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Constituents(1,G 1,G2,G22,G40,G48,G52,G62,G64)

Anthraquinone derivatives (naphthoclionthrones)
Hypericin, pseudohypericin and isohypericin; proto-
hypericin and protopseudohypericin (biosynthetic
precursors of hypericin and pseudohypericin, respec-
tively) are present in fresh material . Cyclopseudohy-
pericin is also stated to be present . The hypericin
content (approximately 0.1-0.15%) includes both
hypericin and pseudohypericin (2) and is sometimes
referred to as `total hypericins' .

Flavonoids Flavonols (e.g. kaempferol, quercetin),
flavones (e.g . luteolin) and glycosides (e.g. hypero-
side, isoquercitrin, quercitrin, rutin), biflavonoids
including biapigenin (a flavone) and amentoflavone
(a biapigenin derivative ) ( 3,4) and catechins (flavonoids
often associated with condensed tannins) . (5,6) The
concentrations of rutin, hyperoside and isoquercitrin
have been reported as 1 .6, 0.9 and 0.3%, respec-
tively . (7)

St. John's Wort

Species (Family)

Hypericum perforatum L. (Hypericaceae)

Synonym(s)

Hypericum, Millepertuis
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Prenylated phloroglucinols Hyperforin (2.0-4.5%)
and adhyperforin (0.2-1.9%).(5,8,9,G1)

Tannins 8-9%. Type not specified . Proanthocyani-
dins (condensed type) have been reported .(G2)

Other phenols Caffeic, chlorogenic, p-coumaric,
ferulic, p-hydroxybenzoic and vanillic acids .

Volatile oils 0.05-0.9%. Major component (not less
than 30%) is methyl-2-octane (saturated hydrocar-
bon); others include n-nonane and traces of methyl-2-
decane and n-undecane (saturated hydrocarbons), (10)
a- and (3-pinene, a-terpineol, geraniol, and traces of
myrcene and limonene (monoterpenes), caryophyl-
lene and humulene (sesquiterpenes) . (11,12)

Other constituents Acids (isovalerianic, nicotinic,
myristic, palmitic, stearic), carotenoids, choline, nico-
tinamide, pectin, (3-sitosterol, straight-chain saturated
hydrocarbons (C16, C30)

(1°,13) and alcohols (C24, C26,C28 ) . (10,13)

Food Use

St. John's wort is listed by the Council of Europe as a
natural source of food flavouring (herb: category 5)
(see Appendix 23) .(G17)

Herbal Use (G1,G2,G7,G32,G64)

St. John's wort is stated to possess sedative and
astringent properties . It has been used for excitabil-
ity, neuralgia, fibrositis, sciatica, wounds, menopau-
sal neurosis, anxiety and depression and as a nerve
tonic. St. John's wort is used extensively in homeo-
pathic preparations as well as in herbal products .
Modern interest is focused on its use as an antidepres-
sant.

Dosage

Dried herb 2-4 g or by infusion three times daily . (G7)

Liquid extract 2-4mL (1 :1 in 25% alcohol) three
times daily.(G7)

Tincture 2-4mL (1 :10 in 45% alcohol) three times
daily .(G7)



The doses of St . John's wort extract used in clinical
trials involvin鋼 patients with mild to moderate depres-
sion 鋼enerally ran鋼e from 350 to 1800 m鋼 daily
(equivalent to 0 .4 to 2.7 m鋼 hypericin daily, depend-
in鋼 on the extract) . (14)

Pharmacolo鋼ical Actions

The major active constituents are considered to be
hyperforin (a prenylated phloro鋼lucinol) and hyper-
icin (a naphthodianthrone), althou鋼h other biolo鋼i-
cally active constituents, e .鋼. flavonoids and tannins,
are also present!" ) Several pharmacolo鋼ical activ-
ities, includin鋼 antidepressant, antiviral and antibac-
terial effects, have been documented for extracts of St .
John's wort and/or its constituents . The pharmacol-
o鋼y and pharmacod namics of St . John's wort have
been reviewed.(1,16,G1,G50,G55)

In vitro and animal studies
Anticlepressont activity The precise mechanism of
action for the antidepressant effect of St . John's wort
is unclear . Initially, attention was focused on hyper-
icin as the constituent of St . John's wort believed to be
responsible for the herb's antidepressant effects . Inhi-
bition of monoamine oxidase (MAO) type A and B in
rat brain mitochondria in vitro was described for
hypericin." 7) However, other studies have demon-
strated only weak or no MAO inhibition .(18-20)

In vitro receptor bindin鋼 and enzyme inhibition
assays carried out usin鋼 hypericum extract demon-
strated si鋼nificant receptor affinity for adenosine,
GABAA, GABAB, benzodiazepine and MAO types A
and B, althou鋼h, with the exception of GABA A and
GABAB, the concentrations of hypericum required
were unlikely to be attained after oral administration
in humans .(21) Other biochemical studies have
reported that the hypericum extract LI 160 is only a
weak inhibitor of MAO-A and MAO-B activity, but
that it inhibits the synaptosomal uptake of serotonin
(5-hydroxytryptamine or S-HT), dopamine and nor-
adrenaline (norepinephrine) with approximately
equal affinity and also leads to a downre鋼ulation of
(3-receptors and an upre鋼ulation of 5-HT 2 receptors in
the rat frontal cortex . (22~ The effects of fluoxetine and
hypericin- and flavonoid-standardised hypericum
extracts (LI 160, 0.3% hypericin and 6% flavonoids
and Ph-50, 0 .3% hypericin and 50% flavonoids) on
the concentrations of neurotransmitters in brain
re鋼ions were studied in rats. (23' All three preparations
induced a si鋼nificant increase in 5-HT concentrations
in the rat cortex, both LI 160 and Ph-50 caused
increases in noradrenaline (norepinephrine) and
dopamine in the rat diencephalon and Ph-50 also
induced an increase in the noradrenaline (norepi-
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nephrine) content in the brainstem, areas that are
implicated in depression . (231 In studies usin鋼 the rat
forced swimmin鋼 test, an experimental model of
depression, hypericum extracts induced a si鋼nificant
reduction in immobility . (24)

