia, Cairo 11566, Egypt

The present study was designed to investigate the effect Hypericum Perforatum (HP), on behavioral
changes, corticosterone, TNF-α levels and tryptophan metabolism and disposition in bilateral ovariectomized rats compared to 17α -ethinylestradiol. Behavioral analysis by measuring immobility time
in forced swimming test and open field test, serum and hippocampal corticosterone and TNF-α along
with hippocampal kynurenine/tryptophan ratio were determined in mature ovariectomized rats treated
orally either by HP at three different doses 125, 250, and 500 mg/kg/day or by 17α-ethinylestradiol
30 μ g/kg/day for 30 days. Ovariectomized rats showed significant increase in immobility time in the
forced swimming test. Along with elevation in serum and hippocampal TNF-α and corticosterone levels
associated with significant increase in hippocampal kynurenine/tryptophan ratio. Immobility time in
the forced swimming test was decreased in rats treated by different doses of HP in a dose dependent
manner and 17α-ethinylestradiol with no concomitant changes in the open field test. Only Rats treated
with HP exhibited significant decrease in the elevated serum and hippocampal TNF-α and corticosterone, which couldn't explain the associated insignificant effect on hippocampaus kynurenine/
tryptophan ratio in comparison to ovariectomized untreated rats. It is concluded that increased
tryptophan metabolism toward kynurenine secondary to elevated corticosterone and TNF-α might be
one of the pathohphysiological mechanisms that could explain depression like state observed in this
rat model. Further, the observed attenuating effect of HP on TNF-α and corticosterone could contribute
in its antidepressant effect in this animal model by other ways than their effects on tryptophankynurenine metabolism pathway.
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INTRODUCTION

processes and neural-immune interactions. Pro-inflammatory cytokines (tumor necrosis factor α [TNF-α], interleukins 1and 6) have been considered as neuromodulators
of behavioral, neuroendocrine and neurochemical features
of depressive disorders [3]. Among the different ways of bidirectional influence between the immune system and the
central nervous system, TNF-α attracts a lot of scientific
interest: although other cytokines also contribute to this
interaction and, in part, amplify the effects of TNF-α [4].
Simen and his colleagues reported that deletion of either
TNF receptor-1 or TNF receptor-2 leads to an antidepressant-like response in the forced swim test [5]. Postmenopausal women seem to have higher serum levels of TNFα
compared to women of reproductive age [6].
One of the mechanisms by which chronic inflammation
might trigger the age related disorders as menopause is
transcriptional induction of indoleamine 2, 3-dioxygenase
(IDO); rate-limiting enzyme of tryptophan (TRY)- kynurenine (KYN) pathway by pro-inflammatory cytokines.

The hormonal changes during perimenopausal and early
postmenopausal period play a role in depression [1]. In
spite of several studies reporting a tendency for depression
in women with rapidly changing levels of reproductive hormones, a direct relationship between psychiatric symptoms
and hormonal changes has not been clearly established.
Stress, socioeconomic factors and partner status may influence both menopausal symptoms and the prevalence and
clinical course of depressive disorders [2].
Depression in general, is associated with inflammatory
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Activation of IDO shifts TRY metabolism from serotonin
synthesis to formation of kynurenine. While diminished serotonin production is associated with depression, increased
kynurenine might lead to neurodegenerative changes through
induction of apoptosis, neurotoxic, and pro-oxidative effects.
The other rate-limiting enzyme of the TRY-KYN pathway
is TRY 2, 3-dioxygenase (TDO), which is activated by corticosterone [7].
Estrogen replacement therapy has been used as a valuable treatment for many years in treating depression in
postmenopausal period [8]. Estrogen exerts potent effects
on mood, mental state, and memory [9]. National Institutes
of Health report cautioned that chronic hormone treatments could cause serious adverse effects [10]. Selective serotonin reuptake inhibitors are a first-line treatment for
postmenopausal depression (PMD) [11] but an analysis of
the Canadian Multicentre Osteoporosis Study cohort revealed an association between SSRI use and lower bone
mineral density that was related to increased clinical fragility fracture risk [12]. Accordingly, the development of alternative therapies for the prevention and treatment of
menopausal depression has been of interest.
Hypericum Perforatum (HP), popularly known as St.
John’s Wort, has been used for thousands of years in folk
medicine and has been proved scientifically as an effective
treatment for mild to moderate depression. Many clinical
and experimental studies have shown its antidepressant
properties [13,14].
The present study hypothesized that ovariectomy of mature rats might have behavioral, biochemical and neurochemical changes like that of depression. It was designed
to investigate the effect of different doses of Hypericum
Perforatum (HP) compared to 17α-ethinylestradiol, on the
following; serum and hippocampus corticosterone and TNFα levels, hippocampus tryptophan, kynurenine and kynurenine/tryptophan ratio.

