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sants has been shown in scores
of clinical trials which, however,
have also highlighted, since
1998, interactions with medica-
ments such as digoxin, theophyl-
line, cyclosporin, indinavir and
contraceptives. This has led the
majority of European countries,
including Italy, to remove prepa-
rations with St. John’s wort from
free sale and to make a medical
prescription compulsory, as
from 2000.
In this situation, phytotherapeu-
tic research, based on in-depth
chemical examination of the
components, an accurate inter-
pretation of the mechanisms of
action and a more circumscribed
definition of the interactions,
has given rise to necessary scien-
tific clarification which, althou-
gh not having solved all the pro-
blems, has allowed confirmation
of the drug’s utility as well as a
better definition of the condi-
tions of use. The following
discussion aims to define the
current therapeutic potential of
St. John’s wort in the light of the
most recent knowledge, based on
the positive and negative expe-
rience of the past few years.

[Basic knowledge of the phy-
totherapeutic characteristics
of the drug can be obtained
from sources such as those men-
tioned below in the items of
“Literature” (1-5)].

2. IN SEARCH OF THE ACTIVE
COMPONENTS  

Overlooking the compounds
which, in the present state of
research, seem to have a lesser
biological role (tannins, alcanes,
monoterpenes) and the “oil” (24)
which is not the object of this

discussion as it does not have an
antidepressant activity, the con-
stituents of the “flowering tops”
of St. John’s wort can be divided
into five fundamental chemical
groups, as follows (see figure 1 for
the respective formulae):
- naphtodiantrones: hypericin

and pseudohypericin with traces
of iso-, proto-, protopseudo-,
cyclopseudo-hypericin;

- phloroglucinol derivatives;
hyperforin and adhyperforin

- flavonoids: mainly quercetin
and its glycosides (hyperoside,
rutin, quercitrin and isoquerci-
trin) and biflavones (amentofla-
vone and I3’, II8-biapigenin)

- procyanidines: oligomeric

- xanthones: 1,3,6,7-tetrahy-
droxyxanthone

For a better classification of the
biological activity of the various
constituents of complex drugs,
established practice divides the
constituents into four groups
which, in the case of St. John’s
wort, could be as follows:
- principal active substances:

hyperforin, adhyperforin and
derivatives

- secondary active substances:
flavonoids, tetrahydroxyxantho-
ne, hypericin

- coadjutant substances: procyani-
dines and flavonoglycoside rutin

- marker (characterizing substan-
ces): hypericin
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Part One
THE CHEMICAL AND
BIOLOGICAL CHARACTERI-
STICS OF THE DRUG

ABSTRACT. In the past ten years,
phytotherapeutic knowledge on
St. John’s wort has undergone a
radical change, allowing it a more
objective positive evaluation. 
From the biological point of view,
St. John’s wort is not, as was thou-
ght, a drug that is active against
psychovegetative disorders,
anxiety and nervous agitation but
is exclusively an anti-depressant,
with a beneficial influence on the
aforementioned pathologies in the
context of its effectiveness against
depression. It does not produce
acute sedative or soporiferous
effects but acts after being taken
on a prolonged and continuous
basis. Its pharmacologically active
chemical constituents are not, as it
seemed, the naphtodiantrones
(the hypericins) but some typical
polyphenols (hyperforins) and fla-
vonoids; furthermore, due to the
chemical and physical interaction
of their mixture, the active ingre-
dient of St. John’s wort is not its
individual compounds but its total
(hydroalcoholic) extract.
Nor should the recent acquisitions
on the unforeseen interactions of
St. John’s wort preparations with
other drugs, to be discussed
elsewhere, be overlooked.

