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INTRODUCTION

Functional gastrointestinal 
disorders (FGIDs) also termed 
disturbed gut–brain interactions 
(DGBIs) clustered alongside 
other disorders in functional 
dyspepsia (FD) and irritable 
bowel syndrome (IBS), often 
have overlapping symptoms. 
DGBIs are highly prevalent in the 
general population, with a range 
of 11-20% and high geographic 
variation [1, 2]. 

IBS is a highly heterogeneous 
and polymorphic syndrome, 
both pathophysiologically and 
clinically. The multifactorial 
origin of IBS symptoms can be 
explained by the biopsychosocial 
model, which states that early 
in life, genetics, sociocultural 
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ABSTRACT

Irritable bowel syndrome (IBS) is a heterogeneous and complex functional gastrointestinal disorder with a 
global prevalence of approximately 11% and high geographic variation. IBS encompasses various symptom 
clusters considered to reflect complex patho-etiological mechanisms, and effective treatment options are 
limited, with most medications targeting individual mechanisms and symptoms. Therefore, multi-targeted 
treatment is required. IBS is currently viewed as a disorder of disturbed gut–brain interactions with 
abnormalities at different sites along the gut–brain axis, including altered gastrointestinal motility, visceral 
hypersensitivity, increased intestinal permeability, and altered gut microbiota. All of these abnormalities 
represent individual targets for STW 5, a herbal preparation with nine different extracts indicated for the 
treatment of functional dyspepsia and IBS. As a multi-targeted medicinal drug, STW 5  possesses multiple 
pharmacodynamic effects. Several in vitro and in vivo studies have demonstrated STW 5 efficacy on numerous 
IBS patho-mechanisms targeting gastrointestinal smooth muscles, visceral afferent nerves, inflammation, gut 
permeability, and the gut microbiome.
 
Key words: irritable bowel syndrome – hypersensitivity - visceral motility – inflammation -microbiome - 
STW 5 - herbal medicine.

Abbreviations: CNS: central nervous system; DGBI: disturbed gut–brain interaction; EJP: excitatory junction 
potential; FD: functional dyspepsia; FGID: functional gastrointestinal disorder; IBS: irritable bowel syndrome. 

influences, and environmental factors may affect one’s 
psychosocial development in terms of personality traits, 
susceptibility to life stress, psychological state, and cognitive 
and coping skills. These factors also influence the susceptibility 
to gut dysfunction (abnormal motility or sensitivity, altered 
mucosal immune dysfunction, or inflammation) and the 
microbial environment, as well as the effect of food and 
nutritional substances [3]. 

According to Rome IV, IBS is related to any combination 
of the following: motility disturbance, visceral hypersensitivity, 
altered mucosal and immune function, altered gut microbiota, 
and altered central nervous system (CNS) processing [3]. 
In most cases, FGIDs originate from different interacting 
pathogenic factors, though the complete underlying 
pathogenesis is not fully understood. IBS is the perfect example 
of a disorder of multifaceted origin. 

Differing predominance and combinations of underlying 
mechanisms are likely responsible for different manifestations 
of IBS. Thus, IBS is characterized by recurrent abdominal 
pain associated with defecation or a change in bowel habits. 
Disordered bowel habits are typically present (i.e., constipation, 
diarrhea, or a mix of constipation and diarrhea), as are 
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symptoms of abdominal bloating/distention [1]. The treatment 
of IBS is symptom based (Table I), with a preference for 
antispasmodics in patients with abdominal pain, anti-diarrheal 
medications in diarrhea type IBS (IBS-D), and laxatives in 
constipation type IBS (IBS-C) [4].

with disturbed gastrointestinal motility and alterations in 5-HT, 
which regulates gastrointestinal motility and seems to play a 
role in its pathogenesis [4, 6, 7].

STW 5 has pronounced effects on numerous factors 
influencing gastrointestinal motility in the small and large 
bowel. The effects of STW 5 have been shown in multiple in 
vitro and in vivo studies in various species and demonstrated 
multiple pathways of action. 