METHODS
Drugs and Chemicals
Hypericum Perfratum (gift from Atos pharma group,
Egypt) in the form of black powder which was dissolved
in distilled water. Sodium pentobarbital (Sigma, St. Louis,
MO) in the form of white powder which was dissolved in
distilled water. 17α-ethinylestradiol powder (Sigma, St.
Louis, MO) which was dissolved by drops of absolute ethanol and then diluted by distilled water (vehicle). The ethanol was left to evaporate overnight and the solution was
o
kept in a dark bottle at 4 C.
Animals
Thirty six mature Wistar rats (220∼230 g) were purchased from the Holding Company for Biological Products
& Vaccines VACCERA, Helwan, Egypt. Rats were allowed
at least 1 week to acclimatize to the lab conditions. Rats’
chow was purchased from Meladco for Animal Food, ElObour, Egypt. Pellets and tap water were provided ad
libitum. Temperature was maintained at 25oC. A 12/12 h
dark/light cycle was maintained. All procedures were done
according to guidelines of ethical Committee, pharmacology
department, faculty of Medicine, Ain Shams University.

Study design and drug treatment
Rats were divided into the following six groups (n=6/
each); group 1 was sham operated, groups 2, 3, 4, 5, 6 were
ovariectomized (OVX). Groups 2 and 3 were treated orally
with the vehicle and 17α-ethinylestradiol (30 μg/kg) [15]
respectively. Group 4, 5 and 6: were treated orally with
three different doses of HP 125, 250 and 500 mg/kg respectively. Treatments were started immediately after ovariectomy and continue for 30 days [16,17].
Ovariectomy procedures
Following the method outlined by Kimura et al. [18], the
ovaries were resected bilaterally in which each rat was anesthetized with sodium pentobarbital (50 mg/kg, i.p.) [19].
Sham-operated animals underwent the same procedure as
the ovariectomized rat but without resection of the ovaries.
Measurements and samples preparation:
1. Body Weight determination
To study the effect of ovariectomy, body weights of animals were recorded at the beginning and at the end of the
study.
2. Behavioral tests
One day before animal scarification behavioral testing
was conducted between 09:00 and 12:00 hours and was recorded on videotape.
1) Open Field Test (OFT) [20]: Open field test was used
to detect the general locomotor activity in rats. The rats
were allowed to acclimatize to the test room 1 hr before
conducting the experiment. Each rat was placed individually in the center of the quadrangular arena (60×60 cm
with 45 cm height walls) the arena is divided into 16 equal
squares illuminated by white light. The test duration was
conducted for 5 minutes to each rat. The number of crossed
squares (with at least three paws) was calculated using the
modified Open Control software [21] with the aid of a USB
camera used to record the whole sessions. The arena was
cleaned by 10% alcohol after each rat.
2) Forced Swimming Test (FST): In the FST, rats were
forced to swim in a vertical glass cylinder (diameter 22 cm,
height 50 cm) containing 35 cm of water maintained at
o
25 C. The test was carried on 2 days. On the first day, rats
were trained to swim for 10∼15 min. Water was changed
after testing of each animal. One day later rats were re-exposed to the forced swimming for 5 minutes. Behavior was
videotaped and immobility time was measured with a stopwatch. Immobility time is the time during which the animal
floats on the surface with its front paws together and makes
only those movements which were necessary to keep it
afloat. According to an original version of the FST [22], the
test was performed on each rat only once; one day before
sacrificing the animal.
3. Hippocampal dissection and Blood samples collection
At the end of the experiment after blood collection rats
were decapitated quickly by sharp scissors. The heads were
rapidly cooled in ice. Brains were dissected out on cooled
plate. Hippocampus was accessed from the medial side after dividing the brain at the mid sagittal plane into two
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hemispheres, and removal of the whole brain stem and
