
ARTICLE IN PRESS
0944-7113/$ - se

doi:10.1016/j.ph

�Correspond
fax: +49 89 218

E-mail addr
Phytomedicine 13 (2006) SV 20–35

www.elsevier.de/phymed
The active components and the pharmacological multi-target

principle of STW 5 (Iberogast
s
)

T. Wegenera, H. Wagnerb,�

aConsulting Herbal Medicinal Products, Zeisigstr. 9, 33378 Rheda-Wiedenbrück, Germany
bDepartment of Pharmacy, Center for Pharmaresearch, Ludwig-Maximilians-University, Butenandtstr. 5-13,

81377 Munich, Germany
Abstract
The therapeutic equivalence of the multi-herbal drug combination STW 5 (Iberogast s) with two synthetic standard
drugs can be explained by an additive or overadditive pharmacological synergism. A review of the different chemical
constituents contained in this fixed combination of nine herbal drug extracts and their dominant mechanisms of action
shows that they correlate very well with the clinically relevant overall pharmacological profile of the multi-herbal drug
combination. This comprises modulatory effects on gastro-intestinal motility, anti-inflammatory action, inhibitory
effects on gastric acid production and anti-oxidative and radical-inhibiting properties. As a multi-drug preparation
with a multitude of therapeutic targets relevant in functional gastrointestinal diseases, its pharmacological profile of
action in accordance with the multi-target principle.
r 2006 Elsevier GmbH. All rights reserved.

Keywords: Pharmacologically active constituents of STW 5 (Iberogasts); Relevance for therapy of functional dyspepsia (FD) and

irritable bowel syndrome (IBS); Multi-drug- and target principles
Introduction

A herbal medicinal preparation derived from several
herbal plant extracts contains a large number of
secondary phytochemical compounds, which is consid-
erably higher than that of an extract derived from a
single drug. Such a combination of many constituents
was therefore to be expected for STW 5 (Iberogasts)
containing extracts from nine herbal drugs (Fig. 1).

As in earlier times only those compounds present in
higher concentrations in a drug could be identified,
research focussed on these main constituents with regard
to chemical standardisation and pharmacological test-
e front matter r 2006 Elsevier GmbH. All rights reserved.
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ing, even if it was not sure whether they included the
main therapeutically relevant active ingredients of the
extract. So they often could be only described as marker
substances. Nowadays, it is known from numerous
preclinical and clinical studies carried out with plant
extracts that an entire extract in most cases has a better
efficacy than one single main constituent isolated from
such an extract. So it can be concluded, that in the
pharmacological overall effects and the therapeutic
efficacy of multi-extract preparations also numerous
other constituents must be involved synergistically.
Experimental studies with different combinations of
active ingredients have demonstrated that such syner-
gistic effects can be additive or superadditive (Wagner,
2006). The assumption that a superadditive effect is
involved in the case of STW 5 is supported by the fact
that the multi-extract preparation showed therapeutic
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Fig. 1. The herbal components of STW 5 (Iberogasts) are (left column) greater celandine (Chelidonium majus L.), peppermint

(Mentha piperita L.), caraway (Carum carvi L.), (middle column) liquorice (Glycyrrhiza glabra L.), bitter candytuft (Iberis amara L.),

chamomile (Matricaria recutita L.), (left column) milk thistle (Silybum marianum L.), lemon balm (Melissa officinalis), angelica

(Angelica archangelica L.).
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equivalence in comparative studies with two synthetic
standard preparations (Nicolay, 1984; Rösch et al.,
2002, 2006).