The effects of STW 5 in the small intestine are region-
specific and depend on the activation state of the intestine. In 
different animal models, STW 5 dose-dependently decreased 
diverse chemically induced contractions [8], exerting mainly an 
inhibitory or spasmolytic effect [9]. This was confirmed in human 
small intestinal tissue preparations [10] by inhibiting both muscle 
tone and phasic activity as measured by the motility index. 

In contrast, in relaxed ileum strips, STW 5 increased the 
basal resting tone and induced contractions in atonic ileal 
segments [11, 12]. This pre-activation of the relaxed smooth 
muscles of the small intestine by STW 5 is associated with the 
modulation of the slow wave frequency in the small intestine 
and by inducing depolarization of the resting membrane 
potential of the smooth muscle [13, 14]. This change in the 
slow wave activity and subsequent motility changes could 
also impact on the transport function of the small intestine. 
Furthermore, direct impact on the enteric nervous system 
(ENS) was shown by detecting the neural network activity; 
STW 5 reduced the electrical activity of the myenteric neurons, 
showing a direct influence of STW 5 on motor activity [9].

Similar to the results obtained in the small intestine, STW 5 
had pronounced inhibitory or spasmolytic effects in the colon, 
inhibiting both muscle tone and motility index in vitro [10]. 
A similar inhibitory effect of STW 5 was found on electrically 
induced and neutrally mediated twitch contractions in isolated 
human colonic muscle strips [13].

The stimulatory effects of STW 5 in the colon were reported 
in different models of inflammation-induced dysmotility. 
STW 5 effectively prevented the inflammation-induced 
decrease in colonic motor response [15] and normalized the 
inflammation-induced attenuated small intestine and motility 
changes [16, 17]. 

The tonicizing effects of STW 5 due to altered 
electrophysiological behavior with depolarization of the 
smooth muscle were also detectable within the colon [14]. 
However, STW 5 and its components had no effect on 
excitatory junction potentials (EJPs). In contrast, STW 5 
significantly reduced the inhibitory junction potentials (IJPs). 
Thus, STW 5 differentially affects the excitatory and inhibitory 
innervation of the smooth muscle. 

In general, the relaxing effects of STW5 are region-
dependent within the small and large intestine, with a 
decreasing gradient from the proximal duodenum to the colon, 
jejunum, ileum and colon. Thus, the sensitivity to electric 
stimuli decreases along the small bowel [11]. 

This two-sided effect of STW 5, stimulation of inactive 
muscle and inhibition of stimulated muscle, was demonstrated 
previously in stomach muscles, and called an “eukinetic” effect. 
In the stomach, STW 5 causes pronounced relaxation of fundic 
muscles and increased tension of antral muscles. This mode of 
action results from calcium channel closure (transient receptor 

Table I. Treatment options for IBS depending on primary symptom

Pain Diarrhea Constipation

Antispasmodics Loperamide Osmotic laxatives (i.e., 
polyethylene glycol)

Antidepressants 
(SSRIs, tricyclics)

Probiotics  Chloride channel 
activator (lubiproston)

 Phytotherapy Antibiotics Guanylate cyclate agonist 
(linaclotide)

 5-HT3 antagonists 
(alosetron, 
ondansetron)

Fiber supplementation

SSRI: Selective serotonin reuptake inhibitor; 5HT: 5-hydroxytryptamine.

PHARMACOLOGICAL MECHANISM OF 
STW 5

STW 5 (Iberogast®; Steigerwald, Darmstadt, Germany) is 
a liquid medicinal product with a fixed combination of nine 
hydro-ethanolic herbal extracts (Table II). It is indicated for 
the treatment of FD and IBS in most of the countries where 
it is available. 

