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Hypericum perforatum methanolic extract inhibits growth
of human prostatic carcinoma cell line orthotopically
implanted in nude mice
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Abstract

The antiproliferative effect of serotonin-reuptake inhibitors (SSRI) and serotonin antagonists has been demonstrated in
prostate tumors. Since Hypericum perforatum components act as serotonin-reuptake inhibitors and exert cytotoxic effects on
several human cancer cell lines, in this work we analyzed the effect of a treatment with Hypericum perforatum extract (HPE) on
the growth of human prostate cancer cells in vitro and in vivo. This study highlighted a significant reduction of tumor growth
and number of metastasis suggesting that this natural compound may be useful in the treatment of prostate cancer.
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1. Introduction

Prostate carcinoma is the most common cancer
among men in the US, representing the second cause
of cancer death [1]. Current treatments mainly involve
radical prostatectomy or radiotherapy for localized
disease, whereas androgen ablation is used for
advanced metastatic tumors.

Androgen withdrawal causes apoptosis of prostate
cancer cells [2,3] and a high number of patients
positively respond to hormonal therapy. With time,
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however, cancer cells undergo a neuroendocrine
differentiation related to an androgen-independent
tumor growth that is characterized by neovascularisa-
tion and metastasis [4,5]. So far, no effective
treatments exist at this stage of the tumor.

Serotonin acts as a growth factor for several cell
types and is a marker of neuroendocrine differen-
tiation in prostatic carcinomas [4]. The inhibition of
serotonin autocrine and paracrine communications
leads to a decrease of prostate cancer growth as the
antiproliferative effect of serotonin-reuptake inhibi-
tors and serotonin antagonists on human prostate
cancer cell lines has been demonstrated in vitro and
in vivo [6,7].
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Androgen-independent human prostate cancer
cells are more sensitive to serotonin signal
inhibition compared to androgen-responsive cells.
In fact, the ICsy values for the antiproliferative
effects of the potent 5-HT;, antagonist Pindobind
on PC-3 and DU-145 cells were 0.5 and 0.6 pM
respectively, whereas the ICso for the LNCaP were
1.6 pM. Similar results were obtained using
serotonin-reuptake inhibitors and fluoxetine, which
has been widely used for the treatment of
depression, was the most potent inhibitor of the
serotonin-reuptake in the prostate cancer cell line
studied [6].

Hypericum perforatum is a serotonin-reuptake
inhibitor endowed with antidepressant-like action in
human and laboratory animals, and several works
showed that the Hypericum preparations, at doses
therapeutically equivalent to fluoxetine, exert fewer
side effects [8,9,10]. At the same antidepressant
activity, the incidence of side effects was 15% for
the synthetic SSRI and only 1-3% for the HPE
tested [11].

A variety of neurochemical and biochemical
effects have been reported for HPE. It reduces
serotonin reuptake [12—14] and causes MAO inhi-
bition [15,16]. HPE has been shown to reduce
noradrenaline, dopamine and L-glutamate reuptake
[17-19].

Hyperforin and Hypericin are two important
component of HPE and their involvement in 5-HT
regulation has been widely investigated. In particular,
Hyperforin seems to inhibit the serotonin-reuptake
[20,21].

Treatments with Hypericum perforatum extract
and its constituents were also tested to inhibit cancer
growth. Several studies have shown the cytotoxic
activities of Hyperforin and Hypericin on different
human cancer cell lines by inducing apoptosis
[22-24].

As far as prostate cancer, it has been demonstrated
in vitro that Hypericin exerts cytotoxic effects on the
three human prostate cancer cell lines PC-3, DU-145
and LNCaP [25]. Based upon this finding, in this work
we analyzed the effect of a treatment with Hypericum
perforatum extract on the growth of human prostate
cancer cells in vitro and in vivo after orthotopic
implantation in nude mice.