Hyperforin has now emer鋼ed as bein鋼 one of the
major active constituents of importance in antidepres-
sant activity. Hyperforin has been shown to be an
uptake inhibitor of 5-HT, dopamine, noradrenaline
(norepinephrine), GABA and L-鋼lutamate in synapto-
somal preparations(25) and to inhibit 5-HT uptake in
rat peritoneal cells in a dose-dependent manner . (26)
Studies have also described discrepancies between
observed and theoretical IC 50 values, indicatin鋼 that
hyperforin is not the only component of hypericum
extract that is responsible for the observed
effects . 126,27) It has been reported that the mode of
action of hyperforin in serotonin uptake inhibition
seems to be associated with the elevation of free
intracellular sodium ion concentrations (28) and that
this may be secondary to activation of the Na`/H*
exchan鋼e as a result of a decrease in intracellular
pH.(29) Hyperforin was shown to inhibit 5-HT reup-
take in washed platelets but not in fresh platelet-rich
plasma, su鋼鋼estin鋼 that plasma-protein bindin鋼 could
be a limitin鋼 factor for 5-HT uptake inhibition in
vivo . (30)

A commercial extract of St . John's wort has exhib-
ited psychotropic and antidepressant activities in
mice . (31) Pure hyperforin and hypericum extracts
also demonstrated antidepressant activity in a des-
pair behaviour test in rats . (26)

In other experimental models of depression,
includin鋼 acute and chronic forms of escape deficit
induced by stressors, hypericum extract was shown to
protect rats from the consequences of unavoidable
stress . (32) Flavonoid fractions and flavonoids isolated
from these fractions have been reported to have
antidepressant activity in exerimental studies
(forced swimmin鋼 test) in rats . (33)

Antimicrobiol activity A leaf extract has been docu-
mented as enhancin鋼 the immunity of mice towards
Staphylococcus aureus and Bordetella pertussis; (34)

hyperforin is reported to be antibacterial with activ-
ity a鋼ainst S. aureus . (8) Antibacterial activity of hyper-
forin a鋼ainst multiresistant S. aureus and Gram-
positive bacteria, includin鋼 Streptococcus pyo鋼enes
and Corynebacterium diphtheriae, has been
reported .05) However, it has been emphasised that
the antibacterial effects of hyperforin are only
observed at hi鋼h concentrations . (36,171 Hyperforin
did not exhibit any 鋼rowth inhibitory effect a鋼ainst
Gram-ne鋼ative bacteria, such as Enterococcus faeca-
lis, Escherichia coli and 1'seudomonas aeru鋼inosa or



446

	

St . John's �ort

against Candida albicans .j 31) Further antibiotic con-
stituents have been isolated from St . John's wort :
imanine and novoimanine . 138,39) Novoimanine was
reported to be the most effective topical agent against
S. aurcrrs .~ 18) Herb extracts are reported to exhibit
more pronounced activity against staphylococci, shi-
gellae and E. coli than are decoctions . (3Z40)

Antiviral activity Flavonoid and catechin-containing
fractions have exhibited antiviral activity, inhibiting
the influenza virus by 83-100% . (41) Hypericin and
pseudohypericin have been reported to inhibit several
encapsulated viruses in vitro, including herpes sim-
plex types 1 and 2(42,43) and human immunodefi-
ciency virus type 1 (HI�-1) . (44-47) Hypericin has also
been reported to inactivate murine cytomegalovirus
(MCM�) and Sindbis virus. (47) �he antiviral activity
of hypericin appears to involve a photoactivation
process . (47,Gl)

Other effects In vitro studies using a hamster vas
deferens smooth muscle cell line demonstrated that
hyperforin induces the release of calcium ions from
mitochondrial or other sources followed by activation
of cellular metabolism . (48) It is not known whether
this activity contributes to the antidepressant effects
of hyperforin.

Oral administration of a single dose of St . John's
wort (100, 200, 400, 600 or 800 mg/kg) to two strains
of alcohol-preferring rats sinificantly reduced
alcohol intake in both strains . (49) In another study in
experimental alcoholism, acute intraperitoneal
administration of St. John's wort (10-40 mg/kg),
fluoxetine (1-10 mg/kg) and imipramine (3-30 mg/
kg) reduced alcohol intake in a dose-dependent man-
ner in a 12-hour, limited access, two-bottle choice
(ethano�water) procedure . (24) Depression and alco-
holism are thought to have some neurochemical
similarities, such as low brain serotonin concentra-
tions . (so)

It has been suggested that biflavonoids may be the
sedative principles in St . John's wort since CNS
activity has been documented for biflavonoid consti-
tuents in another plant, �axus baccata . (3)

An extract of St. John's wort was found to suppress
inflammation and leukocyte infiltration induced by
carrageenan and prostaglandin E l (PGE1 ) in mice . (51)
In vitro, hypericin has been shown to inhibit tumour
necrosis factor-induced activation of the transcription
factor NF-1CB, (S2) specific growth factor-regulated
protein kinases (53-55) and the release of arachidonic
acid and leukotriene B4 . (56) In a rabbit model of
proliferative vitreoretinopathy (P�R), intravitreal
injection of hypericin 0 .1 mL (10 or 100 pmol/L, but
not 1 pmol/L) inhibited the progression of P�R when

compared with severity in control eyes five days after
hypericin administration . (57) It was suggested that, as
protein kinase C is important in the cellular reactions
occurring in P�R, modulation of protein kinase C by
hypericin may be a factor in this system. Hypericin
and pseudohypericin have been reported to inhibit 12-
lipoxygenase activity; the products of lipoxygenase-
catalysed reactions, such as leukotrienes, may be
involved in inflammatory reactions . (58)

Other compounds may contribute to the anti-
inflammatory properties of St . John's wort. (37) Anti-
inflammatory and anti-ulcerogenic properties have
been documented for amentoflavone, a biapigenin
derivative . (4) Analgesic activity in mice has been
reported for the total flavonoid fraction ; (59) the active
principle was stated to be of the quercetin type .