Although it shows confirmed the-
rapeutic activity against psychic
depression, the commonest
malaise in modern society,
Hypericum perforatum is, para-
doxically, the most discussed
medicinal plant today from the
chemical (active ingredients)
and biological (mechanism of
action, undesired effects, inte-
ractions) points of view, presen-
ting problems that are as yet
only partially solved, to the
extent that the tangible benefits
of the drug are underestimated
and with difficulties in use.
However, without disregarding
the existing problems, recent
chemical and biological studies
have contributed to providing a
better outline of the action of St.
John’s wort, both with respect to
synthetic antidepressants and
potentially interactive medici-
nes, highlighting interesting and
pragmatic methods of use.
Starting from this issue, Natural
1 offers a series of arguments in
defence of this essential phy-
totherapy.
This description of the characte-
ristics of the drug will be fol-
lowed by an overview of the
results of clinical studies (Part
Two), a report on undesired
effects and interactions (Part
Three) and the official analytical
methods shown in European
Pharmacopoeia (Part Four).

1. INTRODUCTION
On page 78 of  No. 3 of NATURAL
1 (September 2001), the article
“Hypericum perforatum il fugade-
mon” by Ernest Riva, showed
how as early as the Middle Ages
empirical notions of the advan-
tageous sedative properties of St.
John’s wort were known.
However, it was not until the
last decades of the 20th century
that it was officially recognized
as an “antidepressant” and the
chemical and biological con-
cepts were studied in depth.
Of its chemical constituents,
hypericin, the most immediate
and visible of its components
(also because of its red colour)
had always been considered the
active ingredient of St. John’s
wort. In recent years, however,
the compound has been shown
to be insufficient to explain the
complex action of the drug and
so attention has been turned
towards the action of other sub-
stances such as the flavonoids or
hyperforin (see below: “In sear-
ch of the active components”);
in other words, the active ingre-
dient of St. John’s wort is today
considered its total methanolic
or ethanolic extract which must
correspond to determined para-
meters and contents.
The therapeutic action of the
drug and its lesser toxicity com-
pared to synthetic antidepres-
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Hypericin

The naphtodiantrones (the hype-
ricins) are present in the dried
drug for 0.1-0.15% according to
the most common literature (2),
(5), whilst according to European
Pharmacopoeia (7), they have to
reach a percentage of not less
than 0.08 and according to the
USP 24 and DAC 1991
(Deutscher Arzneimittel Codex)
0.04; for dry extracts, European
Pharmacopoeia  requires a per-
centage equal to 0.2-0.3 of hype-
ricin and pseudohypericin which
together constitute what is defi-
ned as “total hypericin” (13). The
hypericins are the most apparent
and accessible compounds of the
drug, both due to the red colour
of the extracts where they are
present and their relatively easy
analytical characterization; their
molecular structure is photosen-
sitive and even a short exposure
to the light is sufficient to tran-
sform protohypericin and proto-
pseudohypericin into hypericin
and pseudohypericin (18). It the-
refore seems obvious, on the basis
of the in vitro tests by Suzuki et
al. (8), which attributed a monoa-
mine-oxidase inhibiting action
(MAO-inhibiting or anti-MAO) to
hypericin, to consider that it is
the antidepressant active ingre-
dient of St. John’s wort. A degree
dissertation of the University of
Marburg, discussed by B.
Sparenberg, showed in 1993 that
even extracts without hypericin
had an anti-MAO activity (23)
whilst, the same year, Thiede and
Walper (9) and Bladt and Wagner
(10) showed that pure hypericin
does not have anti-MAO activity
with experiments in the rat;
lastly, Suzuki’s results (8) were
interpreted observing that the