2. Materials and methods

2.1. Prostate cancer cell line

PC-3 human caucasian prostate adenocarcinoma
cell line from Sigma was used. PC-3 cells were
maintained in Minimal Essential Medium (MEM) and
10% fetal bovine serum, L-glutamine, MEM vitamin
solution, MEM sodium pyruvate solution, penicillin,
and MEM non essential amino acid solution
(GIBCO).

Cell cultures were maintained at 37 °C in a
humidified incubator in an atmosphere of 5% CO,
in air.

2.2. Animals

Athymic male nude mice Nu/Nu (Harlan, Italy),
6 weeks old were used. Mice were kept in laminar-
flow cage in a standardized environmental condition.
Sterilized food (Harlan, Italy) and water were
supplied ad libitum.

2.3. Hypericum perforatum extract

The Hypericum perforatum methanolic extract
(HPE) employed in the present study was a generous
gift of Indena S.p.A., Milan, Italy. It was a dry extract
containing 0,3% hypericin and 3,8% hyperforin.

2.4. In vitro proliferation

The test was performed following the NCI
guidelines. Cells were plated in serum supplemented
growth medium at 5000 cells/well in 96 well plates.
The following day, cells were treated with HPE
dissolved in DMSO at various concentrations as
indicated. After 3 days, cell numbers were determined
using the MTT assay. Briefly, after incubation with
HPE, the solution were discarded and 20 pl of a
solution of 5 mg/ ml of MTT (Sigma, Italy) was added
and the cultures were incubated for an additional 3 h
at 37°C. The supernatant was removed and the
precipitate was dissolved in DMSO (100 pl/well).
After a few minutes the plate was read on a microtitre
plate reader at a wavelenght of 570 nm.
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2.5. Orthotopic inoculation

At near confluence, cells were harvested with
trypsin/EDTA solution and finally suspended in
Ca**and Mg*™ free Hank’s balanced salt solution
(HBSS). Only cell suspensions of >90% viability
(trypan blue exclusion) were used.

Mice were anaesthetized with Tiletamina chlor-
ohydrate and Zolazepam chlorohydrate and placed in
supine position.

A midline incision was made in the lower
abdomen. A tumor cells suspension (6 X 10° in
20 w1 of HBSS) was injected into the left dorsal
prostatic lobe using a 27 gauge needle and a 1000 .l
syringe. A slight elevation of the right dorsal prostate
capsule was considered indicative of correct depo-
sition of tumor cells.

The abdomen was then closed with clips.

2.6. Therapeutic procedures

Three groups of animals (10 animals each group)
were used. Treatments (100 wl) started 10 days after
tumor cells injection. The first group was treated
intraperitoneally at 10.00 am with a dose of 15 mg/kg
of HPE dissolved in DMSO 1% prepared just before
treatment.

Two groups of animals received an intraperitoneal
administration of vehicle and saline solution, respect-
ively. The treatment lasted 25 consecutive days.

2.7. Autopsy and histology

The mice were sacrificed by CO, after the 36th day
from cells injection. Primary tumors (including the
entire prostate) were weighed. Presence of metastasis
was macroscopically checked.

The samples were removed and immediately
frozen on powdered dry ice and stored at —70 °C.

2.8. Immunohistochemistry

For neuroendocrine differenziated cells detection a
policlonal Goat anti-human Cga (Santa Cruz Bio-
technology) was used.

After autopsy tumors were placed in OTC
compound and snap frozen in liquid nitrogen. Frozen
section (10—-20 wm) and cells were fixed with cold

acetone for 5 min, acetone/chlorophorm 1/1 (5 min)
and cold acetone (5 min). The samples were then
rinsed with PBS and treated with 3% hydrogen
peroxide in methanol (vol/vol). The treated slides
were incubated in a blocking solution (5% normal
horse serum + 1% normal goat serum in PBS) and
then over night at 4 °C in a humidified chamber with
the primary antibody.

The slides were then rinsed and incubated, first
with the blocking solution and then with a Bovine
anti-goat horse radish peroxidase conjugated second-
ary antibody (Santa Cruz Biotechnology). Positive
reactions were visualized by incubating the slides for
5 min with stable DAB (Sigma, Italy) followed by
counterstaining with Mayer’s hematoxylin (Sigma,
Italy). The slides were dried and mounted with
Universal Mount.