Both water-soluble imanine and imanine were
reported to reduce blood pressure and increase the
frequency and depth of breathing following intrave-
nous administration (50 mg/kg) to rabbits .(3) A study
of the vasoconstrictor action of water-soluble imanine
and imanine on the isolated rabbit ear indicated that
their hypotensive action was not due to a direct effect
on the vasculature . (38) �hen perfused through the
isolated frog heart, both water-soluble imanine and
imanine were found to cause cardiac systolic arrest
at a dilution of 1 x 10 -5 . (38) Proanthocyanidin-con-
taining fractions isolated from St. John's wort have
been reported to inhibit contractions of the isolated
guinea-pig heart induced by histamine, PGF2 ,, and
potassium chloride. (60)

A tonus-raising effect on isolated guinea-pig and
rabbit uteri has been documented for a crude aqueous
extract . (" ) Of the group of plants investigated, St .
John's wort was reported to exhibit the weakest
uterotonic activity.

�annins isolated from St. John's wort are stated to
have mild astringent activity . (62) �he anthraquinone
derivatives documented for St . John's wort do not
possess any purgative action. (G62

In vitro cytotoxicity against human colon carci-
noma cells (CO 115) has been described for hyper-
forin-related constituents isolated from Hypericum
calycinum and Hypericum revolutum .(63)

Clinical studies
Clinical trials with extracts of St. John's wort have
focused mainly on its effects in patients with depres-
sion, although there have been several studies explor-
ing its use in other conditions, including seasonal
affective disorder, chronic fatigue and premenstrual
syndrome .

Depression Initially, hypericin was thought to be
responsible for the antidepressant activity of St .



John's wort, although, more recently, experimen-
ta1125,26) and clinical evidence(64) has emerged to
indicate that hyperforin is one of the major constitu-
ents required for antidepressant activity .

The precise mechanism of action of St . John's
wort's antidepressant effect remains unclear (see
Pharmacological Actions, In vitro and animal stu-
dies). A double-blind, placebo-controlled, crossover
study in 12 healthy male volunteers investigated the
effects of a single dose of St . John's wort extract (LI
160) (2700 mg, 9 x 300-mg tablets standardised to
0.3% hypericin) on plasma concentrations of growth
hormone, prolactin and cortisol . (65) A significant
increase in plasma growth hormone concentration
and a significant decrease in plasma prolactin concen-
tration were observed following St. John's wort
administration relative to placebo administration .
Plasma cortisol concentrations were unchanged .
These findings suggest that this dose of Sr. John's
wort extract may increase aspects of brain dopamine
function in humans, although further studies are
required to confirm this, assess dose-response rela-
tionships and determine whether there is evidence for
effects on dopaminergic systems in patients with
depression treated with St . John's wort . (65) Another
study, which used a randomised, three-way, crossover
design, investigated the effects of a single dose of St .
John's wort extract (LI 160S) (600 or 300 mg) or
placebo on hormone concentrations in 12 healthy
male volunteers . (66) Compared with placebo, St .
John's wort extract (600 mg) increased cortisol secre-
tion between 30 and 90 minutes after dosing, indicat-
ing an influence of St . John's wort on certain CNS
neurotransmitters. There was no difference between
the three groups with regard to adrenocorticotrophic
hormone (ACTH), growth hormone and prolactin
secretion . (66)

A systematic review and meta-analysis of rando-
mised controlled trials of preparations of St . John's
wort extract included 23 trials involving a total of
1757 patients with depressive disorders . (67) This has
been updated to include new studies and published as
a Cochrane review of 27 randomised controlled trials
of St. John's wort extract in patients with `neurotic
depression' and mild to moderately severe depressive
disorders .~ 14) Seventeen of these trials (involving 1168
patients) compared St . John's wort preparations with
placebo (16 studies used preparations containing St .
John's wort extract as the sole herbal ingredient and
one involved a combination product of St . John's wort
extract with four other herbal ingredients) ; the ten
other trials (involving 1123 patients) compared St .
John's wort extracts with conventional antidepressant
or sedative drugs, including amitriptyline, imipra-
mine, desipramine and maprotiline (eight trials used
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single-ingredient preparations and two used combina-
tions of St . John's wort and valerian) . St. John's wort
extracts were administered at doses ranging from 350
to 1800 mg; the hyperforin content of the prepara-
tions tested was not known . Most trials lasted for 4-6
weeks, although some studies were conducted for
three months .

The results of the meta-analysis showed that St .
John's wort preparations were significantly superior
to placebo in the short-term treatment of mild to
moderately severe depressive disorders (rate ratio
2.47 and 95% confidence interval (95% CI) 1 .69-
3 .61) . St . John's wort preparations were found to be as
effective as conventional antidepressant agents (single
preparations, rate ratio 1 .01 and 95% CI 0.87-1.16),
although for several reasons - for example, the use of
low doses of conventional antidepressants and the
trials involving small numbers of patients - this
evidence was considered inadequate for establishing
whether St . John's wort was as effective as conven-
tional antidepressant drugs ."' ) Further studies com-
paring St. John's wort preparations with standard
antidepressant agents in well-defined patient groups
and over longer periods were considered neces-
sary . 141 .