fractions of hypericin used contai-
ned approximately 20% of flavo-
noids and xanthones, to which
the MAO-inhibiting activity was
really to be attributed (23). An
antidepressant activity of hyperi-
cin, in the forced swimming test
of the rat, was shown by
Butterweck et al. (11) but only in
the presence of procyanidines.
At present, the MAO-inhibiting
activity is considered irrelevant
for the antidepressant efficacy of
the derivatives of St. John’s wort
(2), (10) and (17) and there also
exist doubts on an antidepressant
activity of the hypericins (1-3),
(14), (15) and (16) but these
compounds maintain their impor-
tance as standard “markers”, that
is, as characteristic analytical
guide substances and, as such, are
still the object of determination
in the official methods of analysis
of the drug in the most recent
2002 edition of European
Pharmacopoeia (7). This is due to
the fact that “an extract rich in
hypericin is obtained from a raw
material of very high quality also
containing, in high quantities,
other biologically active compo-
nents” (6).
Alongside the unofficial HPLC
analytical methods, existing lite-
rature, Pharmeuropa 2001 (13)
also includes an HPLC method of
analysis of the extract of St.
John’s wort which allows iden-
tifying the other main consti-
tuents individually as well as the
hypericins. This corresponds to
the recent directives of the
German Federal Institute for
Drugs and Therapeutic Products
(BfArM, Bundesinstitut für
Arzneimittel und
Medizinprodukte) which, althou-
gh it accepts the use of hypericins
as standard markers (43), in

order to avoid exaggerated impor-
tance being attributed to the the-
rapeutic contribution of naphto-
diantrones, has prohibited reque-
sts for authorization for the regi-
stration of preparations with St.
John’s wort in Germany expres-
sing the posology according to the
content of hypericins, as had
become established practice to
date, following the analytical
methods adopted by the pharma-
copoeias (5), (43), but requires
the posology to be expressed at
least on the basis of the total con-
tent of dry extract in the finished
product (5) or according to the
HPLC content of the various
components of the extract. In
other words, the exclusive analy-
tical dominion of naphtodiantro-
nes is being abandoned, with
attention being paid to more bio-
logically significant substances
(this will be discussed in greater
depth in Part Four of this series,
i.e. in the analytical section).
However, the photosensitivity of
hypericins, that is, their increased
chemical and biological reactivity
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Hyperforin is also attributed as
having antibacterial properties
(29), (39), which could explain,
at least in part, the antibacterial
activity of the aforementioned
“oil of St. John’s wort” (prepared
using fresh inflorescences, in
which hyperforin is present in a
concentration of > 4%).

Flavonoids and xanthones

Some flavonoids (hyperoside, iso-
quercitrin, amentoflavone and
biapigenin) (28), (30), (31), (32)
and xanthones (33), (34), also
show an antidepressant activity in
the pharmacological tests of
behaviour in animals; this could
explain the partial antidepressant
clinical activity of some extracts
poor in hyperforin (35), (36),
(40). Regarding the anxyolytic
activity of biflavonoids, with an
amentoflavonic structure, a
patent has been registered (37).
The antidepressant efficacy of fla-
vonoids and of xanthones appears
to be due to MAO-inhibition (12),
(23) as mentioned above under
“Hypericin”.
An antioxidant activity is also
attributed to flavonoids which, in
the fresh plant, could protect
hyperforin from oxidative degra-
dation (5).
In the flavonoids, a special posi-
tion is held by the flavonolic
diglycoside rutin (quercitin ruti-
noside; fig. 1) which is found only
in the extracts of Hypericum
perforatum and not in extracts of
other species such as H. barba-
tum, hirsutum, maculatum, mon-
tanum or tetrapterum (46). In
pharmacological tests of inhibi-
tion of hypothermia from reserpi-
ne, carried out at the Schwabe
laboratories (Karlsruhe), it is
observed that “rutin, administe-

red on its own, does not show any
pharmacological activity whilst it
plays a fundamental role in the
extract. The extracts of St. John’s
wort that are poor in rutin (less
than 1%) do not have an antide-
pressant efficacy although they
contain all the potentially active
components (hyperforin, hypero-
side, biapigenin) but they become
considerably effective if a suffi-
cient quantity (1-3%) of rutin is
added. The clinical significance in
man of these data obtained expe-
rimentally in animals, has yet to
be defined but the results show
that an extract of St. John’s wort,
to carry out its antidepressant
activity must contain a sufficient
quantity of rutin, alongside the
aforementioned effective compo-
nents” (28). This could also help
to explain why, amongst the
numerous species of St. John’s
wort (in Italy there are 25), only
perforatum (also typical as it is
the only one containing hyperfo-
rin) has antidepressant proper-
ties.
The flavonoid content of the drug
corresponds to 2-4% (2); xantho-
nes are present in lower concen-
trations.