2.9. Statistical analysis

The significance of the in vitro and in vivo data was
analyzed by one-way analysis of variance (ANOVA),
followed by Student—Newman—Keuls test.

3. Results
3.1. Effect of HPE on PC-3 cells growth in vitro

We tested the effect of HPE on PC-3 cells in vitro.
Results are shown in Fig. 1. The HPE inhibited PC-3
growth by ~80% at a concentration of 1.41 mg/ml,
which corresponds to 100 pwM hyperforin and
8.38 uM hypericin. The ICsy value was 0.42 mg/ml
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Fig. 1. Inhibitory effects of HPE on the in vitro proliferation of the
androgen-independent human prostate cancer cell line PC-3. Values
shown are mean = SEM (n = 3). **P < (,01.
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Fig. 2. Inhibitory effects of HPE on the growth of PC-3 cells
orthotopically implanted in athymic nude mice. Values shown are
mean = SEM (n = 10). **P < 0,01. The prostate tumors were
removed and weighed. Normal mouse prostate weights are
45 = 5 mg.

which corresponds to 30 uM hyperforin and 2.5 uM
hypericin.

3.2. Effect of HPE on PC-3 cells growth in vivo

We also tested the effects of HPE on the growth
of PC-3 cells after orthotopic implantation in
athymic nude mice. PC-3 cells (6 X 105) were
implanted into the dorsal prostatic lobes. After ten
days, mice daily received an intraperitoneal dose of
HPE or vehicle or saline solution. Results are
shown in Fig. 2. Tumors incidence was 100% in all
groups and treatment with HPE inhibited tumor
growth by 70%. Regional lymph node metastasis
was observed in 100% of the controls mice
compared to 30% of mice treated with HPE (P <
0,01). There were no side effects observed in any
of the treated mice.

3.3. Immunohistochemical analysis

PC-3 cells were implanted into the prostate of
nude mice. Ten days later mice received a daily
intraperitoneal administration of 15 mg/kg of HPE.
Tumor samples were collected after 25 days of
treatment for immunohistochemical analysis. Anti-
CgA antibody staining revealed the presence of NE
cells in both controls and treated tumors confirm-
ing that orthotopic implantation of PC-3 cells is a
suitable model for the study of NE prostate
tumors.

4. Discussion

The incidence of prostate cancer increases with
aging and 75% of the cases occur in men 75 years
old and older [26,27]. The complex and multiple
steps involved in prostate cancer growth are not
completely known and the differences in clinical
behavior of this tumor emphasize the need for a
search of more effective therapies. Prognosis depends
on the stage of the cancer: low stage cancers have
good prognosis, with about 90% of 5 years disease-
free survival after radical prostatectomy, whereas
high stage cancers have poor prognosis regardless of
therapy [28].

Currently, the serum detection of prostate-specific
antigen (PSA) as a prostate cancer marker allows
diagnosis of the disease at a low stage, but a high
percentage of advanced cancers at time of clinical
check-ups is found and metastases can also occur after
treatment.

Based upon these findings, the present studies are
aimed at developing therapies for high stage and high
grade prostate tumors, characterized by tumor cells
colonization of tissues close to prostate and metas-
tases. At present, hormonal therapy is the conven-
tional treatment for metastatic prostate cancers
resulting only in palliative effects and leading to
neuroendocrine differentiation and to androgen-inde-
pendent growth [5].

In this work we studied the effect of a treatment
with HPE on the androgen-independent human
prostate cancer cell line PC-3 orthotopically
implanted in nude mice. This model is suitable for
the study of advanced human prostate cancer and the
presence of stronger 5-HT staining in the PC-3 cells
compared to DU-145 and LNCaP was demonstrated
[29]. Moreover, NE differentiation of PC-3 cells in
our model was confirmed by immunohistochemical
determination of Chromogranin A.