This result can only be explained when several active
components of the preparation are acting synergistically
and contributing to the overall effect and if it can be
assumed that these individual components act on
different pharmacological targets (Wink, 2005). At
present, it is in detail not understandable how these
synergistic effects arise in detail. Therefore, it is also not
possible to theoretically predict the expected overall
effect of a herbal drug or combination of drugs based on
the known effects of distinct substances in the entire
preparation. Also the rule applies that the effect of the
entire preparation is greater than the sum of the effects
of each single distinct substances. Future research on the
reasons for such synergistic effects will at first have to
elucidate what pharmacological and therapeutic con-
tributions each distinct active component of an extract
preparation provides and, secondly, which chemical
substances or substance groups from the extracts are
responsible for which specific pharmacological effects.
This means to relate the pharmacological profile of an
extract or a combination of extracts to the multi-
causality of a disease state, which is a confirmation of
the multi-target principle at the same time. When these
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ö
p
k
e
(2
0
0
4
)

S
p
ir
o
et
h
er

1
1

S
ch
ö
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different single effects of the preparation are known, this
has to be standardised in order to ensure reproducible
pharmacological and therapeutic results. Concerning
the combination product STW 5 the different extracts
contained in the combination must be standardised in
terms of their pharmacologically relevant components
and properties. This strategy has been employed in the
pharmacological research on STW 5 and on the extracts
contained.

As a result of these investigations, a total of five
predominating pharmacological actions were deter-
mined, as is shown in the following single contributions
in this supplementary volume. All these actions show a
direct therapeutic relationship to the symptoms of
functional gastro-intestinal diseases.

They include
�
 a tonicising, prokinetic action,

�
 a gastro-intestinal spasmolytic action,

�
 an anti-secretory action,

�
 an anti-inflammatory action and

�
 an anti-oxidative as well as a radical-inhibiting

action.

Extensive literature research was carried out (e.g. via
MEDLINE and EMBASE) to list the known chemical
constituents of the drugs from STW 5 (Table 1) and to
relate them to three main pharmacological actions
(Tables 2–4).
Constituents and substance classes from the

herbal drugs in STW 5

All herbal drugs contained in STW 5 have been very
well investigated analytically. So, as was to be expected,
a large number of secondary chemical constituents could
be identified for each of the nine drugs. A total of more
than 350 distinct chemical compounds, including about
200 with known pharmacological activity, were found
and classified into substance classes. Table 1 lists
substance classes and numbers of chemical compounds,
which have been identified for the different drugs, and
mentions characteristic compounds.

The following five main substance classes dominate in
the nine plant drugs based on the data found in the
literature:
�
 terpenes (including sesquiterpenes, monoterpenes; in
almost all drugs),

�
 volatile oil (in almost all drugs),

�
 coumarins (in some of the drugs),

�
 flavonoids with almost all subclasses (in all drugs)

and

�
 phenol carboxylic acids (in almost all drugs).
Substance groups, which have been linked to
adverse effects at very high doses, were only mentioned
for one or two drugs, each. These are the alkaloids
(in Chelidonium majus), dihydrofuranocoumarins
(in Angelica archangelica) and the sesquiterpene lactones
(in Angelica archangelica and Matricaria recutita).
So these substance groups combine in a subadditive
way in terms of possible combined effects within the
combination.

Prolonged application of high doses of Chelidonium

extracts has been linked to some rare cases of
reversible hepatotoxic reactions, which have been
attributed to the alkaloid content of the drug. As
most of these cases were reported from patients
with pre-existing biliary complaints, causality is
under discussion (Nahrstedt and Weber, 2005).
In doses of Chelidonium alkaloids as low as those
applied with STW 5, or even more than 10-fold
higher, no such cases have ever been reported. Tox-
icological data do not point to any remarkable toxicity
or specific hepatotoxic potential after acute or pro-
longed oral application of Chelidonium alkaloids (Becci
et al., 1987; Kosina et al., 2003) in doses several orders
of magnitude higher than those applied in therapy with
STW 5.

Angelicae radix contains furanocoumarins, mainly
xanthotoxol, for which phototoxicity has been
reported after application of high doses of about
1mg/kg b.w. and intensive UV A irradiation (Teuscher
and Lindequist, 1994). These doses are more than
three orders of magnitude above doses, which can be
achieved by therapeutic doses of STW 5. This is in
accordance with animal studies showing LD50

values several orders of magnitude above those used
with STW 5 in acute testing in rats and mice (Sethi et al.,
1992) as well as chronic testing in rats over 6 month
(Teuscher and Lindequist, 1994). Moreover sesquiter-
penlactone levels are very far below toxicological
relevance in doses of Angelica as well as Matricaria

extracts applied with STW 5, so relevant additive effects
are unlikely.