Table II. Composition of STW 5

Medicinal plantsa Drug-
extract ratio

Amount (mL) of extract 
in 100 mL of STW 5 

Iberis amara L. 1:1.5-2.5 15

Carum carvi L. 1:2.5-3.5 10

Glycyrrhiza glabra L. 1:2.5-3.5 10

Mentha piperita L 1:2.5-3.5 5

Melissa officinalis L. 1:2.5-3.5 10

Matricaria chamomilla L. 1:2-4 20

Chelidonium majus L. 1:2.5-3.5 10

Silybum marianum L. Gaertn 1:2.5-3.5 10

Angelica archangelica L. 1:2.5-3.5 10
aEach herb extracted in 30:70 (by volume) ethanol:water, except Iberis amara 
L., which is a 50:50 (by volume) ethanol:water extract.

Numerous pharmacological mechanisms of action have 
been identified for STW 5 and its individual constituents [5]. 
The major pharmacological effects of STW 5 in the indication 
for IBS include region-specific action on gastrointestinal 
smooth muscle (spasmolytic/tonicizing), pain reduction by 
reducing gastrointestinal sensory afferent neuronal signaling, 
anti-inflammatory effects, decreasing intestinal permeability, 
and an influence on the microbiome, supporting that STW 5 
acts as a multi-target treatment for FGIDs.

Motility Effects 
Gastrointestinal tract motility is regulated by numerous 

factors, including 5-hydroxytryptamine (5-HT), peristaltic 
reflex, or migrating motor complex. IBS is clearly associated 
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potential (TRP)-channels TRPC1 and TRPC3) and a subsequent 
decrease in intracellular calcium in the fundus/corpus regions of 
the stomach. As these receptors are lacking in the antrum area, 
no relaxation was detectable and only the excitatory effect via 
the opening of L-typ calcium channels was prevalent [10, 18-
20]. These effects were confirmed in a clinical study with healthy 
human volunteers in whom STW 5 elicited pronounced fundic 
relaxation and increased antral motor activity within 15 minutes 
after oral administration of the usual clinical dose of STW 5 [21]. 

Effect on Hypersensitivity
Abnormal visceral sensitivity is considered a key pathogenic 

factor in FGIDs and is seen in approximately one-third of 
patients depending on the method of assessment and diagnostic 
criteria employed [22]. The mechanisms underlying visceral 
hypersensitivity are complex and not completely understood. 
Visceral hypersensitivity is defined by increased sensitivity to 
different stimuli within the gut and includes both allodynia 
(abnormal pain response following normal stimuli) and 
hyperalgesia (increased sensitivity to painful stimuli) (4). An 
altered visceral sensory response may occur via changes in the 
organ itself (altered accommodation or compliance), abnormal 
peripheral sensory processing, or altered central processing 
driven by personality trait or associated psychopathology [4, 
23, 24]. In patients with FGIDs, this generally manifests as 
enhanced awareness of gastrointestinal motility or an abnormal 
response to luminal distension [25, 26]. Given the prevalence 
of altered visceral sensitivity in FGIDs, treatments targeting 
this patho-etiological mechanism are highly attractive.

Clinical studies have found that STW 5 improves sensory 
symptoms in patients with FD and IBS. Following 28 days 
of treatment, STW 5 led to complete relief of abdominal 
pain in 30–50% of patients with IBS, depending on location. 
STW 5 completely relieved the sensation of incomplete 
evacuation in 72% and sensation of fullness in 52% of patients 
[27]. In patients with FD, STW 5 significantly reduced the 
Gastrointestinal Symptom Score, which measures subjective 
symptoms, such as epigastric pain/upper abdominal pain, 
abdominal cramps, fullness, early satiety, loss of appetite, 
sickness, nausea, vomiting, retrosternal discomfort, and acid 
regurgitation/heartburn, to a greater degree than placebo [28-
31] and with similar efficacy as cisapride and metoclopramide 
[32, 33]. In addition, a recent survey of complementary 
therapeutic use in patients with FGIDs found that the greatest 
symptom improvements following STW 5 use were stomach 
pain (in 75% of patients) and bloating (in 70% of patients), 
which are generally considered sensory symptoms. 