Neuroendocrine differentiation is a common step
in prostate adenocarcinomas, occurring in 30—
100% of the tumors [4] and has been associated
with androgen-independent growth [5]. Androgen
withdrawal leads to a rapid tumor regression as
well as to an induction of neuroendocrine cells
formation which generally seems to be not mitotic
and do not express androgen receptors [30,31]. In
absence of normal hormones, neuroendocrine
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differentiation can develop as an alternate regula-
tory pathway for prostate cancer cells proliferation
as NE and proliferating cancer cells seems to be
topographically related [32]. Moreover, immuno-
histochemical studies showed a correlation between
NE differentiation and angiogenesis in prostatic
carcinoma [33].

Serotonin and Chromogranin A are the best
markers for NE differentiation as most if not all the
NE cells contain 5-HT [5]. Serotonin is a monoamine
derived from tryptophan and it is well know as a
neurotransmitter implicated in numerous physiologi-
cal functions such as the regulation of circadian
rhythms, sexual behaviour, mood changes, pain
perception and appetite [34]. Growth stimulatory
effects of serotonin have been described on several
cell types [35—38] and the use of serotonin reuptake
inhibitors to decrease the proliferation of human
prostate cancer cell lines was demonstrated in vitro
and in vivo [6,7].

In our work, we used the Hypericum perforatum
extract to block the serotonin paracrine communi-
cation between the prostate cancer cells. However, a
number of different substances are part of the
Hypericum perforatum extract and several of them
possesses cytotoxic activity. Beyond Hyperforin and
Hypericin, also flavonoids such as quercetin inhibit
cancer cells growth [39]. Our data can be thus
explained considering the serotonin reuptake inhi-
bition and the cytotoxic properties of the Hypericum
perforatum extract components that synergistically
contributed to the reduction of the PC-3 cells
proliferation.

The differences highlighted in the in vitro studies
between the doses needed for the PC-3 growth
inhibition and those responsible for the neurochemical
effects demonstrated by other researchers, can also be
explained considering the different characteristics of
the HPE compounds.

The decrease of PC-3 proliferation we found in
vitro and in vivo by HPE is consistent with the
results obtained using synthetic SSRI. [6]. As for
fluoxetine, daily administration of HPE markedly
inhibited the growth of PC-3 cells in vivo and a
lower incidence of regional lymph node metastases
were found in all treated mice compared to control
group (Table 1). Moreover, the concentration of
HPE used to inhibit the PC-3 cells proliferation

in vitro contained an amount of hypericin
and hyperforin comparable with those used to
contrast the growth of other human cancer cell
lines [22-24].

The use of HPE for the treatment of prostate cancer
can be interesting also on the basis of its antidepress-
ant effects. A number of studies have shown a clear
relationship between mood disorders and the response
to therapies as well as the incidence of cancer has
been shown to be related to depression [40—42].
Furthermore, the increase of circulating serotonin
caused by the antidepressant drugs can result in an
higher production of melatonin [43,44] which inhibits
the prostate cancer growth as reported by several
studies [45—-47]. In our model, significant growth
inhibition of PC-3 cells was observed at a dose of
15 mg/Kg/day that has been administered for 25
consecutive days. This is equivalent to a human dose
of about 1050 mg per day which is similar to the HPE
oral dose used for the treatment of depression in
humans, generally ranging between 600 and 1200 mg
per day [48].

Since we used an intraperitoneal administration of
the drug and due to the differences between murine
and human physiology, more studies are necessary to
develop a protocol for the treatment of prostate cancer
with the HPE in humans.

Our results support previous findings on the
inhibitory activity of HPE and its components on
prostate cancer cells growth, thus suggesting a
possible use of the this plant in the prostate tumor
therapy.

References

[1] S.H. Landis, T. Murray, S. Bolden, P.A. Wingo, Cancer
statistics, CA Cancer J. Clin. (49) (1999) 8-31.