Another meta-analysis employed tighter inclusion
criteria for trials in an effort to increase the validity of
the analysis . (68) It included only randomised, blinded,
controlled trials of St . John's wort as a single prepara-
tion, which involved patients with depressive disor-
ders as defined by the standard criteria ICD-10
(International Statistical Classification of Diseases
and Related Health Problems), DSM-IIIR (Diagnos-
stical Manual) or DSM-IV and which used the Hamil-
ton Depression (HAMD) Scale for measuring clinical
outcomes. Six such trials involving 651 patients with
mainly mild to moderately severe depressive disorders
were included ; two trials were placebo controlled and
four compared St. John's wort with standard anti-
depressants. The studies lasted for 4-6 weeks and the
doses of St. John's wort extract ranged from 200 to
900 mg daily ; the range for total hypericin adminis-
tered was 0.75-2.7 mg daily .

This meta-analysis showed that the response rate
for St. John's wort was significantly greater than that
for placebo (73 .2 versus 37.9%, respectively, relative
risk 1 .48 and 95% CI 1.03-1.92) and similar to that
observed with tricyclic antidepressants (64 versus
6.4% for St. John's wort and tricyclic antidepres-
sants, respectively, relative risk 1 .11 and 95% Cl
0.92-1 .29) . (611) Despite the stringent inclusion cri-
teria for trials in this meta-analysis, it was concluded
that further studies are required in order to address
methodological problems before it can be concluded
that St. John's wort is an effective antidepressant . (68)
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At least four randomised, controlled trials of
monopreparations of St . John's wort involving
patients with depressive disorders (64,69-71) have been
published since the Cochrane review . (14) Two trials
compared St. John's wort against placebo only, (64,69)

one compared St. John's wort with fluoxetine (70) and
one was a three-arm study comparing St . John's wort
with imipramine and placebo. 1)

In a randomised, double-blind, multicentre study,
162 patients with mild to moderate depression
received St. John's wort extract (ZE117) (250mg)
twice daily (equivalent to 1 mg hypericin daily) or
placebo for six weeks . (69) At the end of the study,
56% of St. John's wort-treated patients compared
with 15% of placebo recipients were classified as
responders according to recognised criteria . The pro-
portions of patients reporting adverse events were
similar between groups (7.4 and 6.2% for St. John's
wort and placebo, respectively) .

Another randomised, double-blind, multicentre
trial compared two different extracts of St . John's
wort with placebo in 147 patients with mild or
moderate depression according to DSM-IV cri-
teria. (64) Patients received St. John's wort extract
(300mg, WS 5573, containing 0 .5% hyperforin or
300 mg, WS 5572, containing 5% hyperforin) or
placebo three times daily for six weeks. Patients who
received the extract containing 5% hyperforin
showed the largest reduction in Hamilton Rating
Scale for Depression scores from baseline values .
Furthermore, 49% of these patients were classified
as treatment responders (according to recognised
criteria), whereas 38 .8 and 32.7% of patients who
received 0.5% hyperforin and placebo recipients,
respectively, were classified as responders . The pro-
portions of patients reporting adverse events were
similar (28 .6 versus 28 .6 versus 30.6% for 5% hyper-
forin, 0.5% hyperforin and placebo, respectively) .
These findings were the first to show that the ther-
apeutic effect of St. John's wort in mild to moderate
depression depends on its hyperforin content. (64)

In a study comparing St . John's wort with a
selective serotonin reuptake inhibitor, 161 patients
aged 60-80 years with mild or moderate depression
according to ICD-10 criteria were randomised to
receive St . John's wort extract (LoHyp-57) (400 mg)
twice daily or fluoxetine (10mg) twice daily for six
weeks. (70) Neither the hypericin nor the hyperforin
content of the St. John's wort extract were stated in a
published report of the study. At the end of the
treatment period, 71.4% of St. John's wort recipients
and 72 .2% of fluoxetine recipients were classified as
responders according to recognised, pre-defined cri-
teria . Similar efficacy for both St. John's wort and
fluoxetine was demonstrated when data from sub-

groups of patients with mild and moderate depression
were analysed. The numbers of patients developing
adverse reactions with a possible or probable relation-
ship to treatment were 12 and 17 for St. John's wort
and fluoxetine, respectively, leading to cessation of
treatment in six and eight cases, respectively . (70)

In a randomised, double-blind, multicentre trial in
a primary care setting, 263 patients with moderate
depression received St . John's wort extract (350 mg)
three times daily (STEI 300, containing 0 .2-0 .3%
hypericin and 2-3% hyperforin, n=106), imipra-
mine (100 mg) daily (in three divided doses of 50, 25
and 25 mg, titrated from 50 mg on day 1 and 75 mg on
days 2-4, n=110) or placebo (n=47) for eight
weeks . (71) Hypericum was found to be more effective
than placebo after six weeks of treatment and to be as
efficacious as imipramine after 8 weeks of treatment .
In addition, both St . John's wort and imipramine were
shown to improve quality of life, as measured by the
SF-36, to a greater extent than placebo . Adverse
events were reported by 22% of St. John's wort
recipients, 46% of imipramine recipients and 19%
of placebo recipients .

This study was criticised for its use of a relatively
low dose of imipramine, such that the trial shows only
that a comparatively high dose of St . John's wort
seems to be as effective as a comparatively low dose
of imipramine . (72) Nevertheless, this(71) and other new
trials( 4,69) have confirmed that St . John's wort
extracts are more effective than placebo in mild to
moderately severe depression . (72) However, further
trials comparing St. John's wort with standard anti-
depressants, particularly newer classes of agents such
as the selective serotonin reuptake inhibitors, are still
required. A large placebo-controlled trial comparing
St. John's wort extract (900-1800 mg daily) with the
selective serotonin reuptake inhibitor sertraline (50-
150 mg daily) in patients with major depression
accordin - to DSM-IV criteria is ongoing in the United
States . (73 Published abstracts of randomised, double-
blind, controlled trials have reported superiority of St .
John's wort extract over placebo (74) and equivalent
efficacy between St . John's wort and fluoxetine
(20mg) daily in mild to moderate depression (75,76)

and between St. John's wort and imipramine (150 mg)
daily. (76)

In a dose-ranging trial involving 348 patients with
mild to moderate depression according to ICD-10
criteria, patients were randomised to receive St .
John's wort extract three times daily equivalent to
either l mg (n=119), 0 .33 mg (n=115) or 0.17 mg
(n = 114) hypericin for six weeks . (77) At the end of the
treatment period, there was a significant reduction in
HAMD scores compared with baseline values . The
response rates (according to recognised criteria) were



68, 65 and 62% for 1, 0 .33 and 0 .17mg hypericin,
respectively; the differences between groups were not
statistically significant . Thus, the study showed that
there was no dose-dependent effect of hypericin in St.
John's wort extracts .