cerebellum. Hippocampus was then, dissected out. Hippocampus was rapidly put into ice cold eppindorf tubes and
stored at －80oC until used. All the dissection procedures
were carried out rapidly and under strict cooling conditions.
Tissues were rinsed in ice-cold phosphate buffered saline
(PBS; 0.02 mol/L; pH 7.0∼7.2). The tissues were minced
to small pieces then homogenized in 5∼10 ml of PBS with
a glass homogenizer on ice. After that, the homogenates
were centrifuged for 5 minutes at 3000 rpm and the supernatant was removed.
Blood samples were collected from retrorbital plexus under pentobarbital anesthesia in test tubes. Samples were
subsequently centrifuged for 15 min (3000 rpm), then seo
rum was immediately frozen (－80 C) to be stored until
used.
4. Serum and hippocampus TNF-α levels
Both were measured using rat TNF-α ELISA kit developed by Quantikine, USA and RayBiotech, Inc., USA respectively according to the manufacturer’s instructions.
5. Serum and hippocampus corticosterone levels
Both were measured using rat corticosterone ELISA kits
developed by Kamiya Biomedical Co, USA and Shanhai
Crystal Day Biotech Co, LTD., China respectively according
to the manufacturer’s instructions.
6. Hippocampus tryptophan and kynurenine levels
They were measured using ELISA Kits for Tryptophan,
Kynurenine from Rocky Mountain Diagnostics, USA and
MyBioSource USA respectively.
Statistical Analysis
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RESULTS
Effects of 17 α -ethinylestradiol and HP on body of
OVX rats
Compared to the changes in the sham-operated group,
ovariectomy induced significant body weight gain reaching
116%, 17α-ethinylestradiol and HP at three different doses
125, 250, 500 mg/kg produced significant (p＜0.05) reduction in body weight in comparison to OVX group (Table 1).
Effects of 17 α -ethinylestradiol and HP on the behavior changes of OVX rats
Fig. 1A revealed that, all OVX rats showed insignificant
changes in Open field testing compared to sham rats. Fig.
1B showed that OVX rats exhibited depressive like behavior in the form of significant (p＜0.05) prolongation in immobility time when exposed to FST in comparison to control
sham operated group. Treatment with 17α-ethinylestradiol or HP significantly (p＜0.05) ameliorated these depressive like behaviors in comparison to OVX untreated group.
By Pearson’s correlation coefficient there is insignificant
(p＞0.05) correlation between the immobility time recorded
and the body weight of the rats, Fig. 1C.
Effects of 17 α -ethinylestradiol and HP on serum
levels of TNF α and corticosterone of OVX rats
As shown in Table 2 OVX untreated rats showed significant (p＜0.05) elevation in their serum levels of both
TNF-α and corticosterone by 539.7% and 332.9% respectively in comparison to sham operated control group.
In comparison to OVX untreated group, treatment with 17

All values in the results were expressed as mean±SD.
Statistical analysis was performed using “Graph Pad
prism”, USA, version 5.01 (2007). Statistical difference
among groups was determined using one way ANOVA followed by Tukey's Multiple Comparisons test. Differences
were considered statistically significant at p＜0.05. Correlation-coefficient analysis was performed by the Pearson’s r
as needed.

Table 1. Body weight changes after treatment with Hypericum
Perforatum at three different doses (HP; 125, 250, 500 mg/kg)
or 17α-ethinylestradiol (E; 30 μg/kg) in ovariectomized rats
Groups (n=6)
Sham
OVX
OVX+E
OVX+HP (125 mg/kg/day)
OVX+HP (250 mg/kg/day)
OVX+HP (500 mg/kg/day)

Body Weight (g)
At the start
225±8.9
224.6±9.9
222.6±10.7
220±11.55
223.8±17.97
227.5±9.6

A the end
235±8.6
274±15.57a
228.8±19b
b
212.5±18.9
211.3±23.9b
217.5±17.08 b

Data are mean±SD. n, number of animals; OVX, ovariectomized; HP, hypericum perforatum; E, 17α-ethinylestradiol. One
a
way ANOVA followed by Tukeyʾ Multiple Comparisons test: p
＜0.05, compared to control sham operated group. bp＜0.05
compared to OVX untreated group.