[2] N. Kyprianou, H.F. English, J.T. Isaacs, Programmed cell
death during regression of PC-82 human prostate cancer
following androgen ablation, Cancer Res. 50 (1990)
3748-3753.

[3] M.P. Tenniswood, R.S. Guenette, J. Lakins, M. Mooibroek, P.
Wong, J.E. Welsh, Active cell death in hormone-dependent
tissues, Cancer Metastasis Rev. 11 (1992) 197-220.

[4] P.A. Abrahamsson, Neuroendocrine cells in tumour growth of
the prostate, Endocr. Relat. Cancer 6 (1999) 503-519.

[5] P.A. di Sant’Agnese, Neuroendocrine differentiation in
carcinoma of the prostate. Diagnostic, prognostic, and
therapeutic implications, Cancer 70 (1992) 254—268.



32 D. Martarelli et al. / Cancer Letters 210 (2004) 27-33

[6] M. Abdul, C.J. Logothetis, N.M. Hoosein, Growth-inhibitory
effects of serotonin uptake inhibitors on human prostate
carcinoma cell lines, J. Urol. 154 (1995) 247-250.

[71 M. Abdul, P.E. Anezinis, C.J. Logothetis, N.M. Hoosein,
Growth inhibition of human prostatic carcinoma cell lines by
serotonin antagonists, Anticancer Res. 14 (1994) 1215-1220.

[8] V. Schulz, Clinical trials with hypericum extracts in patients
with depression—results, comparisons, conclusions for therapy
with antidepressant drugs, Phytomedicine 9 (2002) 468—474.

[9] K. Behnke, G.S. Jensen, H.J. Graubaum, J. Gruenwald,
Hypericum perforatum versus fluoxetine in the treatment of
mild to moderate depression, Adv. Ther. 19 (2002) 43-52.

[10] E. Schrader, Equivalence of St John’s wort extract (Ze 117)
and fluoxetine: a randomized, controlled study in mild-
moderate depression, Int. Clin. Psychopharmacol. 15 (2000)
61-68.

[11] Anonimo, Scheda tecnica: Prozac, Repertorio Farmaceutico
Italiano. Farmindustria/Cedof Editore, Milano 2002.

[12] W.E. Muller, M. Rolli, C. Schafer, U. Hafner, Effects of
hypericum extract (LI 160) in biochemical models of
antidepressant activity, Pharmacopsychiatry. 30 (1997)
102-107.

[13] J.T. Neary, Y. Bu, Hypericum LI 160 inhibits uptake of
serotonin and norepinephrine in astrocytes, Brain Res. 816
(1999) 358-363.

[14] S. Perovic, W.E. Muller, Pharmacological profile of hyper-
icum extract. Effect on serotonin uptake by postsynaptic
receptors, Arzneimittelforschung 45 (1995) 1145-1148.

[15] J.M. Cott, In vivo receptor binding and enzyme inhibition by
Hypericum perforatum extract, Pharmacopsychiatry 30 (1997)
108-112.

[16] A. Nahrstedt, V. Butterweck, Biologically active and other
chemical constituents of the herb of Hypericum perforatum L,
Pharmacopsychiatry 30 (1997) 129-134.

[17] D.A. Bennett Jr., L. Phun, J.F. Polk, S.A. Voglino, V. Zlotnik,
R.B. Raffa, Neuropharmacology of St. John’s Wort (Hyper-
icum), Ann Pharmacother 32 (1998) 1201-1208.

[18] G. Calapai, A. Crupi, F. Firenzuoli, G. Costantino, G.
Inferrera, G.M. Campo, A.P. Caputi, 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 (1999) 723-728.

[19] S.T. Kaehler, C. Sinner, S.S. Chatterjee, A. Philippu,
Hyperforin enhances the extracellular concentrations of
catecholamines, serotonin and glutamate in the rat locus
coeruleus, Neurosci. Lett. 262 (1999) 199-202.