Seasonal affective disorder The effects of St. John's
wort extracts have been investigated in studies invol-
ving subjects with seasonal affective disorder
(SAD),(78, 9> although as yet there have not been any
trials that have included a placebo control group .
Twenty individuals with SAD were randomised to
receive St. John's wort (LI 160) (300 mg) three times
daily (equivalent to 0 .9 mg hypericin) with or without
bright light therapy . (78) After four weeks, there were
significant reductions in HAMD scores in both groups
compared with baseline values and there were no
statistically significant differences between groups .
Another study evaluated data from individuals with
mild to moderate SAD who had used St. John's wort
(300 mg) three times daily (equivalent to 0 .9 mg
hypericin) with (n=133) or without light therapy
(n = 168) for eight weeks . (79) The study was not
randomised and involved data collection by postal
questionnaires. Data from 301 returned question-
naires were suitable for analysis . Significant reduc-
tions in the mean SAD scores were observed in both
groups compared with baseline values ; the differences
in the SAD scores between groups were statistically
non-significant.

Antiviral activity Antiviral activity has been reported
for hypericin against human immunodeficiency virus
(HIV) and hepatitis c.(80,81,82,) Several uncontrolled
studies in HIV-positive patients who received St .
John's wort extract have reported immunologic and
clinical benefits, including increases in CD4 cell
counts in some patients . 3'84) In a phase I, dose-
escalating study, 30 HIV-positive patients with CD4
cell counts < 350 cells/mm 3 received intravenous syn-
thetic hypericin twice weekly (0 .25 or 0.5 mg/kg
body-weight), three times weekly (0.25 mg/kg) or
oral hypericin daily (0.5 mg/kg) . (85) Sixteen patients
discontinued treatment early because of toxic effects,
and phototoxicity in several other patients prevented
completion of dose escalation . Antiretroviral activity
as assessed by significant changes in HIV p24 antigen
level, HIV titre, HIV RNA copies and CD4 cell counts
was not observed .

Other studies The potential for the use of St. John's
wort in 20 individuals presenting with fatigues 6) and
in 19 women with self-reported premenstrual syn-
drorne(87~ has also been explored in uncontrolled
pilot studies . Significant improvements in perceived
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fatigue and in symptoms of depression and anxiety
were seen after six weeks' treatment with St . John's
wort (equivalent to 0 .9 mg hypericin daily) compared
with baseline values (86) and in overall premenstrual
syndrome scores after treatment with St. John's wort
(equivalent to 0 .9 mg hypericin daily) for two men-
strual cycles . (87) Thus, there is scope for conducting
randomised controlled trials of St . John's wort in these
conditions. (86,87)

In a randomised, double-blind, placebo-controlled
trial, 179 women with menopause-related psycho-
vegetative symptoms received a combination prepara-
tion of St. John's wort and black cohosh (Cimicifuga
racemosa) or placebo for six weeks . (88) The results
indicated that the combination product had a signifi-
cantly greater effect on the symptoms than did pla-
cebo. Postmarketing surveillance studies have been
carried out with extracts of St. John's wort in patients
with psychovegetative disorders (89) and in women
with menopausal symptoms of psychological ori-
gin (90) (see Side-effects, Toxicity) . Improvements in
symptom scores compared with baseline values fol-
lowing treatment with St. John's wort extracts were
reported in all studies; these studies did not involve a
control group .

A randomised, double-blind, phase I study invol-
ving 55 healthy volunteers who received St . John's
wort (900 mg) daily (containing 0 .5% hyperforin), St .
John's wort (900 mg) daily (containing 5.0% hyper-
forin) or placebo for eight days investigated the effects
on quantitative electroencephalogram as an indicator
of drug-induced pharmacological action . (91) Repro-
ducible central pharmacodynamic effects were appar-
ent in both groups of St. John's wort recipients
compared with placebo recipients . The effects were
greater in subjects who received extract containing
5.0% hyperforin than in those who received extract
containing 0 .5% hyperforin .

Placebo-controlled, crossover studies investigating
the effects of St . John's wort (0.9 and 1.8 mg) on the
sleep polysomnogram of healthy subjects reported
that both doses of St . John's wort significantly
increased rapid eye movement (REM) sleep latency
compared with placebo, but had no effect on REM
sleep duration or other parameters of sleep architec-
ture . (92)

In a randomised, double-blind, placebo-controlled
trial involving 23 overweight but otherwise healthy
adults, subjects who received treatment with St .
John's wort (900 mg) daily, Citrus aurantium extract
(975 mg) daily and caffeine (528 mg) daily lost sig-
nificantly more body weight than did subjects in the
placebo and no-treatment control groups . (93)

A placebo-controlled, crossover study in 19
healthy volunteers who received St . John's wort for
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15 days either alone or in combination with ethanol
(to achieve a blood alcohol concentration of 0.05%)
reported that there were no differences between the
two groups in sense of well-being or adverse events . (94)

A randomised, double-blind, placebo-controlled,
six-week trial involving 72 long-distance runners and
triathletes reported significant improvements in
endurance capacity in subjects who received vitamin
E with St. John's wort compared with subjects who
received vitamin E alone or placebo . (95)