Procyanidines

Procyanidines (fig. 1) are poly-
mers with a flavonic structure
similar to flavonoids (catechines,
fig. 1) which, at a low degree of
polymerisation (2-8 units) are
present in hawthorn and St.
John’s wort whilst, at a high
degree of polymerisation, they
form the tannins of oaks. They
show antioxidant characteristics
and also, in the extract of St.
John’s wort, a solubilizing power
of hypericins which only thus
show capacities of sedation.

Butterweck et al. observed in
1998 that pure hypericin was
inactive but showed antidepres-
sant efficacy (in the forced swim-
ming test on the rat according to
Porsolt) due to the co-solubiliza-
tion performed by the procyanidi-
nes present in the extract (11); in
addition cfr. (12).

3. DRUG AND EXTRACTS,
POSOLOGY

The active ingredient of St. John’s
wort is today understood as the
total dry ethanolic (50-60%) or
methanolic (80%) extract.
What has been said above on the
chemical-physical mechanisms of
interference of the various com-
ponents helps to better under-
stand this definition. Hyperforin
is mainly responsible for the re-
uptaking of the neurotransmitters
but it is also easily oxidizable.
The flavonoids, as well as having a
MAO-inhibiting action, avoid the
oxidative degradation of hyperfo-
rin. The role played by the pre-
sence in the extract of the flavo-
noid, rutin, which appears essen-
tial for the antidepressant acti-
vity,  is still not very clear, due to
the absence of clinical trials. The
procyanidines are not only anti-
oxidizing but also capable of
having an antidepressant activity
(in tests in the rat) which does
not appear in the hypericins
tested alone.

Drug

For the preparation of a therapeu-
tically active extract, a suitable
drug is required.
An anatomical study of the plant
of St. John’s wort, with respect to
the components, has shown that
although the leaves have the

by the light, remains a characteri-
stic. This phenomenon, already
known for some time as it pro-
vokes dermatitis in grazing ani-
mals (exposure to light) which
feed on St. John’s wort (hyperici-
sm), has been revealed to be of
potential therapeutic interest as it
is capable of inactivating in vitro,
by exposure to the rays of a fluo-
rescent light, various viruses and
retroviruses (AIDS) (19). The
observation could not be confir-
med in vivo as experimentation in
patients affected by AIDS was
phototoxic, due to the high doses
(35 mg of hypericin i.v.) used
(20), whilst experiments in vivo
on the mouse affected by a fibro-
blastic sarcoma showed, with sta-
tistical significance, that hyperi-
cin, irradiated with a laser light of
488 nm, is capable of inhibiting
the growth of some tumours (21).
Regarding the phototoxicity of
naphtodiantrones, the ESCOP
monograph (22) reports that,
from observations of dose-depen-
dent symptoms of hypericism
provoked in animals fed on fresh

St. John’s wort, it can be deduced
that to produce the first photo-
toxic symptoms in man, doses 30
times higher than the therapeutic
doses normally used would be
necessary. Nevertheless, as a pre-
cautionary measure, exposure,
especially by fair-skinned
patients, to direct sunlight during
treatment should be avoided.

Hyperforin

Hyperforin is a substance that is
found only in Hypericum perfora-
tum (46) and not in other species
such as H. barbatum, hirsutum,
maculatum, montanum or tetrap-
terum; it was isolated in 1971,
from a complex phenolic mixture,
by Russian researchers (47) who
also explained its chemical struc-
ture. The complex formula of
hyperforin (see fig. 1) is chemi-
cally interpreted as derived from
phloroglucinol and it is related to
amaroids (humulones and lupulo-
nes) of the hop (fog. 2). The sub-
stance, easily oxidizable, is found
and is maintained in the fresh