[20] W.E. Muller, A. Singer, M. Wonnemann, U. Hafner, M. Rolli,
C. Schafer, Hyperforin represents the neurotransmitter
reuptake inhibiting constituent of hypericum extract, Pharma-
copsychiatry 31 (1998) 16-21.

[21] A. Singer, M. Wonnemann, W.E. Muller, Hyperforin, a major
antidepressant constituent of St John’s Wort, inhibits serotonin
uptake by elevating free intracellular Na + 1, J. Pharmacol.
Exp. Ther. 290 (1999) 1363-1368.

[22] K. Hostanska, J. Reichling, S. Bommer, M. Weber, R. Saller,
Hyperforin a constituent of St John’s wort (Hypericum
perforatum L.) extract induces apoptosis by triggering

activation of caspases and with hypericin synergistically
exerts cytotoxicity towards human malignant cell lines, Eur.
J. Pharm. Biopharm. 56 (2003) 121-132.

[23] K. Hostanska, J. Reichling, S. Bommer, M. Weber, R. Saller,
Aqueous ethanolic extract of StJohn’s wort (Hypericum
perforatum L.) induces growth inhibition and apoptosis in
human malignant cells in vitro, Pharmazie. 57 (2002)
323-331.

[24] C.M. Schempp, V. Kirkin, B. Simon-Haarhaus, A. Kersten, J.
Kiss, C.C. Termeer, et al., Inhibition of tumour cell growth by
hyperforin, a novel anticancer drug from St John’s wort that
acts by induction of apoptosis, Oncogene 21 (2002)
1242-1250.

[25] X. Xie, J.B. Hudson, E.S. Guns, Tumor-specific and photo-
dependent cytotoxicity of hypericin in the human LNCaP
prostate tumor model, Photochem. Photobiol. 74 (2001)
221-225.

[26] F.P. Begun, in: H. Lepor, R.K. Lawson (Eds.), Epidemiology
and Natural History of Prostate Cancer in Prostate Diseases,
Saunders, 1993.

[27] L.L. Beynon, A. Busuttil, J.E. Newsam, G.D. Chisholm,
Incidental carcinoma of the prostate: selection for deferred
treatment, Br. J. Urol. 55 (1983) 733-736.

[28] E.A. Tanagho, J.W. McAninch, Smith’s General Urology,
Appleton e Lange, 1995.

[29] N.M. Hoosein, M.G. Bandyk, G.L. Nicolson, C.J. Logothesis,
L.W.K. Chung, Espression of neuroendocrine markers and
extracellular matrix degradative enzymes in human prostate
cells, J. Urol. 149 (1993) 1066 479A#1066.

[30] H. Bonkhoff, U. Stein, K. Remberger, Endocrine-paracrine
cell types in the prostate and prostatic adenocarcinoma are
postmitotic cells, Hum. Pathol. 26 (1995) 167-170.

[31] J.L. Krijnen, P.J. Janssen, J.A. Ruizeveld de Winter, H. van
Krimpen, F.H. Schroder, T.H. van der Kwast, Do neuroendo-
crine cells in human prostate cancer express androgen
receptor?, Histochemistry 100 (1993) 393-398.

[32] H. Bonkhoff, N. Wernert, G. Dhom, K. Remberger, Relation
of endocrine-paracrine cells to cell proliferation in normal,
hyperplastic, and neoplastic human prostate, Prostate 19
(1991) 91-98.

[33] R. Grobholz, M.H. Bohrer, M. Siegsmund, K.P. Junemann, U.
Bleyl, M. Woenckhaus, Correlation between neovascularisa-
tion and neuroendocrine differentiation in prostatic carcinoma,
Pathol. Res. Pract. 196 (2000) 277-284.

[34] P.M. Whitaker-Azmitia, S.J. Peroutka, The Neuropharma-
cology of Serotonin, Ann. N.Y. Acad. Sci. 600 (1990) 1-715.

[35] K. Seuwen, J. Pouyssegur, Serotonin as a growth factor,
Biochem. Pharmacol. 39 (1990) 985-990.