STW 5 has been proposed to alter visceral sensitivity 
via a number of mechanisms. STW 5 causes reduced nerve 
sensitivity by acting directly and dose-dependently on the 
afferent pathway [34]. In vitro studies have shown that the 
phytochemical components of STW 5 interact with the 
serotonin receptors (5-HT-4 & 5-HT- 3), muscarinic (M3) 
receptors, and opioid receptors [35]. Pre-treatment of visceral 
nerves with STW 5 leads to decreased mesenteric afferent nerve 
discharge in response to 5-HT, bradykinin, and mechanical 
luminal distension activating both low- and high-pressure 
mechanoreceptors [34, 36]. However, direct involvement of 
the 5-HT-4 and 5-HT-3 receptors could not be proven.

Visceral sensitivity is also modulated by intestinal immune 
function with visceral afferent nerves sensitized by the release 
of a number of inflammatory cell mediators [23]. Patients with 
FGIDs have been identified as having subtle changes in mucosal 
inflammation and, in many cases, the onset of the disorder is 
attributed to an initial gastrointestinal infection (i.e., post-
infectious IBS) [4]. STW 5 has anti-inflammatory properties, 
and it is likely that a reduction in intestinal inflammation 
contributes to the improvement in sensory symptoms reported 
in clinical studies.

Effects on Inflammation
In a subset of patients, IBS is interrelated with inflammation, 

as 10% of patients with gastroenteritis develop post-infectious 
IBS [37]. Low-grade inflammation of the gastrointestinal 
mucosa is detectable as increased infiltration of mucosal mast 
cells, as well as an increased density of mucosal T- and B-type 
lymphocytes in IBS patients compared to healthy controls [38, 
39]. This micro-inflammation may affect changes in motility 
and visceral sensitivity, and evoke symptoms of IBS [40].

The effect of STW 5 on inflammation and pain has been 
studied in several gastrointestinal models, and potent anti-
inflammatory effects have been demonstrated in both in vitro 
and in vivo studies. In experimental rodent models of chronic 
inflammation, STW 5 exhibited significant mitigation of 
clinical markers induced by chronic inflammation, including 
reduced decrease in body weight, normalized histological 
damage, and reduced pharmacological markers, including 
pro-inflammatory TNF alpha, prostaglandin E3, IL-1beta, 
and ICAM. These effects are detectable in both the colon and 
small intestine [15, 16, 41]. 

STW 5 seems to interact both by suppressing the protein 
levels of pro-inflammatory intracellular markers and by 
suppressing the mRNA levels [42], resulting in decreased 
TNF-alpha and IL-8 mRNA. In addition, translocation of 
transcription factor NF-kappa B and pro-inflammatory factor 
p65 into the nucleus is impaired by STW 5 during the resting 
and inflammatory state [43, 44]. 

Overall, STW 5 appears to target numerous cellular 
mechanisms of the inflammation cascade, leading to clinically 
detectable anti-inflammatory effects, which likely impact 
positively on symptom generation in IBS.

Effects on Mucosal Barrier and Permeability
The gastrointestinal mucosa, consisting of a single epithelial 

layer and the mucosal stroma, is the key barrier between 
the tissues and the luminal contents of the gut. A healthy 
gut status is maintained at the mucosal level by its tight 
junctions, secreted immune proteins, such as defensins, and the 
mucosa-associated microbiome [45-47]. Increased intestinal 
permeability leads to immune cell infiltration of the gut mucosa 
and is linked to IBS, and may be cross-linked to inflammation, 
as inflammatory mediators, including histamine and proteases, 
are able to increase intestinal permeability [48]. A percentage 
of 12-50% of IBS patients have altered intestinal permeability 
at different parts of the gastrointestinal tract [48-50].

To evaluate the influence of STW 5 on altered permeability 
of the gut epithelium, Aubert et al. [51] studied water-avoidance 
stress-induced changes in paracellular and transcellular 
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permeability in specific regions of the gastrointestinal tract in 
in vivo and ex vivo mouse models. STW 5 prevented an increase 
in permeability in the distal colon ex vivo, and in the jejunum 
and proximal colon [51]. Such effects could contribute to the 
therapeutic effects of STW 5 in IBS and support novel therapeutic 
indications for pathologies in which barrier functions are altered. 