Pharmacokinetics Detailed pharmacokinetic studies
have been carried out with the hypericin-standardised
St. John's wort extract LI 160 . (96) Administration of
single oral doses of LI 160 (300, 900 and 1800 mg) to
healthy male volunteers resulted in peak plasma
hypericin concentrations of 1 .5, 7.5 and 14.2 ng/mL
for the three doses, respectively . Peak plasma concen-
trations were seen with hypericin after 2 .0-2.6 hours
and with pseudohypericin after 0.4-0.6 hours. The
elimination half-life of hypericin was between 24 .8
and 26.5 hours. Repeated doses of LI 160 (300 mg)
three times daily resulted in steady-state concentra-
tions after four days. (96) Oral administration of the St .
John's wort extract WS 5572 (300 mg, equivalent to
14.8 mg hyperforin) resulted in peak plasma concen-
trations of 150 ng/mL being reached 3 .5 hours after
administration . ~ 9) The elimination half-life was 9
hours. Following repeated doses of 300 mg three
times daily, the estimated steady-state plasma hyper-
forin concentrations were 100 ng/mL . Other studies
investigating the pharmacokinetics of hypericum and
hypericin have been summarised .(1,G1)

Side-effects, Toxicity
A review of safety data for St . John's wort obtained
from reports of randomised controlled trials, drug
monitoring and postmarketing surveillance stu-
dies(98-101) and national and international drug
safety monitoring bodies has been published . (lo2)
Collectively, the data indicate that St . John's wort is
well-tolerated. Adverse effects are generally mild ; the
most common adverse effects reported are gastroin-
testinal symptoms, dizziness, confusion and tiredness/
sedation. In placebo-controlled trials, the frequency of
adverse effects with St. John's wort is similar to that
for placebo . (102) Photosensitivity appears to be an
extremely rare event with recommended doses of St .
John's won (see below) ' ( 102)

Several postmarketing surveillance studies of the
St. John's wort extracts HYP811, (89,103) LI 160(90,104)
and Neuroplant (105) have since been published . These
studies provide further confirmation of the tolerabil-
ity of St . John's wort extracts taken at recommended

doses for short-term treatment (usually 4-6 weeks,
althmh one study monitored 111 women for 12
weeks ( 0) ) . The frequency of adverse reactions in
6382 patients with mild depression who took St .
John's wort for six weeks was reported to be
0.125% (mainly skin reactions) . ( ' 0-5)

A systematic review and meta-analysis of rando-
mised controlled trials of St . John's wort in patients
with mild to moderately severe depressive disorders
reported that, in the trials comparing St . John's wort
with standard antidepressants, the proportions of
patients reporting side-effects were 26 .3 and 44.7%,
respectively (rate ratio 0 .57 and 95% CI 0 .4-0.69) . (14)
However, further studies investigating the long-term
safety of St . John's wort were advised . Another meta-
analysis which employed tighter inclusion criteria
reported that tricyclic antidepressants were asso-
ciated with a higher proportion of side-effects than
were St. John's wort preparations (47 versus 26.4%,
respectively, relative risk 1 .72 and 95% CI 1 .30-
2.14) . (68) Randomised controlled trials(64 ' 69-71)
published since the Cochrane meta-analysis (14) and
published abstracts (74-76) have also reported that St .
John's wort has a more favourable short-term safety
profile than standard antidepressants(70,71,75,76) and
that the frequency of adverse events seen with St .
John's wort is similar to that for placebo (64,69,71,74)

(see Clinical studies) . In a comparative trial of St .
John's wort and fluoxetine, the frequency of adverse
reactions associated with St . John's wort was higher
than expected, although it was stated that the effects
reported were similar to those known to occur with
fluoxetine . (70) The observation that the frequency of
adverse effects is lower in placebo-controlled trials of
St. John's wort than in comparative trials with stan-
dard antidepressants has been made previously . (102) A
review has attempted to compare the safety profile of
St. John's wort systematically with that of several
conventional antidepressants . (106)

Photosensitivity Sensitivity to sunlight following the
ingestion of hypericum or hypericin is known as
hypericism .

Delayed hypersensitivity or photodermatitis has
been documented for St . John's wort following the
ingestion of a herbal tea made from the leaves . (107)
Hypericin is stated to be the photosensitising agent
present in St . John's wort. (82,G33,G47) A review of the
photodynamic actions of hypericin has been pub-
lished.( 08) In a double-blind, crossover, single-dose
study in 13 healthy volunteers who received placebo
or St. John's wort extract (LI 160) (900, 1800 and
3600 mg containing 0, 2.81, 5.62 and 11 .25 mg total
hypericin, respectively), no evidence of photosensitiv-
ity was observed with or without St. John's wort



following skin irradiation with both UV-A and UV-B
light 4 hours after dosing . i09) In a multiple-dose study
in which 50 volunteers received St . John's wort (LI
160) (600 mg) three times daily (equivalent to 5 .6 mg
total hypericin daily) for 15 days, a moderate increase
in UV-A sensitivity was observed . (109) However, the
doses used were higher than those recommended
therapeutically . In another single-dose study, admin-
istration of St . John's wort (LI 160) (1800 mg, equiva-
lent to 5 .4 mg total hypericin) to 12 healthy volunteers
resulted in a mean serum total hypericin concentra-
tion of 43 ng/mL and a mean skin blister fluid con-
centration of 5 .3 ng/mL . (110) After administration of
St. John's wort (300 mg) three times daily for seven
days in order to achieve steady-state concentrations,
the mean serum total hypericin concentration was
12.5 ng/mL and the mean skin blister fluid concentra-
tion was 2.8 ng/mL; these concentrations are below
those estimated to be phototoxic (> 100 ng/mL) .(' 10)

The consumption of large quantities of St. John's
wort by grazing animals has been associated with the
development of photosensitivity . (11 1,G22,G5 1) Mice
given 0.2-0.5 mg of the herb were found to develop
severe photodynamic effects .(G22) Studies using cell
cultures of human keratinocytes incubated with
hypericin or St . John's wort extract and exposed to
UV-A resulted in a reduction in the LC S0 (lethal
concentration) with h pericin, but only a mild reduc-
tion with hypericum . (112) From these findings it has
been estimated that at least 30 times the therapeutic
dose would be necessary to produce phototoxic effects
in humans." 12) Experimental evidence has suggested
that a solution of hypericin can react with visible and
UV light to produce free radical species and that this
may lead to damage of proteins in the lens of the
eye .013j There are no reports of cataract formation in
individuals who have taken St . John's wort .