[36] G.M. Nemecek, S.R. Coughlin, D.A. Handley, M.A. Mosko-
witz, Stimulation of aortic smooth muscle cell mitogenesis by
serotonin, Proc. Natl. Acad. Sci. USA 83 (1986) 674—678.

[37] N. Takuwa, M. Ganz, Y. Takuwa, R.B. Sterzel, H. Rasmussen,
Studies of the mitogenic effect of serotonin in rat renal
mesangial cells, Am. J. Physiol. 257 (1989) 431-439.

[38] P.J. Tutton, D.H. Barkla, Biogenic amines as regulators of the
proliferative activity of normal and neoplastic intestinal
epithelial cells, Anticancer Res. 7 (1987) 1-12.



[39]

[40]

[41]

[42]

[43]

D. Martarelli et al. / Cancer Letters 210 (2004) 27-33 33

H.K. Nair, K.V. Rao, R. Aalinkeel, S. Mahajan, R. Chawda,
S.A. Schwartz, Inhibition of prostate cancer cell colony
formation by the flavonoid quercetin correlates with modu-
lation of specific regulatory genes, Clin. Diagn. Lab Immunol.
11 (2004) 63-69.

E.M. Bleiker, van der H.M. Ploeg, Psychosocial factors in the
etiology of breast cancer: review of a popular link, Patient
Edu. Couns. 37 (1999) 201-214.

C.P. Carney, L. Jones, R.F. Woolson, R. Noyes Jr., B.N.
Doebbeling, Relationship between depression and pancreatic
cancer in the general population, Psychosom. Med. 65 (2003)
884-888.

D. Spiegel, J. Giese-Davis, Depression and cancer: mechan-
isms and disease progression, Biol. Psychiatry 54 (2003)
269-282.

C. von Bahr, C. Ursing, N. Yasui, G. Tybring, L. Bertilsson, S.
Rojdmark, Fluvoxamine but not citalopram increases serum
melatonin in healthy subjects-an indication that cytochrome
P450 CYP1A2 and CYP2C19 hydroxylate melatonin, Eur.
J. Clin. Pharmacol. 56 (2000) 123-127.

[44]

[45]

[46]

[47]

[48]

S. Hartter, X. Wang, H. Weigmann, T. Friedberg, M. Arand, F.
Oesch, C. Hiemke, Differential effects of fluvoxamine and
other antidepressants on the biotransformation of melatonin,
J. Clin. Psychopharmacol. 21 (2001) 167—174.

S.Y. Shiu, I.C. Law, K.W. Lau, P.C. Tam, A.W. Yip, W.T. Ng,
Melatonin slowed the early biochemical progression of
hormone-refractory prostate cancer in a patient whose prostate
tumor tissue expressed MT1 receptor subtype, J. Pineal. Res.
35(2003) 177-182.

S.W. Siu, K.W. Lau, P.C. Tam, S.Y. Shiu, Melatonin and
prostate cancer cell proliferation: interplay with castration,
epidermal growth factor, and androgen sensitivity, Prostate 52
(2002) 106—-122.

M.M. Marelli, P. Limonta, R. Maggi, M. Motta, R.M. Moretti,
Growth-inhibitory activity of melatonin on human androgen-
independent DU 145 prostate cancer cells, Prostate 45 (2000)
238-244.

G. Harrer, V. Schulz, Clinical investigation of the antidepress-
ant effectiveness of hypericum, J. Geriatr. Psichiatry Neurol. 7
(1994) S6-S8.



	Hypericum perforatum methanolic extract inhibits growth of human prostatic carcinoma cell line orthotopically implanted in
	Introduction
	Materials and methods
	Prostate cancer cell line
	Animals
	Hypericum perforatum extract
	In vitro proliferation
	Orthotopic inoculation
	Therapeutic procedures
	Autopsy and histology
	Immunohistochemistry
	Statistical analysis

	Results
	Effect of HPE on PC-3 cells growth in vitro
	Effect of HPE on PC-3 cells growth in vivo
	Immunohistochemical analysis

	Discussion
	References