Effects on Gut Microbiota 
The communities of gut microbiota are characterized 

by high diversity and co-evolving together with the human 
organism. They are predominantly composed of bacteria 
(>90%) but include virus, fungi, parasites, archaea, and protists. 
The gradient of microbiota density within the gastrointestinal 
tract apparently increases when shifting from the upper 
gastrointestinal tract towards the lower, being lowest in the 
stomach and highest in the colon. However, the microbial 
diversity is higher in the upper gastrointestinal tract than in 
the colon [52].

The microbiota develops as part of the ecological 
environment inside the gut and adapts to the distinct 
anatomical niches along the gastrointestinal tract [52]. We have 
to distinguish the luminal or mucosa-associated microbiome. 
The luminal microbiota (retrieved in feces), which is less 
stable and strongly influenced by diet, medications, and other 
exogenous factors, protects the body from pathogens [53]. 
The mucosa-associated microbiota (detected in biopsies) 
modulates the mucosal immune system, interacting directly 
with intestinal cells as part of the mucosal barrier. 

Numerous data show evidence of an altered gut microbiome 
in IBS, but its role needs to be explored further [4]. The 
loss of eubiosis and a shift to dysbiosis in IBS is reflected 
by an increase in the ratio of Firmicutes to Bacteroides 
and abnormalities related to the relative abundance of 
Bifidobacteria, Clostridiales, and Faecalibacterium. Notably, 
Clostridiales is increased in IBS-C [54]. In a recent study, the 
bacterial profiles of 27 genus-like groups allowed patients with 
IBS to be distinguished from controls [37]. Furthermore, gut 
microbiota signatures and low microbial diversity have been 
linked to the severity of IBS symptoms [55].

An important role of microbiota in the pathogenesis of IBS 
is further substantiated by a series of well-documented clinical 
facts. Post-infectious IBS has been documented in patients 
followed after acute dysenteric outbreaks due to infection with 
Salmonella and other gut pathogens [56, 57]. Antibiotics used 
in the treatment of other infections (e.g., pulmonary) are linked 
to the induction of IBS, likely by influencing gut microbiota 
eubiosis [58]. On the other hand, the antibiotic therapy proved 
beneficial in patients with IBS, particularly if symptoms were 
associated with small intestinal bacterial overgrowth [59]. 

Treatment options in IBS include select probiotics, mostly 
provided as mixtures, which benefit patients with IBS with a 
modest level of evidence [60]. Rifaximin, a luminally active 
antibiotic with no systemic effects, which is an eubiotic [61], has 
a significant therapeutic effect in patients with IBS-D [62]. In 
addition, with the recent introduction of low FODMAP, dietary 
interventions provide a beneficial effect on IBS symptoms via 
the modulation of gut microbiota [63].

Phytotherapy may impact the gut microbiota and has 
demonstrated promising benefits. In preparations of human 

fecal suspension, STW 5 induced significant changes in the 
composition of the microbial community, whereas the control 
sample remained unaffected. Bacterial taxa that were most 
markedly enhanced belonged to Enterococcus, Bacillus, and 
Paenibacillus, as well as Lactococcus strains known for exerting 
a probiotic effect. The strongest decrease was observed in 
Clostridia representatives, particularly Ruminococcaceae, as 
well as Bacteroidetes [64].

Two animal studies provide indications that STW 5 has an 
impact on the microbiome. In one of the animal studies, STW 
5 reduced the dextran sulfate sodium-induced inflammation 
[65, 66], which was associated with the restoration of previously 
lost bacterial species Proteobacteria, Enterococcus, Blautia, and 
Firmicutes in the animals treated with STW 5 [67].  In a stress 
model applying neonatal maternal separation and restraint 
stress in mice, treatment of the stressed animals with STW 5 
resulted in a marked increase in the beneficial microbiota, with 
anti-inflammatory properties, similar to Lactobacilli (2.8-fold 
compared to vehicle STW 5) [68].