A study reported that HIV-positive patients treated
with oral hypericin (0 .05 mglkg) for 28 days devel-
oped mild symptoms of photosensitivity on exposure
to sunlight and that two patients developed intoler-
able symptoms of photosensitivity when the dose was
increased to 0 .16 mg/kg . (114) In a dose-escalating
study involving 30 HIV-infected patients treated
with oral (0.5 mg/kg daily) or intravenous hypericin
(starting dosage 0.25 mg/kg twice or three times
weekly), 16 patients discontinued treatment before
completing eight weeks of therapy because of moder-
ate or severe phototoxicity ; severe cutaneous photo-
toxicity was observed in 11 out of 23 evaluable
patients . (85) Other serious clinical or laboratory
adverse events were infrequent : elevation of alkaline
phosphatase and hepatic aminotransferase concentra-
tions to more than five times normal values was noted
in two and three patients, respectively .
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Other effects In humans A case of subacute toxic
neuropathy possibly related to the use of St . John's
wort and subsequent exposure to sunlight has been
reported."15) A woman developed stinging pains in
areas exposed to the sun (face and hands) four weeks
after starting treatment with St . John's wort (500 mg/
day, extract and hypericin content not stated) ; the
report did not state whether the woman was using any
other products . Her symptoms improved three weeks
after stopping St. John's wort and disappeared over
the next two months .

There have been reports of sensory nerve hyper-
sensitivity occurring in individuals who have taken St .
John's wort preparations (tablets or tinctures) .(' 16)

Cases of mania (117,118) and hypomania(119,120)
have been reported in individuals taking St . John's
wort preparations . Two cases of mania were reported
in patients with bipolar depression who began self-
treatment with standardised St. John's wort extract
(900 mg) daily (118) and one in a patient experiencing
a moderate depressive episode who was taking
both sertraline and St. John's wort (dosage not
known)." 17) A case of hypomania was reported in a
woman with panic disorder and unipolar major
depression who had discontinued sertraline treat-
ment one week before starting St . John's wort tinc-
ture." 19) Two cases of hypomania were reported in
individuals with no history of bipolar disorder . (120) A
man who had received electroconvulsive therapy and
who had previously taken various antidepressant
drugs, including venlafaxine, fluvoxamine, moclobe-
mide and nortriptyline, experienced a hypomanic
episode six weeks after starting St. John's wort
(dosage not stated). A man with symptoms of post-
traumatic stress disorder was diagnosed with an acute
manic episode after three months of self-treatment
with St. John's wort (dosage not stated) . (120)

Several of these reports stated that the symptoms
had resolved after stopping treatment with St . John's
wort, although in one case the patient improved but
remained agitated despite cessation of St . John's
wort . (120) None of the cases involved rechallenge
with St. John's wort and, in all cases, there were
other pharmacological factors and/or underlying ill-
nesses that could have been responsible for or con-
tributed to the precipitation of mania .

In animals and in vitro studies Experimental studies
investigating the genotoxic potential and mutagenic
activity of St. John's wort extracts in vitro and in vivo
have been summarised .'G1,cs21 In vivo studies and
most in vitro studies provided negative results, indi-
cating a lack of mutagenic potential with defined
St. John's wort extracts.' ) Mutagenic activity
observed in an in vitro Ames test was attributed to
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the presence of quercetin, although other studies have
found no mutagenic potential with a St . John's wort
extract and it has been stated that there is no valid
evidence for the carcinogenicity of quercetin in
humans .(GI,G52)

Dietary administration of St . John's wort to rats
was found to have no affect on various hepatic drug-
metabolising enzymes (e .g. aminopyrine, N-
demethylase, glutathione S-transferase and epoxide
hydrolase) or on copper concentrations in the liver
(see Contra-indications, Warnings, Drug interac-
tions) . No major effects were observed on hepatic
iron or zinc concentrations and no significant tissue
lesions were found in four rats fed St . John's wort in
their daily diet for 119 days (10% for first 12 days and
5% thereafter because of unpalatability) . (121)

Cytotoxic constituents related to hyperforin have
been isolated from two related Hypericum species (see
In vitro and animal studies) .

Contra-indications, Warnings
Individuals with sensitivity towards St. John's wort
may experience allergic reactions . The use of St.
John's wort is not advised in known cases of photo-
sensitivity and, in view of the potential of hypericin as
a photosensitising agent, therapeutic UV treatment
should be avoided whilst using St. John's wort.(Gl)

It has previously been suggested that excessive
doses of St. John's wort mayotentiate monoamine
oxidase inhibitor therapy . ("" However, as mono-
amine oxidase inhibitory activity has not been
reported in vivo with St. John's wort, this warning is
no longer considered necessary . In addition, avoid-
ance of foodstuffs, such as those containing tyramine
(e.g . cheese, wine, meat and yeast extracts) and
medicines containing sympathomimetic agents (e.g.
cough/cold remedies), which interact with MAOIs, is
not considered necessary .