plant in an anti-oxidant environ-
ment (probably due to the pre-
sence of flavonoids) but rapidly
degrades during extraction and
preservation of the extracts in the
absence of antioxidants, such as
ascorbic acid (27). The products
of the degradation of the ama-
roids of the hop (and perhaps also
of hyperforin) include 2-methyl-
3-buten-2-ol (fig. 1), also present
in the essence of St. John’s wort
(46) which, in tests on animals,
clearly appears as a sedative
although its clinical efficacy has
yet to be shown (26).
At present, all researchers consi-
der hyperforin the major sedative
constituent of St. John’s wort
with a dose-dependent activity
[see overviews in (5), (28) and
(42)], which clearly does not
exclude the contribution of other
components. Its mechanism of
action is particular and different
from that of other synthetic anti-
depressants and was defined as
follows by speakers at the
Frankfurt on Main Conference:
“2001 Therapy with St. John’s
wort: from research to use” on
22nd June 2001: “Hyperforin is an
aspecific inhibitor of the synaptic
re-uptaking of serotonin, noradre-
naline, dopamine, GABA and L-
glutamate. Unlike synthetic anti-
depressants, which competitively
inhibit the re-uptake of the neu-
rotransmitters blocking the
receptor of the transporter pro-
teins, hyperforin seems to act
non-competitively by increasing
the intracellular concentration of
sodium (44). This also explains
why hyperforin is capable of unse-
lectively inhibiting many different
processes of neuronal transport,
as the variations of the sodium
gradient limit the activity of the
transporter proteins” (28).
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tial posologies of 500-900 mg/day
of total extract of good quality are
recommended, then going on,
after the first results, to mainte-
nance doses of 300-600 mg/day
(5). As already mentioned (see
above under “Hypericins”), the
above posology excludes photo-
toxic effects by naphtodiantrones,
due to their very small presence
in the hydroalcoholic extract
(0.2-0.3% of the dry extract) (22).

4. PHARMACOLOGY AND
MECHANISMS OF ACTION (6)

On the basis of the in vitro and in
vivo tests, mentioned above, the
plausible mechanisms of action of
the drug are considered to be as
follows:
- increase of the concentration of

neurotransmitters (serotonin,
norepinephrin, dopamine,
GABA, L-glutamate) by inhibi-
tion of the synaptosomal re-
uptaking (hyperforin) (39), (41)
and by

- inhibition of the serotonin
monoamine-oxidase enzyme
(flavonoids and xanthones) (12)

- modulation of the expression of
cytochines with stimulation of
the immune system (17)

- hormonal effects, such as the
inhibition of the increase of the
tissue concentration of cortisol
in stressed patients (the hormo-
nes of the adrenal glands stimu-
late the central nervous system
and can provoke, in individuals
undergoing cortisone therapy,
or under stress, depressive psy-
chotropic effects) (34)

- interaction with the serotonin-
melatonin metabolism with an
increase of the nocturnal secre-
tion of melatonin (34) (melato-
nin is formed by serotonin, by

acetylization and enzymatic
methylation).

- decrease in the number of beta-
adrenergic receptors, in the
astrocytes, as a modification of
adaptation of the post-synaptic
receptor systems to the increase
of the synaptic concentration of
neurotransmitters (38), (12)

- synergism with phototherapy in

the treatment of seasonal
depression (17). Seasonal
depression or SAD (seasonal
affective disorder) is also called
“winter depression” and is held
to be due to a shortage of light.
It mainly affects women, from
November to March, stimulating
the consumption of food with a
subsequent weight increase.
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greatest content of flavonoids
and small quantities of hyperi-
cins (48), all the components are
present without distinction in
the flowering tops (49) and some
of which, such as hyperforin and
biflavonoids, are exclusively con-
tained there (50). It ensues that
“drug” means “flowering tops”,
rich in buds and flowers, cut 20-
30 cm. under the top or, depen-
ding on the quality, origin and
cultivation, from 20 to 80 (!) cm.
above the ground (51). 
Drying must be carried out with
care, both spontaneously in ven-
tilated shade and at temperatu-
res not above 40°C.
As a rapid test, for the quality
control of the drug, the determi-
nation of hypericins as
“markers” is still used although
other tests, capable of quantitati-
vely testing the hyperforin con-
tent, are to be preferred.
Regarding the hypericin content,
there is no common official opi-
nion: according to the commone-
st literature (2), (5), they are
present in the dried drug for 0.1-
0.15% whilst according to the
European Pharmacopoeia  (7)
they have to reach a percentage