Additive effects therefore are not to be expected in
substance classes with possible toxicological relevance,
and indeed STW 5 has a very favourable safety profile
(Rösch et al., 2006). For the pharmacologically relevant
other substance classes, which generally show a broad
spectrum of action, supraadditive effects can be
assumed.
Pharmacological actions of phytochemical

compounds from the drugs contained in STW 5

The structured evaluation of the pharmacological
literature yielded numerous information concerning the
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effects of the individual substances. The following main
pharmacological effects were found:
�
 Motility modulating effects (Table 2).

�
 Anti-inflammatory effects (Table 3).

�
 Anti-oxidative and radical-inhibiting effects (Table 4).

These effects are dealt with in detail in the following.
Only those substances are included in the Tables 2–4, for
which published data on the appropriate actions are
available.
Modulating effects on gastro-intestinal motility

Motility modulating effects have been reported from
in vitro studies from a total of at least 7 substance
classes. Spasmolytic and antispasmodic effects are
subsumed under this topic.

Volatile oil (as drug-specific oils, for 5 drugs),
sesquiterpenes with subclasses (for 5 drugs), coumarins
(for 2 drugs), flavonoids with subclasses (for 3 drugs),
monoterpenes (for 5 drugs) and phenol carboxylic
acids (for 4 drugs) can be given as predominating
substance classes from STW 5 known to have effects
on gastro-intestinal motility. The substance classes of
the alkaloids and the bisabols (as subclass of the
sesquiterpenes), were found for only one drug each,
and other substance classes were only mentioned in
isolated cases.

The spasmolytic effects were investigated in isolated
ileum in almost all studies, using papaverine as reference
substance in most cases. In some studies, an electrical or
chemical pre-contraction was induced in order to thus
elucidate the antispasmodic properties.

Motility modulating effects have been shown phar-
macologically for the combination STW 5 as dual
mechanism of action in the intestine, relaxing in spastic
intestine (Hagelauer et al., 2005; Heinle et al., 2006;
Yuece et al., 2006; Michael et al., 2006) and tonicising in
atonic intestine (Okpanyi et al., 1993; Ammon et al.,
2006), and as region specific effects, relaxing gastric
corpus and fundus and tonicising the antrum (Sche-
mann et al., 2006). This region specific effect in stomach
has also been confirmed in vivo by clinical pharmaco-
logical data (Pilichiewicz et al., 2006). In therapy, they
are involved in its action regarding functional gastro-
intestinal diseases, as these are characterised predomi-
nantly by motility disorders (Allescher, 2006). The
literature data on the spasmolytic and antispasmodic
effects of the phytochemical compounds contained in
STW 5 can be related to its mechanisms of action. A
motility modulating effect of STW 5 is thus plausible
from the pharmacological properties of the contained
substances.
Anti-inflammatory effects

Anti-inflammatory or antiphlogistic properties have
been reported from in vitro and in vivo studies from a
total of at least 7 substance classes.

Flavonoids with subclasses (for 5 drugs), sesquiter-
penes with subclasses (for 5 drugs), coumarins (for 4
drugs), monoterpenes (for 4 drugs) and phenol car-
boxylic acids (for 4 drugs) have to be mentioned as the
predominating substance classes in several drugs. In
addition, there are alkaloids and cucurbitacines for 1
drug in each case. Other substance classes are to be
mentioned in isolated cases.

The anti-inflammatory effects were examined and
demonstrated in vitro as well as in vivo (in the majority
of cases) in the studies, using scientifically accepted
methods. The in vitro methods used included among
others the measurement of liberated inflammation
mediators by lipopolysaccharide (LPS)-stimulated
macrophages and the activities of 5-lipoxygenase (5-
LOX) or 12-LOX and cyclooxygenase (COX). The rat
paw oedema test, the 12-o-tetradecanoylphorbol-13-
acetate (TPA)-induced mouse ear oedema, the croton
ear oedema test and the UV erythema test were used
among others in vivo.