Drug interactions Recent evidence has emerged
from spontaneous reports(123) and published case
reports(124-127) of interactions between St. John's
wort and certain prescribed medicines, leading to a
loss of or reduction in the therapeutic effect of these
prescribed medicines . Drugs that may be affected
include indinavir, warfarin, cyclosporin, digoxin,
theophylline and oral contraceptives. Drug inter-
action studies in healthy volunteers have provided
supporting evidence of interactions between
St. John's wort and phenprocoumon(128) and
digoxin (129) and have provided evidence that St.
John's wort may induce some cytochrome
P450 (CYP) drug-metabolising enzymes in the
liver, (128,130,131) namely CYP3A4, CYP1A2 and

CYP2CP, as well as affecting P-glycoprotein (a trans-
port protein). Other studies have failed to find sig-
nificant effects on CYP isoenzymes, (132-134) although
the numbers of volunteers may have been too small
and the duration of St. John's wort administration too
short to exclude an inductive effect truly .(133,134)

There have been other reports of increased seroto-
nergic effects in patients taking St . John's wort con-
currently with selective serotonin reuptake inhibitors
(e .g. sertraline, paroxetine).(135,136)

Also of concern is that the content of active con-
stituents can vary between different preparations of
St. John's wort; thus, the degree of enzyme induction
may vary.

Collectively, these data led the UK Committee on
Safety of Medicines (CSM) to issue advice to pharma-
cists, doctors and patients on the use of St . John's wort
with certain drugs . (137,138) The CSM's advice for
healthcare professionals for patients taking St .
John's wort and certain drugs can be summarised as
follows .

Warfarin, cyclosporin, digoxin, theophylline and
anticonvulsants (carbamazepine, phenobarbitone
and phenytoin) There is a risk of reduced therapeu-
tic effect, e .g. risk of transplant rejection, seizures and
loss of asthma control . Advice is to check plasma drug
concentrations (with warfarin, the patient's Interna-
tional Normalised Ratio should be checked) and to
stop St. John's wort therapy . In addition, dose adjust-
ment may be necessary .

HIV protease inhibitors (indinavir, nelfinavir, ritona-
vir and saquinavir) and HIV non-nucleoside reverse
transcriptase inhibitors (efavirenz and nevira-
pine) There is a risk of reduced blood concentra-
tions with possible loss of HIV suppression . Advice is
to measure HIV RNA viral load and to stop St. John's
wort.

Oral contraceptives There is a risk of reduced blood
concentrations, breakthrough bleeding and unin-
tended pregnancy. Advice is to stop St. John's wort.

Triptans (sumatriptan, naratriptan, rizatriptan and
zolmitriptan) and selective serotonin reuptake inhibi-
tors (citalopram, fluoxetine, fluvoxamine, paroxetine
and sertraline) There is a risk of increased seroto-
nergic effects with the possibility of an increased risk
of adverse reactions . Advice is to stop St . John's wort.

Patients already taking any of the above drugs
should be advised not to start taking St . John's wort
and users of other medicines should be advised to seek
professional advice before using St . John's wort .
Topical medicines and non-psychotropic medicines



that are excreted renally are not likely to interact with
St. John's wort. In addition, topical or homeopathic
preparations of St . John's wort are not likely to
interact with prescribed medicines .

Pregnancy and lactation Slight in vitro uterotonic
activity has been reported for St . John's wort (see In
vitro and animal studies) .

There is a report of a 38-year-old woman who
started taking St. John's wort (900 mg/day) at her 24th
week of pregnancy, taking the last dose 24 hours
before delivery."") The pregnancy was unremark-
able except for late onset of thrombocytopenia .
Another report described a 43-year-old woman who
discontinued fluoxetine and methylphenidate upon
becoming pregnant and started taking St . John's
wort (900 mg/day). The report does not state the
outcome of the pregnancy, (139) although it is assumed
that had adverse events occurred, they would have
been stated. In view of the lack of toxicity data, St .
John's wort should not be used during pregnancy and
lactation .

Pharmaceutical Comment

The chemical composition of St. John's wort has been
well studied. Documented pharmacological activities
provide supporting evidence for several of the tradi-
tional uses stated for St . John's wort. Many pharma-
cological activities appear to be attributable to
hypericin and to the flavonoid constituents ; hypericin
is also reported to be responsible for the photosensi-
tive reactions that have been documented for St .
John's wort. With regard to the antidepressant effects
of St. John's wort, hyperforin rather than hypericin, as
originally thought, has emerged as one of the major
constituents responsible for antidepressant activity .
However, further research is required in order to
determine which other constituents contribute to the
antidepressant effect.

Evidence from randomised, controlled trials has
confirmed the efficacy of St . John's wort extracts over
placebo in the treatment of mild to moderately severe
depression . (14~ Other randomised controlled studies
have provided some evidence that St. John's wort
extracts are as effective as some standard antidepres-
sants in mild to moderate depression . However, there
is still a need for further trials in order to assess the
efficacy of St . John's wort extracts compared with that
of standard antidepressants, particularly newer anti-
depressant agents such as the selective serotonin
reuptake inhibitors . In addition, there is generally a
need for further studies in well-defined groups of
patients, in different types of depression and con-
ducted over longer periods in order to determine
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long-term safery.~14~ St. John's wort does appear to
have a more favourable short-term safety profile than
standard antidepressants, a factor that is likely to be
important in patients continuing to take medication .
Concerns have been raised over interactions between
St. John's wort and certain prescribed medicines
(including warfarin, cyclosporin, theophylline,
digoxin, HIV protease inhibitors, anticonvulsants,
selective serotonin reuptake inhibitors, triptans and
oral contraceptives); advice is that patients taking
these medicines should stop taking St. John's wort,
generally after seeking professional advice as dose
adjustment may be necessary . With the exception of
oral contraceptives, patients taking these prescribed
medicines should not be self-treating with over-the-
counter medicines, including herbal medicines, with-
out first seeking professional advice.

In view of the lack of long-term safety data for
St. John's wort and its reported photosensitising
ability, excessive use of St. John's wort should be
avoided .
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