Fig. 1. Effect of treatment with 17α-ethinylestradiol (30 μg/kg)
and Hpericum Perforatum (HP; 125, 250, 500 mg/kg) on the
number of squares crossed in open field test (OFT) (A) and on
immobility time of forced swimming test (FST) in seconds (B) of
ovariectomized rats (OVX). Correlation between body weights at
the end versus immobility time in FST in the different groups (C).
Data are mean±SD, number of animals=6. One way ANOVA
followed by Tukey’s Multiple Comparisons test: ap＜0.05, compared
b
to control sham operated group. p＜0.05 compared to OVX
untreated group and cp＜0.05 compared to 17α-ethinylestradiol
treated group. r, Pearson’s correlation coefficient.
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α-ethinylestradiol showed significant (p＜0.05) elevation of
serum levels of TNF-α and corticosterone by 48.8% and
34.6% respectively. Meanwhile treatment by HP in the
three different doses (125, 250, 500 mg/kg) showed significant (p＜0.05) reduction in both parameters by 32.2%,
54.2% and 67.6% of TNF-α level and by 24.2%, 39.3% and
57% of corticosterone level in comparison to OVX untreated
group respectively. It is worthy to mention that HP treated
groups showed significant (p＜0.05) dose dependent reduction of serum TNF-α level over 17α-ethinylestradiol group
by 54.4%, 69.2% and 78.2% respectively, with significant
(p＜0.05) dose dependent reduction of serum corticosterone
level by 43.7%, 54.9% and 68.1% respectively.
Effect of 17 α -ethinylestradiol and HP on hippocampus levels of TNF- α and corticosterone of OVX rats
Table 3 showed that OVX rats had significant (p＜0.05)
elevation of hippocampal levels of TNF-α by 260.6%, and
corticosterone by 622% in comparison to control sham operated group. Treatment with 17α-ethinylestradiol showed

significant elevation of both TNF-α and corticosterone by
137.3% and 36.8% respectively in comparison to OVX untreated group. Treatment with HP in the three different
doses (125, 250, 500 mg/kg) showed significant dose dependent reduction in both hippocampal TNFα and corticosterone by 24%, 46.1% & 57.2% and 25%, 52.4% & 64.1%
respectively in comparison to OVX untreated group. Significant reduction of TNFα by 68%, 77.3% & 82% respectively
and in corticosterone level by 45.3%, 65.2% & 73.8% respectively was observed in comparison to 17α-ethinylestradiol treated group. Fig. 2 illustrated positive correlation between hippocampal and plasma corticosterone level.
Effects of 17 α -ethinylestradiol and HP on hippocampus tryptophan, kynurenine levels and kynurenine/
tryptophan ratio of OVX rats
OVX untreated rats exhibited a significant (p＜0.05) ele-

Table 2. Serum TNFα and corticosterone after treatment with
Hypericum Perforatum at three different doses (HP; 125, 250,
500 mg/kg) or 17α-ethinylestradiol (E; 30 μg/kg) in ovariectomized rats
Groups (n=6)
Sham
OVX
OVX+E
OVX+HP (125 mg/kg/day)
OVX+HP (250 mg/kg/day)
OVX+HP (500 mg/kg/day)

S-TNF-α
(Pg/ml)

S-corticosterone
(ng/ml)

22.23±2.28
a
142.2±9.62
211.6±19.24b
96.47±8.1 b,c
b,c
65.17±5.12
46.10±4.84 b,c

21.40±1.75
a
92.63±3.89
124.7±5.60b
70.20±2.83b,c
b,c
56.27±5.41
39.83±3.98b,c

Fig. 2. Correlation between serum versus hippocampus corticosterone level in the different group. r, Pearson’s correlation coefficient, P significant level.