of not less than 0.08 and accor-
ding to USP 24 and DAC 1991
(Deutscher Arzneumittel Codex)
0.04. These percentages are cur-
rently considered too low by the
producers of extracts who require
material with a content of close to
0.15% of hypericins (52).
A table by Tekel’ovà et al. (50)
shows the following maximum
contents (in % of dry weight)
during the flowering process:

Extract

On the grounds of the experimen-
tal data obtained in numerous cli-
nical trials (see “Part Two”, forth-
coming publication), the most
suitable menstruum for extrac-
tion is hydroalcoholic, i.e. etha-
nol 50-60% or methanol 80%
(43). Methanol 60-80% gives the
best yields in active substances;
the drug/extract ratio is compri-
sed between 4:1 and 7:1 and the
procedure is preferably carried
out in the dark with a brief hea-
ting at approximately 60°C (5).
The average ponderal yields, of
dry extract, oscillate between
20% and 30% (methanolic men-
struum) (51).

Hyperforin, the most active con-
stituent of the drug, represents a
particular problem, as during
extraction it is degraded due to
oxidation. To increase the yields
of hyperforin of the extract,
antioxidants should be added to
the menstruum as well as to the
dry extract (ascorbic acid) to
increase its stability (53).
In this way, dry extracts contai-
ning 6% of hyperforin can be
obtained. For the hypericin con-
tent in the extract, European
Pharmacopoeia requires a mini-
mum content of 0.2-0.3%, refer-
red to the dry extract, of total
hypericins but does not provide
any data on the required content
of hyperforin (13).

Posology

The recommended posology for
the preparations of St. John’s
wort still refers to the Monograph
by the E Commission (45) which
recommends the administration
of doses corresponding to 2-4g of
drug per day. Therefore, accor-
ding to the drug/extract ratio,
these doses may vary from 450 to
800 mg/day (43). On average, ini-
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Ontogenesis Hypericin Pseudohypericin Hyperforin Quercetin Hyperoside+ Quercitrin Biapigenin
Isoquercitrin

Secondary buds 0.89

Tertiary buds 1.04

Buds just opened 0.45 0.58 2.67

Withered buds 7.54 1.53

Unripe fruit 8.48

NB. The tests were carried out on fresh material, showing the values of the dry results.



systemic administration of hyperi-
cin” Phytomedicine, 8. 325 (2001)
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5. ACTIVITY AND
INDICATIONS

The indications accepted by the
BfArM for the concession of
authorization for registration of
preparations with St. John’s wort
in Germany are at present “Mild
or moderate transitory depressive
disorders”. For those prepara-
tions which claim greater efficacy,
the presentation of the relative
pharmacological-toxicological
and clinical documentation is also
required (5), (43).
Contrary to the considerations on
the basis of research carried out
until 1984 (45), subsequent clini-
cal research has allowed evalua-
ting St. John’s wort exclusively as
an antidepressant, excluding acti-
vity against psychoautonomic
disorders, anxiety and nervous
restlessness that disappear only in
the total context of the therapeu-
tic efficacy against depression. In
general terms, consistent impro-
vements cannot be expected befo-
re a few weeks of treatment since
preparations with St. John’s wort,
as they do not produce acute
effects, cannot be used as daily
sedatives or soporifics to induce
sleep (5). At the same time, the
favourable doctor-patient rela-
tionship has emerged as essential,
favouring the compliance of the
latter. These issues will however
be the object of Part Two of this
discussion, entitled “Clinical
trials with extract of St. John’s
wort in depressed patients”, to be
published shortly.
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