The anti-inflammatory effects shown for the combi-
nation STW 5 (Khayyal et al., 2001, 2006; Germann
et al., 2006; Michael et al., 2006) can thus be convin-
cingly related to the activities of the single substances
contained in this combination and to their reported anti-
inflammatory or antiphlogistic effects and are thus
plausible also from the activities of these substances.
Anti-oxidative and radical inhibiting effects

Anti-oxidative or radical inhibiting effects were
reported from experimental in vitro studies for a total
of about 7 substance classes. These effects are of
possible relevance to anti-ulcerative, ulcer-protective
and anti-inflammatory effects.

As expected, the flavonoids with subclasses (for 7
drugs) and the phenol carboxylic acids (for 4 drugs) are
the predominating substance classes in several drugs.
Furthermore, monoterpenes (for 2 drugs), coumarins
(for 4 drugs) and volatile oil (for 2 drugs) are listed in
addition to other individual representatives.

Accepted and reproducibly described models were
used in the experimental studies, such as the lipid
(per)oxidation, the inhibition of 1,1-diphenyl-2-picryl-
hydracyl (DPPH) radicals and the inhibition of low-
density lipoprotein (LDL) oxidation.

A contribution of the antioxidative actions reported
for the components to the effect of STW 5 appears
plausible in particular due to the involvement of radical
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related processes in inflammation. The antiinflamma-
tory action shown for STW 5 (Schempp et al., 2006,
Germann et al., 2006) is in accordance with these data
(Saller et al., 2002).
Summary and conclusion

STW 5 (Iberogasts) is a combination of nine herbal
drugs containing many different phytochemical sub-
stances. The properties of similarly acting substance
groups complement each other and contribute all to
varying degrees to the overall pharmacological activity
profile of the combination.

The superior adaptation of the profile of action of the
combination to its therapeutic indication is the
supposed cause for the advantages in comparison to a
mono preparation. While a single extract can be
optimized to give the desired therapeutic effect only to
a limited degree, e.g. by means of plant cultivation or
pharmaceutical modifications (as the choice of the
extraction medium), a combination of several extracts
can be specifically modified to provide an optimized
efficacy and safety profile for a certain indication.
As it is shown by the analysis of the pharmacological
data on the substance classes contained in STW 5,
there are nevertheless no principial but only gradual
pharmacological differences between a single drug
and a combination of several different drugs. As might
be seen in the pharmacological profile of action
of STW 5, more combination partners can provide a
better adaption of the action profile for an indication.
This can be a decisive therapeutic advantage
particularly for certain complex, multifactorial disease
syndromes such as those of functional gastro-intestinal
diseases.

Reviews or monographs such as those of the
former Commission E of the Federal German Health
Ministry are of use in characterizing the safety of
the drugs, however, they often provide only very
limited assistance in an attempt to characterize
the pharmacological overall effects of combinations.
It is therefore of primary importance to elucidate
the pharmacological and toxicological properties of
the combination in the first place. This has been carried
out for STW 5 in a comprehensive manner
2006).

As already mentioned above, the following effects
have been demonstrated for STW 5 up to now using
accepted standard models of pharmacological research:
�
 gastro-intestinal spasmolytic action,

�
 tonicising prokinetic action,

�
 inhibition of gastric acid production,

�
 antiulcerogenic effects as well as

�
 anti-inflammatory or antiphlogistic effects.
The summarized listing of the single substances to be
expected or found in STW 5 and the effects described for
them results in an overall picture of a medicine active in
irritable stomach and irritable bowel syndrome. Of the
effects known for the phytochemical components of
STW 5, those effects were most often mentioned which
are logically related to the above-mentioned motility
modulating, anti-inflammatory, anti-oxidative and radi-
cal inhibiting effects of STW 5.

The combination of the nine drugs in STW 5
(Iberogasts) can therefore be regarded as reasonable
from a pharmacological perspective, targeting a multi-
tude of mechanisms relevant in the therapy of functional
dyspepsia and irritable bowel syndrome according to the
multi-target principle.
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