DISCUSSION

IBS symptoms are multifactorial in origin and it is not 
likely that one single treatment will help every IBS patient; 
many patients may require a more complex approach with 
multidisciplinary therapy, including diet, medication, and 
psychotherapy, among other possibilities. At the molecular 
level, the patho-mechanism of IBS is multi-factorial and a 
single patho-mechanism is unlikely to explain the multiple 
symptoms of IBS. There is growing evidence that disturbances 
in the epithelial barrier, increased permeability, and altered 
gut microbiota play an important role in the etiology of IBS. 
Disturbances within the gut wall are linked to the immune 
response, and disturbed sensitivity of the visceral nerves can be 
associated with symptoms such as abdominal pain or disturbed 
motility, leading to the clinical picture of IBS [4]. 

Medications with a single target will help only a subset 
of patients suffering from specific pathophysiological 
abnormality. Antispasmodics, laxatives, anti-diarrheals, anti-
nociceptives, and selective antibiotics and probiotics are used in 
patients with IBS and are effective in some cases. Nevertheless, 
they very frequently have to be used in combination to alleviate 
different symptoms and to achieve a more pronounced and 
broader effect. Consequently, multi-functional treatment of 
IBS will probably lead to a greater probability of a satisfactory 
therapeutic response. 

The herbal medicinal product STW 5 has demonstrated 
its efficacy in FGIDs in well-designed double-blind, placebo-
controlled trials [29-31, 69]. Clinical studies have shown that 
STW 5 has a pain-relieving effect in patients with FD and IBS. 
Complete pain relief occurs in 30-50% of IBS patients after 28 
days of treatment [27]. Effects on stool consistency or stool 
frequency were less common in a real world setting (25–30% 
of patients) [70], which suggests that the clinical benefits of 
STW 5 are likely mediated at least in part through effects on 
the afferent pathways [71]. The tolerability of STW 5 has been 
favorable in both clinical studies and in post-marketing use 
[72]. Reviews of the clinical therapeutic benefit have been 
published recently [73, 74]. 
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This review discusses the different pharmacological effects 
of the nine constituent herbal extracts on numerous relevant 
patho-mechanisms of IBS, supporting the clinical efficacy of 
STW 5 in FD and IBS. The anti-inflammatory effect of STW 
5 plays an important role in alleviating IBS symptoms [16, 41, 
42, 44]. The recently demonstrated effect of STW 5 on mucosal 
barrier permeability may contribute to this [51]. The preliminary 
effects of STW 5 on human microbiome composition have been 
limited to in vitro studies [64], but were enforced in vivo in 
animal studies. Furthermore, changes in the composition of the 
intestinal microbiota towards a normal microbiome have been 
shown with STW 5 [67]. The next step is to confirm the effect 
towards eubiosis in a study with IBS patients. 

Some other properties of STW 5, such as the stimulation 
of mucosal ion secretion [75] and the putative beneficial effect 
on constipation in IBS patients [20], deserve more extensive 
investigation. 

Regarding intestinal motor activity, STW 5 has region-
specific activities [14, 16, 17]. In general, if the muscle is in a 
contractile or tonic state, STW 5 decreases the activity, whereas 
when the muscle is in a relaxed, quiescent, or disturbed state, 
STW 5 increases its activity. Thus, there is a tendency to 
normalize the contractile activity of the intestinal smooth 
muscle, the so-called “eukinetic effect”. 

Finally, an important mechanism of action of STW 5 is its 
anti-nociceptive property. As visceral hypersensitivity is a key 
pathogenic mechanism for pain in IBS, this anti-nociceptive 
effect likely contributes to the clinical efficacy of STW 5, 
with previous in vitro and in vivo laboratory investigations 
demonstrating the impact of STW 5 on gut hypersensitivity 
[5, 76-81].

CONCLUSIONS
Irritable bowel syndrome is a complex disorder with 

multiple pathophysiological mechanisms and diverse clinical 
manifestations. It is hard to believe that simple solutions and 
monotarget treatments will be able to improve such a multi-
faceted syndrome. STW 5 has been shown to act through 
different pathophysiological pathways, treating the underlying 
mechanisms of IBS and prompting more general and holistic 
improvement of IBS symptoms.
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