Data are mean±SD. n, number of animals; OVX, ovariectomized; HP, hypericum perforatum; E, 17α-ethinylestradiol. One
way ANOVA followed by Tukeyʾ Multiple Comparisons test: ap
b
＜0.05, compared to control sham operated group. p＜0.05
compared to OVX untreated group and cp＜0.05 compared to
17α-ethinylestradiol treated group.
Table 3. Effects of treatment with Hypericum Perforatum at
three different doses (HP; 125, 250, 500 mg/kg) or 17α-ethinylestradiol (E; 30 μg/kg) on hippocampuslevels of TNFα and corticosterone in ovariectomized rats
Groups (n=6)

hipp-TNF-α
(Pg/g tissue)

Sham
OVX
OVX+E
OVX+HP (125 mg/kg/day)
OVX+HP (250 mg/kg/day)
OVX+HP (500 mg/kg/day)

5.40±1.1
19.47±0.63a
46.20±6.45 b
b
14.80±0.68
10.50±0.76b
8.33±0.55b

hipp-corticosterone
(ng/g tissue)
2.13±0.23
15.40±0.81a
21.07±1.74b
b,c
11.53±0.63
b,c
7.33±0.72
5.53±0.69b,c

Data are mean±SD. n, number of animals; OVX, ovariectomized; HP, hypericum perforatum; E, 17α-ethinylestradiol. One
a
way ANOVA followed by Tukeyʾ Multiple Comparisons test: p
＜0.05, compared to control sham operated group. bp＜0.05 compared to OVX untreated group and cp＜0.05 compared to 17αethinylestradiol treated group.

Fig. 3. Effects of treatment with 17α-ethinylestradiol (E; 30 μg/kg)
and Hpericum Perforatum (HP; 125, 250, 500 mg/kg) on hippocampus. (A) Tryptophan, (B) kynurenine and (C) kynurenine/tryptophan ratio of OVX Wistar rats. Data are mean±SD, number of
animals per group=6, OVX=ovariectomized. One way ANOVA
followed by Tukey’s Multiple Comparisons test: ap＜0.05, compared
b
to control sham operated group. p＜0.05 compared to OVX untreated group and cp＜0.05 compared to 17α-ethinylestradiol
treated group.
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vation of the hippocampal tryptophan, kynurenine and kynurenine/tryptophan ratio in comparison to control sham
operated rats. Compared to ovariectomized untreated rats
17α-ethinylestradiol treated rats exhibited a significant (p
＜0.05) increase in the kynurenine level with insignificant
(p＞0.05) effect on the kynurenine/tryptophan ratio. Meanwhile HP in its three doses significantly (p＜0.05) decreased
both tryptophan and kynurenine levels with insignificant
(p＞0.05) effect on their ratio (Fig. 3).

DISCUSSION
The present study hypothesized that the underlying
mechanism of behavioral, biochemical, neurochemical changes
of depression like state in OVX rats might be related to
changes in tryptophan metabolism, corticosterone and
TNF-α levels. Significant prolongations of immobility time
in the forced swimming test 30 days after bilateral ovariectomy in the present study were observed. These observed
results are supported by those of Okada and his colleagues
[23]. Removal of the ovaries results in weight gain [24]. To
exclude the possibility that body weight gain affect the immobility in FST, we evaluated the correlation between body
weight and immobility in the OVX rats, using the Pearson
correlation. There was no significant correlation between
these two variables on the day of behavioral testing. Body
weight at the end of the experiment in the OVX group was
significantly greater than that in the sham-operated group.
Conclusively, weight gain did not participate in the prolongation of immobility induced by Ovariectomy. Along
with the insignificant affection of the general locomotor activities in rats which were reported with the open field test.
Assumed that the duration of immobility in FST is closely
related to helplessness, bilateral OVX induces a depressive-like state that may be analogous to some aspects of
depression during menopause [25].
The present study demonstrates increased serum and
hippocampal concentrations of TNF-α and corticosterone
in OVX rats. Pro-inflammatory cytokines as TNF-α can
cause depression by several mechanisms; activation of IDO
leads to generation of neuroactive TRY metabolites, glucocorticoid receptor resistance, which amplifies the inflammatory response and leads to excessive production of corticotrophine releasing hormone [26] Hypothalamic pituitary
axis dysregulation which is characterized by elevated circulating corticosterone concentrations is associated with mood
disorders [27]. The present study revealed that hippocampal corticosterone concentration in rats is a linear function of its plasma concentration and that brain levels are
usually less than plasma level. These support the hypothesis that corticosterone distributes passively into the brain
[28].
Tryptophan does not have clear access to the brain from
the plasma: 95% is protein-bound in the plasma, leaving
5% free to access the CNS [29]. It is transported across the
blood-brain barrier via active transport in competition with
the other large neutral amino acids [30]. Thus measurement of hippocampus level of TRY and KYN are more indicative of neurochemical changes.
As both the TNF-α and corticosterone are raised in OVX
rats in the present study, it is not surprising that there
was elevated KYN/TRY ratio in the hippocampal tissue of
OVX rats as compared to sham operated. Elevated activity
of the tryptophan-degrading enzyme IDO has emerged re-
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cently as one of the factors contributing to the pathogenesis
of depression probably through the catabolism of TRY along
the KYN pathway [31]. A measurement for in vivo IDO activity is the ratio of product/ substrate (KYN/TRY). Thus,
an increase in the ratio reflects greater enzyme activity,
a decrease indicates lower activity [32]. Shift from serotonin synthesis to KYN pathway leads to decrease the former
level which is one of the well-known neurochemical changes
of depression [33]. Indeed TDO expression and activity can
be increased by stress related glucocorticoid hormones [34].
In the current work 17α-ethinylestradiol treatment immediately after ovariectomy significantly shortened the duration of immobility which was similar to those previously
reported by Galea et al. [35]. HP treatment significantly
decreased the prolongation of immobility in a dose dependent manner. There have been many reports regarding the
suppressive effects of HP by altering serotonin reuptake
[36,37]. However, information is still limited regarding its
effect on the immune system.
In the present study whereas treatment with 17α-ethinylestradiol exaggerated the effect of OVX on serum, hippocampal TNF-α, and corticosterone, HP significantly decreased their levels in a dose dependent manner. One sequel of prolonged corticosterone increase is a reduction in
serotonin synthesis. Excessive corticosterone activates the
enzyme TDO, shunting the dietary amino acid precursor
tryptophan away from the serotonin pathway and into the
kynurenine to niacin pathway resulting in inhibited serotonin production and reduced sensitivity of serotonin receptors [38]. Ethinylestradiol treatment significantly increased kynurenine with insignificant effect on the KYN/
TRY ratio excluding its role in the antidepressant effect in
OVX rats. Collectively, these led us to exclude the role of
TNF-α, corticosterone and TRY metabolism in the antidepressant effect of 17α-ethinylestradiol.
HP in the present study treatment produced a significant
decrease in plasma and hippocampal corticosterone levels,
Franklin and his colleagues in 2005 reported that HP significantly reduced corticosterone in rat brain frontal cortex
tissue by 30%. but these changes were not reflected in serum level [39].
In this study there were significant decreases in TRY and
KYN levels with insignificant effect on KYN/TRY ratio in
response to all doses of HP administration. Under normal
circumstances the hepatic equivalent TDO metabolizes
tryptophan into KYN. TDO is not induced by immune activation, but is constitutively active and is induced by glucocorticoids [40]. Under immune activation, IDO activity is
increased, causing detectable increases in KYN and decreases in tryptophan. Two pathways for KYN metabolism
one yield quinolinic acid, N-methyl-D-aspartate (NMDA)
receptor agonist, which is neurotoxic due to increased oxidative stress and kynurenic acid an NMDA antagonist has
been postulated to be neuroprotective [41]. Future work is
needed to investigate HP effect on downstream of KYN
metabolites.
Although HP insignificantly affect hippocampus KYN/
TRY ratio it decreased serum, hippocampal TNF-α and
corticosterone levels. Zhu and his colleagues reported that
TNF-α can cause depression by mechanisms other than activation of IDO, it may increase glucocorticoid receptor resistance, or activate the serotonin transporter on neurons
[42].
It is concluded from the present results that increased
tryptophan metabolism toward kynurenine secondary to
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elevated corticosterone and TNF-α might be one of the
pathophysiological mechanisms that could explain depression like state observed in this model of ovariectomized
rats. Further, the observed attenuating effect of HP on
TNF-α and corticosterone could contribute in its antidepressant effect in this animal model by other ways than
their effects on tryptophan- kynurenine metabolism pathway, which need further exploration for example, estimation of serotonin.
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